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INTRODUCTION

The term vaccination originates from the vaccinia virus used

by Edward Jenner almost 200 years ago as a vaccine against

smallpox. By application of this technique to other diseases it

has been possible to control or eradicate many major human and

animal pathogens e.g. human poliovirus, human measles and bovine

brucellosis. Vaccination has not been required against smallpox

for the general population since the World Health Organisation

declared the world free of smallpox in 1980.

However, the problem of infectious disease still exists

because current vaccination strategies are incapable of properly

controlling some infectious diseases. This has been associated

with antigenic variation within the pathogen e.g. influenza, foot

and mouth disease, trypanosomiasis; difficulties in obtaining

immunogenic material for use in a vaccine e.g. hepatitis B. Also

the recent appearance of diseases, such as human immunodeficiency

virus (HIV), which not only directly attack the cells involved in

the generation of protective immunity but also use these cells to

evade the host immune response, has meant that a more rational

approach to vaccination must be employed.

Such an approach requires not only a detailed definition of

the epitopes important in inducing protective immunity, but also an

understanding of the interaction of these epitopes with the cells

of the lymphoid system and their mediators. These interactions can

then be manipulated to induce or improve the protective immune

response.

Thus over the past few years considerable emphasis has been

3



directed towards elucidation of the processes involved in antigen

recognition by the cells of the immune system and in the

interaction of T and B cells in the generation of immunity.
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1.1 Antigen presentation and nature of antigen recognition by

lymphocytes

Modern approaches to vaccination against disease in human and

veterinary species require a thorough understanding of the

antigenic sites of a particular pathogen which are important for

protective immunity. The antigenic sites or epitopes recognised by

the humoral and cell mediated arms of the immune response are of a

different nature. The humoral, or B cell, response is dependent

upon the tertiary conformation of the immunogen and the cells are

capable of binding directly to the immunogen by their surface

receptors (immunoglobulin). The cellular immune response is

mediated by T cells. T cells cannot recognise or bind to antigen

on its own, but only recognise antigen in association with Class I

or Class II molecules of the Major Histocompatibility Complex (MHC)

(Zinkernagel and Doherty, 1979; reviewed by Grey and Chesnut, 1985;

Babbitt et al., 1985). In addition T cells do not recognise

antigen in the native form as recognised by B cells, but require

the antigen to be "processed" by antigen presenting cells (APCs)

prior to its association with MHC molecules on the APC surface

membrane and only then will it be recognised. Cells involved in

antigen processing and presentation include mononuclear

macrophages, follicular dendritic cells, epidermai Langerhans cells

and B lymphocytes. It is well established that B cells require T

cell help to produce specific antibody though the mechanisms

underlying this helper function have remained unclear for many

years. The processing event is also not fully understood but

appears to involve proteolytic cleavage of the antigen as it has

5



been shown that peptides of the native protein antigen could

substitute for the processed antigen (Shimonkevitz et al., 1984).

T cells destined to become cytotoxic cells generally recognise

antigen in association with Class I MHO and they produce their

cytoxic effect by releasing pore-forming proteins (perforin) that

cause target cell lysis (Podack and Tschopp, 1982; Tschopp et al.,

1982; Dennert and Podack, 1983). Helper T cells recognise antigen

in association with Class II MHC, and the association of antigen,

MHC and T cell receptor stimulates the release of the hormone-like

monokine Interleukin 1 (IL-l)from the APC. This then stimulates

the T cell to secrete IL-2 which in turn drives T cell

proliferation. The antigen stimulated T cells release other growth

factors (e.g. TL-4, IL-5 and IL-6) which stimulate antigen

activated B cells to proliferate and secrete immunoglobulin.

In addition to the different modes of antigen recognition by B

cells and T cells, the epitopes themselves can be considered as

different types. These are usually referred to as continuous or

discontinuous epitopes with reference to the amino acid sequence of

the protein or its primary structure. Continuous epitopes are

those largely recognised by T cells but which can also be

recognised by B cells, the epitope being totally sequence

dependent. Discontinuous epitopes, or conformational epitopes,

consist of amino acids brought into close contact by the folding of

the protein molecule but which are remote from each other in the

primary amino acid sequence. Thus remote amino acids in the

primary structure form a single epitope in the tertiary structure

(Benjamin et al. , 1984). Discontinuous epitopes are generally

recognised by B cells.

6



1.2 Methods for identifying antigenic epitopes

1.2.1 Identification of B cell epitopes using virus neutralisation

escape mutants

Over the past few years much research has been aimed at the

determination of antigenic sites on, for example, virus particles

which bind antibody and neutralise the pathogenic characteristics

of that virus. One approach employed with both influenza virus and

poliovirus was sequence analysis of genomic RNA of neutralisation

escape mutants. Neutralisation escape? mutants are artificially

selected viruses which are grown in the presence of neutralising

mouse monoclonal antibodies raised against the native virus. The

majority of the virus present is neutralised but a few mutants

escape and by mapping their genomic RNA it has been possible to

identify changes in the amino acid sequence of the surface proteins

which were involved in antibody binding. By application of the

procedures first described by Kohler and Milstein (1975) for the

production of murine monoclonal antibodies it was possible to

prepare large panels of neutralising monoclonal antibodies to polio

1 and polio 3. Neutralising antibodies to polio 3 recognised

predominantly a single neutralisation antigenic site with

overlapping neutralisation epitopes (Minor et al. , 1983 and 1985).

In the case of polio 1 neutralising monoclonal antibodies

identified six neutralisation epitopes which could function

independently (Emini et al.,1983; Crainic et al., 1983). Whilst

the mutations in neutralisation resistant variants of polio 3,

selected with neutralising monoclonal antibodies, nearly all mapped
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to the amino acid sequence 90-103 in VP1 (Minor et al. , 1985) a

region known as N-AgI (Wimmer et al., 1986), none of the resistant

variants of polio 1 mapped to this region (Diamond et al. , 1985).

When the x-ray crystallographic structure of human rhinovirus 14

and polio 1 were resolved (Rossman et al., 1985 and Hogle et al. ,

1985) it revealed that the mutations found by Diamond and his

colleagues were located at the surface of the virions and clustered

into three distinct sites.

In a similar experiment to these, analysis of 34 mutant

viruses selected by neutralising monoclonal antibodies enabled the

definition of four antigenic sites on the PR8 haemagglutinin

molecule of a human influenza A virus (Gerhard, Yewdell and

Frankel, 1981). Webster and Laver (1980) using a panel of 30

murine monoclonal antibodies identified at least three non-

overlapping areas on the haemmagglutinin molecule from the Hongkong

(H3N2) influenza virus. Sequencing studies on neutralisation

resistant mutants of human rhinovirus 14 have identified the amino

acid residues which contribute to the four neutralising antigenic

sites (Sherry et al., 1986). These substituted amino acids

segregated into clusters corresponding exactly with the immunogenic

groups. Each substitution cluster formed a protrusion from the

virus surface and the side chains of the substituted amino acids

pointed outwards.

Neutralisation resistant mutants of type 0 Foot and Mouth

Disease Virus (FMDV) (Oi Kaufbeuren) have also been isolated and

characterised. This has revealed three distinct sites on the

capsid of the virus that are involved in the neutralisation of

virus infectivity (Xie et al., 1987). Two of these sites were
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dependent on the conformation of the virus and were lost when the

virus was disrupted into its subunits or when the polypeptides were

denatured. The third site was less conformation dependent and was

at least partially contained within amino acids 140 to 160 of VP1.

Previous studies have shown that isolated fragments of VP1 of FT4DV

(Strohmaier et al., 1982) and synthetic peptides of residues 141 to

160 and residues 200 to 213 at the extreme carboxy-terminus of VP1

(Bittle et al., 1982; Pfaff et al. , 1982) are important in the

stimulation of antibody production or are recognised by anti-virus

antibodies (Geysen et al. , 1984 and 1985). Thus one of the

neutralisation antigenic sites identified by sequencing the

neutralisation resistant mutants corresponded with a previously

recognised antigenic site defined by systematic analysis of the

virus peptides.

These examples with influenza, polio, human rhinovirus and

FMDV demonstrate how, using monoclonal antibodies, it was possible

to identify important B cell antigenic epitopes within these

viruses. However, this technique gives no information on the T

cell epitopes important in virus neutralisation and, as already

mentioned, the epitopes recognised by T and B cells are of a

different nature and need not necessarily occur at the same area on

the antigen.

1.2.2 Identification of T and B cell epitopes using viral synthetic

peptides

Synthetic peptide analogues are capable of mimicing or

substituting for whole protein antigens in the induction of an
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immune response. Anderer (1963) showed that antibody against a

fragment of Tobacco Mosaic Virus recognised the whole, native

virus. Subsequently it was shown that a synthetic peptide

corresponding to the sequence 91-108 of the haemagglutinin of type

A influenza not only generated anti-peptide antibody when

administered to rabbits and mice but the antibody also recognised

the intact virus (Muller, Shapira and Arnon, 1982). Similar

findings have been observed with FMDV (Geysen, Barteling and

Meloen, 1985) where 2 out of3 peptides from 3 strains of FMDV were

able to induce neutralising antibody against the homologous virus.

Cytotoxic T lymphocyte responses have been generated with

influenza haemagglutinin (Townsend et ai., 1984; Braciale et al.,

1984), although these appeared to be rare sub-type specific CTL,

and nucleoprotein appeared to be the major target for crossreacting

CTL. A synthetic peptide of influenza virus haemagglutinin

residues 181-204 possesses both T and B cell epitopes. This

peptide could elicit a murine cytotoxic T lymphocyte (CTL) response

and was also recognised by murine monoclonal anti-haemagglutinin

antibodies and murine polyclonal anti-influenza immune sera

(Wabuke-Bunoti et al., 1984).

The examples mentioned thus far, deal with the recognition of

intact antigens by immune responses generated against peptides.

The inverse is also true and immune responses generated against

native antigen are capable of recognising peptides. One of the

most interesting series of experiments performed in this area

involved Type A human influenza virus. In 1985 Townsend et al.

demonstrated that cytotoxic T lymphocytes from primed mice

recognised fragments of the nucleoprotein from human influenza Type
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A. This came as an initial surprise since it was generally assumed

that epitopes important in virus neutralisation would be present on

the surface of the virus and not, as in this case, be part of an

internal protein. However, the fragment of nucleoprotein

recognised by the CTL was dependent upon the murine MHC genes.

Thus C57B1 polyclonal CTL, which are Db restricted, were

predominately directed at residues 328 to 386 of the nucleoprotein,

whereas the CBA CTL response, which is H-2k restricted, recognised

a determinant within the N-terminal 130 amino acids of the

nucleoprotein. Using short synthetic peptides of the nucleoprotein

(Townsend et al. , 1986) it was demonstrated that the murine CTL

(clone F5 (Townsend et al., 1984), A3.1, B4 and B8) recognised

optimally a peptide corresponding to amino acids 365 to 380.

Townsend et al. (1986) have also shown that hunan CTL recognise

residues 335-349 of Influenza A nucleoprotein, and that the CTL

response is dependent upon the HLA type of the lymphocyte donor.

Only CTL from donors sharing HLA B37 recognised this peptide,

whereas CTL from ten other donors examined did not (McMichael,

Gotch and Rothbard, 1986).

The use of T cell clones or polyclonal T cell lines in

conjunction with synthetic peptides has also been applied to the

identification of T cell epitopes important in the immunogenicity

of other pathogens. Using human T cell clones in conjunction with

sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-

PAGE) it was possible to identify three immunodominant epitopes

with Mycobacterium tuberculosis and Mycobacterium bovis BCG (Lamb

and Young, 1987). Two T cell epitopes have been identified by

deletion analysis within the GP190 invariant glycoprotein of
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Plasmodium falciparum merozoites and synthetic peptides containing

sequences of the the epitopes stimulated the cloned T cells and

peripheral blood mononuclear cells from malaria infected

individuals.

1.2.3 Potential problems of biological systems for epitope

determination

The use of monoclonal antibodies and T cell lines can generate

valuable information on the antigenic structure of viruses and

other pathogens. However, when examining epitope recognition with

a view to developing potential synthetic vaccines, it is important

to realise that what is recognised by a murine monoclonal or a

murine T cell response may not necessarily be the same as that

recognised by the target species for vaccination. When examining

the immune response of Balb/c mice to poliovirus using neutralising

monoclonal antibodies isolated from imnunised Balb/c mice it was

noted that when presented with polio 2 or polio 3 they tended to

recognise N-AgI, and wfien presented with polio 1 they recognised N-

Agll and N-Aglll. This appears to be a phenomenon of the inbred

mouse since polyclonal sera from outbred animals (horse or monkey)

or sera from vaccinated humans contain neutralising antibodies that

recognise N-Agll, N-AgIII and, to a much lesser extent, N-AgI

regardless of the serotype (Icenogle et al., 1986).

Similarly Townsend et al. (1986) demonstrated using synthetic

peptides of Influenza A nucleoprotein that whilst the murine CTL

recognised optimally a peptide of residues 365 to 380, the human

CTL recognised residues 335 to 349 optimally. These results from
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poliovirus and influenza suggest differences in both B and T cell

epitope recognition across species in addition to the MHC

restriction already mentioned within species (Townsend et al .,

1985). Early studies with chicken lysozyme (HEL) indicated that

different mouse strains had a characteristic pattern of response.

BIO.A (H-2k ) mice primed to HEL showed a T cell proliferative

response when presented with peptides of residues 46-61 and 106-

129, whereas B10.D2 (H—2d) responded to residues 106-129 only and

BIO (H-2b ) responded to residues 74-96. Immunisation with peptides

altered the reactivity observed such that BIO.A mice now responded

to peptides of residue's 74-96 (Shastri, Miller and Selcarz, 1984;

Sercarz, 1986).

It is evident therefore that monoclonal antibodies and T cells

used for the mapping of epitopes should be generated in the species

intended for vaccination.

1.2.4 Epitope? prediction based on protein structure

By careful analysis of the data generated from the

aforementioned "biological" methods of epitope determination,

attempts have been made to predict the antigenic epitopes of

proteins based on structural criteria. Using this information

synthetic peptides or proteolytic cleavage products can be

generated of the putative epitope and tested for immunogenic

properties.

B cells require to gain access to the surface of the antigen

for recognition by surface immirnoglobul in molecules to occur. Thus

epitope predictions have been based on surface accessibility of
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regions of the protein to large probes to mimic the binding of

antibody (Novotny et al., 1986). Alternatively areas of proteins

which exhibit high segmental mobility have been shown to correlate

with antibody binding and this property may be used predictively

(Westhoff et al., 1984). Protruding regions (Thornton et al. ,

1986) and turns in the secondary protein structure are also

associated with antigenicity again because they are accessible to

immunoglobulin molecules. These regions of a protein are

associated with continuous antigenic determinants (Barlow, Edwards

and Thornton, 1986) as defined by X-ray crystallographic co¬

ordinates. These techniques, however, require X-ray

crystallographic data on the structure of the protein and this is,

as yet, only available for a few antigens under investigation.

Predictive indices based on the amino acid or primary sequence

of the protein are generally of more use since they do not require

knowledge of the X-ray crystallographic structure. Based on this

Hopp and Woods (1981) have predicted that antigenic epitopes are

located within or immediately aljaeent to areas of high local

hydrophilicity. This was accomplished by assigning a numerical

value (hydrophilicity value) to each amino acid and then

repetitively averaging the values for sequential blocks of amino

acids along the peptide chain. It was found that the prediction

success rate depended on averaging group length, with hexapeptide

averages yielding optimal results.

DeLisi and Berzofsky (1985) on examining the physical chemical

and biological requirements of T cell activation by antigen noted

that T cell antigenic sites tend to be amphipathic alpha helices.

Within this structure one side of the helix consists of hydrophobic
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residues (termed the agretope which associates with the MHC

molecule) and the other hydrophilic residues (termed the epitope

which associates with the T cell receptor). On examination of 12

known antigenic sites 10 were found to obey this rule. Margalit et

al. , (1987) examined 23 known antigenic sites located on 12

proteins and found by applying an algorithm for the prediction of

amphipathic alpha helices that 18 were identified with a high

degree of significance. The work of DeLisi and Berzofsky has been

criticised, principally for two reasons. Firstly the number of

proteins composed exclusively of alpha helices in the database

comprising T cell epitopes was over-represented such that there was

an increased likelihood of assigning antigenic properties to an

alpha-helical structure. Secondly, when using the vector analysis

of Eisenberg, Weiss and Terwilliger (1984) the angle used to

calculate the moments of hydrophobic!ty was varied for maximum

correlation and when this was examined critically it implied that

all areas of globular proteins were possible T cell epitopes with

the exception of loops and turns.

It was because of these arguments, and since regions of beta-

sheet must be capable of behaving as T cell epitopes that, Rothbard

(1986) examined the primary structure of known T cell epitopes and

identified common sequence patterns of amino acids present within

these T cell epitopes. The motif identified consisted of a charged

or a glycine residue followed by two hydrophobic residues. In 27

cases out of 37 the next residue was either charged or polar. In

the nine cases where it was hydrophobic, all had a polar residue in

the next position. However, this predictive method does not define

all T cell epitopes since the motif is not present within, for
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example, residues 1-11 of rat myelin basic protein which is capable

of stimulating antigen specific T cells. Other such T cell

epitopes which do not follow the pattern have also been identified

(Rothbard and Taylor, 1988).

A third method for the prediction of antigenic epitopes is

based on the "Peptidic Self Model" of Kourilskv and Claverie

(1986). They propose that all antigens (self and non-self) are

processed into peptides which then associate with Class I or Class

II molecules and are presented at the cell surface. The self

peptides thus exposed are defined as the "somatic self" and they

and the non-self peptides are under continuous immune surveillance.

A protein is recognised as "foreign" because at least one of its

peptides does not belong to the "somatic self" repetoire.

Prediction of antigenic epitopes is based on comparison of

overlapping sequential tetrapeptides from the, for example, rabbit

or mouse "somatic" data banks with tetrapeptides from the protein

of interest. Antigenic epitopes are associated with regions in the

protein antigen that do not correspond with regions of the "somatic

self". Using this method it was possible to demonstrate a

considerable degree of overlap with peptides of influenza virus

known to be involved in the CTL response and tetrapeptides not yet

found in the mouse sequence data bank. This technique is limited,

however, by the present size of the data banks for the sequences of

human, mouse or rabbit proteins available. It may be that with the

growth of the data banks any correlations recognised at present

will be lost.

Thus there are an array of techniques or indices which can be

used to predict antigenic epitopes. None appear completely fool-
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proof and all have arguments for and against their use. However,

by careful selection and use of these indices and algorithms it is

possible to tentatively assign areas of immunodominence and then

evaluate only these regions in biological systems.

1.3 The use of monoclonal antibodies to map B cell epitopes

1.3.1 Monoclonal antibodies

The technique of generating murine monoclonal antibodies was

first described by Kohler and Milstein in 1975. In their initial

experiments they used Sendai virus to fuse mouse myeloma cells with

immunised mouse splenocytes to produce antibody secreting

hybridomas. Polyethylene glycol (P.E.G) is now used as a fusing

agent in place of Sendai virus. The Clonal Selection Theory of

Burnet (Burnet, 1959) suggests that a B cell secretes antibody of a

single pre-defined specifiity. Therefore, a hybridoma which is the

product of the fusion between one antibody secreting B cell and a

non-secreting myeloma cell will secrete monospecific antibody i.e.

a monoclonal antibody. Monoclonal antibodies have the advantage

over polyclonal antibodies that they are homogeneous, have a

predefined specificity and their supply is potentially unlimited.

Impure antigens can be used as immunogens, and by growing the

hybridoma cells as tumours in mice it is possible to achieve high

levels of antibody production. Monoclonal antibodies have the

disadvantge that their selection is based on the ability of the

parent hybridoma cells to grow in vitro and therefore the

information that they provide may be unrepresentative of the
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situation in vivo. In contrast, polyclonal antibodies are directed

against several different antigenic determinants, their specificity

and affinity vary between animals and between bleeds from the same

animal, their supply is limited and to maximise their specificity

it is necessary to perform serum absorption against any undesired

antigenic determinants. Their advantage is that they represent the

overall antibody response of the animal.

1.3.2 Application of roouclonal antibody technology to non-rodent

species

Since their first description rapid progress has been made in

the field of monoclonal antibody technology and the use of

monoclonal antibodies has spread into almost every area of biology.

Despite the production of many thousands of rodent monoclonal

antibodies there have been relatively few reports of non-rodent

monoclonal antibodies due to the lack of suitable myeloma lines in

other species. This has given rise to several different approaches

for production of non-rodent monoclonal antibodies. Most of the

efforts in these areas have been directed at the production of

human monoclonal antibodies because of their potential therapeutic

properties. Two main approaches have been adopted a) viral

transformation of B cells by Epstein-Barr Virus (EBV) (Zurawski et

al., 1978) to yield permanent lymphoblastoid cell lines secreting

specific antibody or b) immortalisation by fusion to either mouse

or human myelomas (reviewed by James and Bell, 1987).

These techniques are not without their attendant problems.

EBV transformation tends to select B cells which secrete IgM
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antibodies, and not IgG, and the production of antibody tends to

decrease the longer the cell line is maintained in tissue culture.

Kozbor et al. (1983 and 1985) have stressed that whilst myelomas

have many polyribosomes, well developed Golgi apparatus and can

secrete large amounts of antitxxiies, lymphoblastoid cell lines have

few polyribosomes, sparse Golgi apparatus and secrete relatively

little immunoglobulin. The use of human myeloma lines as fusion

partners has not been widely used, possibly due to the instability

of the hybridomas generated (Abrams et al. , 1983). Most attention

has focused on the construction of mouse x human heterohybridomas

with or without EPA" transformation of the B cells (Teng et al.,

1983; Schwaber and Cohen 1973; Schlom et al. , 1980; Lane et al.,

1982).

1.3.3 Development of heterohybridoma technology

The principle problem associated with heterohybridomas has

been the cessation of antibody secretion. This has been attributed

to the selective expulsion of the non-murine chromosomes from the

heterohybridoma cell (Ruddle, 1973; Murphy et al. , 1986; Weiss and

Green, 1967; Nabholz, Miggiano and Bodmer, 1969). Raison et al.

(1982) have shown, however, that. 1ipopolysaccharide stimulation of

three non-secreting mouse x human cell lines resulted in sustained

immunoglobulin secretion, indicating that the cessation of

immunoglobulin secretion in those heterohybridoma cells may have

been caused by factors other than loss of structural genes.

In the veterinary field there have been a few reports of

antibody secreting heterohybridomas. Yarmush et al. (1980)
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described the generation of rabbit x mouse heterohybridomas. Out

of 189 lines produced only one secreted intact rabbit

immunoglobulin with antibody activity. Srikumaran, Guidry and

Goldsby (1983 and 1984) described the generation of bovine x murine

heterohybridomas. They generated a total of sixty three

heterohybridomas of which three continued to secrete bovine IgGj ,

IgGa and IgM of undefined specificity. Repeated subcloning was

required to maintain immunoglobulin secretion which continued for

over 16 months despite chromosome loss. Raybould and Takahashi

(1988) also described the generation of rabbit x mouse

heterohybridomas which secreted rabbit monoclonal antibody against

group A Streptococcic (GAS). These authors used growth medium

supplemented with normal rabbit serum (NRS) and found this to be

superior to foetal calf serum both with regard to the number of

heterohybridomas generated and the subsequent stability of these

cells. The heterohybridomas described secreted monoclonal antibody

for over 4 months in tissue culture. Raybould et al. (1985a)

described a bovine x murine heterohybridoma which secreted bovine

IgGi specific to bovine enteric coronavirus; this line was stable

for at least three months. Similarly Raybould et al. (1985b)

generated a porcine x murine heterohybridoma which secreted porcine

monoclonal antibodies which reacted specifically with E. coli in an

enzyme-linked immunosorbent assay.

In an attempt to improve the fusion efficiencies of these

early experiments and reduce the preferential loss of foreign

chromosomes from the heterohybridoma cells, the development of

secondary heterohybridomas was investigated by several workers.

Using the technique of inducing aminopterin sensitivity in a non-
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secretor heterohybridoma line and then using this line as a fusion

partner Ostberg and Pursch (1983) described the production of four

mouse x human x human heterohvbridomas which secreted human anti-

influenza antibodies and remained stable in culture for over 22

months. In 1984 Tucker et al. described the generation of a bovine

x mouse heterohybridoma rendered sensitive to aminopterin. They

demonstrated that by using this line as a fusion partner it was

possible to produce a bovine monoclonal antibody to sheep red blood

cells (anti-Forssman) . The line secreted antibody for over 3

years. They noted an increased retention of bovine chromosomes in

the subsequently generated bovine x bovine x mouse heterohybridoma.

Using this technique it has been possible to produce bovine

monoclonal antibodies to testosterone (Groves, Morris and Clayton,

1987) and oestrone/oestradiol (Groves, Clayton and Morris, 1988).

Similarly Anderson et al., 1987 have used this technique to

generate bovine monoclonal antibodies to the F5 (K99) pilus antigen

of E. coli. This group have also described the use of a bovine

immunoglobulin producing mouse x bovine x bovine secondary

heterohybridoma as a fusion partner.

There have been fewer reports of sheep monoclonal antibodies.

Tucker et al. (1981) described the culture of sheep x mouse cells

in vitro but none secreted sheep antibody. There has to date been

only one successful report of the production of a sheep monoclonal

antibody raised against testosterone (Groves et al, 1987). This

monoclonal antibody was secreted by sheep x mouse heterohybridoma

cells. Secretion continued for four months following cell fusion

although repeated cloning was required to select the antibody

secreting cells.
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Thus the heterohybridoma technology described in the human and

bovine systems has not received a great deal of attention in the

ovine system. Neither ovine myeloma cell lines nor ovine

heterohybridoma cell lines have been described for the production

of sheep monoclonal antibodies. Any attempt at the successful

generation of stable ovine antibody secreting heterohybridoma cells

will, therefore, first require the development of suitable fusion

partners.

1.4 Evaluation of ovine lymphoid tissues sis a source of immune B

cells

The choice of both the myeloma or heterohybridoma cell line

and the lymphoid tissue used in the fusion protocol are extremely

important for the long-term production of ovine monoclonal

antibodies. The former contributes to the stability of the

antibody secreting cells in \'itro and the latter acts as the source

of B 1ymphocytes at the correct stage of differentiation or

activation which form the potential fusion partners. In the past

lymphocytes from various lymphoid tissues have been used and these

are discussed below.

1.4.1 Lymphocytes in peripheral blood

This is the most commonly used source of lymphocytes in the

generation of human monoclonal antibodies. Mainly because they are

readily available and accessible and do not pose the ethical

constraints of experimental lymphadenGctomy or splenectomy.
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Peripheral blood lymphocytes with or without mitogenic stimulation

or viral transformation prior to fusion have met with limited

success in the production of stable human antibody secreting lines.

This has been attributed either to the low numbers of B lymphocytes

present in peripheral blood which are antigen specific and at the

correct stage of activation for fusion (Schwaber et al., 1984; Cote

and Hough ten, 1985) or to the presence of a large percentage of

suppressor T cells in peripheral blood which perhaps secrete

factors inhibiting immunoglobulin secretion by B cells (Cote and

Houghton, 1985; Borrebaeck, 1986).

Examining the lymphocyte subpopulations in different ovine

lymphoid compartments Mackay et al. (1988) have described

peripheral blood as containing on average 17.5% surface

immunoglobulin positive (B) cells and 57.5% CD5 positive cells (CD5

is a cell surface marker present on all T lymphocytes but absent

from B lymphocytes (Mackay et al., 1985)). Within the T lymphocyte

population they found the ratio of T4 (helper T lymphocytes):

Ts (suppressor/cytotoxic T lymphocyte) to be 1.8:1. There is only

one report to date on the use of sheep peripheral blood lymphocytes

as fusion partners in the generation of ovine monoclonal antibodies

(Groves et al., 1987). This was successful in as much that one

antibody secreting heterohvbridoma was generated which continued to

secrete for four months.

1.4.2 Splenic lymphocytes

In the production of rodent monoclonal antibodies the spleen

is the routine source of antibody secreting B lymphocytes. The use
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of splenic lymphocytes in other species has received little

attention, mainly associated with low availability from humans, and

the results obtained with bovine spleen being very poor

(Srikumaran, Guidry and Goldsby, 1983 and 1984; Raybould et al. ,

1985a). Again little information is available on sheep spleen

although it has been possible to generate viable heterohybridomas

using splenic lymphocytes (Tucker et al., 1981). In the ruminant

the spleen possesses a tough fibrous connective tissue capsule

which sends trabeculae into the body of the spleen. This makes it

technically difficult to prepare a single-cell suspension of

lymphocytes from the spleen that still have a high viability and

are relatively free from contaminating fibroblasts. Groves and

Morris (personnal communication) attempted to use a bovine spleen

as a source of lymphocytes for fusion and met with disappointing

results.

1.4.3 Lymphocytes in efferent lymph

The peripheral lymph nodes of sheep are easily accessible and,

under general anaesthesia, it is possible to cannulate the efferent

lymphatic vessel draining the lymph node. Lymph can thereafter be

collected in a quantitative manner for various periods from hours

to months as originally described by Lascelles and Morris (1961)

and Hall and Morris (1962). The output of lymphocytes from an

average one gram popliteal lymph node is approximately 3xl07 cells

per hour (Hall and Morris, 1962; Cahill et al., 1974; Hay and

Hobbs, 1977). Of these cells only about 2-4% are recently formed

within the node (Hall and Morris, 1965a) the remainder are derived
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from the blood. The injection of antigen(s) into the skin in the

drainage area of the cannulated node causes alteration in the

output of lymphocytes in the efferent lymph. These changes in

lymphocyte output can be divided, for the purpose of explanation,

into distinct stages described below.

a) Cell shutdown phenomenon.

The cell shutdown phenomenon refers to the drop in cell output

in efferent lymph which occurs within the first 24 hours of

injection of antigen into the drainage area of the node (Hall and

Morris, 1965b; Cahill et al. , 1976). One of the most marked

examples of this lymphocyte shutdown was seen following the

injection of influenza virus into the drainage area of a cannulated

popliteal lymph node (Smith and Morris, 1970), where the lymph

became acellular for up to 12 hours. In addition there is a marked

increase in the blood supply to the node resulting in a four-fold

increase in lymphocyte entry into the node (Hay and Hobbs, 1977).

Cell shutdown phenomenon has been shown to be induced by complement

activation within the node (McConnell and Hopkins, 1981), although

the increased synthesis of Prostaglandin E2 (PGE2 ) observed in

efferent lymph at this time also appears to be involved (Hopkins,

McConnell and Pearson, 1981).

b) Increased cell output and appearance of blast cells in efferent

lymph.

As a consequence of antigenic stimulation of the cannulated

node there is an increase in the output of lymphocytes seen in the

efferent lymph. This is normally observed within 48 hours of

antigenic stimulation but varies depending on the dose of antigen

and previous antigenic experience of the animal. This increased
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cell output is associated with the hvperaemia and resulting

increase in lymphocyte entry to the node (Hay and Hobbs, 1977).

The increased cell output is also associated with cell

proliferation within the lymph node. This is usually evidenced on

the second or third day following antigenic stimulation by the

appearance of lymphoblast cells in the efferent lymph (Hall and

Morris, 1963). These cells have the ability to incorporate 3H-

thymidine in vitro and they are large with basophilic cytoplasm

(Hall et al., 1967; Hay et al., 1972). The blast cell response is

seen to peak on days three to four following antigenic stimulation

when these cells can comprise up to 20% of the total cell output

of the efferent lymph during a secondary antigenic response. At

least some of the lymphoblast cells present in efferent lymph at

this time are destined to become antibody producing cells (Morris

and Courtice, 1977). The number of blasts then declines to resting

levels by around seven days following antigenic stimulation. The

decrease observed in total cell output is associated also with a

decrease in the small lymphocyte output.

This early information on the lymphocyte populations in

efferent lymph is based on microscopic appearance. Scollay, Hall

and Orlans (1976) found that in sheep efferent lymph 97-99% of the

small white cells were lymphocytes, of which 25-30% were surface

immunoglobulin positive. The remaining 70% were presumed to be T

cells. With the recent generation of monoclonal antibodies to

sheep lymphocyte subpopulations (Mackay, et al., 1985; Maddox,

Mackay and Brandon, 1985) it has been possible to confirm these

early observations.

Mackay et al. (1988) reported the efferent lymph of a sheep
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popliteal lymph node to comprise 32% B lymphocytes and 70% T

lymphocytes. They found the T4 :Ts to be 2.5:1 which was higher

than that found in peripheral blood. These results were obtained

from normal sheep and the lymph nodes were in a resting state i.e.

they were not antigenically stimulated at the time the efferent

lymph cell populations were examined. There is no information

available on the alterations (if any) which occur in the relative

proportions of B cells to T cells during antigenic stimulation of

the node in vivo. Likewise no information is available on the

alterations in the T4 :Ts ratio occuring at this time.

1.4.4 Peripheral lymph node

It is technically more straightforward to remove surgically

the lymph node and use it as a source of lymphocytes rather than to

cannulate the lymphatic vessels. The limitation of this technique

is that a sheep has a finite number of peripheral lymph nodes,

whereas by cannulating a lymphatic vessel it is theoretically

possible to collect lymphocytes for fusion on many occasions

assuming that the cannula remains patent. The use of peripheral

lymph nodes as a source of B lymphocytes for monoclonal antibody-

production has been described in humans (Teng et a_Z., 1983), sheep

(Tucker et al. , 1981) and cattle (Tucker et al. , 1984; Anderson et

al. , 1987). Little work has been performed on characterising the

lymphocyte populations within the nodes. Hopkins, McC-onnell and

Lachmann (1981) have reported the retention of antigen reactive

lymphocytes into antigenically stimulated lymph nodes. These

authors examined the proliferative responses of the lymphocytes



present in efferent lymph during antigenic stimulation of the node,

assuming that this population of cells reflected those within the

node itself. The selection of antigen reactive lymphocytes they

described refers to the T lymphocyte response. There is no

equivalent information available on the B lymphocyte response.

That the lymphocyte populations in efferent lymph are a reflection

of those existing within the lymph node was recently confirmed by

Mackay et a_Z., (1988). They demonstrated that lymph nodes

comprised 32% B lymphocytes and 62% T lymphocytes. The Tj :Ts ratio

was 2.5:1. These results agreed well with those obtained by these

same authors for efferent lymph. Once again, however, no study was

made on the alterations of these populations during antigenic

challenge of the node. There is also no information available

regarding the funtional differences occurring in the efferent lymph

cell population during antigenic stimulation.

1.5 Thesis aims

As mentioned in 1.2 and 1.3 above, rodent monoclonal

antibodies are of limited use in defining fine specificities of

immune responses in other species.

The principal aim of this thesis was to investigate the

feasibility of producing ovine monoclonal antibodies to both whole

native protein and synthetic peptide antigens to define fine

specificities of the immune response in sheep. Before this could

be done, however, it was necessary to develop suitable cloned cell

lines for use as fusion partners in the ovine system and then

examine the efficacy of the lines thus generated in the stable
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production of ovine antibody by the resultant hybridoma cells.

Following the development of a suitable fusion partner cell

line it was then important to evaluate the various, potential

sources of immune lymphocytes and optimise conditions for

production of stable antibody secreting hybridoma cells. As

mentioned in 1.4 the lymphocyte content of the various ovine

lymphoid compartments is variable and this was likely to influence

the generation of specific antibody secreting cells. It was not

only important, to evaluate lymphocytes from different sources, but

also to study the effect of antigenic stimulation in vivo on the

lymphocyte subpopulations within the lymphoid compartments. Using

this information it would then be possible to identify the

lymphocytes important for stable antibody secretion by hybridomas,

and also to identify when these cells appeared within lymphoid

tissue relative to antigenic stimulation.

Having established optimal conditions for stable antibody

secretion 'using a whole protein antigen the aim was to apply the

technology to the generation of anti-peptide monoclonal antibodies.

This was a potentially more difficult task since, due to their

smaller size, synthetic peptides contain fewer epitopes and

therefore fewer antigen specific B cell clones would be stimulated

when presented with these antigens in vivo. The peptide antigens

chosen for this study were synthetic peptides of YP1 of the OiK

strain of FMDV. The aim was then to identify and attempt to

localise B cell epitopes within these viral synthetic peptides.

The use of polyclonal T cells from immunised sheep allowed

localisation of epitopes important in T cell recognition. Thus by

the use of ovine monoclonal antibodies and ovine polyclonal T
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lymphocytes a map of epitopes relevant to the sheep immune system

could be established and could be used subsequently in the design

of a synthetic peptide FWDV vaccine in sheep.
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2.1 INTRODUCTION

Due to the non-availability of a suitable ovine myeloma cell

line (for a review of cell lines routinely used to construct

hybridomas see Samoilovich, Dugan and Macario, 1987), any attempt

at the production of ovine monoclonal antibodies required the

generation of heterohybridomas.

Previously it has been shown that it is possible to construct

viable bovine heterohybrids (Srikumaran, Guidry, and Goldsby 1983

and 1984, Tucker et al. , 1984; Raybould et al., 1985a; Anderson et

al., 1987; Groves, Morris and Clayton, 1987 and 1988) porcine

heterohybrids (Raybould et al. , 1985b) and ovine heterohybrids

(Tucker et al., 1981, Groves et al., 1987) by fusing the

lymphocytes of these species to the mouse myeloma cell line NSO

(subline of NS1/1 Ag4.1).

The experiments described in this chapter aimed to discover if

it was possible, using lymphocytes from a cannulated lymphatic

vessel as described by Lascelles and Morris (1961), to generate

viable ovine heterohybrids by fusion to the mouse non-secretor

myeloma line NSO, and to identify when these fusion partners

appeared in efferent lymph with regard to in vivo secondary

antigenic stimulation of the node.
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2.2 MATERIALS AND METHODS

2.2.1 Immunisation of sheep

Sheep were immunised with human chorionic gonadotrophin (hCG)

or ovalbumin (OVA) by deep intramuscular injection of 500 pg hCG or

OVA in an emulsion of Freund's Complete Adjuvant (FCA) (Sigma) on

two occasions two to three weeks apart.

2.2.2 Cannulation of an efferent lymphatic vessel

The efferent lymphatic vessel draining either the popliteal

lymph node or the prescapular lymph node was cannulated by a

modification of the techniques originally described by Lascelles

and Morris (1961) and Hall and Morris (1962). Sheep used in the

cannulation experiments were all adult (greater than 2 years old)

Finnish Landrace x sheep unless otherwise stated. They were

maintained on hay and concentrates and water was available on an ad

libitum basis. Hay and concentrates were withdrawn for 24 hours

prior to induction of general anaesthesia. General anaesthesia was

induced in the sheep by intravenous injection of 9 mg/kg "Saffan"

(Glaxovet A.H. Limited) in which the active constituents were

alphadalone and alphaxalone acetate. Anaesthesia was maintained

with 3-4% "Fluothane" (Coopers A.H. Limited) in which the active

agent was 2-bromo-2-chloro-l,1,1-trifluoroethane administered in

oxygen (British Oxygen Company) via a circle circuit containing a

"Fluotec" Mark III vapouriser.
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The lymphatic vessel was surgically exposed and was visualised

by injection of Trypan Blue dye intradermally into the drainage

area of the node, the blue colour could be seen within 5 to 10

minutes of injection. The lymphatic vessel was then cannulated

using sterile polythene tubing ("Portex") with an outside diameter

of 0.96 mm. Lymph fluid was collected via this tubing into sterile

plastic bottles containing heparin attached to the side of the

sheep or to a collar on the neck of the sheep for prescapular

vessels. Following recovery from general anaesthesia the sheep

were kept in metabolism cages and returned to normal diet.

2.2.3 Microscopic examination of lymph

Lymph was collected into sterile plastic bottles attached to

the skin of the sheep and a note was made of the volume of lymph

and the cell content. Cells were counted by making a 1 in 10

dilution of lymph with White Cell Counting Fluid which comprised

0.1% methylene blue (Sigma) in demineralised water containing 5%

glacial acetic acid ("Analar", B.D.H.) and 2% absolute alcohol.

The fluid was filtered before use. One drop of the lymph/counting

fluid mixture was transferred to an improved Neubauer counting

chamber (Hawkseley) and the cells counted using a Leitz light

microscope.

2.2.4 Fusion of NSO to sheep lymphocytes

The NSO myeloma cell line was grown in RFMI mediun containing

4% foetal calf serum (FCS). The cells were grown in plastic flasks
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(Nunclon) in a moist incubator (LEEC) at 37'C in an atmosphere of

5% CO2 and 95% air. Approximately 18 hours prior to fusion the

cells were split to ensure that they were in the correct stage of

the growth cycle for optimum fusion efficiency. Only cells that

were in a logarithmic growth phase were used. Before use, the

cells were counted and an estimate of the viability made by making

a one in two dilution of the cells with 1% Trypan Blue solution

which was filtered before use and the viability assessed by the

ability of the cells to exclude the Trypan Blue. The average

viability had to be at least 90% or the cells were not used for

fusing. Prior to fusion the lymph cells and the NSO myeloma cells

were separately washed in serum-free RPMI by centrifugation at 1500

rpm for 5 minutes in a Beckman TJ-6 centrifuge. The lymphocyte and

NSO cells were mixed at a ratio of 2:1 and centrifuged at 1200 rpm

for 5 minutes to pellet the cells. The supernatant was carefully

removed, and the cells re-suspended by gentle tapping before 1 ml of

50% polyethyleneglycol MW = 3350 (PEG) (Sigma) in RPMI containing

10 ul/ml 2M Tris HC1 pH 8.5 was layered on top. The cells were

mixed with the PEG for 8 minutes by gently swirling the centrifuge

tube containing the cells. The cells were then centrifuged at 700

rpm for 5 minutes to form them into a loose pellet, before slowly

adding fresh serum-free RPMI to dilute out the excess PEG. The

cells were centrifuged at 1000 rpm for 5 minutes, the supernatant

removed and replaced with RFWI containing 20% FCS, 2mM L-Glutamine

(GLN), HAT (1 x 10"4 M hypoxanthine, 4 x 10"7 M aminopterin, 1.6 x

10~5 M thymidine), and 5 x 10-5 M 2-mercaptoethanol (2-ME) to give

a final cell concentration of 2 x 106 cells/ml. One hundred

microlitres of this cell suspension was added to the wells of 96-

36



well flat bottomed plates (Nunclon) which already contained 100

ul/well of rat mixed thymocyte medium (MTTd) and placed in a

humidified incubator (LEEC) at 37'C in an atmosphere of 95% air and

5% CO2 .

2.2.5 Preparation of Rat Mixed Thymocyte Medium (MIW)

Two six-week old rats, one Sprague-Dawley and one Wistar (both

obtained from "Olac") were killed by cervical dislocation and each

thymus was removed and placed in RFMI medium. A single cell

suspension was prepared by forcing the thymuses through a sterile

nylon mesh with the plunger from a 10ml syringe. The cells were

washed three times with sterile phosphate buffered saline (PBS)

pH7.2 by centrifugation at 1500 rpm for 5 minutes in a Beckman TJ-6

centrifuge and then resuspended at a cell concentration of

5 x 106 cells/ml in RFMI containing 15% FCS, 2mM GLN and 100

units/ml penicillin/streptomycin (P/S). The cells were grown in a

T175 plastic flask (Nunclon) in a CO2 incubator at 37 °C for 48

hours. The supernatant was harvested by centrifugation at 1500 rpm

for 10 minutes and then sterilised by passage through a 0.22 ym

filter unit (Millex-GS, Millipore, France).

The rat mixed thymocyte conditioned medium thus obtained was

stored at -20'C until use.
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2.2.6 Enzyme linked imnunosorbent assay (E.L.I.S.A.) to detect

sheep anti-hCG antibodies or sheep immunoglobulin

The wells of the ELISA plate (Cooke Microtitre) were coated

with 5 ng/ml hCG (Sigma) to detect anti-hCG antibodies or 2.5 pg/ml

polyclonal rabbit anti-sheep immunoglobulin (generated within the

Department and affinity purified prior to use) to detect sheep

immunoglobulin, in 15 carbonate/bicarbonate buffer pH 9.6. This

coating step was allowed to proceed for 1 hour at room temperature

or overnight at 4°C before the plate was washed three times by

immersion in 1 x PBS pH 7.2 containing 0.1% Tween 20 (Koch Light

Laboratories Ltd). Any unreacted areas of the plastic well were

then blocked by adding 2% Bovine Serum Albumin (BSA) in PBS to the

wells for 30 minutes at room temperature, the washing step was

repeated and supernatants to be tested were added to the wells

after the plate was washed and dried and allowed to incubate for 1

hour at room temperature before the washing step was repeated. Any

sheep immunoglobulin that was present in the supernatant was

detected by a monoclonal antibody directed against sheep light

chains (VFW 8), generated in this Department. This monoclonal

antibody was used as undiluted culture supernatant and was allowed

to react in the ELISA plate for 30 minutes at room temperature

before the washing step was again repeated. Lastly the reaction of

the mouse monoclonal antibody YPM 8 with sheep immunoglobulin light

chains was detected by an anti-mouse immunoglobulin peroxidase

conjugate (Scottish Antibody Production Unit, S.A.P.U.) used at a

working concentration of 1:1000 in PBS containing 2% BSA. The

ELISA was developed by citric acid/disodium hydrogen orthophosphate



buffer containing 0.08% orthophenylenediamine (OPD) (Sigma) and

0.04% hydrogen peroxide (Fisons), the reaction was stopped with 2M

sulphuric acid and the absorbance at 492 nm read in a Titertek

.Multiscan (Flow Laboratories).

2.2.7 Cell cloning by the soft agar technique

Fifteen to twenty millilitres of medium comprising RPMI 20%

FCS, 2mM GLN, HT (1 x 10"4 M hypoxanthine, 1.6 x 10"5 M thymidine)

and 1% Agar (Difco-Bacto) was poured into 90 mm Petri dishes

(Sterilin) and allowed to set at room temperature. These plates

containing a confluent layer of set agar were placed at 37 °C in a

CO2 incubator for approximately 2 hours before adding 2 mis of the

same medium but with 0.5% "Difco Bacto" Agar containing dilutions

of the hybridoma cells ranging from 1:10 to 1:500. This layer of

agar was then allowed to set before returning the cells to the CO2

incubator at 37 cC for 10-14 days or until the appearance of cell

colonies. At this time single colonies were transferred by Pasteur

pipette from the agar to the wells of a 24 well plate (Nunclon) and

maintained in RFMI containing 20% FCS.

2.2.8 Cell cloning by limiting dilution

A one in two solution of the cell suspension to be cloned was

made with 1% Trypan Blue. One drop of this cell suspension was

placed in an improved Neubaeur counting chamber and examined using

a Leitz microscope. An estimate was made of the viable cells by

their ability to exclude the Trypan Blue stain.



Dilutions were then made of the hybridoma cells in 20% RPMI,

2mM GLN and HT (1 x 10"4 M hypoxanthine, 1.6 x 10"5 M thymidine) to

give 50, 25 and 12.5 viable cells per millilitre of medium. Fifty

microlitres of each of these cell suspensions was added to the

wells of a 96-well plate (Nunclon) which already contained 50 pi of

rat MTM. Thus giving concentrations of 2.5, 1.25 and 0.6 cells per

well. These plates were then placed in a OO2 incubator at 37'C for

14 days or until the appearance of cell colonies. Single colonies

were transferred to the wells of a 24 well plate containing RPMI

20% FCS.

2.2.9 Cell staining for flow cytometry

The cells were washed three times in RPMI containing 1% Bovine

Serum Albumin (BSA) and 0.03% sodium azide by centrifugation in a

Beckman TJ-6 centrifuge at 1500 rpm for 5 minutes. The cells were

then resuspended in 50 pi of either monoclonal antibody supernatant

or polyclonal antiserum raised against sheep B and T cell surface

antigens and left for 30 minutes at room temperature. The washing

step was then repeated but this time the cells were resuspended in

50 pi fluorescein isothiooyanate (FITC) conjugated antibody

directed against mouse, rat or rabbit immunoglobulin as appropriate

(developed within the Department with the exception of the anti-

rabbit. immunoglobulin conjugate which was obtained from SAPU) The

cells were left for another 30 minutes at room temperature and then

washed three times as described before. The cells were then

resuspended in 500 pi of 1 x PBS (pH 7.2) containing 1% formalin,

0.03% sodium azide and 10% gylcerol. Samples were stored at 4cC in



the dark until examination by flow cytometry on an EPICS cell

sorter (Coulter Electronics).

2.2.10 Preparation and staining of cytospins

Each glass microscope slide (Chance Propper Ltd) was cleaned

with absolute alcohol and placed in a cytocentrifuge (Shandon

Elliot) together with a cytospin filter card (Shandon). One drop

of KFMI containing 0.1% BSA and 0.1% sodium azide was added to each

slide and they were then centrifuged at 400 rpm for 4 minutes in

order to pre-wet the slide and filter card thus ensuring an even

spread of cells over the microscope slide. One drop of the cell

suspension (2 x 106 cells/ml) was added to each microscope slide

and then centrifuged again at 400 rpm for 4 minutes. The slides

were then quickly removed from the cytocentrifuge and air-dried.

Staining for sheep immunoglobulin content of the cells was

performed by first fixing the cells by flooding the microscope

slide with ice-cold acetone for 30-60 seconds and then with a

1:1000 dilution of polyclonal rabbit anti-sheep immunoglobulin in

PBS or the mouse monoclonal antibody VPM 8 which reacts with sheep

immunoglobulin light chains. The slides were then incubated at

room temperature for 30 minutes in a moist box. The slides were

then washed twice by immersion in 1 x PBS for 5 minutes to remove

any excess antibody. A murine monoclonal antibody (5E6) directed

against a fish bacterial pathogen developed within the Department

was used as a negative control. Rabbit antibody was then detected

by FITC-labelled anti-rabbit immunoglobulin used at a dilution of
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1:10. The slides were incubated with this FITC-conjugated antibody

for a further 30 minutes at room temperature in a moist box before

being washed twice, air-dried and mounted in 70% glycerol in water

containing 0.42% glycine, 0.021% NaOH, 0.51% NaCl and 0.03% Na\T3 .

The cells were then examined using a Leitz microscope equipped with

an epiflourescence attachment and a selective filter for FITC.

2.2.11 Fluorescein isothiocyanate (FITC) labelling of ovalbumin

One milligram of OVA (Sigma) to be labelled was dissolved in

lOOpl 0.25M sodium carbonate buffer in 0.1M sodium chloride pH 9.0

and reacted with 0.05mg FITC (Sigma) in a Linde vial overnight at

4"C. FITC-labelled OVA was purified by filtration on a Sephadex

G25 column equilibrated with lxPBS pH 7.2. The eluted peak was

pooled and stored at -70'C until use.



2.3 RESULTS

To characterise the morphological changes occurring in the

cell population of efferent lymph as a direct result of antigenic

stimulation the left popliteal efferent lymphatic vessel of a sheep

primed to hCG was cannulated and the lymph collected daily into

sterile plastic bottles containing heparin. For the first few days

following recovery from general anaesthesia and cannulation, the

lymph collected was not used in any fusion experiments. This

allowed the inflammation around the incision site to subside. To

correlate the alterations in cell morphology with the appearance of

cells capable of generating viable, antibody secreting

heterohybridomas daily fusions were performed with efferent lymph

cells and NSO before and after antigenic stimulation of the node.

2.3.1 Effect of antigenic challenge on cell output In efferent

lymph

The cellular component of the lymph was examined daily for any

alterations in either cell output or in cell morphology (as

assessed by light microscopy). As demonstrated in Figure 2.1,

prior to in vivo antigenic stimulation of the node the lymph fluid

contained around 2 x 107 cells/ml. All of these cells were small

mononuc1ear ce11s.

Twenty four hours following antigenic stimulation a ten-fold

drop in cell output was observed. This phenomenon was first

described in the efferent lymphatic vessels of sheep by Hall and

Morris (1965b) and is now referred to as the "cell shut-down
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Figure 2.1. Output of cells in the efferent lymphatic vessel
draining a cannulated popliteal lymph node of a sheep immunised
with hCG.
The effect of antigenic stimulation on the total cell output
(« •) and the blast cell output (a a) is shown, y represents
the injection of lOOpg of hCG intradermally into the drainage area
of the node.
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phenomenon". This is associated with PGE2 release within the node

(Hopkins, McConnell and Pearson, 1981) and it is thought that this

retention of cells within the node allows for effective antigen

presentation by the dendritic cells in afferent lymph draining from

the skin. Fusions were not performed during this period as it was

thought that due to the marked decrease in lymphocyte flow any

potential fusion partners would be retained within the node.

Following this there was a marked increase in cell output in

the efferent lymph with a peak at 5 x 107 cells/ml three days post

antigenic stimulation. Thereafter the cell output gradually

decreased until five days post stimulation at which point the

cannula became blocked and no further data was available.

Associated with this increase in total cell output there was the

appearance, on the third day post antigenic stimulation, of a

second cell population in the lymph. This cell population

contained larger cells than the first and the cells had a greater

cytoplasmic to nuclear ratio. These cells were first described as

"transitional cells", when observed in the efferent lymph of a

cannulated popliteal lymphatic by Hall and Morris (1962) 30-50

hours following injection of a foreign antigen into the drainage

area of the node. Their larger size and increased cytoplasmic to

nuclear ratio was suggestive of activated blast cells. This

population accounted for around 20% of the total cell output three

to four days following antigenic stimulation. Thereafter their

number decreased along with the decrease in small lymphocytes.

Thus antigenic stimulation of the node was associated with an

increased total cell output in the efferent lymph of the stimulated

node. The antigen had the effect of activating a proportion of



cells present within the lymph node resulting in the appearance of

blast cells within the efferent lymph which peaked three to four

days following stimulation.

2.3.2 Generation of heterohybridomas by fusion with mouse myeloma

cells

Two fusions were carried out with normal (i.e. not stimulated

by either antigen or mitogen) efferent lymph lymphocytes, fused at

a ratio of two lymphocytes to one NSO, two and one day prior to

antigenic stimulation of the node. Eleven days post fusion these

fusions yielded 42 (18.4%) and 19 (8.3%) wells containing viable

hybridomas out of 228 seeded with the fusion mixture of cells (see

Table 2.1 for a summary of the fusion results). As stated earlier

fusions were not performed during the cell shutdown period. Two

days post stimulation no hybrids were generated when the efferent

lymphocytes were fused. However fusions performed on days three

and four post stimulation yielded 153 (67%) and 155 (68%) wells

with viable hybridomas, respectively, out of 228 seeded with the

fusion mixture of cells.

These hybrids were screened for the secretion of anti-hCG

antibodies by ELISA. In the two fusions carried out prior to

stimulation of the node one of the hybrids generated (7B7) secreted

anti-hCG antibody while an additional three (4D9, 4G5 and 7D11)

secreted sheep immunoglobulin of undetermined specificity.

In the three fusions performed after stimulation, six of the

hybrids (15B4, 15F9, 16D9, 17B7, 18E3, 20E6) generated secreted

sheep anti-hCG antibodies. The remaining hybrids were not examined
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for the secretion of sheep immunoglobulin of another specificity.

2.3.3 Stability of heterohybridomas

Following the initial identification of seven anti-hCG

antibody secreting sheep x mouse heterohybridomas the stability of

these hybrids, with regard to their survival in tissue culture and

the continuation of antibody secretion, was studied.

Two of the hybridomas (7B7 and 16D9) survived for only two

weeks in tissue culture following initial identification. The

remaining five heterohybrids continued to grow well in tissue

culture. When anti-hCG antibody secretion by these remaining

heterohybrids was examined by ELISA it was found that 28 days

following initial identification 15B4 and 18E3 were no longer

secreting antibody into the culture medium and 17B7 gave only a

weak positive result suggesting that only a few of the remaining

viable cells were still secreting antibody. The cell lines 15F9

and 20E6 were also negative at this time but by performing limiting

dilution cloning on these lines it was possible to rescue some of

the cells that, continued to secrete antibody. These clones

continued to secrete antibody for another fourteen days before they

too ceased to secrete. Further cloning to rescue antibody

secreting cells was not performed. In addition to these antibody

secreting heterohybridomas two lines secreted sheep immunoglobulin

of an unidentified specificity (4D9 and 7D11 ) and five did not

secrete sheep immunoglobulin but continued to grow in tissue

culture medium. One of these non-secreting cell lines was cloned

and rendered aminopterin sensitive (see Chapter 3).
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The initial experiments described above in section 2.3.1-2.3.3

suggested that the antibody-producing fusion partners were

associated with the increase in total cell number and the

appearance of lymphoblast cells in the efferent lymph that occurs

three to five days following antigenic stimulation of the node.

These increases were not only associated with the total number of

hybridomas generated, but also with the number that secreted

antibody to target antigen.

However, apart from their microscopic appearance with phase

contrast microscopy, no characterisation of the cells with regard

to their surface phenotype had been done. The next stage then was

to identify and characterise the cells in efferent lymph which act

as the fusion partners. A second cannulation was performed and

cell surface marker analysis was carried out using a Fluorescence

Activated Cell Sorter (FACS) to establish what, if any, alterations

occur in the ratio of B to T cells following antigenic

stimulation and to characterise further the blast cell population.

It would appear from Table 2.1 that the appearance of fusion

partners in the lymph was closely associated with the appearance of

blasts within the lymph. Thus it was important to clarify if this

was due to an increase in B cell blasts, which may be the fusion

partners, or if there was an increase in activated T cells which

may give rise to more hybrids indirectly by the secretion of B cell

growth factors or hybridoma growth factors. The requirements that

some heterohybrids have for exogenous growth factors has previously

been recognised and one such factor termed, Interleukin-HPl, (H =

hybridoma and P = plasmacytoma) has been derived from a mouse

helper T-cell clone (Van Snick et ai., 1986 and 1987).

U8



Figure 2.2. Alterations occurring in the cell population within an
efferent lymphatic vessel draining a popliteal lymph node of a
sheep primed to OVA during secondary antigenic stimulation of that
node, as assessed by flow cytometry.
Each plot demonstrates the cells present in efferent lymph at the
day indicated relative to antigenic stimulation. The cells in
efferent lymph were compared with peripheral blood mononuclear
cells (PBMs).
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2.3.4 Alterations in cell morphology and surface phenotype

following antigenic stimulation as assessed by flow

cytometry

2.3.4.1 Analysis of cell morphology

The cannulation experiment described in section 2.3.2 was

repeated but this time with a sheep primed to OVA. Resting lymph

prior to antigenic stimulation contained approximately 2 x 107

cells/ml of lymph. Microscopically, all of these cells appeared to

be small lymphocytes similar in size and shape to peripheral blood

lymphocytes. This observation wTas confirmed by examination of the

plot of log forward light scatter versus log 90° light scatter

obtained by FACS analysis which demonstrated one cell population

with regard to cell size and granularity (Figure 2.2).

The cannulated lymph node was antigenically stimulated as

described previously. Twenty four hours after this antigenic

stimulation there was a virtual 10-fold drop in the cell output of

efferent lymph to 3 x 10*5 cells/ml (Fig. 2.3). Following this

drop, the cell output then gradually increased to reach a peak of

5.6 x 107 cells/ml of lymph on the fourth day following secondary

antigenic challenge. Associated with the increase in total cell

output there was the appearance of blast cells in the efferent

lymph. These cells were larger than the resting lymph cells and

were more granular as shown by 90° light scatter. This cell

population appeared two days following stimulation and reached a

peak, where they constituted 18% of the total cell output, on days

3-4 following stimulation. This peak in blast cell output
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Figure 2.3. Output of cells in the efferent lymphatic vessel
draining a cannulated popliteal lymph node of a sheep primed to
OVA.

The effect of antigenic stimulation on the total cell output
(• •) and the blast cell output (a a) is shown, y represents
injection of lOOpg of OVA intradermallv into the drainage area of
the node.
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corresponded with the peak in total cell output. The concentration

of cells in the efferent lymph then declined to a level approaching

that prior to antigenic stimulation by 7-10 days post stimulation.

This data, on cell output in efferent lymph and the

microscopic morphology of the cells, for an OVA-primed sheep was in

good agreement with the previously presented data for an hCG-primed

sheep. This suggested that the observed phenomena were not limited

to either one animal or to one antigen.

2.3.4.2 Analysis of cell surface markers

In addition to noting the cell output and morphology of the

cells, daily aliquots of the cells were prepared for FACS analysis

of surface markers. B cells which express surface immunoglobulin

were detected either by VPM 8 (a monoclonal against sheep light

chains) or by polyclonal rabbit anti-sheep immunoglobulin. T cells

were identified by virtue of the pan-T cell marker T1 detected by

the monoclonal antibody SBU-T1 (Mackay et al., 1985). In an

attempt to identify target antigen specific B cells, the cells were

reacted with either FITC labelled OVA to detect cells expressing

OVA-specifie immunoglobulin or with a mouse anti-OYA monoclonal

antibody (B4.2) to identify those OVA-specific B cells which

already had their receptors occupied by antigen.

Prior to secondary antigenic stimulation, as stated earlier,

there was only one population in efferent lymph based on cell size

and granularity. This population comprised around 3 x 106 B

cells/ml of lymph plus 1.5 x 107 T cells/ml. Following antigenic

stimulation both cell populations were involved in the cell
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shutdown phenomenon with the B cells dropping to around 3 x

105 cells/ml and T cells to 3 x 106 cells/ml (see Figs. 2.4 and

2.5) .

Following this drop in cell output there was then an increase

in total cell output accompanied by the appearance of blast cells

as described earlier. Using the EPICS cell sorter it was possible

to separate these two cell populations by bit-mapping the area

covered by each population on the plot of log forward light scatter

versus log 90" light scatter and examine them individually for

their cell surface marker phenotvpes. Examining the small

lymphocyte population first, it appeared that following the drop in

cell output at 24 hours post stimulation the small B cell

population began then to increase reaching pre-stimulation levels

3-4 days post antigenic stimulation. It continued to increase up

until 6-7 days post stimulation at which time it peaked end then

plateaued. This contrasted with the small T cell population which

reached pre-stimulation levels at 3-4 days post stimulation and

then plateaued at this level. This meant that seven days post

antigenic stimulation the ratio of B cells to T cells had changed

markedly from the resting ratio. Resting lymph contained 80-90%

small T cells 10-20% small B cells. However, by 7-10 days post

stimulation, the small T cell population accounted for an average

of 60% of the cells and the small B cell population accounted for

30% of the small lymphocytes in efferent lymph.

Examining the blast cell population both B cell blasts and T

cell blasts appeared in efferent lymph at the same time following

antigenic stimulation of the node i.e. 48 hours. Both cell types

accounted for 5 x 105 cells/ml of lymph. The B cell and T cell
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Figure 2.4. Effect of antigenic stimulation on the output of B
cells into the efferent lymphatic vessel draining a cannulated
popliteal lymph node of a sheep primed to OVA.
▲ a represents staining with VPM 8 (a mouse monoclonal directed
against sheep immunoglobulin light chain), •—
staining with polyclonal rabbit anti-sheep
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represent small lymphocytes. Y represents injection of lOOpg of
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Figure 2.5. Effect of antigenic stimulation on the output of Ti
cells in the efferent lymphatic vessel draining a cannulated
popliteal lymph node of a sheep primed to OVA.
Open symbols represent .blast cells and closed symbols represent
small lymphocytes. T represents injection of lOOpg of OVA
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blast populations increased in number and reached peaks four days

post stimulation. The B cell blasts comprised the greater part, of

the blast cell population as a whole over the complete timescale of

the secondary antigenic response. Not only did the B cell blasts

reach higher levels at 2.5 x 106 cells/ml of lymph compared with

1.5 x 106 cells/ml for the T cell blasts), but the peak of the B

cell blasts lasted for 36-48 hours whereas that of the T cell

blasts lasted for 24 hours before then declining. Between six and

seven days post antigenic stimulation there was a drop in the

output of both the B and T cell blasts. This drop was more marked

with the T cell blasts which dropped to 7 x 104 cells/ml compared

with approximately 3 x 105 cells/ml for B cell blasts. This

phenomenon appeared to be unique to the blast cell populations and

was not reflected in the output of the small lymphocytes. This was

followed by a second peak of blast cells. This was smaller than

the first but again had a greater proportion of B cells than T

cells (1.5 x 106 B cells/ml compared with 9 x 10s T cells/ml).

Both B and T cell blasts then declined. Thus there appeared to be

biphasic release of blasts into the efferent lymph following

secondary antigenic stimulation of the cannulated node.

2.3.4.3 Analysis of antigen-specific B cells

To identify the appearance of target antigen specific B cells,

which are likely to be directly involved in the generation of

antibody secreting heterohybridomas when fusions are performed with

efferent lymph, aliquots of cells collected daily were stained with

FITf-label led OVA to detect those B cells with OYA-speeific
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receptors. The cells were also stained with a mouse monoclonal

anti-OVA antibody (followed by an FITC-conjugated anti-mouse

immunoglobulin) to detect any target antigen specific B cells which

had their antigen receptors occupied with OVA. The number of OVA-

specific B cells was relatively small at 4 x 104 to 1.3 x

105 cells/ml (0.3% to 0.8% of the total cell output). However,

following antigenic stimulation there was a virtual immediate

release of small antigen specific B cells into the lymph which had

their antigen receptors occupied wTith OVA (Figure 2.6). Over days

four and five there wTas a drop observed in the output of small

antigen specific B cells detected by both direct and indirect

methods. At this time antigen specific B cell blasts were present

in the efferent lymph. From day six until day nine there was an

increase in the output of small antigen specific B cells which then

returned to pre-stimulation levels over day nine and ten. These

observations in the small B lymphocyte population were reflected in

the blast lymphocyte populations where there was a drop in antigen

specific blast cell output from day five through to day seven.

There was then an increase in antigen specific blast cell output

from late day seven to day nine. Following this the number of

antigen specific blast cells decreased associated with the

disappearance of blast cells from the efferent lymph.

Thus the release of antigen-specific B cells into efferent

lymph appeared to be biphasic with the alterations occurring in the

blast cell population approximately 24 to 48 hours after those in

the small lymphocyte population.
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Figure 2.6. Effect of antigenic stimulation on the output of
antigen specific B cells in the efferent lymphatic vessel draining
a cannulated popliteal Jyrnph node of a sheep immunised with OVA.
• and O represent small lymphocytes stained with FITC-conjugated

OVA or a mouse monoclonal antibody directed against OVA,
respectively. ▲ and a represent blast cells stained in a similar
way. Y represents injection of lOOyg of OVA intradermally into
the drainage area of the cannulated node.
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2.3.5 Localisation of the immunoglobulin in the B cells

Whilst FACS analysis of the efferent lymph cells identified

the proportions of B to T cells present, it gave no indication of

whether the immunoglobulin was solely membrane-associated or was

also present within the cell cytoplasm of the B cells. When B cells

become activated and differentiate into immunoglobulin secreting

plasma cells there is a shift from the expression of membrane bound

or surface immunoglobulin to cytoplasmic immunoglobulin. Thus

mature, fully differentiated plasma cells would appear negative for

immunoglobulin with FACS analysis since it identifies cells on the

basis of their surface molecules.

To ascertain if the population of immunoglobulin positive

cells identified by FACS analysis had solely surface immunoglobulin

or both surface and cytoplasmic immunoglobulin, and also to

identify cells which had cytoplasmic but no surface immunoglobulin,

cytospins were prepared of the cells collected daily and examined

for iranunoglobulin.

As shown in Figure 2.7 the small B lymphocytes present in

resting efferent lymph had a thin ring of immunofluorescence around

the periphery indicating that these cells expressed membrane

immunoglobulin. By two days after antigenic stimulation there was

no difference in the distribution of the staining. However, by

three days post stimulation there was a shift in the distribution

towards cytoplasmic immunoglobulin. This effect was seen to

continue through days four and five. By day six there was the

reappearance of cells with no, or very little, cytoplasmic

immunoglobulin, although at this time the majority of cells were
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staining for cytoplasmic immunoglobulin. From here until the end

of the experiment at day ten there was a progressive increase in

the number of cells similar to those seen in resting lymph i.e.

with a thin ring of immunofluorescence around the periphery, and a

progressive reduction in those cells which contained cytoplasmic

immunoglobulin.
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Figure 2.7. Alterations in the distribution of imnunoglobulin
within the B cells present in efferent lymph during antigenic
stimulation of the cannulated node.
Cells were stained with polyclonal rabbit anti-sheep immunoglobulin
followed by an FITC-conjugated anti-rabbit immunoglobulin.
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DISCUSSION

The preliminary experiments described in this chapter suggested

that the major proportion of antibody producing fusion partners

appeared in the efferent lymph on days three and four following

secondary antigenic stimulation of the node. At that time

approximately 20% of the efferent lymph cells were blast cells and

the total cell output per millilitre of lymph was at the peak of

its response. Further examination of the blast cell population

demonstrated that it contained both T cell blasts and B cell

blasts. However the B cell blasts comprised the greater part of

this population with an output per millilitre of lymph almost twice

that of the T cell blasts. It was at this time that antigen

specific B cells were present in the efferent lymph. Obviously

these cells were important in the generation of specific antibody

secreting heterohvbridomas.

In resting lymph the B cells appeared to have membrane bound,

surface immunoglobulin with little or no cytoplasmic

immunoglobulin. By 3-5 days post secondary antigenic stimulation

the immunoglobulin was mainly distributed throughout the cell

cytoplasm. This was suggestive of active synthesis and packaging

of immunoglobulin by the rough endoplasmic reticulum and Golgi

apparatus. These cells were thus more active and would seem

potentially superior fusion partners since their cellular machinery

was geared to antibody production and release.

Thus the appearance of antibody producing fusion partners was

associated with a number of changes which occurred in the efferent

lymph lymphocytes, all of which were associated with secondary
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antigenic stimulation of the node. However the heterohybridomas

which were generated were unstable and lost the ability to produce

and secrete sheep antibody rapidly. Also whilst these results

clearly demonstrate the presence of T cells, their role with regard

to the possible production of helper factors for B cells either

directly or by generation of T cell hybridomas remains unknown.

Cessation of antibody secretion may be explained by the

selective expulsion of sheep chromosomes responsible for antibody-

production by the heterohybridoma cells. Tucker et al. (1981)

described substantial loss of sheep chromosomes from sheep x mouse

hybridoma cells grown in vitro. This may also explain the death

of two of the cell lines (7B7 and 16D9) which may have excluded the

sheep X chromosome encoding the Hypoxanthine Guanine Phosphoribosyl

Transferase (HGPRT) enzyme, thus causing death of the cells in RAT

selective medium. Loss of chromosomes has also been well

documented in human x rodent heterohybridoma cells where there is

preferential loss of the human chromosomes (Ruddle, 1973; Murphy et

al., 1986; Koropatrick, Pearson and Harris, 1988). Another

possible explanation for the cessation of antibody secretion is

associated with defects occurring in the synthetic machinery

resulting in impaired transcription, translation or assembly or

defects in the secretory machinery of the cell. These defects have

been described in human heterohybrid cells (Raison et al., 1982;

Kozbor and Croce, 1985).

It has been stated that problems of cell death or cessation of

antibody production/release can be reduced by back-fusing the

lymphocytes from the species of interest to an already generated,

aminopterin sensitive heterohybridoma (Ostberg and Pursch, 1983;
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Tucker et al., 1984; Anderson et al., 1987; Groves, Morris and

Clayton, 1987 and 1988). TheEfore before proceeding any further,

attempts were made to generate an aminopterin sensitive

heterohybridoma cell line which already contained sheep chromosomes

in order to increase stability of subsequently generated

heterohybridomas and so prolong antibody secretion. The generation

of such a cell line is described in Chapter 3.
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2.5 SUMMARY AND CONCLUSIONS

By fusion of efferent lymph lymphocytes to mouse myeloma cells

it is possible to generate viable heterohybridoma cells. The cells

important in the generation of antibody secreting heterohybridomas

appear in the efferent lymph three to four days after antigenic

stimulation of the node, this is associated with the peak outputs

of total cells, blast cells, antigen specific blast cells in the

efferent lymph. The immunoglobulin within the B cells was

distributed throughout the cell cytoplasm at this time. The

heterohybridomas generated secreted antibody for only a short

period of time in vitro and thus efforts were directed at the

generation of an aminopterin sensitive sheep x mouse cell line for

use as a fusion partner to hopefully improve the stability of

subsequently generated antibody secreting cell lines.
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Table 2.1
Generation of heterohybridomas by fusion of sheep efferent lymph
lymphocytes to the mouse myeloma cell line NSO during secondary
antigenic stimulation of the lymph node.

Number of heterohybridomas

Day relative Total cells Blast cells Viable at Secreting
to antigenic in efferent lymph1 day 10-13 anti-hCG
stimulation /mlxlO7 /mlxlO6 antibodies

-2 1.9 0 42 0
-1 1.6 0 19 1

0 1.5 0 N.D. N.D.
1 0.16 0 N.D. N.D.
2 3.3 0 0 0
3 5.0 6 153 3
4 3.5 4.7 15r 3

N.D. - Not done
1 Total cells refers to all cells present within the efferent

lymph whereas blast cells refers to those cells appearing after
antigenic stimulation which appear larger and more granular and
have a greater cytoplasmic to nuclear ratio.
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CHAPTER THREE

GENERATION OF A SHEEP X MOUSE AMINOPTERIN SENSITIVE HFTEROHYBRIDOMA

CLONED CELL LINE
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3.1 INTRODUCTION

In Chapter 2 it was demonstrated that it was possible to

construct, viable heterohybridornas between sheep ] vmphocytes from a

cannulat.ed efferent lymphatic vessel and the mouse myeloma cell

line, NSO. However, the fusion efficiency was low with only 32% of

the wells seeded with fused cells actually yielding viable

heterohvbridomas. In addition only seven heterohybridomas secreted

antibody of a predefined specificity and the cells either died or

ceased antibody secretion within 28 days. These problems have been

described previously in rabbits (Yarmush et al. , 1980), cattle

(Srikumaran, Guidry and Goldsby, 1984; Tucker et al., 1984;

Raybould et al., 1985a), humans (Murphy et al., 1976) and sheep

(Tucker et al., 1981), where they have been attributed to selective

exclusion of the foreign chromosomes from the heterohybridoma cell.

It has been demonstrated that these problems can be overcome,

in part at least, by fusing the 1 ymphoeytes from the species of

interest to an already generated heterohybridoma line (Ostberg &

Pursch 1983; Tucker et al., 1984; Anderson et al., 1987; Groves,

Morris and Clayton, 1987 and 1988).

The experiments described in this chapter were aimed at

producing a stable sheep x mouse heterohybridoma which was

sensitive to selective growth medium containing Hypoxanthine,

Aminopterin and Thymidine (HAT), and having generated such a line

t.o analyse it.s growth and phenotypic- characteristics.



3.2 MATERIALS AND METHODS

3.2.1 Generation of a sheep x mouse heterohybridoma

The sheep x mouse heterohybridomas were generated by fusion of

sheep efferent lymph lymphocytes from a cannulated lymphatic vessel

to the mouse myeloma cell line, NSO, using PEG as described

previously in Chapter 2.2.4.

3.2.2 Cell cloning by the soft agar technique

As described previously in Chapter 2.2.7.

3.2.3 Cell cloning by limiting dilution

.As described previously in Chapter 2.2.8.

3.2.4 Aminopterin sensitisation

The cloned heterohybridoma cells intended for sensitisation to

aminopterin were transferred to the wells of a 24-well plate

("Nunelon", InterMed) and allowed to grow until they covered

approximately two thirds of the bottom of each well (normally took

48-72 hours). The cells were then fed with RFMI containing 10% FCS

and either 6-thioguanine or 8-azaguanine (both from Sigma) to give

final concentrations of these drugs ranging from 30 yg/ml down to 1

pg/ml. Prior to this treatment with the antimetabolites 6-

thioguanine or 8-azaguanine aliquots of the cells were exposed to

either 3000, 2000 or 1000 rads of gamma-irradiation from a Caesium-
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137 source. One aliquot received no pre-irradiation.

The cells which continued to grow in the presence of the

antimetabolite were subjected to increasing concentrations of it

until they grew well at 20 ug of the antimetabolite per millilitre

of medium. The cells were maintained at this concentration for two

weeks before an aliquot of the cells was transferred to medium

comprising RPMI, 10% FCS and HAT (1 x 10*4 M hypoxanthine, 4 x 10"7

M aminopterin, 1.6 x 10~5 M thymidine). The cells were assessed as

being RAT sensitive if they died within 48 hours of transfer to the

HAT selective medium.

3.2.5. Metaphase cell preparation

The cells for chromosome analysis were grown for four hours at

37 °C in a CO2 incubator in RPMI medium containing 10% FCS and 0.2

pg/ml Colcemid (Demecolcine from Sigma) at a cell concentration of

1 xlO6 cells per ml. The cells were transferred to 0.075M KC1 and

maintained for 10 minutes at 37 °C. in this solution before being

fixed in ice-cold acetic acid/alcohol (three parts methanol to one

part glacial acetic acid) and the fixed-cell suspensions dropped

from a fixed height of approximately 25cm onto clean, ice-cold

microscope slides. The slides were allowed to dry and then stained

with Giemsa before they were examined with a Leitz microscope at a

magnification of 630x.

3.2.6. Cell staining for flow cytometry

As previously described in Chapter 2.2.9.
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3.3 RESULTS

3.3.1 Generation of a sheep x mouse heterohybridoma

A non-secreting sheep x mouse heterohybridoma (1C6) generated

by the fusion of efferent lymph lymphocytes collected prior to in

vivo secondary antigenic stimulation of the cannulated node to the

mouse myeloma NSO was selected for cloning and sensitisation to

aminopterin medium. As demonstrated in Chapter 2, the line neither

secreted sheep anti-hCG antibodies nor sheep immunoglobulin of

another specificity. It continued to grow well in tissue culture

as the medium was changed stepwise from RFMI containing 20% FCS,

HAT (1 x 10"4 M hypoxanthine, 4 x 10"7 M aminopterin, 1.6 x 10*5 M

thymidine) and 2mM GLN to RPMI containing 10% FCS over a period of

2-3 months.

During this time the cell line was cloned using the soft agar

cloning technique. The cloned cell line generated (lC6.3a) was

then selected for aminopterin sensitisaton as it continued to grow

well in tissue culture.

3.3.2 Aminopterin sensitisation

lC6.3a heterohybridoma cells that were grown in the presence

of the thymidine analogues 6-thioguanine or 8-azaguanine continued

to grow well at cell concentration of these drugs from 30 pg/ml to

1 pg/ml in RPMI medium containing 10% FCS. When an aliquot of

these cells was transferred to RFMI, 10% FCS and RAT the cells

continued to grow normally, demonstrating that they were not HAT
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sensitive.

Prior exposure of the heterohybridoma cells to gamma

irradiation from a Caesium 137 source before growth in medium

containing the antimetabolites altered the growth characteristics

of the cells. By 10 days post-irradiation and transfer to medium

containing 6-thioguanine or 8-azaguanine cells that had received

3000 rads were dead. Cells grown in medium containing 8-azaguanine

with prior gamma-irradiation of 2000 or 1000 rads behaved exactly

as the cells which received no prior gamma-irradiation as did cells

with prior gamma-irradiation of 1000 rads which were then grown in

medium, containing 6-thioguanine i.e. they continued to grow well at

cell concentrations of antimetabolite. When aliquots of these

cells were transferred to RPMI medium containing 10% FCS and RAT

the cells continued to grow normally, demonstrating their continued

resistance to HAT selective medium.

The cells which had received prior gamma-irradiation of 2000

rads followed by growth in medium containing 6-thioguanine only

grew at concentrations of 6-thioguanine below 3.7 pg/ml.

Duplicates were made of these cells and the concentration of 6-

thioguanine was increased step-wise up to 20 pg/ml over a period

of 2-3 weeks. The cells were maintained at 20 ug/ml of 6-

thioguanine for 2 weeks before transferring an aliquot to RPMI

medium containing 10% FCS and RAT. These cells died within 48

hours, confirming their RAT sensitivity. Thus the combination of

exposure of the sheep x mouse heterohybridoma cell line to 2000

rads of gamma-irradiation from a Caesium-137 source followed by

growth in medium containing 6-thioguanine selected for cells which

were sensitive to RAT selective medium. This cell line was then
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Figure 3.1. Composite plot diagram showing the comparison of ICS.3a
6T.1D7 (a and b) with peripheral blood mononuclear cells (c) for
size (Log forward light scatter) and granularity (Log 90* light
scatter) using flow cytometry analysis.
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re-cloned by the limiting dilution method and the cloned line

lC6.3a 6T.1D7 was selected for further study.

3.3.3 Characterisation and Phenotypic Analysis

FACS analysis allowed not only the characterisation of ovine

cell surface molecules, but also allowed characterisation of the

cell population with regard to cell size and granularity. Figure

3.1 shows that the lC6.3a 6T.1D7 cloned line contained two cell

populations. These are labelled (a) and (b). Population (b)

contained larger cells than those in population (a) but both had

similar granularity as assessed by 90s light scatter. Both

populations contained cells that were larger and more granular than

normal sheep peripheral blood lymphocytes included as a control

(c). The appearance of two cell populations has been a consistent

feature each time the cloned cell line was examined over a period

of one year. Two cell populations were also present within the

lC6.3a cloned cell line and therefore this phenomenon was not

associated with sensitivity to aminopterin. When the lC6.3a 6T.1D7

clone was grown in tissue culture medium it had an average cell

doubling time of 48 hours, which was the same as the mouse myeloma

cell line, NSO, grown under the same conditions. Aliquots of the

cells were taken at six hourly intervals during a 48 hour growrth

cycle and examined for alterations in the proportions of

populations (a) and (b). No such alterations were observed (Figure

3.2). The appearance of two cell populations within a single

cloned line was also noted with a mouse x mouse hybridoma which

secreted mouse anti-hCG antibodies (Figure 3.3).
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Figure 3.2. Alterations occurring within the subpopulations of
1C6.3a 6T.1D7 during a 48-hour growth cycle assessed by flow
cytometry.
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Figure 3.3. Analysis of a mouse x mouse hybridoma secreting
monoclonal antibody directed against hCG by flow cytometry.
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Table 3.1 shows that the lC6.3a 6T.1D7 cloned cell line was

negative for all of the ovine cell surface molecules examined.

Normal sheep peripheral blood lymphocytes, included as a control,

expressed surface irmiunoglobulin, Class I and Class II Major

Histocompatibility Complex (MHC) molecules and Leukocyte Common

Antigen (LCA). As the cell line did not express any B cell markers

and did not secrete immunoglobulin it was examined for expression

of T cell markers to ascertain if it was the product of a fused NSO

and a T lymphocyte. The cell line did not express Ti (a pan-T cell

marker), T4 (a T-helper cell marker), nor Ts (a T-

suppressor/cytotoxic cell marker). In addition another cloned

heterohybridoma line (7D11.F9) generated at the same time as lC6.3a

6T.1D7 (see Chapter 2.3.2) which secreted sheep immunoglobulin of

an unidenti(ied specificity was also examined. It expressed surface

immunoglobulin but did not express any of the other cell surface

molecules examined.

3.3.4 Chromosome analysis

Metaphase preparations of the lC6.3a 6T.1D7 cloned line were

made and the chromosomes counted. The mean chromosome number was

found to be 90 (see Table 3.2). This was higher than the normal

mean diploid number of 5§- for the sheep and 40 for the mouse, and

also of 5 tt for NSO mouse myeloma cells, thus confirming the

presence of extra chromosomes in the lC6.3a 6T.1D7 cells. Examples

of typical chromosome spreads that were obtained with lC6.3a 6T.1D7

and NSO are shown in Figure 3.4.
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Figure 3.4. Metaphase preparations of lC6.3a 6T.1D7 (a) and NSO (b)
stained with Giemsa.
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3.4 DISCUSSION

An aminopterin-sensilive sheep x mouse heterohybridoma cloned

cell line was generated by exposure of a non-immunoglobulin

secreting heterohybridoma to 2000 rads of gamma-irradiation from a

Caesium-137 source followed by growth in medium containing the

thymidine analogue 6-thioguanine. This regime caused deletion of

the gene encoding the hypoxanthine guanine phosphoribosyl

transferase (HGPRTl enzyme which is carried on the X chromosome in

mammalian cells including sheep (Tucker et al., 1981). This

resulted in death of these cells when grown in medium containing

aminopterin. Aminopterin blocks de novo synthesis of purines and

pyrimi dines and since the HGPRT enzyme has been deleted DN'A

synthesis cannot proceed via the so-called salvage pathways using

the HGPRT enzyme dependent upon exogenous thymidine and

hypoxanthine (Coding, 1980;.

The cloned cell lino thus generated did not express membrane-

hound immunoglobulin nor did it release immunoglobulin into the

culture supernatant . According to FACS analysis the clone- was

devoid of the ovine cell surface markers normally expressed by B

lymphocytes e.g. CIass T and Class II MHO antigens and LCA. nor did

it express surface markers normally associated with the T cell

lineage. FACS analysis also demonstrated the presence of two

population-- of cells within the ICG. 3a 6T. 1D7 clone. One

population contained larger cells than the other hut both had the

same degree of granularity, and both were- larger and more granular

than normal sheep peripheral bipod lymphocytes. This appearance of

two cell popnlat ions wj thin the one el on* was als observed wit) n
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conventional mouse x mouse antibody secreting hybridoma (Section

3.3.3) and may represent a maturational change occurring within

these cells whth the larger cells being responsible for the

secretion of immunoglobulin.

Metaphase preparations demonstrated that the lC6.3a 6T.1D7

cloned line had a greater mean chromosome number than either of its

parents, presumably due to an increased content of sheep

chromosomes. This agreed with Tucker et al., (1984) who described

mouse x bovine heterohybridomas containing 7 and 8% bovine

chromosomes and mouse x bovine x bovine heterohybridomas containing

14% bovine chromosomes. Anderson et al. , (1987) also described an

increased content of bovine chromosomes with each subsequent back-

fusing to bovine lymphocyte, thus a mouse x bovine x bovine

het.erohybridoma contained a mean of 124 chromosomes of which 15%

were bovine and a mouse x bovine x bovine x bovine heterohybridoma

contained a mean of 134 of which 18 to 19% were bovine chromosomes.

The aim of developing a stable sheep x mouse aminopterin-

sensitive cloned cell line was to reduce the loss of ovine

chromosomes when this clone was subsequently fused to ovine

lymphocytes, thus generating more stable antibody secreting sheep x

sheep x mouse heterohybridomas. It appears from work done with

bovine heterohybridomas (Tucker et al. , 1984; .Anderson et al.,

1987; Groves, Morris and Clayton 1987 and 1988) and with human

heterohybridomas (Ostberg and Pursch, 1983) that this exclusion of

foreign chromosomes occurs to a lesser extent if the hybridoma

fusion partner already has a complement of chromosomes from the

sp>ecies of interest.
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3.5 SUMMARY AND CONCLUSIONS

Sensitivity to the folic acid antagonist, aminopterin, was

induced in a cloned sheep x mouse cell line by exposure of the

cells to gamma-irradiation followed by culture in medium containing

the thymidine analogue, 6-thioguanine. This clone contained a mean

of 90 chromosomes, but did not express any of the sheep cell

surface markers under examination. In the latter respect it was

similar to the human x mouse heterohybridoma cells described by

Raison et al. (1982).

To evaluate any improvements in the efficiency of the

generation of antibody secreting heterohybridomas using this line

it was compared with the mouse myeloma, NSO, when fused to sheep

1ymphocytes from a cannulated efferent lymphatic vessel. The

results of these experiments are presented in Chapter 4.
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Table 3.1

Pbenotypic analysis of lC6.3a 6T.1D7 as assessed by flow cytometry

% cells positive

Monoclonal

antibody
Cell surface molecule

recogni sed
1C6.3a 6T

. 1D7
7D112
. F8

Sheep3
PBMs

\TM 8
VPM 10
SW73.2
VFM 18
SBU-T1
SBU-T4
SBU-T8
5E6

Sheep light chain
Sheep MHC Class I
Sheep MHC Class II
Sheep LCA4
Sheep Ti
Sheep T4
Sheep Ts
Fish bacterial pathogen5.

2.35
1 .38
1 .23
1 .81
4.96
3.25
6.10
1 .46

98.5
3.0
3.29
2.11
N.D.

N.D.
N.D.
2.87

31.9
89.0
48.4
94.0
55.3
32.0
17.6
1.7

1 Values given are corrected for non-specific adherence of the
FITC-labelled conjugates to the cells

2 Sheep x mouse heterohybridoma secreting sheep immunoglobulin
3 Sheep peripheral blood mononuclear cells
4 Leucocyte common antigen
5 Negative control antibody
N.D. - not done
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Table 3.2
Chromosome analysis of lC6.3a 6T.1D7

Cell type Number of chromosomes counted Mean

1C6.3a 6T.1D7 107; 71; 110; 88; 84; 72 90
Mouse N.I). 401

Sheep N.D. 5^>
NSO 56; 56; 56;tfz. 542

1 Values obtained from Biology Data Book (1964)
2 Mean number of chromosomes observed in the NSO line used in

these experiments. Anderson et. al. (1987) found the mean
chromosome number of NSO to be 65

N.D. - Not Done
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4.1 INTRODUCTION

In Chapter 3 the generation of an aminopterin sensitive sheep

x mouse heterohybridoma cloned cell line was described. The

experiments in Chapter 4 aim to assess the feasibility of using

this cell line to generate stable antibody secreting

heterohybridomas i.e. sheep x sheep x mouse heterohybridomas as it

has previously been demonstrated that sheep x mouse antibody

secreting heterohybridomas are unstable (Chapter 2 and Tucker et

a]., 1981) and preferentially exclude the sheep chromosomes

resulting in cell death or the cessation of immunoglobulin

secretion.

Chapter 2 also demonstrated that there was a correlation

between both the total number of heterohybridomas generated and the

number which secreted antibody to the target antigen, when

lymphocytes taken three and four days following secondary antigenic

stimulation of the cannulated lymph node were fused to the mouse

myeloma NSO. At this time there was a peak in both the total cell

output in efferent lymph and the output of blast cells. Also at

this time there was a shift in the distribution of immunoglobulin

within the B cell population from being predominantely membrane

associated to being distributed throughout the cell cytoplasm.

The experiments in this Chapter were aimed at demonstrating a)

if it was possible to generate sheep x sheep x mouse

hetex-ohybridomas which secreted antibody and b) if the temporal

changes observed in the generation of heterohybridomas with regard

to secondary antigenic stimulation were solely a phenomenon

associated with using NSO as a fusion partner or occurred
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irrespective of the fusion partner and c) to assess if an

aminopterir. sensitive heterohybridoma was more efficient at fusing

than NSO. To investigate the latter, efferent lymphocytes were

collected prior to antigenic stimulation of the node and at four

and seven days following antigenic stimulation and fused to both

NSO and lC6.3a 6T.1D7. These time points were chosen on the basis

of earlier experimental results. In Chapter 2.3.2 greater numbers

of antibody secreting heterohybridomas were generated when lymph

collected on days three and four following antigenic stimulation

was used as a source of lymphocytes for fusion. However in Chapter

2.3.4 it was demonstrated that the output of small B cells in

efferent reached a peak at six to seven days after antigenic

stimulation, there was also an increase in antigen specific small

and blast B cells in efferent lymph at this time. The two fusion

partners were then compared firstly with respect to the number of

viable heterohybridomas that they generated, secondly on the number

of heterohybridomas that secreted sheep immunoglobulin of any

antigenic specificity, and thirdly on the number of sheep

immunoglobulin secreting hybrids that secreted antibody which

reacted with the target, antigen.

The same sheep were used throughout the series of experiments

in an attempt to correlate accurately the alterations occurring in

efferent lymph with the generation of antibody secreting

helerulpbi idomas in vitro.



4.2 MATERIALS AND METHODS

4.2.1 Ininunisation of sheep

A group of three sheep were used in the following experiments.

Two were immunised wih hCG as previously described in Chapter

2.2.1. The third sheep was immunised with a synthetic peptide of

residues 141-160 of the A2 4 strain of Foot and Mouth Disease Virus

(FMDV) which was a gift from Dr.T.Doel, Agriculture and Food

Research Council Institute of Animal Health, Pirbright. Before

injection into the sheep this peptide was coupled to OVA, using a

one step gluteraldehvde method, to act as a carrier to provide T

cell help to generate an immune response against the small peptide.

4.2.2 Cannulation of an efferent lymphatic vessel

Cannulations were performed as previously described in Chapter

2.2.2. Four cannulations were performed, the right prescapular

efferent lymphatic of a sheep primed to FMDV peptide coupled to

OVA, the right (and at a later date the left) prescapular efferent

lymphatic vessel of a sheep primed to hCG, the right prefemoral

efferent lymphatic vessel of another sheep also primed to hCG.

4.2.3 Microscopic examination of the efferent lymph

As previously described in Chapter 2.2.3.
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4.2.4 Fusion of NSO or lC6.3a 6T.1D7 to sheep lymphocytes

Fusions with the mouse myeloma NSO were performed as

previously described in Chapter 2.2.4. and fusions with lC6.3a

6T.1D7 were carried out in exactly the same way. Fusions were

performed at three times relative to secondary antigenic

stimulation, i.e. Day -1 or Day 0, Day 4 and Day 7.

4.2.5 Preparation of rat Mixed Thymocyte Medium

As previously described in Chapter 2.2.5.

4.2.6 Enzyme Linked Imnunosorbent Assay (ELISA) to detect sheep

anti-hCG antibodies, sheep anti-ovalbumin (OVA) antibodies,

sheep anti-FMDV peptide antibodies or sheep inmunoglobulin

ELISA tests were performed as described in Chapter 2.2.6 but

the concentration of antigen used to coat the plate was increased

to lOpg/ml in an attempt to increase the sensitivity of the test.

4.2.7 Cell staining for flow cytometry analysis

As previously described in chapter 2.2.9. Analysis of T cell

subpopulations to assess any alteration in the ratio of T4 to T& ,

was performed using monoclonal antibodies SBU-T4 and SBU-T8 which

react with the sheep helper T cell subset and sheep

suppressor/cytotoxic cell subset respectively (Maddox, Mackay and

Brandon, 1985).
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4.3 RESULTS

4.3.1 Effect of antigenic challenge on cell output in efferent

lymph

As described in the Materials & Methods Section 4.2.2.

efferent lymphatic vessel cannulations were performed in three

different sheep on four separate occasions to confirm earlier

results on the effects of secondary antigenic stimulation on cell

output, in the efferent lymph. Figure 4.1 demonstrates the cell

output in efferent lymph of a sheep primed to a 2t> amino acid

peptide from the A24 strain of FT4DY outer structural protein \"P1

coupled to OVA to act as a carrier. The resting cell output was

around 2 x 107 cells/ml of lymph and following antigenic

stimulation it dropped to 2 x 106 cells/ml of lymph for 24 hours

(cell shutdown phenomenon) and then peaked at 3 to 4 days following

antigenic stimulation at 5-7 x 10T total cells/ml. Associated with

the increase in total cell output there was the appearance of blast

cells in the efferent lymph which reached a maximum of 9 x 106 /ml

(16 % ). At. this time the cannula became blocked and no further

data on cell output was available.

Figure 4.2 demonstrates the cell output in efferent lymph in a

sheep primed to hCG. The results, were very similar to those

obtained with the sheep primed to PTDY pcptide-OYA conjugate with a

cell output between 1.5 and 2 x 1 07 cells/ml prior to secondary

antigenic stimulation and a drop to 7 x ID6 in the 24 hour period

after injection of antigen into the drainage area of the node.

Immed.iat.ely following this the cannula became blocked such that
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Figure 4.1. Output of cells in the efferent lymphatic vessel
draining a cannulated prescapular lymph node of a sheep immunised
with a 20-residue peptide of FMDV coupled to OVA.
The effect of antigenic stimulation on the small cell output
(• •) and the blast cell output (a a) is shown. ^ represents
the injection of lOOyg of A2 4 synthetic peptide intradermally into
the drainage area of the node.
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Figure 4.2. Output of cells in the efferent lymphatic vessel
draining a cannulated prescapular lymph node of a sheep inmunised
with hOG.
The effect of antigenic stimulation on the small cell output is
shown ( • • ). y represents the injection of lOOjjg of hCG
intradermally into the drainage area of the node.
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data on the later stages of the secondary response was not

available. Because of this another efferent lymphatic vessel

(right prescapular) was cannulated on the same sheep at a later

date and the experiment repeated. This time the cell output prior

to secondary antigenic stimulation was around 1.7 x 107 cells/ml

(Figure 4.3) which fell to 3 x 106 cells/ml during cell shutdown.

Following this drop the cell output increased to a level similar to

that pre-stimulation. There was no increase in cell output above

the resting level as has been previously demonstrated (Figure 4.1).

Irrespective of this, the output of blasts in the efferent lymph

occurred as has been described previously with blasts appearing in

the lymph for the first time 48 hours following secondary antigenic

stimulation and peaking at 4 x 106 blasts per millilitre (20% of

total cell output) of lymph on days 3 to 5 following secondary

antigenic stimulation before returning to resting levels. The

fourth cannulation (right prefemoral) was performed on another

sheep primed to hCG in an attempt to demonstrate an increased total

cell output following secondary antigenic stimulation and also to

collect cells on day seven after stimulation and compare these

cells with those collected earlier in the response when fused to

either NSO or lC6.3a 6T.1D7. The resting cell output in efferent

lymph was 6 x 106 cells/ml and this dropped to 2 x 106 cells/ml in

the 24 hours following secondary antigenic stimulation (Figure

4.4). Following this the cell output then increased and associated

with this there was the appearance of blast cells in the efferent

lymph. Blast cells and total cells peaked at 3 x 106 /ml and 1.5 x

107 /ml respectively on days 3-5 post secondary antigenic

stimulation before declining to resting levels.
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Figure 4.3. Output of cells in the efferent lymphatic vessel
draining a cannulated prescapular lymph node of a sheep imnunised
with hOG.
The effect of antigenic stimulation on the small cell output
(• •) and the blast cell output (a a) is shown, y represents
the injection of lOOpg of hCG intradermally into the drainage area
of the node.
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Figure 4.4. Output of cells in the efferent lymphatic vessel
draining a cannulated prefemora] lymph node of a sheep immunised
with hCG.
The effect of antigenic stimulation on the small cell output
(• •) and the blast cell output (a ▲) is shown, y represents
the injection of lOOpg of hCG intradermally into the drainage area
of the node.
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In addition to assessing the alterations in cell size and

number by microscopy it was possible to observe the changes in cell

size and in the granularity of the cells by examining the plots of

log forward light scatter versus log 90* light scatter as

demonstrated by cell sorter analysis (Figures 4.5 and 4.6). This

data was obtained for two animals, both primed to hCG one of which

had the prescapular efferent lymphatic vessel cannulated the other

had the prefemoral efferent lymphatic vessel cannulated. These

plots demonstrate that in resting efferent lymph there was only one

cell population with reference to cell size and granularity and

that on these criteria this population appeared the same as

lymphocytes prepared from sheep peripheral blood. Blast cells had

appeared in efferent lymph in both experiments by the second day

following secondary antigenic stimulation of the cannulated node.

In the prefemoral efferent lymphatic cannulation they appeared

after 24 hours. The blast cells were not only larger than the

resting efferent lymph lymphocytes (which had already been assessed

by phase contrast light microscopy) but they were also more

granular which was due to their higher content of subcellular

organelles. In Figure 4.3 and Figure 4.4 the appearance and

subsequent disappearance of blast cells in the efferent lymph was

shown to occur at day 2 and day 7 respectively. Using these

sequential scatter plots it can be seen that when the prefemoral

lymphatic cannulation was examined there was a blast cell

population still present ten days after secondary antigenic

stimulation which had reached levels below accurate detection with

light microscopy.
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Figure 4.5. Alterations occurring in size (Log forward light
scatter) and granularity (Log 90" light scatter) of lymphocytes in
the efferent lymphatic vessel draining a cannulated prescapular
lymph node during antigenic stimulation assessed by flow cytometry.
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Figure 4.6. Alterations occurring in size (Log forward light
scatter) and granularity (Log 90" light scatter) of lymphocytes in
the efferent lymphatic vessel draining a cannulated prefemoral
lymph node during antigenic stimulation assessed by flow cytometry.
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4.3.2 Fusion of efferent lymph cells to NSO or 1C6.3a 6T.1D7

Efferent lymph cells were collected, where possible, at three

points relative to secondary antigenic stimulation of the node.

These were on Day -1 or Day 0, Day 4 and Day 7 and these cells were

then fused to either the mouse myeloma NSO or to lC6.3a 6T.1D7, the

aminopterin sensitive sheep x mouse heterohybridoma cloned cell

line.

The results of the fusions performed with lymphocytes from the

cannulated lymphatic vessels of the sheep described in Section

4.3.1 are presented in Table 4.1. lC6.3a 6T.1D7 consistently

generated more viable heterohybridomas irrespective of the time at

which the lymphocytes were collected with respect to secondary

antigenic stimulation. Day 4 lymphocytes generated more viable

heterohybridomas than lvmphoytes collected prior to antigenic

stimulation, this was more noticeable when NSO was used as the

fusion partner. The data available on day 7 lymphocytes would

suggest that there is no benefit in using these cells instead of

those collected on day 4. Variations were observed between fusions

performed at the same time with lymphocytes from different sheep

indicating the variability of the fusion technique itself and

variations in the ability of similar lymphoid populations from

different sheep to generate heterohybridomas.

4.3.3 Sheep immunoglobulin and specific antibody secreted by the

heterohybridomas generated

Viable heterohybridomas generated in Section 4.3.2 were
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cultured until the cells formed an almost confluent layer on the

bottom of the well, culture supernatants were removed after 17 days

and tested by ELISA for both the presence of sheep immunoglobulin

and specific antibody which reacted with the target antigen. The

results in Table 4.2 demonstrate that not only did the lC6.3a

6T.1D7 cell line generate more viable heterohybridomas than NSO, it

also generated more immunoglobulin secreting and more specific

antibody secreting heterohybridomas at the two timepoints at which

they were compared. Lymphocytes collected and fused on day 4

following antigenic stimulation appeared to contain an enriched

population of cells capable of generating antibody secreting

heterohybridomas. In contrast to cells collected, on day 7 which

did generate a high number of viable heterohybridomas (72%) and yet

very few of these actually secreted sheep immunoglobulin or

antibody to target antigen (4 and 5 respectively).

4.3.4 Alterations in lymphocyte subpopulations in efferent lymph

during in vivo secondary antigenic stimulation of the

cannulaLed node

In addition to examination of the cell output iri efferent

lymph and their microscopic morphology daily samples from the

cannulatione described in Section 4.3.1 were prepared for analysis

by flow cytometry. Cells from prefemoral and prescapular

efferent lymphatic vessels of an hOG primed sheep were

charact eri sed for T cell markers (Tj , T4 . Ts > and for P. cell

markers ( imrminoglobul in light chain or sheep immunoglobulin

detected by a rabbit polyclonal antiserum).
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Figure 4.7. Output of small T arid B lymphocytes in the efferent
lymph draining a cannulated prefemoral lymph node during antigenic
stimulation of the node.
The effect of antigenic stimulation on the output of Ti lymphocytes
( • • ) and B cells (▲—▲ , a—a polyclonal anti-sheep Ig,
monoclonal anti-Ig light chain) is shown. V represents injection
of lOOgg hCG intradermally into the drainage area of the node.
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The cell population obtained from the prefemoral efferent

lymphatic vessel comprised both Ti and B cells (Figure 4.7). The

pattern observed in cell output of the small T and B cells was

similar to that observed for the total cell output (Figure 4.4)

indicating that both of these cell types were involved in the cell

shut-down phenomemon and in the post shut-down increase in cell

output. The small B cells comprised around 10% of the total cell

output prior to antigen stimulation, but increased to around 15% on

days 4 and 5 following antigenic stimulation before then returning

to resting values. It also appeared that the output of T cells

peaked on day 3 about 24 hours before the peak output of B cells.

Examination of the T cell subsets revealed that T4

predominated over T& in both the small and blast cell populations

(Figure 4.8). Following antigenic stimulation the increase in the

output of T cells occurred first within the T4 population and then

in the Ts population. This was more noticeable within the blast

cell population. These temporal differences caused changes in the

ratio of T4 :Ts cells in the efferent lymph (Table 4.3). Within the

small T cell population the T4 :Ts ratio was 3:1 prior to antigenic

stimulation and this became 2.5:1 during days 3 and 4 before

returning to the resting ratio of 3:1. The changes observed within

the blast cell population were similar but more marked. At the

initial appearance of blast cells on day 2 the T4 :Ts ratio was 3:1

this dropped to 2.5:1 on day 4 and dropped further to 1:1 on day 5

before then gradually The changes observed within the blast cell

population were similar but more marked. At the initial appearance

of blast cells on day 2 the T4:T& ratio was 3:1, this dropped to

2.5:1 on day 4 and then dropped further to 1:1 on day 5 before
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Figure 4.8. Output of T« and Ts lymphocytes in the efferent
lymphatic vessel draining a cannulated prefemoral lymph node during
antigenic stimulation.
The effect of antigenic stimulation on the output of T4 ( ■—■ )
and Ts ( *—* ) lymphocytes is shown. Closed symbols represent
small lymphocytes and open symbols represent blast cells.
f represents injection of lOOpg hCG intradermally into the

drainage area of the node.
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gradually returning to resting levels.

Figure 4.9 demonstrates the total blast cell output in

efferent lymph following antigenic stimulation. Both Ti and B

blasts were present in efferent lymph at peak levels on the fourth

day following antigenic stimulation. Whilst they were still

detectable at day 7 their levels had declined to around one tenth

of those seen at day 4.

When the results from the prescapular efferent cannulation

were compared to those obtained from the prefemoral efferent

lymphatic they were found to follow a similar pattern (Table 4.3),

although it appears that there was a higher ratio of T4 :T&

throughout. .Again the output of blasts cells peaked between days 3

and 5 at 4xl06 cells/ml. Within this blast population 7xl05 to

1.5x10® cells were Ti positive cells and 1.3x10® to 2.6x10® were B

cells dependent upon the time point examined during days 3 to 5.

4.3.5 Fusion of individual sorted cell populations to lC6.3a

6T.1D7

Previous experiments fusing either the mouse myeloma NSO or

the sheep x mouse heterohybridoma lC6.3a 6T.1D7 to efferent lymph

cells collected before and during secondary antigenic stimulation

of the cannulated node had been conducted with the whole efferent

lymph, without any attempt being made to fractionate the cells.

The present experiments set out to separate the heterogeneous

population of cells present in efferent lymph on the basis of cell

size and granularity in an attempt to identify whether the improved

fusion efficiency associated with day 4 lymphocytes was due to the
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Figure 4.9. Output of blast lymphocytes in the efferent lymphatic
vessel draining a cannulated prefemoral lymph node during antigenic
stimulation.
The effect of antigenic stimulation on the output of Ti blasts
( • • ) and B blasts ( a a polyclonal anti-sheep Ig, a A
monoclonal anti-sheep Ig light chains) is shown. y represents the
injection of lOOpg hCG intradermally into the drainage area of the
node.
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blast cells present at this time or the small lymphocytes. This

was possible by placing bii maps around the two populations of

cells present in efferent lymph on the fourth day after secondary

antigenic stimulation and physically separating them (the positions

of such bit maps can be seen in Figure 4.6). These two cell

populations were then individually fused with the sheep x mouse

heterohybridoma lC6,3a 6T.1D7 using the same method and cell ratio

as previously described (Chapter 2.2.4-).

Tne sorted blast cell population contained 90% blast cells and

following fusion with the lC6.3a 6T.1D7 cell line 18 (60%) viable

heterohybridomas were generated out of 30 wells seeded with the

fusion mixture of the cells. In the sorted smal1 lymphocyte

population there were no blast cells present detectable by light

microscopy and on the seventh day following fusion of this cell

population one (5%) viable heterohybridoma was generated out of 20

wells seeded for growth.

These results demonstrated that the generation of viable

heterohybridomas was directly associated with the blast cells

present in efferent l>"iiiph. It is likely that the heterohybridoma

generated with the sorted small lymphocyte population was

associated with the presence of a small number- of blast cells in

this, preparation which were not detected by light microscopy.
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4.4 DISCUSSION

The experiments in this Chapter set out to evaluate the

efficacy of a sheep x mouse heterohvbridoma cloned cell line

(lC6.3a 6T.1D7) as a fusion partner in the production of sheep

monoclonal antibodies. This cloned cell line was compared with the

mouse myeloma cell line NSO when fused to lymphocytes from a

cannulated peripheral efferent lymphatic vessel.

These experiments fusing either NSO or lC6.3a 6T.1D7 to

efferent lymph cells collected before and during secondary

antigenic stimulation of the cannulated lymph node demonstrated two

main findings. Firstly, the sheep x mouse heterohybridoma cloned

cell line (lC-6.3a 6T.1D7) was superior to the mouse myeloma (NSO)

in the generation of not only the total number of viable

heterohybridomas (see Table 4.1) but also on the number of both

sheep immunoglobulin and, more importantly, specific antibody

secreting heterohybridomas (see Table 4.2). This was true

irrespective of when cells were collected from the efferent

lymphatic vessel prior to or during secondary antigenic

stimulation. Secondly, cells collected from the cannulated

efferent lymphatic vessel on the fourth day following secondary

antigenic stimulation generated more viable heterohybridomas than

cells collected prior to antigenic stimulation regardless of which

fusion partner was used.

This, in turn, resulted in the generation of more

immunoglobulin secreting heterohybridomas. The combination of

using lC6.3a 6T.1D7 as a fusion partner with cells collected on the

fourth day after secondary antigenic stimulation proved to be the
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most successful with a total of 503 heterohybridomas generated of

which 99 secreted sheep immunoglobulin (64 to target antigen). The

data generated on fusions performed with lymphocytes collected on

the seventh day after antigenic stimulation suggests that cells

collected at this time are inferior to those collected on day four

both with regard to the total number of heterohybridomas generated

and the number capable of immunoglobulin synthesis and secretion.

Attempts were then made to correlate the generation of

heterohybridomas with the alterations occurring in the phenotype

and morphology of the cells in efferent lymph during secondary

antigenic stimulation of the cannulated node. From the cell sorter

analyses of the efferent lymph cells it was possible to identify a

pattern. Lymph collected prior to antigenic stimulation contained

only small lymphocytes about 10% of which were B cells. Within the

T cell population the T4 :Ts ratio varied between 3.5 and 3:1. This

is in contrast to lymph collected four days after antigenic

stimulation where the small lymphocyte population now contained 20-

27% B cells and now almost 20% of the total cell output consisted

of blast cells. Within the blast cell population itself 50-60%

were B cells. At Day 4 the T4 :Ts ratio had changed such that in

the small T lymphocyte population the ratio was around 2.5:1 and

within the blast cell population it was even lower at just below

2:1. These alterations in T4 :Ts are an indication of a shift in

the T cell population towards Ts positive cells. This data agrees

with Gullberg and Smith (1986) who examined the behaviour of human

T cells in vitro and found that T4 lymphocytes became refractory to

the Interleukin-2 (IL-2) that they produced whereas the Ts

lymphocyte population did not thus resulting in a decreased T4 :Ts
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ratio.

The main difference between Day 0 and Day 4 efferent lymph

cells was the greater percentage of total B cells (either small

lymphocytes or blast cells) present in the lymph collected on Day

4. At this time there was also peak output of T cell blasts into

the efferent lymph (Figure 4.9). Although the ratio of small T4 :Ts

lymphocytes had started to decline at this point this was not

reflected in the blast cell population until 24 hours later,

indicating that there was a peak in the output of antigen specific

T4 blast cells at this time.

Lymphocytes collected on day 7 following antigen stimulation

generated fewer viable heterohybridomas and fewer antibody

secreting hybridomas than those lymphocytes collected at day 4.

This suggested that antigen specific B cell blasts, rather than

antigen specific small B lymphocytes, were more important in the

generation of antibody secreting heterohybridomas. In addition,

within the T celi population at day 7, T4 lymphocytes are present

at much lower levels than that observed at day 4 (Figure 4.8 and

Table 4.3) .

To clarify whether the small lymphocyte or the blast

lymphocyte was more important in the generation of heterohybridomas

the two cell populations present in efferent lymph on day 4

following antigenic stimulation were physically separated, using a

cell sorter, and individually fused to lC6.3a 6T.1D7. The results

strongly suggested that the larger blast cell population was more

efficient at generating viable heterohybridomas with 60% of the

wells generating viable heterohybridomas compared to only 5% of

those seeded with the fused small 1ymphocytes.
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SIM1ARY AND CONCLUSIONS

The cells collected on the fourth day following secondary

antigenic stimulation of the cannulated node were superior to cells

collected on day 0 or on day 7. lC6.3a 6T.1D7 was more efficient

at generating heterohybridomas than NSO. Within the lymph on day 4

it appears that the B blast cells were associated with the

increased, number of heterohybridomas. Although at this time there

was an increased output of antigen specific T4 lymphocytes in the

efferent lymph which may have played an important role in the

secretion of helper factors for B cell growth.

However, because the technique of surgical camnulation of

lymphatic vessels was technically very difficult to perform, other

sources of lymphocytes were evaluated as potential sources of

antibody secreting fusion partners in the following chapter.
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Table 4.1
The effect of secondary antigenic stimulation on efferent lymph
cells as assessed by the generation of viable heterohybridomas

Day relative
to antigenic
stimulation

No. heterohybrids/wells seeded1
Fusion

partner
Sheep2 5J/73 5J/67 5J/67 Total(%)3

•1 or 0

4

7

NSO
1C6.3a 6T.1D7

tS-oCJ

1C6.3a 6T.1D7
NSO

1C6.3a 6T.1D7

35/167
11/234

240/240
240/240

N.D.
N.D.

25/160
207/213
41/240

181/234
N/A
N.D.

23/240
231/240
116/228
82/238
N/A

114/159

83/567(14.6)
449/687(65.4)
397/708(56.1)
JTD3/712 (70.1 )

N/A
114/159(72.0)

1 Number of wells containing viable heterohybridomas 10 days post
fusion

2 Sheep 5J/73 was primed with FMDY-OVA conjugate, Sheep 5J/67 was
primed to hCG (this sheep was cannulated more than once)

3 Average percentage of wells containing heterohybridomas out of
the total mimber seeded with the fusion mixture of cells

N.D. - Not Done

N/A - No results available
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Table 4.2

Sheep immunoglobulin and specific antibody secreting properties of
heterohybridomas generated by fusion of efferent lymph cells to
either NSO or lC6.3a 6T.1D7

Number of Heterohybridomas
Day relative
to antigenic Fusion surviving/ secreting secreting anti-
stimulation partner total sheep Ig hCG or FMDV

generated (total)2 peptide antibody

or 0 NSO 48/83 2(7) 5
1C6.3a 6T.1D7 445/449 22(71) 49

4 NSO 390/397 20(56) 36
1C6.3a 6T.1D7 474/503 35(99) 64

7 NSO N/A N/A N/A
1C6.3a 6T.1D7 100/114 4(9) 5

1 Number of heterohybridomas which continued to grow for up to 20
days in tissue culture compared to the number generated 10 days
post fusion

2 Number of heterohybridomas secreting sheep immunoglobulin of an
unknown specificity; ( ) refers to the total number secreting
immunoglobulin including those secreting antibody to target
antigen
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Table 4.3
Alterations in the ratio of T4:Te lymphocytes in efferent lymph
during secondary antigenic stimulation of the lymph node

T4 :Ts Ratiol

Day relative Small lymphocytes blast lymphocytes
to antigenic ■

stimulation prescapular prefemoral prescapular prefemoral2

0 3.5 1 3 1
1 4.5 1 4 1
2 3.5 1 3 1 3.5 1 3 1
3 2.8 1 2.5 1 3 1 2.5 1
4 2.8 1 2.5 1 3 1 2.5 1
5 2 1 3 1 1.8 1 1 1
6 3.5 1 3 1 2.5 1 1.2 1
7 3.5 1 3 1 3 1 1.6 1
8 3 1 2 1
9 3 1 3 1

1 Refers to the cell ratios found in a sheep primed to hC-G, the
small and blast lymphocyte populations were bit-mapped and
analysed separately on an EPICS cell sorter

2 Efferent lymphatic vessel cannulated
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CHAPTER FIVE

COMPARISON OF SHEEP LYMPHOCYTES OBTAINED FROM PERIPHERAL BLOOD AND

LYMPH NODES WITH THOSE TAKEN FROM CANNULATED EFFERENT LYMPHATICS IN

THE GENERATION OF HETEROHYBRIDOMAS
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5.1 INTRODUCTION

In Chapter 3 the generation of an aminopterin sensitive sheep

x mouse cloned cell line was described and its potential use as a

fusion partner with efferent lymph cells was evaluated in Chapter

4. The surgical cannulation of lymphatic vessels is a very

specialised technique and the surgical knowledge arid expertise

required may not be readily available to all workers in the field

of ovine immunology. In addition, the success rate of cannulating

an efferent lymphatic vessel and maintaining patency of that

cannula for a suitable length of time is variable. The main

advantage of cannulation was that it allowed access to a very well

defined population of cells free from contamination by non-lymphoid

cells and thus it was possible to identify which cells were

important in the generation of antibody secreting heterohybridomas.

Since the cannulation technique may not be readily available to

others the efficacy of other tissues as potential fusion partners

was evaluated. Lymphocytes from whole lymph nodes and from

peripheral blood were compared to lymphocytes from efferent lymph

in the generation of antibody secreting heterohybridomas.

In the veterinary field the use of lymph nodes in the

production of monoclonal antibodies has been described in cattle

(Anderson et al., 1987; Tucker et al., 1984) and sheep (Tucker et

al., 1981). The use of peripheral blood lymphocytes has been

described on numerous occasions in the production of human

monoclonal antibodies, probably because from practical and ethical

points of view this is the most readily available source of human

lymphocytes. However, it is generally considered that human spleen
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and tonsil are superior fusion partners. This is associated with

peripheral blood lymphocytes being more difficult to sensitise in

vitro than lymphocytes from other tissues and therefore giving rise

to fewer antibody-secreting cell lines following fusion (Lagace and

Brodeur, 1985; James and Bell, 1987), although it does not appear

clear whether this is due to low numbers of antigen specific B

cells in peripheral blood or if they are genuinely refractory to

stimulation. There have been a few reports of using peripheral

blood lymphocytes as fusion partners in cattle (Groves, Morris and

Clayton 1987 and 1988), rabbit (Yarmush et al., 1980) and sheep

(Groves et al. , 1987). The most recent attempts have used

heterohybridomas as fusion partners and these have proved to be

more successful.

There have also been a few reports on the generation of bovine

heterohybridomas using bovine splenocytes (Srikumaran, Guidry and

Goldsby, 1983; Raybould et al. , 1985a). Raybould et al. (1985b)

have also described the use of splenic lymphocytes in the

generation of antibody secreting porcine heterohybridomas. The

results were disappointing with only two lines (one bovine and one

porcine) generated which secreted antibody of predefined

specificity. These lines secreted antibody for three and four

months, respectively, in tissue culture.

Earlier experiments have shown that lymphocytes collected from

a cannulated efferent lymphatic vessel on the fourth day following

secondary antigenic stimulation of that node generated more

heterohybridomas in total and more specific antibody secreting

heterohybridomas than lymphocytes collected at other times. To

demonstrate if the changes occurring in the efferent lymph
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population were a reflection of alterations occurring within the

node itself, lymph nodes were excised prior to secondary antigenic

stimulation and other nodes on the fourth day following antigenic

stimulation and then fused to either the mouse myeloma, NSO, or to

lC6.3a 6T.1D7 the sheep x mouse aminopterin sensitive

heterohvbridoma line. The resultant generation of heterohybridomas

was then examined together with their ability to secrete antibody.

The morphology and phenotype of the lymph node cells was examined

by flow cytometry and the cells were compared with the populations

of cells found in efferent lymph and in peripheral blood.

The use of peripheral blood 1ymphooytes as a potential source

of antibody secreting fusion partners was evaluated when fused to

either NSO or lC6.3a 6T.1D7. Pokeweed mitogen (PWM) has been

employed extensively in the production of human monoclonal

antibodies from human peripheral blood lymphocjd.es. To assess its

usefulness with sheep peripheral blood lymphocytes an aliquot of

peripheral blood lymphocytes was stimulated by eulturing the cells

in the presence of PWM prior to fusion with either NSO or lC6.3a

6T.1D7.

The use of splenic lymphocytes as a potential fusion partner

was not evaluated. The spleen of cattle and sheep has a large

amount, of fibrous connective tissue making it technically difficult

to prepare large numbers of lymphocytes with a high viability

whilst maintaining absolute sterility.
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5.2 MATERIALS AND METHODS

5.2.1 Immunisation of sheep

A sheep was primed with hCG by deep intramuscular injection of

500 pg hCG (Sigma) emulsified in FCA (Sigma) on two occasions two

to three weeks apart.

5.2.2 Surgical removal of lymph nodes

The left and right popliteal lymph nodes were removed under

general anaesthesia as described in Chapter 2.2.2. Four days prior

to removal the right popliteal lymph node was antigenically

stimulated by the injection of 100 pg of hCG in sterile normal

saline intradermally into the drainage area of the node. The node

thus stimulated measured 2-3 cm in diameter when excised, compared

to the contralateral node which received no secondary antigenic

stimulation and was approximately 1 cm in diameter.

5.2.3 Preparation of lymph node cells for fusion and for flow

cytometry

A single cell suspension of lymph node cells was prepared from

each node by first dissecting the lymph node free from surrounding

fat tissue and then cutting the node itself into small pieces

approximately 4mm in diameter. The lymph node tissue was then

homogenised by gently forcing the tissue through a sterile nylon

filter. The cells were washed out of the filter using serum-free
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RFMI. The cell suspensions were then washed twice with serum-free

RPMI by centrifugat ion at 1500 rpm for 5 minutes before further

use.

Staining of the cells for FACS analysis was performed as

described in Chapter 2.2.9 and Chapter 4.2.^. then heterohybridoma

cells were examined by FACS, PBS was used instead of RPMI in the

washing steps as it was found that the phenol red pH indicator in

RFMI contributed to the autofluorescence exhibited by these cells.

5.2.4 Fusion of lymph node cells to NSO or lC6.3a 6T.1D7

Fusions were carried out as described previously in Chapter

2.2.4. Four fusions were performed with a lymph node lymphocyte to

fusion partner ratio (either NSO or lC6.3a 6T.1D7) of 2:1.

5.2.5 FhlSA to detect anti-hCG antibodies or sheep immunoglobulin

ELISA tests were performed as described in Chapter 2.2.6 with

the modification of Chapter 4.2.6.

5.2.6 Cell cloning by limiting dilution

Cloning of heterohybridoma cells was performed as previously

described in Chapter 2.2.8. However, mixed thymocyte medium was

not included as a growth supplement. Instead irradiated Balb/c

mouse splenoeytes were used as a feeder layer, which resulted in an

increased growth rate of the heterohybridoma cells . Splenocytes

were prepared by first, killing a Balb/c mouse by cervical
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dislocation and then removing the spleen. A single cell suspension

of splenocytes was prepared and washed twice in sterile serum-free

RFMI. The cells were exposed to 3000 rads of gamma-irradiation

from a Caesiun-137 source prior to use. Following irradiation the

cells were resuspended at 5 x 106 cells/ml in RPMI containing 20%

FCS and RAT (1x10"4M hypoxanthine, 4xlO~7M aminopterin, 1.6x10"5M

thymidine). Fifty microlitres of this suspension was added to each

well prior to the addition of the heterohybridoma cells to be

cloned.

5.2.7 Preparation of peripheral blood lymphocytes from whole blood

Sixty millilitres of whole blood was removed by jugular

venepuncture from the same hCG-primed sheep as was used in the

lymph node fusion experiments. The blood was transferred from the

syringe to sterile glass Universal bottles containing glass beads.

The blood was defibrinated by shaking the blood in the Universal

bottles for at least five minutes. The fibrin clot was removed and

the blood aliquoted into four 50 ml plastic centrifuge tubes

(STERILIN). The volume in each tube was then made up to 40 mis

with sterile PBS pH 7.2. Each blood sample was then underlaid with

10 mis "Lymphoprep" (NYCOMED AS, Oslo, Norway) before

centri fugation at 3000 rpm for 25 minutes in a Beckman TJ-6

centrifuge.

The interface cells were collected, pooled and washed twice

with serum-free RPMI medium before use. This cell population

comprised all peripheral blood mononuclear cells.
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5.2.8 Pokeweed Mitogen (FWM) stimulation of peripheral blood

lymphocytes

Peripheral blood monocuclear cells prepared on a one-step

density gradient as described in Section 5.2.7 above were

resuspended at 1 x 106 cells/ml in RPMI medium containing 10% FCS,

2mM GLN, 5 x 10"5 M 2-ME and 2.5 pg/ml PWM. The cells were grown

in a T175 plastic tissue culture flask ("Sterilin") in an incubator

(LEEC) at 37 *C in an atmosphere of 5% OO2 and 95% air. Cells were

harvested after four days and fused to either NSO or lC6.3a 6T.1D7.
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5.3 RESULTS

5.3.1 Effect of secondary antigenic stimulation on lymph node

cells in vivo

Populations of lymph node cells were examined prior to and on

the fourth day following secondary antigenic stimulation of the

node. The morphological and phenotypic characteristics of the cell

were assessed by FACS. Examining the plots of forward light

scatter versus 90' light scatter there were three cell populations

present based on cell size and cellular granularity (Figure 5.1).

These three cell populations were present both before and after

secondary antigenic stimulation. This was in contrast to the cell

populations present in efferent lymph where, prior to secondary

antigenic stimulation, there was only one cell population present

which appeared to correspond with population (2) from the lymph

node (see Figure 2.2 for efferent lymph profile). Following

secondary antigenic stimulation a second cell population appeared

in efferent lymph which corresponded to population (3) from the

lymph node on the basis of cell size and granularity. Thus there

were blast cells present in the lymph node prior to antigenic

stimulation. The third cell population observed in lymph node

preparation contained smaller, less granular cells and was not

present in efferent lymph. It is likely that this population (1)

consisted of erythrocytes and lymph node structural cells e.g.

f ibroeyt.es.

The cell populations of the unstimulated lymph and the

stimulated lymph node were divided into blast cells and smaller
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Log Forward Light Scatter

Figure 5.1. Morphological analysis of the cell populations present
in peripheral lymph nodes before (A) and following (B) secondary
antigenic stimulation of the node in vivo.
Lymph node cell suspesions prepared and examined by flow cytometry
demonstrated three cell populations (1,2 and 3) present within the
node before and four days following antigenic stimulation by
injection of lOOpg of hCG into the drainage area of the node.
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"resting" cells by bit-mapping the areas covered by these cells on

the plots of forward light scatter versus 90' light scatter. These

subpopulations were then examined individually for B cells and T

cells (Figure 5.2a and b) . The T cell subpopulation was further

examined for cells expressing either T4 or T& markers. Examining

first the cells obtained from an unstimulated lymph node, 20% of

the smal] lymphocytes expressed surface immunoglobulin (B cells)

and just, over 70% were Ti positive. Within this Ti population the

ratio of T4 :Ts was 4:1. This ratio was similar to that found in

the lymphocyte population of efferent lymph prior to secondary

antigenic stimulation where it was found to be between 3.5 and 3:1

(Chapter 4.3.4.). Within the blast cell population of the

unstimulated lymph node 40% of the blasts were B cells and over 50%

T cells. Within the T cell blast subpopulation the T« :Ts ratio was

2.6:1.

On the fourth day following secondary antigenic stimulation

the percentage of small B cells had not changed, it had remained at

just over 20% of the small lymphocytes. The small T lymphocyte

population had decreased from just over 70% to about 55% of the

small lymphocytes suggesting an increase in the percentage of non

T/non B cells. Within the Ti positive population the T4 :Ts ratio

had changed to 2:1. This again compared well with the T4 :Ts, ratio

found in small lymphocytes in efferent lymph draining a cannulated

node at this time post secondary antigenic stimulation. Greater

changes occurred within the blast cell population of the lymph

node. The B blast cell population had increased from 40% to over

60% by the fourth day following antigenic stimulation and the Ti

positive population correspondingly had decreased to 26%. Within
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Figure 5.2. Phenotypic alterations occurring in the cell
populations of a peripheral lymph node associated with secondary
antigenic stimulation in vivo.
Suspensions of peripheral lymph node cells were prepared and
examined by flow cytometry before (figure A) and four days after
(figure B) secondary antigenic stimulation. Small lymphocyte and
blast cell populations were bit-mapped and their surface marker
phenotypes examined individually.

Sheep Ig - rabbit polyclonal anti-sheep immunoglobulin antiserum
VIM 8 - mouse monoclonal anti-sheep immunoglobulin light chains
Ti - mouse monoclonal (SBU-T1) anti-sheep Ti (a pan-T cell

marker)
T4 - mouse monoclonal (SBU-T4) anti-sheep T4 (helper T cell

subset)
Ts - mouse monoclonal (SBU-T8) anti-sheep Ts (suppressor/

cytotoxic T cell subset)
5E6 - mouse monoclonal anti-fish bacterial pathogen (negative

control)
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the Ti positive blast cell population the T4 :Ts ratio had decreased

to 1:2. Similar but not quite so drastic changes were observed in

the blast cell population in efferent lymph collected at this time

where the T4 :T& ratio was 1:1 and 1.8:1 respectively, in the two

sheep examined. These results demonstrated that the phenotvpic

alterations observed in the cell populations in efferent lymph

during antigenic stimulation were a true reflection of those

changes occurring within the lymph node. The functional effects of

these alterations in cellular morphology and phenotype on the

production of antibody secreting heterohybridomas was then

assessed.

5.3.2 Efficiency of fusion of lymph node cells when fused to NSO

or lC6.3a 6T.1D7

Cells obtained from the unstimulated and stimulated lymph

nodes were fused to either the mouse myeloma, NSO, or the sheep x

mouse heterohybridoma cloned cell line lC6.3a 6T.1D7. The number

of viable heterohybridomas generated from these fusions and their

immunoglobulin or specific antibody production characteristics were

studied.

Table 5.1 demonstrates that NSO generated less viable

heterohybridomas than lC6.3a 6T.3D7 at the two time points

examined. With lC6.3a 6T.1D7 as the fusion partner antigenic

stimulation of the node resulted in an increased fusion efficiency

from 52% to ^^% viable heterohybridomas generated. Seventeen to

nineteen days post fusion supematants from wells containing

heterohybridomas were tested in an ELISA for the production of
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sheep immunoglobulin and sheep anti-hCG antibodies. Lymph node

cells fused prior to and four days following antigenic stimulation

generated both sheep immunoglobulin and anti-hCG antibody secreting

heterohybridomas, although lC6.3a 6T.1D7 appeared more efficient in

this respect at both time points. In addition to increasing the

number of viable heterohybridomas generated, antigen stimulation

was associated with an increase in the number of these

heterohybridomas which secreted either sheep immunoglobulin of an

unidentified specificity or antibody to target antigen. This was

noted with both the NSO and the lC6.3a 6T.1D7 fusion partners

although was more marked with the latter.

Thus lymph node cells collected and fused to lC6.3a 6T.1D7 on

the fourth day following antigenic stimulation of the node gave

superior results with regard to the number of viable

heterohybridomas generated, the number secreting sheep

immunoglobulin of an unidentified specificity and the number

secreting antibody to target antigen.

5.3.3 Phenotypic characterisation of heterohybridomas generated

from peripheral lymph nodes by flow cytometry analysis

FACS profiles were prepared of sheep x sheep x mouse

heterohybridoma cells derived from the fusion between 106.3a 6T.1D7

and stimulated lymph node cells. The heterohybridomas examined

secreted neither anti-hCG antibodies nor sheep immunoglobulin of

another specificity as assessed by ELISA. These non-secreting

hybrids were examined for two reasons, the first was to establish

whether they expressed membrane immunoglobulin but somehow lacked
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Figure 5.3. Morphological analysis of sheep x sheep x mouse
heterohybridomas by flow cytometry.
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the secretory machinery necessary for release of free

immunoglobulin molecules into the culture supernatant. Secondly to

assess if any of these non-secreting were products of a T

lymphocyte fused to lC6.3a 6T.1D7. The latter putative T cell

hybridoma would obviously neither secrete nor express sheep

immunoglobulin but it may secrete growth factors for B cells or for

antibody producing heterohybridoma cells, and thus would be a

useful tool in the further development of sheep monoclonal antibody

technology. Five non-secreting and one antibody secreting (SLN/1D7

1C4) heterohybridomas were examined for the B and T cell surface

markers described earlier wThen examining the lymph node cell

populations (Section 5.2.3). The plots of forward light scatter

versus 90' light scatter of these heterohybridoma cells

demonstrated that there was a marked similarity between these

individual cell lines. Each line contained two cell populations on

the basis of cell size and granularity (Figure 5.3) and was thus

similar to the lC6.3a 6T.1D7 parent which also contained two cell

populations (Chapter 3.3.3). On examination of the cell surface

markers (Table 5.2) it appeared that none of the heterohybridomas

examined expressed any of the cell surface molecules examined.

There were two exceptions, SLN/1D7 4C6 in w-hich 16% of the cells

appeared to express membrane immunoglobulin light chains in the

absence of detectable secretion of immunoglobulin into the culture

supernatant and SLN/1D7 1C4 which likewise expressed membrane

immunoglobulin light chain in 22% of the cells.

A further twenty sheep x sheep x mouse heterohybridomas were

examined for expression of the Ti molecule indicating a hybridoma

of T cell origin. These heterohybridomas proved difficult to
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analyse because of their considerable autofluoresence even when the

washing steps were performed with PBS. Attempts were made to

correct this high background auto-fluorescence using the "Immuno

Program" whereby the profile obtained from the test sample and that

of the control sample are compared and a value generated for the

difference which represents the percentage of true positive cells

(Flow Cytometry News, 1985). However, even the use of this

computer programme could not. compensate for the autofluoresence.

Of the cells stained with FITC-labelled anti-mouse immunoglobulin

alone 80-90% stained positively which was the same as those cells

stained with SBU-T1.

5.3.4 Stability of heterohybridomas in tissue culture

Having established which heterohybridomas secreted anti-hCG

antibodies or sheep immunoglobulin of another specificity from each

•fusion, the progress of the specific antibody producing

heterohybridomas was followed. Supernatants from these

heterohybridomas originally identified as specific antibody

secretors were collected at regular intervals and the continued,

secretion of this antibody was monitored by ELISA (Table 5.3). Six

anti-hCG antibody secreting heterohybridomas derived from the

fusions with unstimulated lymph node cells. Of these only one

(USLN/NSO 2E4) generated with the NSO myeloma line still produced

and secreted antibody at. 52 days post fusion, although by 70 days

post fusion antibody secretion had ceased. In contrast twenty-

three anti-hCG antibody secreting heterohybridomas were generated

from the fusion of antigen stimulated lymph node cells. Two
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generated with the NSO fusion partner (SLN/NSO 4B5 and SLN/NSO 3C6)

continued to secrete anti-hC-G antibody until 70 days post fusion.

At this time point five of the heterohybridomas generated with the

1C6.3a 6T.1D7 fusion partner (SLN/1D7 2C3, SLN/1D7 1E5, SLN/1D7

4C2, SLN/1D7 1C4 and SLN/1D7 2G7) were still secreting anti-hCG

antil>odies. They also gave positive ELISA results 100 days post

fusion.

During this time in tissue culture the anti-hCG antibody

secreting lines were cloned by limiting dilution. Three cloned

lines were obtained from the fusion between stimulated lymph node

cells and lC6.3a 6T.1D7. Two cloned cell lines were obtained from

stimulated lymph node cells fused to NSO. Again the antibody

production of these cloned cell lines was studied. Eight clones

from two cell lines (SLN/1D7 1E5 and SLN/1D7 4C2) from the

stimulated lymph node to lC6.3a 6T.1D7 fusion, three clones from

one cell line (SLN/NSO 4B5) from the stimulated lymph node to NSO

fusion continued to secrete monoclonal antibody for five months in

tissue culture. At this time the experiment was terminated and the

cells stored in liquid nitrogen.

5.3.5 Effect of in vitro stimulation by FVM on sheep peripheral

blood lymphocytes

Peripheral blood is regularly used as a source of 1ymphocytes

in the generation of human heterohybridomas, despite its low fusion

efficiency. In an attempt to improve this efficiency sheep

peripheral blood lymphocytes (PBLs) were stimulated with PWM and

the alterations occur in the lymphocyte population as a result of
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this were studied on the effect of the generation of antibody

secreting heterohybridomas. Normal, resting PBLs and those

cultured for four days in the presence of FVM were examined by FACS

analysis. Resting PBLs appeared similar to those in efferent lymph

collected prior to secondary antigenic stimulation, when examined

on a plot of forward light scatter versus 90' light scatter (Figure

5.4). These cells comprised approximately 20% B lymphocytes and

55% Ti positive cells. Within the Ti positive cell population the

T4 :Ts ratio was 2:1, which was lower than that found in lymph node

cells and in efferent lymph prior to secondary antigenic

stimulation. The remaining cells were cells of the mononuclear

macrophage series and "null" lymphocytes which expressed neither T]

nor surface immunoglobulin. Mackay et al. (1988) have described up

to 25% null cells present in sheep peripheral blood compared with

less than 8% in efferent or afferent lymph.

Following growth in vitro in the presence of PWM for four days

some of the 1ymphocytes present in the pre-stimulated population

appeared more granular and there was the appearance of another

population of cells. This second cell population was smaller than

the first but had a similar degree of granularity and was therefore

unlike the previously described blast, cell populations wbich were

observed following secondary antigenic stimulation; they appeared

larger and more granular than resting lymphocytes. A proportion of

the PBLs have enlarged and become more granular but this was not as

marked as, for example, that seen inefferent lymph on the fourth

day following antigenic stimulation. When the surface markers of

these cells were examined it was found that within the first

population (Population 1 in Figure 5.4) the percentage of B



Log Forward Light Scatter

Figure 5.4. Morphological analysis by flow cytometry of sheep
peripheral blood lymphocytes before (A) and following (B)
stimulation by FWM.
One cell population was evident within resting PBLs. Following
culture in the presence of PWM for four days a second cell
population containing smaller cells became evident.

1L0



lymphocytes had increased to around 60%, whilst the Ti positive

cell population had decreased to 23%, this was the inverse of the

normal situation. Within the Ti positive population the T4 :Ts had

changed from 2:1 to 3.5:1. When the second population (Population

2) was examined it was found not to possess any of the surface

markers examined (when corrections were made for the non-specific

adherence of mouse immunoglobulin to these cells). The reason(s)

for this are unclear. It could mean that this population of cells

consisted of immature cells which, probably because of their rapid

growth rate induced by the mitogen, have not matured sufficiently

to express the surface markers of interest. Alternatively they

could be old and dying cells which have lost their surface markers.

5.3.6 Efficiency of fusion of peripheral blood lymphocytes, with

or without pre-stimulation by FVM, when fused to NSO or

1C6.3a 6T.1D7

Normal PBLs were grown in vitro in medium containing pokeweed

mitogen for four days. Following this the cells were harvested and

fused to either NSO or lC6.3a 6T.1D7. At the same time a second

aliquot of fresh PBLs was prepared and was fused directly to either

NSO or lC6.3a 6T.1D7 without any prior stimulation.

Fifteen days following cell fusion the wells were examined for

growth of hybridoma colonies (Table 5.4). When normal, resting

PBLs were fused to either NSO or lC6.3a 6T.1D7 it was possible to

generate viable heterohybridomas with both cell lines although

lC6.3a 6T.1D7 was superior. However, none of these

heterohybridomas secreted either sheep immunoglobulin or antibody
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Log forward light scatter

Figure 5.5. Morphological analysis of an aminopterin sensitive
sheep x sheep x mouse cloned cell line (SLN/1D7 2E9.8A.1F9) by flow
cytometry.
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to target antigen.

When PWM stimulated PBLs were fused with NSO, no

heterohybridomas were generated. Wells seeded writh the fusion

mixture of cells were examined at fifteen days post fusion, by

which time heterohybridomas were growing in the fusion between

normal peripheral blood lymphocytes and NSO, but no viable

heterohybridoma colonies were visible. By using lC6.3a 6T.1D7 as a

fusion partner it was possible to generate 90 viable

heterohybridomas. Twenty days post fusion supernatants from these

wells were examined by ELISA for sheep anti-hCG antibody content

and sheep immunoglobulin of another specificity. Two

heterohybridomas secreted anti-hCG antibody and an additional one

secreted sheep immunoglobulin of another specificity.

Assessing the efficiency of various lymphoid tissues, with or

without antigenic or mitogenic stimulation, it appeared that

efferent lymph cells or lymph node cells fused four days following

secondary antigenic stimulation yielded superior results. In all

of these experiments the cell lines used were the mouse myeloma,

NSO and the sheep x mouse cloned heterohybridoma described in

Chapter 3. Tucker et al. (1984) and Anderson et al. (1987) noted

that with bovine heterohybridomas, the content of bovine

chromosomes increased with each subsequent back-fusing of the

heterohybridoma line to bovine lymphocytes. They demonstrated that

an increased complement of bovine chromosomes was associated with

prolongation of antibody secretion by the heterohybridoma cells.

Because of these observations an aminopt.erin sensitive sheep x

sheep x mouse heterohybridoma cell line was generated and its

efficacy evaluated with cells prepared from peripheral lymph node.
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5.3.7 Generation and characterisation of an aminopterin sensitive

sheep x sheep x mouse heterohybridoma

From the fusion described in Chapter 5.3.2 of stimulated lymph

node cells with lC6.3a 6T.1D7 a sheep x sheep x mouse cell line

(SLN/1D7.2E9) which did not secrete sheep immunoglobulin was

rendered sensitive to aminopterin. This was performed by

irradiation of the cells with 2000 rads of gamma-irradiation from a

Caesium-137 source followka^ by growth in medium containing

increasing concentrations of the thymidine analogue 8-azaguanine,

as described in Chapter 3.2.4. The cell line thus generated was

cloned by limiting dilution (Section 5.2.6) and the morphology and

phenotype of the cloned cells (SLN/1D7 2E9.8A.1F9) examined by flow

cytometry (Section 5.2.3).

Scatter plots of log forward light scatter versus log 90'

light scatter revealed the presence of two cell populations wTit.hin

the SLN/1D7 2E9.8A.1F9 clone (Figure 5.5). This•sheep x sheep x

mouse clone was thus morphologically similar to lC6.3a 6T.1D7.

Examination of the cells at six-hourly intervals over a forty-eight

hour period, during which time the cells would have undergone at

least one replicative cycle, revealed no alterations in the cell

populations (Figure 5.6).

Table 5.5 demonstrates that this cloned cell line expressed

none of the cell surface markers examined. This again was similar

to the result obtained with lC-6.3a 6T.1D7 (Chapter 3.3.3).

Chromosome analysis (as described in Chapter 3.2) revealed a mean

number of 70 (Table 5.6).
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Figure 5.6. Alterations occurring within the subpopulations of
SLW/1D7 2E9.8A.1F9 during a 48-hour growth cycle assessed by flow
cytometry.
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5.3.8 Comparison of the fusion efficiencies of NSO, lC6.3a 6T.1D7

and SLN/1D7.2E9.8A.1F9 when fused to sheep lymph node

lymphocytes

The left and right popliteal lymph nodes were removed

surgically from a sheep immunised with the 141-158-ProCysGly

peptide of FMDY (see Chapter 6.3.1). Four days prior to excision

the right popliteal lymph node was stimulated by the injection of

lOOpg of antigen into the drainage area of the node.

The fusion results are presented in Table 5.7. In summary,

lC6.3a 6T.1D7 gave superior results with regard to the numbers of

viable heterohybridomas generated and the number secreting antigen-

specific antibody. Both NSO and SLN/1D7. 2E9. 8A. 1F9 gave poor

results irrespective of the effects of antigenic stimulation on the

node. When the experiment was repeated with antigenically

stimulated lymph node cells from another sheep primed to a 40-

residue peptide of FMDV (Chapter 6.3.1) using two separate clones

of SLN/1D7.2E9.8A similar results were obtained. Using SLN/1D7

2E9.8A.1F9 as a fusion partner 59 viable heterohybridomas out of

240 wells seeded for growth were generated. One (1.7%) secreted,

antibody to target antigen with SLN/1D7 2E9.8A.1F9, there were no

additional sheep immunoglobulin seeretors. Using another clone of

this cell line (SLN/1D7 2E9.8A.2D7) there was an improved

efficiency of hybridoma generation with the generation of 145

viable heterohybridomas out of 240 wells seeded for growth, but

only 5(3.4%) secreted antibody to target antigen and an additional

2 secreted sheep immunoglobulin of another specificity.
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5.4 DISCUSSION

The experiments described in this chapter demonstrate that

peripheral lymph node cells were a useful and important source of

cells for generating stable antibody secreting heterohybridomas.

The results correlated well with fusion results obtained when

lymphocytes from a cannulated efferent lymphatic vessel were used

as fusion partners. Thus the stimulation of the node by injection

of antigen into the nodal drainage area four days prior to fusion

of the cells resulted in a four-fold increase in the number of

specific antibody secreting heterohybridomas generated irrespective

of whether the NSO mouse myeloma or 106.3a 6T.1D7 the sheep x mouse

heterohybridoma was used as a fusion partner.

The sheep x mouse aminopterin sensitive cloned cell line,

lC6.3a 6T.1D7, proved more efficient than the mouse myeloma, NSO,

in both the generation of more viable heterohybridomas and more

importantly in the generation of more antibody secreting

heterohybridomas. This effect was more noticeable when fusions

were performed with cells from the antigenicallv stimulated lymph

node. The combination of lC6.3a 6T.1D7 and lymph node cells

prepared on the fourth day following secondary antigenic

stimulation proved to be the most successful with the generation of

a total of 195 viable heterohybridomas of which nineteen secreted

sheep anti-hCG antibody.

Unlike the efferent lymph cells the cells prepared from whole

peripheral lymph node already comprised a measurable blast cell

population and small lymphocyte population prior to secondary

antigenic stimulation. This was probably because any normal
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peripheral lymph node is constantly exposed to a varying range of

different antigenic stimuli throughout normal life. However,

optimum results were obtained with lymph node cells prepared on the

fourth day following secondary antigenic stimulation, and when

surface marker analysis was carried out at this time it could be

seen that although the resting and Day 4 cell populations appeared

grossly similar there was an increase in blast cells bearing

surface immunoglobulin i.e. B cell blasts. It is therefore likely

that these cells contributed significantly to the increased number

of total heterohybridomas and increased number of antibody

secreting heterohybridomas observed at this time. This again

correlated well with the earlier experiments with efferent lymph

where similar observations were made.

The decrease in the ratio of T4 :Ts cells observed on the

fourth day following antigenic stimulation was similar to that

observed in efferent lymph, although in efferent lymph at this time

there was ari increasd output of T4 blasts which probably

contributed indirectly to the increased number of heterohybridomas

generated at this time. No evidence was found for the generation

of T cell hybridomas which could have maintained or prolonged

antibody production and secretion by the heterohybridomas.

Heterohybridomas generated by fusion of the antigen stimulated

lymph node cells appeared more stable than those generated from

resting lymph node cells with continued antibody secretion for five

months in tissue culture. The lC6.3a 6T.1D7 consistently generated

more antibody secreting heterohybridomas than the NSO cell line

and the results would suggest that it contributes significantly to

the subsequent stability of the the heterohybridomas resulting in
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continued antibody secretion.

Peripheral blood proved to be a very poor source of

lymphocytes for the generation of antibody secreting

heterohybridomas. It was possible to generate viable

heterohybridomas with both the NSO and 106.3a 6T.1D7 cell lines,

however none of these secreted either anti-hCG antobodies or sheep

immunoglobulin of another specificity. Stimulation of the

peripheral blood lymphocytes with pokeweed mitogen prior to fusion

led to generation of fewer heterohybridomas. Indeed none were

generated when NSO was used as a fusion partner, but two generated

with 106.3a 6T.1D7 secreted anti-hCG antibodies. Thus the PWM-

stimulated peripheral blood lymphocytes were responsible for the

generation of the specific antibody secreting heterohybridomas and

yet they generated less viable heterohybridomas in total. A

possible explanation for this phenomenon is that either

het.erohybrids were not generated with the smaller lymphocyte

subpopulation induced by PWM or that those that were generated did

not survive. That two antibody secreting heterohybridomas were

generated could be explained by the activation of specific antibody

secreting B cells to the optimal stage of antibody production and

secretion for immortalisation by fusion. The stability of these

heterohybridomas was not studied.

In addition to evaluating lymphocytes from different tissues

and the effect of antigenic stimulation on the generation of

heterohybridomas a third cell line was evaluated as a potential

fusion partner. This cloned cell line (SLN/1D7.2E9.8A.1F9)was

morphologically and phenotypically similar to iC6.3a 6T.1D7 from

which it was generated by back-fusing to lymphocytes from a lymph
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node. These initial experiments suggested that this cell line

reduced the efficiency of fusion when compared to lC6.3a 6T.1D7.

The smaller number of chromosomes contained in the

SLN/1D7.2E9.8A.1F9 cloned line compared to lC6.3a 6T.1D7 indicates

that the line had lost chromosomes during the aminopterin

sensitisation process. Preferential loss of sheep chromosomes

would potentially render the line less efficient at generating

viable antibody secreting heterohybridomas.
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5.5 SIM1AKY AND CONCLUSIONS

Lymph node cells fused on the fourth day following antigenic

stimulation proved to be as efficacious as efferent lymph cells

collected at this time, although from a technical point of view the

preparation of whole lymph nodes was much more simple than the

cannulation of an efferent lymphatic vessel. Lymphocytes obtained

from peripheral blood were a poor source of fusion partners in the

generation of antibody secreting heterohybridomas, probably due to

the low- number of antigen specific E cells at the necessary stage

of activation for fusion and subsequent antibody secretion.

Borrebaeck (1986) using human peripheral blood lymphocytes has

suggested that, the unfavourable ratio of T suppressor to B cells

may be responsible for the low numbers of antibody secreting

heterohybridomas generated. The use of a sheep x sheep x mouse

clone as a fusion partner caused a marked decrease in fusion

efficiency when compared with a sheep x mouse clone as a fusion

partner.

These technical developments were applied to an analysis of

the immune responses to synthetic peptide analogues of FMDY VP! in

the next Chapter.
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Table 5.1. The effect of antigenic stimulation on lymph node cell
populations as assessed by the generation of viable antibody
secreting heterohybridomas

Number of Heterohybridomas(%)

viable/total secreting sheep secreting
Day relative Fusion wells seeded immunoglobulin1 anti-hC-G
to antigenic partner antibody
stimulation /number viable at day 17

0 NSO 87/206(42) 5/59(8) 1/59(2)
1C6.3a 6T.1D7 96/185(52) 9/64(14) 5/64(8)

4 NSO 37/240(15) 5/37(14) 4/37(11)
1C6.3a 6T.1D7 195/210(93) 30/136(22) 19/136(14)

1 Number of heterohybridomas screting sheep immunoglobulin of an
unidentified specificity out of the total number still viable at
17 days post fusion
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Table 5.2

Phenotypic analysis of sheep x sheep x mouse heterohybridomas
generated by fusion of antigenically stimulated lymph node cells to
1C6.3a 6T.1D7

% cells positve5

Monoclonal Marker SLN/1D7 SLN/1D7 SLN/1D7 SLN/1D7 SLN/1D7 SLN/1D7
antibody recognised 2E9 1C6 2D7 2C3 4C6 1C4

VPM 8 Ig light chain 4.3 10.4 5.7 6.9 15.8 22.0
SBU-T1 Sheep Tj 4.3 8.6 6.4 6.3 9.3 2.1
SBU-T4 Sheep T4 4.6 9.0 5.7 6.1 9.2 9.0
SBU-T8 Sheep Ts 3.8 9.6 5.4 6.0 9.8 3.8
VPM 18 Sheep LCA 4.7 9.2 6.0 7.4 8.6 3.3

5E6 Fish bacterium2 3.0 7.6 6.5 7.7 8.7 7.9

1 Values given are corrected for non-specific adherence of the
FITC-labelled conjugates to the cells
Normal sheep PBMs were routinely included as a positive control
e.g. Table 3.1

2 Monoclonal antibody raised against a fish bacterial pathogen
used as a negative control antibody

Ig - Immunoglobulin
LCA - Leucocyte Common .Antigen
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Table 5.3
Maintenance of specific antibody secretion by heterohybridomas

Number of heterohybridomas secreting anti-hCG
Day of antibodies following fusion
antigenic Fusion
stimulation partner Day 17 Day 27 Day 52 Day 701

NSO 1
lC6.3a 6T.1D7 5

1
0

1
0

0
0

NSO 4
1C6.3a 6T.1D7 19

2
8

3
9

2
5

1 By 70 days post fusion the cell lines under investigation had
been cloned by limiting dilution
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Table 5.4
Hie effect of PWM stimulation on peripheral blood lymphocytes as
assessed by the generation of viable heterohybridomas

Number of Heterohybridomas

PWM Fusion generated/total secreting
stimulation partner wells seeded(%) sheep Ig anti-hCG

15 days post-fusion (total)1 antibody

NO NSO 48/238(20) 0(0) 0
lC6.3a 6T.1D7 230/238(96) 0(0) 0

YES NSO 0/238 (0) 0(0) 0
106.3a 6T.1D7 90/238(38) 1(3) 2

1 Number of heterohybridomas secreting sheep immunoglobulin of an
unknown specificity; ( ) refers to the total number of of sheep
immunoglobulin secreting heterohybridomas including those
secreting antibody to target antigen
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Table 5.5

Phenotypic analysis of SLM/1D7. 2E9. 8A. 1F9 as assessed by flow
cytometry

% cells positive1

Monoclonal Cell surface molecule

antibody recognised SLN/1D7 2E9.8A.1F9 Sheep PBMs2

VFM 8 Sheep light chain 4.34 28.4
VPM 6 Sheep IgG) heavy chain 7.52 35.6
VPM 13 Sheep IgM heavy chain 4.11 N.D.
VPM 10 Sheep MHO Class I 5.56 94.0
SWT3.2 Sheep MHC Class II 3. 10 46.7
VPM 18 Sheep LCA 3.56 96.3
SBU-T1 Sheep Ti 4.31 49.6
SBU-T4 Sheep T4 4.55 28.2
SBU-T8 Sheep Ts 3.80 13.1
5E6 Fish bacterial pathogen3 3.72 2.78

1 Values given are corrected for the non-specific adherence of the
FITC-labelled conjugates to the cells

2 Sheep peripheral blood mononuclear cells
3 Negative control antibody
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Table 5.6
Chromosome analysis of SLN/1D7 2E9.8A.1F9 an aminopterin sensitive
sheep x sheep x mouse heterohybridoma cloned cell line

Cell Line Number of chromosomes Mean

SLN/1D7 2E9.8A.1F9 80;66;68;76;58;80;72;70;60;76 70
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Table 5.7

Comparison of the fusion efficiencies of NSO, lC6.3a 6T.1D7 and
SLN/1D7•2E9.8A.1F9 when fused to sheep lymph node cells

Number of Heterohybridomas

Day relative Fusion generated/total secreting
to antigenic partner wells seeded sheep Ig anti-FTTDV'
stimulation (viable at day 26)1 (total)2 antibody

NSO 34/240 (27) 3(3) 0
0 1C6.3a 6T.1D7 0/240 (0) - -

SLN/1D7.2E9.8A.1F9 4/240 (2) 1(2) 1

NSO 32/240 (24) 4(5) 1
4 1C6.3a 6T.1D7 132/240(121) 16(40) 24

SLN/1D7.2E9.8A.1F9 8/240 (3) 1(2) 1

1 Number of heterohybridomas which continued to grow for up to 26
days in tissue culture compared to the number generated 10 days
post fusion

2 Number of heterohybridomas secreting sheep immunoglobulin of an
unknown specificity, ( ) refers to the total number of sheep
immunoglobulin secreting heterohybridomas including those
secreting antibody to target, antigen

159



CHAPTER SIX

ANALYSIS OF IIWUNE RESPONSES IN THE SHEEP TO SYNTHETIC PEPTIDES OF

FOOT AND MOUTH DISEASE VIRUS - THE USE OF MONOCLONAL ANTIBODIES TO

EPITOPE MAP
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6.3 RESULTS
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6.1 INTRODUCTION

The preceeding chapters have described the generation of an

aminopterin sensitive sheep x mouse cloned cell line for use in the

production of sheep monoclonal antibodies and have evaluated

lymphocytes taken from different sources at different times

relative to secondary antigenic stimulation as potential fusion

partners. The information collected would suggest that optimal

results for the production of sheep monoclonal antibodies are

obtained when lC6.3a 6T.1D7 is fused to lymphocytes prepared from a

peripheral lymph node on the fourth day following secondary

antigenic stimulation of that node. By using monoclonal antibodies

it should be possible to identify distinct B cell epitopes within a

protein antigen. Synthetic peptide analogues of FMDV VP1 coat

protein were selected as the protein antigen for investigation.

Since these were smaller than conventional globular protein

antigens they would theoretically be easier to epitope map. Also

considerable work has already been carried out on the synthetic

peptides of FMDY with a view to the development of a completely

synthetic vaccine (Bittle et al., 1982; Pfaff et al. , 1982; Francis

et al. , 1985,1987a and b,1988; Parry et al., 1985; DiMarchi et al. ,

1986; Meloen et al., 1987).

Each FMDV particle contains sixty copies each of four virion

polypeptides (named VP1 through to VP4) which make up the virus

capsid or coat. VP1 has previously been shown to have an important

antigenic role, since on treatment of the virus with trypsin only

VP1 was cleaved and this resulted in decreased infectivity and

immunogenicity of the virus (Wild, Burroughs and Brown, 1969). VPl
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of the Oi Kaufbeuren strain of FMDV contains 213 amino acids and

Bittle et al. (1982) have demonstrated that the synthetic peptide

analogues of amino acids 141 to 160 and 200 to 213 are capable of

inducing both anti-peptide antibodies and virus neutralising

antibodies when administered coupled to keyhole limpet haemocyanin

(KLH) to act as a carrier in rabbits. DiMarchi et al. (1986)

demonstrated that by synthesising a tandem peptide consisting of

the two aforementioned peptides using a di-proline spacer it was

possible to generate better virus neutralising responses in guinea

pigs when this 40-residue peptide was administered without a

carrier than when a 21-residue peptide containing residues 141-158

was given on its own, with or without coupling to KLH. They also

demonstrated that the 40 residue peptide was capable of inducing

virus neutralising antibodies when administered uncoupled in

Freund's Complete Adjuvant to cattle.

The experiments described in this Chapter set out to

demonstrate the ability of uncoupled synthetic peptides of VP1 of

the OiK strain of FMDY to induce B cell responses in sheep. Having

established that this was possible, monoclonal antibodies to the

synthetic peptides were generated using the heterohybridoma

technology described earlier. These monoclonal antibodies were

then used in an attempt to characterise the B cell epitopes, as

recognised by the sheep immune system, of the 40-residue synthetic

peptide.

In addition to the B cell responses to the synthetic peptides

the sheep T cell responses were examined. Little work has been

carried out on the T cell responses despite the importance of

cytotoxic T cells in the elimination of viral infectious agents
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(Burns, Billups and Notkins, 1975; reviewed by Kappler and Marrack,

1986)and the dependence of B cell activation and differentiation on

T cell help (Julius, 1982; Kappler and Marrack, 1986; Coffman et

a]., 1988). Most of the work has concentrated on the generation of

anti-peptide and virus neutralising antibodies. Francis et al.

(1987a) have demonstrated a T cell proliferative response in mice

immunised with the 141 to 160 peptide with a terminal cysteine

residue. This group has also demonstrated, in the mouse system,

that it was possible to overcome non-responsiveness to that peptide

by coupling it to a known T cell epitope from other proteins

(Francis, 1987b). In this Chapter the proliferative T cell

responses to the 40-residue peptide and its constituent peptides

were studied in the sheep.
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6.2 MATERIALS AND METHODS

6.2.1 Synthetic peptides of Foot and Mouth Disease Virus

The amino acid- sequence has been deduced from the nucleotide

sequence of VP1 of the OiK strain of FMDV and it was shown to

contain 213 amino acids (Kurz et aJ., 1981) (Figure 6.1). In these

experiments three sheep were immunised with the 40-residue peptide

described by DiMarchi et al. (1986) (kindly supplied by Dr. R

DiMarchi, Eli Lilly k Co Ltd., Indianapolis, U.S.A). Second and

third groups of three sheep each were immunised with the

constituent peptides (21 amino acid residues and 19 amino acid

residues respectively) of the 40-residue peptide (see Figure 6.2).

The 21 amino acid residue peptide was also obtained from Eli Lilly.

The 19 amino acid peptide of residues CysCys-200-213-ProProSer was

synthesised in the Department by application of the

fluoronylmethoxycarbonyl (fmoc)' peptide chemistry described by

Dryland and Sheppard (1986). .Amino acids for incorporation into

the peptide were supplied as Fmoc pentafluorophenyl esters

(MilliGen, Millipore, U.K. Ltd.) containing side chain protecting

groups where appropriate. A solid phase peptide synthesiser

(Pepsynthesiser II, Cambridge Research Biochemicals Ltd.,

Cambridge, U.K.) was used throughout. The solid support used for

peptide synthesis was polydimethylacrylamide resin (Pepsyn KA,

"MilliGen", "Millipore", U.K. Ltd), where the linkage reagent was

4-hydroxymethylphenoxyacetic acid. The resin was swollen in N,N-

dimethylformamide (DMF) (Rathburn Chemicals Ltd., Scotland). Only

glass distilled grade DMF was used and it was stored over a layer
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1 10
THR-THR-SER-AL4-GLY-GLU-SER-ALA-ASP-PRO-VAL-THR-THR-THR-VAL

20 30
GLU-ASN-TYR-GLY-GLY-GLU-THR-GLN-ILE-GLN-ARG-ARG-GLN-HIS-THR

40
ASP-YAL-SER-PHE-ILE-MET-ASP-ARG-PHE-VAL-LYS-YAL-THR-PRO-GLN

50 60
ASN-GLK-ILE-ASN-ILE-LELi-.ASP-LEU-MET-GLN-ILE-PRO-SER-HIS-THR

70
LEU-YrAL-GLY-AL4-LEU-LEU-ARG-AL4-SER-THR-TYR-TYR-PHE-SER-ASP

80 90
LEU-GLU-ILE-AL4-YAL-LYS-HIS-GLU-GLY-ASP-LEU-THR-TRY-VAL-PRO

100
ASN-GLY-AL4-PRO-GLU-LYS-ALA-LEU-ASP-ASN-THR-THR-ASN-PRO-THR

110 120
AL4-TYR-HIS-LYS-AL4-PRO-LEU-THR-ARG-LEU-AL4-LEU-PRO-HIS-THR

130
AL4-PRO-HIS-ARG-YAL-LEU-AL4-THR-YAL-TYR-AS\'-GLY-GLU-CYS-ARG

140 150
TYR-ASN-ARG-ASN-AL4-VAL-PRO-ASN-LEU-ARG-GLY-ASP-LEU-GLN-VAL

160
LEU-ALY-GLN'-LTS-YAL-AL^-ARG-THR-LEU-PRO-THR-SER-PHE-ASK'-TYR

170 180
GLY-AL4-ILE-LYS-.4L4-THR-ARG-VAL-THR-GLU-LEL'-LEU-TY7R-4RG-MET

190
LYS-ARG-AL4-GLU-THR-TYR-CYS-PRO-ARG—PRO-LEU-LEU-AL4-ILE-HIS

200 200
PRO-THR-GLU-AL4-ARG-HIS-LYS-GLY-LYS-ILE-YAL-AL4-PRO-YAL-LYS

GLN-THR-LEU

Figure 6.1. Amino acid sequence of FMDV VP1 strain OiK (Kurz
ai., 1981).
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a) 200 205
CYS -CYS-ASP-ARG-HIS-LYS-GLN-LYS-1LE-YAL

210 213 141
ALA-PRO-VAL-LYS-GLN-THR-PRO-PRO-SER-YAL

145 150
PRO-ASN-LEU-ARG-GLY-ASP-LEU-GLN-VAL-LEU

155 158
ALA-GLN-LYS-VAL-ALA-ARG-THR-PRO-CYS-GLY

b)141 145 150
YAL-PRO-ASN-LEU-ARG-GLY-ASP-LEU-GLN-\'AL

155 158
LEU-ALA-GLN-LYS-YAL-ALA-ARG-THR-PRO-CYS

GLY

c) 200 205
CYS-CYS-ASP-ARG-H IS-LYS-GLY-LYS-1LE-YAL

210 213
ALA-PRO-\r.AL-LA'S-GLV-THR-PRO-PRO-SER

6)141 145 150
SER-GL 3 -.4RG-ARG-GL 3'-ASP-MET-GL 3 -SEE-LEU

155 160
ALA-ALA-ARG-YAL-VAL-LYS-GLN-LEU-FRO-LYS

Figure 6.2. Amino acid sequences of the 40-residue (a), 21-residue
(b) and 19-residue (c) synthetic peptide analogues of FMDV VP1
strain OiK and (d) 20-residue synthetic peptide analogue of FMDV
VP1 strain Aa «.
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of Type 4A molecular sieve (Fisons) for at least one week prior to

use to remove any free dimethylamine. The carboxy terminal amino

acid from the peptide of choice was dissolved in the smallest

possible volume of IMF with dimethylaminopyridine (DMAP)

(MilliGen). The amount of amino acids and DMAP was calculated

using the "Pepsyn II Reagent Programme" {Cambridge Research

Biochemicals).

The amino acid was circulated though the resin overnight to

allow the carboxy- terminals of the amino acid to react with the

"Pepsyn KA" resin. The DMAP which catalysed this reaction was

required only in the first step. Any unreacted reagents were

washed out with IMF. The Fmoc amino terminal protection group was

then removed by washing with IMF containing 20% piperidine

(Fisons). Subsequent Fmoc pentafluorphenylester amino acids were

added in IMF containing 1-hydroxy-benzotriazole (Applied

Biosystems, California). They- were reacted until complete

acylation (i.e. the reaction between an active ester and an amino

group). Before and after each coupling stage the resin was sampled

for free amino groups (Kaiser Test). Washing steps with IMF and

piperidine were repeated following each acylation stage until the

last amino acid was bound to the solid support. The resin was then

washed in diethyl ether (B.D.H., Poole, Dorset) and the ether

evaporated off in a fume hood at room temperature. In order to

remove the side chain protecting groups and cleave the peptide from

the resin, the latter was placed in trifluoracetic acid (TFA)

(Rathburn Chemicals Ltd., Scotland) containing phenol (BDH) (which

scavenged arginine mtr side chain protecting groups) and thiophenol

(Sigma) (which scavenged cysteine trt (Trityl) side chain
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protecting groups). The peptide was left in this solution for six

hours per arginine mtr residue (in this case there was only one

Arg). To de-protect methionine residues 5% ethylmethyl sulphide

was used. This, however, was not required with the FMDV peptides

since they did not contain methionine residues, this step was

necessary with the PPD peptide (Section 6.3.1). The resin was

removed by filtration. The TFA was evaporated off at 90'C under a

vacuum in a rota-evaporator ("Buchi", Switzerland). The resultant

impure peptide was resuspended in diethyl ether, as the peptide was

insoluble in diethyl ether it was possible to remove the phenol

compounds (scavengers) used for deprotection which were soluble.

This process, called tituration, was repeated five times before

evaporating off the ether. The peptide was then taken up in 20 mis

5% formic acid (Sigma) and passed through a Sephadex G10 gel

filtration column (Pharmacia) to remove any fluoracetate salts

produced by the reaction of TFA with the peptide side chains. The

peptide peak was pooled and freeze dried using a "Secfroid"

lyophyliser (Life Science Laboratories, Beds., ILK.).

6.2.2 High performance Liquid Chromatography (HPLC) purification

of synthetic peptides

The lyophilised peptide was purified by reverse phase

chromatography on a Zorbax ODS column ("Du Pont", Delaware, U.S.A.)

on a Gilson HPLC system with an Apple II computer control unit. A

gradient of acetonitrile (Rathburn Chemicals Ltd., HPLC grade) was

generated from 0% to 100% in 0.1% TFA pH2 over a period of 30

minutes. Absorbance was detected at 230 nm and recorded on a
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Figure 6.3. Purification of synthetic peptide analogues of FMDV
VP1 by HPLC reversed phase chromatography.
The profiles obtained for the 40, 21 and 19-residue synthetic
peptide analogues are shown in figures a, b and c respectively.
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Shimadzru C-R3A chromatopac (see Figure 6.3). The peptide peak was

collected and freeze-dried again prior to use. Lyophylised peptide

was stored at room temperature in air-tight containers until use.

6.2.3 Imnunisation of sheep

Sheep were immunised with 200 pg of the synthetic peptides,

uncoupled unless otherwise stated, emulsified in FCA as described

previously (Chapter 2.2.2.). Three sheep were immunised with each

individual peptide.

6.2.4 ELISAs to detect sheep anti-40, 21 and 19-residue peptides

of FMDV

ELISAs were carried out as previously described in Chapter

2.2.6. The wells of ELISA plates were coated with peptide antigen

at 10 pg/rnl overnight at 4°C. Doubling dilutions of sheep serum

were prepared in PBS containing 2% BSA. Sheep anti-peptide

antibodies were detected directly using peroxidase labelled donkey

anti-sheep immunoglobulin (SAPU) diluted 1:1000 in PBS containing

2% BSA. All incubation periods were for one hour at room

temperature. ELISA tests were developed and the results read as

previously described.

For the detection of sheep monoclonal antibodies in culture

supernatant, the ELISA plates were coated as above and then the two-

step detection protocol described in Chapter 2.2.6. was employed.

6.2.5 Surgical removal of lymph nodes
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The right popliteal lymph node was removed under general

anaesthesia as described in Chapter 2.2.2 from a sheep primed with

the 40-residue peptide of FMDV. Four days prior to excision of the

lymph node it was stimulated antigenically by the injection of 100

gg of the 40-residue peptide in sterile normal saline at three

sites intradermallv into the drainage area of the node.

6.2.6 Fusion of lymph node cells to lC6.3a 6T.1D7

Lymph node cells were prepared and fused to the sheep x mouse

cloned cell line, lC6.3a 6T.1D7, at a ratio of 2 lymphocytes:1

lC6.3a 6T.1D7 as described previously in Chapter 5.2.3 and 4.

6.2.7 Preparation of peripheral blood lymphocytes from whole blood

As described previously in Chapter 5.2.7.

6.2.8 T cell proliferation assays

Peripheral blood mononuclear cells were cultured in 96-well

flat bottomed microculture plates (Nunclon) in a final volume of

200 ul RPMI medium containing 10% FCS, 2 mM GLN and 5 x 10" 5M 2-ME

to give a final concentration of 1x10s cells/well. Triplicate

cultures were stimulated with doses of the three peptides ranging

from 1 mg/ml down to 3.9 pg/ml. Background proliferation was

assessed by growing the cells in the absence of peptide antigen.

Culture plates were incubated at 37 cC in a moist atmosphere of 5%
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CX>2 in air for five days. Proliferation was measured by the uptake

of tritiated thymidine (1 pCi per well) (Amersham International

p.I.e. U.K.) over the last five hours of culture. The cells were

harvested onto paper filtermats (Skatron AS, Norway) using a

Titertek Cell Harvester (Flow Laboratories, Skatron AS, Norway).

The cells were dried on the filtermats and placed in scintillation

vials with 1.5 mis scintillation fluid (Optiphase "Safe", LKB,

England). The beta emission was then counted for 60 seconds in a

"1218 Rackbeta" liquid scintillation counter (LKB Kallac, Finland).

The data are expressed as the geometric mean for the triplicate

cultures.

6.2.9 Coupling of Ovalbtmin to a synthetic peptide of FMDV

The 19-residue peptide of FMDV was coupled to Ovalbumin

(Sigma) using gluteraldehvde. Two milligrams of OVA were dissolved

in 200 pi of PBS pH 7.2 containing 10 pi of 0.25% redistilled grade

gluteraldehyde (BDH Ltd., England). This was allowed to react

overnight at room temperature. Excess gluteraldehyde was removed

using a Sephadex G25 column equilibrated with 0.15M NaCl and the

gluteraldehyde treated OVA collected and pooled. Two milligrams of

the 19-residue peptide was added to the gluteraldehyde-OVA pool

together with 100 pi of 1M carbonate/bicarbonate buffer pH 9.5 and

then rotated at 4=C for 24 hours. The reaction was stopped by the

addition of 100 pi 1M ethanolamine pH8.0 and rotation for a further

1 hour. The conjugate was stored at -70'C until use.
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6.3 RESULTS

6.3.1 Polyclonal B cell responses in sheep primed with synthetic

peptides FMDV

Sheep primed with the 40-residue peptide of FMDV were bled

twenty days following the primary immunisation and the serum

samples examined by ELISA for antibody to the 40, 21 and 19-residue

peptides. All three sheep produced antibodies which reacted in

ELISA with each of these peptides (Figure 6.4). Likewise a second

group of three sheep were immunised with the 21-residue peptide and

their sera tested by ELISA for anti-peptide antibodies. This group

of sheep produced antibodies which reacted with the 21-residue

peptide (with which they were immunised) and also with the 40-

residue peptide. They did not react with the 19-residue peptide

(Figure 6.5). The third group of sheep were primed in exactly the

same way with the 19-residue peptide. These sheep did not produce

antibody which recognised any of the synthetic peptides tested

(Figure 6.6). Thus the 40- and the 21-residue peptide primed sheep

both produced antibodies which reacted with the 21-residue peptide

of the OiK strain of FMDV in an ELISA. Sera from these sheep were

then tested for reactivity with the homologous peptide of residues

141-160 of the A2 4 strain of virus. The sheep did not produce

cross-reactive anti-peptide antibodies (Figure 6.7).

To demonstrate that the antibody response of both the 40- and

21-residue peptide primed sheep was not a non-specific reaction,

inhibition ELISA tests were performed. This time a standard

dilution of the serum samples (1:500 unless otherwise indicated)
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10-

Titration of serum

Figure 6.4. Anti-peptide antibody responses in sheep primed with
the 40-residue synthetic peptide analogue of FWDV VP1, OiK strain.

± a represents antibody recognising the 40-residue peptide,
■ ■ represents antibody recognising the 21-residue peptide,
« • represents antibody recognising the 19-residue peptide.

Open symbols represent pre-immunisation values. Absorbance values
given are mean values of duplicate titrations of three individual
sheep serum samples. The standard deviation for the means of these
values was within 10%.
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10-

Titration of serum

Figure 6.5. Anti-peptide antibody responses in sheep primed with
the 21-residue synthetic peptide analogue of FblDV VP1, OiK strain.

± a represents antibody recognising the 40-residue peptide,
■ ■ represents antibody recognising the 21-residue peptide,
• • represents antibody recognising the 19-residue peptide.

Open symbols represent pre-immunisation values. Absorbance values
given are mean values of duplicate titrations of three individual
sheep serum samples. The standard deviation for the means of these
samples was within 10%.

176



10-

2 4 8 16 32 64 128 256 512

Titration of serum

Figure 6.6. Anti-peptide antibody responses in sheep primed with
the 19-residue synthetic peptide analogue of FMDV VP1, OiK strain.
a a represents antibody recognising the 40-residue peptide,
■ ■ represents antibody recognising the 21-residue peptide,
• • represents antibody recognising the 19-residue peptide.

open symbols represent pre-immunisation values. Absorbance values
given are mean values of duplicate titrations of three individual
sheep serum samples. The standard deviation for the means of these
values was within 10%.
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Titration of serum

Figure 6.7. Cross-reactivity of serum from sheep primed with
synthetic peptide analogues of FM3V VP] OiK with a 20-res idue
synthetic peptide analogue of the A2 4 strain of F74DV.

a a represents the antibody response of the sheep primed with
the 40-residue peptide, • • represents the antibody response of
the sheep primed with the 21-residue peptide, ■ ■ represents the
antbody response of sheep primed with the 20-residue Aj4 strain of
peptide. Open symbols represent pre-immunisation values. Values
given are mean values of duplicate tirations of three individual
sheep serum samples. The standard deviation for the means of these
values was within 10%.
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was incubated with either the 21-residue peptide or the 40-residue

peptide for 60 minutes at room temperature prior to testing in an

ELISA. If the antibody response was a specific anti-peptide

response it should be blocked by this pre-incubation with peptide

in an aqueous phase. The results for the 40-residue peptide primed

sheep are shown in Figure 6.8. The reactivity of these sheep sera

samples with the solid phase 40-residue peptide in an ELISA test

could be blocked by preincubation of the sera samples with the 40-

residue peptide but not by preincubation with either the 21- or the

19-residue peptides. Even at the lowest doses of pre-incubation

40-residue peptide used (0.038 pg/ml) there was still a slight

decrease in reactivity from the normal "unblocked" sera samples.

To demonstrate that this was not simply the effect of any peptide

perhaps binding to the antigen combining sites of the antibody,

another peptide of residues 70-89 of purified protein derivative

(PPD) of Mycobacterium tuberculosis (Kuwabara, 1975) was included

as a control. This PPD peptide did not significantly affect the

reactivity of the antiserum (Figures 6.8 to 6.11).

On examination of the antibody reactivity of these same sera

samples with the 21-residue peptide a different pattern emerged

(see Figure 6.9). The recognition of solid-phase 21-residue

peptide could be' blocked by pre-incubation with either the 40-

residue peptide or the 21-residue peptide in aqueous phase. This

contrasted with the recognition of solid-phase 40-residue peptide

which could only be blocked by pre-incubation with the 40-residue

peptide itself. The concentration of peptide required to block the

reaction with the solid-phase 21-residue peptide was greater than

that required to block the reaction with the 40-residue peptide.
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100-

Concentration of aqueous peptide in ug/ml

Figure 6.8. Inhibition of anti-40-residue peptide antibody binding
to solid-phase 40-residue peptide by pre-incubation of the antibody
with aqueous-phase FMDV VP1 peptides.
Serum from sheep primed with a 40-residue synthetic peptide
analogue of FM)Y VP1 was pre-incubated with either 40-residue a—a,
21-residue ■ ■ ,19-residue • • ,or PPD peptides * * .

Inhibition values given are mean values of serum samples from three
individual sheep. The standard deviation for the means of these
values was within 10%.
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100 50 25 12-5 6-3 3-1 1-5 0-8 038 0-16 0 075 0-038

Concentration of aqueous peptide in ug/ml

Figure 6.9. Inhibition of anti-40-residue peptide antibody binding
to solid-phase 21-residue peptide by pre-incubation of the antibody
with aqueous-phase FMDV VP1 peptides.
Serum from sheep primed with a 40-residue synthetic peptide
analogue of FMDY VP] was pre-incubated with either 40-residue a a,
21-residue ■ ■ , 19-residue • •. or PPD peptides * * .

Inhibition values are mean values of serum samples from three
individual sheep. The standard deviation for the means of these
values was within 10%
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When the concentration of aqueous 21-residue peptide was decreased

to 50 pg/ml its inhibitory or blocking effect was lost. However,

the blocking capacity of the 40-residue peptide was not lost until

its pre-incubatory concentration was decreased to 0.75 pg/ml.

These results suggested that at least part of the polyclonal

antibody response against the 40-residue peptide observed in this

group of sheep was directed against epitopes present on the 40-

residue peptide which were unique to it and not possessed by the

21-residue peptide or by the 19-residue peptide since pre¬

incubation with neither of these peptides inhibited the reactivity

with solid-phase 40-residue peptide. Secondly, whilst the

reactivity of these sheep sera samples with the solid-phase 21-

residue peptide could be blocked by both the 40- and the 21-residue

peptides in the aqueous phase, a much higher concentration of the

21-residue peptide was required. This suggested that the same

epitope(s) were present in the two peptides but that the affinity

of the antibody for the common epitope(s) present within the 40-

residue peptide was greater than that for the common epitope

present within the 21-residue peptide itself. This may be

explained by secondary or tertiary conformational differences in

the same epitope! s) between the two different peptides, or by

conformational differences between the solid and aqueous phases of

the peptides.

Sera from the second group of sheep immunised with the 21-

residue peptide were examined in the same way. The reactivity of

t.hese sheep sera with the solid-phase 40-residue peptide could be

blocked by pre-incubation of the serum samples with either the 40-

or the 21-residue peptides in aqueous phase. Both peptides
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Figure 6.10. Inhibition of anti-21-residue peptide antibody
binding to solid-phase 40-residue peptide by pre-incubation of the
antibody with aqueous-phase FMDV VP1 peptides.
Serum from sheep primed with a 21-residue synthetic peptide
analogue of FMDV VP1 was pre-incubated with either 40-residue a—a,
21-residue ■ ■, or PPD peptides * * .

Inhibition values are mean values for three individual sheep. The
stanmdard deviation for the means of these values was within 10%.
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Figure 6.11. Inhibition of anti-21-residue peptide antibody
binding to solid-phase 21-residue peptide by pre-incubation of the
antibody with aqueous phase FMDV VP1 petides.
Serum from sheep primed with a 21-residue synthetic peptide
analogue of FMDY VP1 was pre-incubated with either 40-residueA a,
21-residue ■ ■, or PPD peptides* *.
Inhibition values are mean values for three individual sheep. The
standard deviation for the means of these values was within 10%.
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appeared to have equivalent blocking potencies (see Figure 6.10).

Pre-incubation with the tuberculin peptide did not interfere with

the reactivity of the antisera. Likewise the reactivity of these

sheep sera with the solid-phase 21-residue peptide (Figure 6.11)

could be blocked by pre-incubation with either the 40- or the 21-

residue peptides in aqueous phase. .Again both peptides had

equivalent blocking potencies. These results confirmed earlier

observations that suggested that the 40- and the 21-residue

peptides shared B cell epitopes.

Since the sheep primed with the 19-residue peptide gave no

antibody response to any of the peptides examined they were not

studied any further.

6.3.2 Proliferative T cell responses in sheep primed with

synthetic peptides of FMDV

In addition to examination of the humoral response to

synthetic peptides, the cell mediated immune response to these

synthetic peptides of FMDY was studied. The same groups of sheep

as described, in Chapter 6.3.1 were used in this experiment and the

proliferation of peripheral blood T cells in response to peptide

antigens was studied in vitro.

As shown in Table 6.1 the three sheep which were primed with

the 40-residue peptide all exhibited a T ceil proliferative

response when presented with this peptide. A proliferative

response was also observed when these cells were cultured in the

presence of the 21-residue peptide, although the stimulation

indices were less than that observed with the 40-residue peptide.
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No T cell proliferation was observed when cells were cultured with

the 19-residue peptide. Peripheral blood lymphocytes from two

norma] sheep which were not primed with any peptide did not exhibit

a proliferative response when cultured in the presence of peptide.

This indicated that the proliferative responses observed in the

sheep primed with the 40-residue peptide were specific anti-peptide

cell mediated immune responses and were not simply due to a non¬

specific mitogenic effect of these peptides.

When the second group of sheep, which were primed with the 21-

residue peptide, were studied it was observed that they too

exhibited a T cell proliferative response when cultured in the

presence of either the 21- or the 40-residue peptide. However, of

the three sheep under study, only two exhibited significant T cell

proliferation, the third sheep responding only slightly and only at

high concentrations of peptide (see Table 6.2).

Another group of sheep were primed with a 20-residue peptide

from the 141-160 region of VP1 but from the A21 strain of FMDY and

not the OiK strain which was the sequence on which all the previous

peptides in this Chapter have been based. As shown in Table 6.3

these sheep exhibited a proliferative response when their

peripheral blood lymphocytes were cultured in the presence of the

21-residue peptide of the A*4 strain but not when cultured with the

corresponding peptide from the OiK strain of the virus and nor when

cultured with the 40-residue peptide of the Oi K strain. This

demonstrated the fine specificity of the responses observed and

showed that there was no cross-reactivity between different strains

of virus at the level of the T cell proliferative immune response.

The group of sheep which were primed with the 19-residue



peptide and which have already been shown to exhibit no B cell

response to this peptide, were not examined in the T cell

proliferation assays.

6.3.3 Examination of the 40-residue synthetic peptide of FWDV for

predicted T cell epitopes and B cell epitopes

The results generated on polyclonal B cell responses and

polyclonal T cell responses to synthetic peptides of FMDY in sheep

suggested that the 40-residue peptide contained both T cell

epitopes and B cell epitopes since it was capable of inducing both

B and T cell immunity without coupling to a carrier protein. A

similar result was obtained with the 21-residue peptide and

therefore the same conclusion was drawn. However, the 19-residue

peptide was incapable of inducing an immune response when

administered uncoupled, in sheep. The group of sheep primed with

the 40-residue peptide generated antibodies which recognised the

19-residue peptide suggesting that it did have at least one B cell

epitope and that perhaps the non-responsiveness observed with this

peptide was due to the lack of a T cell epitope.

In an attempt to corroborate these experimental results,

prediction of the T cell and B cell epitopes were made based on the

amino acid sequence of the 40, 21 and 19-residue peptides. B cells

recognise protein antigens with their conformation intact and

appear to recognise areas of the protein wtiich are hydrophilic

(Hopp and Woods, 1981) and sterically exposed. B cell epitopes are

frequently associated with areas of secondary structure involving

loops or turns (Thornton et al. 1986).

\
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Figure 6.12. Hydrophilicity analysis of the amino acid sequence of
FMDV VP1 from the OjK strain of the virus.
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Figure 6.12 demonstrates a hydrophilicity plot of the whole of

VP1 from the Oi K strain of FT4DY, whereby residues present on the

surface of the molecule which are more likely to be invol\'ed in

interactions with receptors (immunoglobulin) on B cells can be

recognised (Hopp and Woods, 1981). There was a hydrophilic peak

present in the 141-160 region of the molecule, this region

corresponded with the 21-residue peptide used for immunisation and

also with the equivalent part of the 40-residue peptide. A minor

hydrophilic peak could be identified within the 200-213 region of

the molecule which formed part of the 19-residue peptide. Computer

predictions for turns present in VP1 (Figure 6.13) demonstrated a

turn region within residues 141-160 but no such region present in

residues 200-213, although when a computer prediction for turns

within the 40 amino acid peptide was examined it was found that

there was a turn in the middle of the molecule. This was as

expected because of the presence of the two proline residues.

These computer predictions suggested that assuming B cell epitopes

were associated with either turns or hydrophilic regions then the

141-160 peptide contained at least one B cell epitope which was

also present in the 40-residue peptide together with smother

epitope situated at or near the two proline residues. Residues

200-213 appeared not to contain B cell epitopes based on these

criteria, although experimental data presented in this Chapter and

by Bittle et al. (1982) would suggest otherwise.

DeLisi and Berzofsky (1985) on examining twelve antigenic

sites found ten to be amphipathic alpha helices and suggested that

this may be a method for the prediction of helper T cell epitopes.

Wben the amino acid sequence of VP! was examined it was found that
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Figure 6.13. Computer analysis of the amino acid sequence of FMDV
VP! from the OiK strain of the virus to predict turns in the
secondary structure of the molecule.
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residues 148-157 corresponded to an amphipathic alpha helical

region. No such run of amphipathic residues was observed in the

200-213 section. Rothbard (1986) described an algorithm for the

prediction of T cell epitopes based on a linear amino acid sequence

comprising a charged or a glycine residue followed by two

hydrophobic residues and then a charged or a polar residue. In

nine cases out of thirty-seven the fourth residue in the sequence

was also hydrophobic in which case the fifth was a charged or polar

amino acid. When this algorithm was applied to the 40-residue

peptide a predicted T cell epitope was present at residues 154-157,

this sequence also forms part of the 21-residue peptide and

corresponds to a region of amphipathic alpha helix.

6.3.4 Provision of T cell epitopes by a foreign carrier molecule

The proceeding experiments have demonstrated that whilst the

40-residue peptide and the 21-residue peptide of FMDV VP1 were

capable of inducing both B and T cell responses in sheep, the 19-

residue peptide was not.. The experimental data suggested that

whilst the 19-residue peptide may have B cell epitope(s) because

antibodies raised against the 40-residue peptide recognise this

peptide, it does not appear to have a T cell epitope. The

predictive analyses agree with these suggestions. If these

predictions are correct it should be possible to induce sin immune

response to the 19-residue peptide by coupling it to a foreign

carrier protein molecule which would act as a source of helper T

cell epitopes. The 19-residue peptide was coupled to ovalbumin

from chicken egg as described in Chapter 6.2.8 and sheep were
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immunised with this ovalbumin-19-residue peptide conjugate.

Antisera from this group of sheep were examined for the

presence of antibodies by ELISA and was shown to contain antibodies

which recognised the 19-residue peptide. These antibodies also

recognised the 40-residue peptide, although the antibody titre was

not as high as that observed with the response to the 19-residue

peptide (Figure 6.14).

6.3.5 Provision of an "internal" T cell epitope

In the preceeding sections it was demonstrated that the 19-

residue peptide was incapable of inducing gin immune response on its

own, but this could be overcome by coupling the peptide to the

protein carrier ovalbumin. This confirmed that the reason for the

non-responsiveness to the uncoupled 19-residue peptide was

associated with a lack of T cell epitopes. On re-examination of

the 19-residue peptide for T cell epitopes using the algorithm

described by Rothbard it was possible to create a "Rothbardian" T

cell epitope by substituting a glycine residue in place of an

alanine residue at position 208 giving the sequence Gly-Pro-Val-

Lys. This new 19-residue peptide with a single amino acid

alteration was svnthesised using a solid phase peptide synthesiser

and a group of sheep were immunised with this uncoupled peptide.

Antisera from these sheep were examined by ELISA and were

shown to produce gmtibodies which reacted with the 19-residue

peptide with a glycine residue at position 208, the "native" 19-

residue peptide with gin alanine residue at position 208 and they

were shown to cross react with the 40-residue peptide (Figure
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Titration of serum

Figure 6.14. Anti-peptide antibody responses of sheep primed with
a 19-residue synthetic peptide analogue of FMDV VP1 coupled to OVA.

a a represents anti-40-residue peptide antibody,# #
represents anti-19-residue peptide antibody. Open symbols
represent pre-immunisation values.
Absorbance values are mean values of dupliate titrations of sera
from three individual sheep. The standard deviation for the means
of these values was within 10%.
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6.15). Thus a single amino acid substitution generated a helper T

cell epitope without disruption of the B cell epitope(s) that had

already been recognised.

On examination of the proliferative T cell responses in this

group of sheep primed with the 19-residue-Gly peptide they

proliferated when presented with the homologous peptide in vitro

but did not respond to the 40-residue peptide (Table 6.4). Sheep

immunised with the 40-residue peptide did proliferate in response

to the 19-residue-Gly peptide although they did not respond to the

native 19-residue peptide.

6.3.6 Generation of sheep monoclonal antibodies against the 40-

residue peptide of FM1V VP1

To generate sheep monoclonal antibodies against the 40-residue

peptide the lC6.3a 6T.1D7 cloned cell line was fused to a

preparation of lymph node cells from a sheep primed with this

peptide. The lymph node was stimulated by injection of antigen

into the nodal drainage four days prior to excision and fusion as

described in Chapter 5.2.

A total of 893 wells were seeded with the fusion mixture of

cells, and ten days post fusion 789 contained viable

heterohybridoma colonies (88%). Fifteen to twenty days post fusion

supernatants from 659 of the wells where the hybrids grew well were

collected and tested by ELISA for the presence of antibodies which

reacted with the 40-residue peptide. Sixty one hybrids out of

seven hundred and eighty nine demonstrated a positive result in an

ELTSA to detect sheep antibodies directed against the 40-residue



10-

Titration of serum

Figure 6.15. Anti-peptide antibody responses of sheep primed with
a 19-residue synthetic peptide analogue of FF1DV VP1 with a glycine
residue at position 208.

▲ a represents anti-40-residue peptide antibody,# •

represents anti-19-residue peptide (alanine at 208),■ ■

represents anti-19-residue peptide (glycine at 208). Open symbols
represent pre-immunisation values.
Absorbance values are mean values of duplicate titrations of sera
from three individual sheep. The standard deviation for the means
of these values was within 10%.
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peptide (8%). By day 21 post fusion thirty six heterohybridomas

secreting antibody which recognised the 40-residue peptide were

still viable. These viable heterohybridomas were cloned by

limiting dilution and the cross-reactivities of the monoclonal

antibodies with other synthetic peptides of FMDV VP1 was studied.

Table 6.5 demonstrates that the monoclonal antibodies formed two

categories, those which reacted with the 40-residue peptide only,

and those which reacted with both the 40- and the 21 residue

peptides. None of the monoclonal antibody supernatants exhibited

any reactivity with the 19-residue peptide.

As with the polyclonal antisera the specificity of monoclonal

supernatants was confirmed by pre-incubating the supernatants with

either the 40-, 21- or 19-residue peptides for one hour at room

temperature before testing the supernatants in an ELISA test. A

20-residue synthetic peptide of PPD was included as a negative

control. The results in Figure 6.16 a and b demonstrated that the

reaction of those supernatants which reacted only with the 40-

residue peptide could be' inhibited by pre-incubation with only that

40-residue peptide in aqueous phase and not the 21- nor the 19-

residue peptides in aqueous phase. However, those antibodies which

recognised determinants on both the 40- and 21-residue peptides

could be inhibited in either of these reactions by either the 40-

or the 21-residue peptides in aqueous phase. This suggested that

the sheep monoclonal antibodies which recognised only the 40-

residue peptide were binding to unique epitopes on this peptide

which were not present in the 21- nor in the 19-residue peptides.

Whereas those monoclonal antibodies which recognised both the 40-

and the 21-residue peptides were probably reacting with a common



Figure 6.16. Inhibition of binding of sheep monoclonal anti-40-
residue peptide antibodies to solid-phase 40-residue peptide by
pre-incubation with aqueous-phase peptides of FMDV VP1.
The results of monoclonal antibodies which recognised the 40-
residue peptide only are shown in Figure A, the results of those
monoclonal antibodies recognising both the 40- and 21-residue
peptides are shown in Figure B.

E3inhibition with 40-residue peptide
□ inhibition with 21-residue peptide
■ inhibition with 19-residue peptide
ED inhibition with PPD peptide (negative control )
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epitope present on both peptides since the reactivity with the

solid-phase 40-residue peptide could be inhibited by either the 40-

or 21-residue peptides in aqueous phase.

6.3.7 Virus neutralising responses and generation of protective

immunity

The experiments described have examined the anti-peptide

responses of peptide-primed sheep and their proliferative

responses. It was not possible to perform experiments with

virulent FMDY because the necessary containment facilities were not

available in this laboratory. Accordingly serum neutralisation

assays and passive immunity tests were performed by Dr.T.Doel and

Miss G.Mulcahy at the .Agriculture and Food Research Council

Institute for .Animal Health, Pirbright.. Their findings are

presented in Table 6.6. Of the monoclonal antibody supernatants

examined only two had serum neutralisation titres, and these were

very low. None show protective immunity. All of the sheep primed

with the 40-residue peptide exhibited high serum neutralisation

titres of antibody which gave passive protection from challenge.

Two of the three sheep immunised with the 21-residue peptide gave a

low serum neutralisation response and in one of these sheep this

was associated with protective immunity. None of the sheep

immunised with the 19-residue peptide, either coupled to ovalbumin

or with an internal Rothbardian T cell epitope, exhibited serum

neutralisation or protective antibody responses.
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DISCUSSION

The results presented in this Chapter demonstrate that it was

possible to induce both humoral and cell mediated immune responses

to synthetic peptides of VP1 of the Ch K and A2 4 strains of FMDV

when administered uncoupled to sheep. However, sheep which

demonstrated responsiveness to one strain of virus did not show

cross-reactivity with the other. Antibodies generated by

immunisation with the 40-residue peptide reacted with the 40-, 21-

and 19-residue peptides suggesting that all these peptides had at

least one E cell epitope. Antibodies generated by immunisation

with the 21-residue peptide also recognised determinants within

the 40- and 21-residue peptides but not within the 19-residue

peptide suggesting that whilst this peptide did have demonstrable B

cell epitopes they were different from those present on the 21-

residue peptide.

Immunisation with the 40-residue peptide gave rise to a

proliferative T cell response to both the 40- and the 21-residue

peptides, but not to the 19 amino acid peptide. A similar result

was obtained when the 21-residue peptide was used as the immunogen.

The 19-residue peptide was incapable of inducing an immune response

in sheep when administered uncoupled. These results suggested that

the 40- and the 21-residue peptides contained both B and T cell

epitopes. Indeed the 40- and 21-residue peptides appeared to share

T and B cell epitopes. The non-responsiveness seen when the 19-

residue peptide was administered uncoupled may have been

associated with the lack of a helper T cell epitope in this peptide

as it is known that the 200-213 peptide is capable of raising both
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virus neutralising and anti-peptide antibodies in rabbits when

coupled to the protein carrier keyhole limpet haemocyanin (Bittle

et al., 1982). That the 19-residue peptide did not contain a T

cell epitope was suggested by the non-responsiveness seen when this

peptide was administered uncoupled to sheep. Also the sheep primed

with the 40-residue peptide exhibited no T cell proliferative

response when peripheral blood mononuclear cells were presented

with the 19-residue peptide in vitro.

The 40-residue peptide has previously been shown to produce

superior neutralising antibody responses to the 21-residue peptide

(DiMarchi et al., 1986). This may be explained by either the

addition of B cell epitope!s) in residues 200-213 of the 40-residue

peptide which would receive T cell help from the already identified

T cell epitope in residues 141-158 or by the generation of unique

conformational epitopes by the interaction of the two peptides

joined by a di-proline spacer. The presence of free thiol cysteine

residues may result in the formation of peptide polymers that may

have a more ordered secondary structure, cause cross-linking with B

cell receptors or lead to immune complex formation in vivo.

Improvement of the anti-viral response to synthetic peptides

following the addition of cysteines has been observed with coupled

poliovirus peptides (Ferguson et al., 1985) and uncoupled

hepatitis B surface antigen peptides (Preesman et al., 1982; Brown

et al., 1984), the increased activity in these cases was thought Lu

be due to cyclisation via cysteines on the carboxy- and amino-

termini . The role of the carboxy-terminal cysteine in the 21-

residue synthetic peptide analogue of FMDV is fundamentally

different and the improved immunogenicity observed with this



peptide cannot be associated with cyclisation of the peptide. It is

possible, however, that cyclisation of the the 40-residue synthetic

peptide analogue could occur via a di-sulphide bridge formed

between one of the two carboxy terminal cysteine residues and the

cysteine adjacent to the amino terminus, resulting in the formation

of a novel antigenic epitope.

It was possible to overcome the observed non-responsiveness to

the 19-residue peptide by coupling the peptide to ovalbumin prior

to administration. The ovalbumin presumably acting as a source of

helper T cell epitopes. By making a one amino acid substitution

from an alanine to a glycine residue at position 208 it was

possible to create a T cell epitope recognised by the sheep immune

system within this 19-residue peptide. This single amino acid

change was sufficient to overcome the non-responsiveness to this

peptide observed earlier without causing disruption of all B cell

epitope(s) present within this region of the peptide.

'Using sheep monoclonal antibodies raised against the 40-

residue peptide generated with the lC6.3a 6T.1D7 sheep x mouse

cloned cell line as a fusion partner, it was possible to localise B

cell epitopes within this peptide which had been suggested using

polyclonal antisera. The monoclonal antibodies generated reacted

either with the 40-residue peptide alone or with both the 40- and

21-residue peptides. None reacted with the 19-residue peptide.

This is probably due to the artificial selection of hybridomas on

the basis of the growth of the hybridoma cells in vitro and is not

necessarily a true reflection of the host immune response.

The result.s of cross-inhibition ELISA tests (Figure 6.15)

suggested, that the same epitopes were present within both the 21-



residue peptide and the 40-residue peptides. Monoclonal antibody

supernatants reacting only with the 40-residue peptide could not be

inhibited by pre-incubation with either the 21-residue peptide or

the IS-residue peptide itself. This suggested that as well as the

B cell epitopes present within the constituent 21- and 19-residue

peptides the 40-residue peptide also contained at least one B cell

epitope unique to itself. It is probable that this conformational

determinant, was created in the tertiary structure of the peptide by

the interaction of peptides 141-158 and 200-213 which lie along

side each other due to the turn induced by the di-proline residues.

Francis et al. (1987a) demonstrated that the 146 glycine

residue was important for the induction of neutralising antibodies

to the uncoupled peptide. They also showed that the further

addition of 144 leucine and 143 asparagine significantly improved

this response. They supported these conclusions with anti-peptide

data which showed that whilst peptide 147-160 generated a poor

neutralising antibody response it produced high titres of antibody

both against itself and the 141-160 peptide. Epitope mapping

studies using murine monoclonal antibodies induced with intact

virus particles have defined two adjacent sites within the 141-150

region (Parry et al., 1985). Residues 143 and 146 are critical for

these two epitopes. Using nested sets of peptides Francis et al.

(1987a) demonstrated that residue 156 arginine was important in

the induction of murine neutralising antibodies. However, peptide

141-155Cys was capable of eliciting an anti-peptide response

suggesting that residues 151-156 may be involved in binding

neutralising antibodies induced by uncoupled synthetic peptides,

although these residues are not involved in the binding sites of
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the anti-virus monoclonal antibodies generated to date (Parry et

al., 1985).

Using synthetic hexapeptides Geysen et al. (1985) identified

two leucine residues at positions 148 and 151 as being important in

antibody recognition. The amino acid residue at position 148 (and

position 153) was suggested as being important by Rowlands et al.

(1983). They sequenced three naturally occurring variants of the

Ai 2 strain of FMDV and showed that residues 148 and 153 were

altered in each. By using murine neutralising monoclonal

antibodies prepared against the Oi Switzerland 1965 strain of FMDV,

30 escape mutants of Oi K strain of FMDV were characterised and

three non-overlapping antigenic sites were found (Xie et al. ,

1987). The sites defined by these mutants were residues 144 to 154

of YP1, residues 208 to the carboxy-terminus of VP1, plus a region

in VP2 or VP3 encompassing, as yet, undefined residue(s).



SUM1ARY AND CONCLUSIONS

The results presented in this Chapter agree with the presence

of at least one B cell epitope within residues 141-158 and also

demonstrate that residue 208 has an important role in T cell

recognition. It may be possible in the future to radio-label the

sheep monoclonal antibodies described previously and by competing

radio-labelled with cold antibody for the sites on the 40-residue

peptide attempt to enumerate the B cell epitopes present within

this 40-residue peptide.
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Table 6.1
Proliferative T cell responses in sheep primed with a 40-residue
synthetic peptide of FM)V

Counts per minute1

Antigen presented
in pg/ml Sheep No. 709K2 733K2 Y392 1264J3 1245J3

No antigen 8650 7582 3176 3735 1628
40mer 500 55060 38774 44715 2746 1048
40mer @ 250 56780 30856 43525 2589 806
40mer @ 63 36186 27599 34780 2994 1325
40mer 16 23940 28503 31286 2283 840
40mer 8 24406 24524 22289 2332 1096

21mer 500 23129 23455 22891 4783 2779
21mer & 250 22518 18490 18573 3457 933
21mer & 63 24149 25209 15812 3960 1344
21mer @ 16 14258 15819 11693 3242 2061
21mer g> 8 19089 15351 13394 3140 1514

19mer @ 500 N/A 6824 3970 N.D. N.D.
19mer e 250 N/A 5762 3589 N.D. N.D.
19mer <s 63 N/A 6141 3811 N.D. N.D.
19mer @ 16 N/A 9326 5359 N.D. N.D.
19mer <s> 8 N/A 6445 2954 N.D. N.D.

1 Values represent incorporation of 3-H thymidine into the DNA of
cells and are expressed as the geometric means of triplicate
cultures

2 Sheep primed with the 40-residue peptide of FMDV
3 Un-primed sheep used as a negative control

N/A - Not available
N.D.- Not done
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Table 6.2
Proliferative T cell responses in sheep primed with a 21-residue
synthetic peptide of FMDV

Counts per minute1
Antigen presented
in pg/ml Sheep No. V601 737K 734K

No antigen 3516 219 1302
40mer e 500 31663 686 7653
40mer 250 56737 352 15544
40mer @ 63 37167 548 11667
40mer @ 16 18934 200 8698
40mer @ 8 15167 179 7121

21mer @ 500 56607 512 20753
21mer @ 250 60101 274 17585
2 lmer @ 63 58352 308 17651
21mer e 16 55137 184 12773
2 lmer 8 38671 264 6013

1 Values represent incorporation of 3 -H thymidine into the DNA of
cells and are expressed as geometric means of triplicate
cultures
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Table 6.3
Proliferative T cell responses in sheep primed with a 20-residue
synthetic peptide of FWDV strain As 4

Counts per minute1
Antigen presented

in pg/ml Sheep No. 5J/27 5J/73

No antigen 3644 3136
A2 4 20mer 500 32720 21600

A2 4 20mer 250 35710 16293

A2 4 20mer @ 63 22633 13415

A2 4 20mer 16 18826 12730
As 4 20mer @ 8 13202 6808

OiK 21mer @ 500 4028 3096

0] K 21mer 250 2388 3198

OiK 21mer @ 63 4544 4498

OiK 21mer @ 16 4081 3893

OiK 21mer e 8 3784 2640

OiK 40mer e 500 3720 7976

OiK 40mer @ 250 4544 4704

OiK 40mer e 63 5422 5250

OiK 40mer @ 16 4100 4717

OiK 40mer 8 3815 2864

1 Values represent incorporation of 3-H thymidine into DNA of
cells and are expressed as geometric means of triplicate
cultures
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Table 6.4
Proliferative T cell responses in sheep primed with a 19-residue
synthetic peptide of FM)V with a glycine residue at position 208

Counts per minute1
Antigen presented

in pg/ml Sheep No. 744h"2 863A2 1248J2 Y393 733K3

No antigen 1708 7304 2258 4217 7292

l9merGly @ 500 7122 10192 6706 5154 17087

19merGly @ 250 5529 8771 6578 6088 14313

19merGly @ 63 2754 7633 4160 9923 25977

19merGly @ 16 1898 6164 2512 9478 19766

19merGly @ 8 2065 4243 1337 6947 16978

40mer @ 500 1636 9427 2821 52681 71111
40mer @ 250 1187 10920 1780 39985 57832
40mer @ 63 4765 12060 1985 39527 58272
40mer @ 16 1228 5472 2474 28231 40698
40mer @ 8 2065 3610 1607 16086 37265

1 Values represent incorporation of 3 H-thymidine into DNA of
cells and are expressed as geometric means of triplicate
cultures

2 Sheep primed with the 19-residue peptide of OiK strain of FMDV
with a glycine residue at position 208

3 Sheep primed with a 40-residue peptide of the Oi K strain of FMDV
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Table 6.5
Cross-reactivities of sheep monoclonal antibodies raised against a
40-residue synthetic peptide of FMDV

Optical Density @ 492nm in ELISA1
Monoclonal

Antibody anti-40merJ anti-21mer3 anti-lOmer4

3E4 1.130 0.310 0.138
5E11 1 .352 0.263 0.135
406.D6 0.770 0.204 0.163
4C6.E5 0.825 0.248 0.183
1C9 0.543 0.334 0.125
7G7 0.540 0.252 0.119
5D5 0.486 0.201 0.127
5D9 1.237 1.114 0.123
5F8 0.560 0.541 0.090
6B6 1.224 1 .197 0.127
2E6 1 .206 1 .240 0.143
6C11 0.650 0.702 0.183
Medium 0.265 0.245 0.194

Values presented are mean values of duplicate wells
40-residue synthetic peptide analogue of FMDV VP1
21-residue synthetic peptide analogue of FMDY ATI
19-residue synthetic peptide analogue of FMDV VP1
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Table 6.6
Virus neutralising antibody titres of sheep monoclonal and
polyclonal antibodies and their ability to passively protect mice
from challenge with virulent virus

Monoclonal antibody Immunogen Virus Neutralisation Log]o Virus
or polyclonal serum Titre Concentration1

3E4 40mer <6 4.1
5D9 40mer <6 4.3
4C6 40mer <6 4.3
7G7 40mer <6 5.3
6B6 40mer 16 3.3
5E11 40mer <6 4.5
2E6 40mer <6 4.5
3E4.D11 40mer <6 4.1
4C6.D6 40mer <6 3.9
6C6.F5 40mer 8 4.3
6F11.C2 40mer <6 4.7
8E3.C9 40mer <6 4.7
8F7.B8 40mer <6 4.3
Y39 40mer 355 <2
709K 40mer 178 <2
733K 40roer 178 <2
V601 21mer 16 3.5
734K 21mer <6 2.9
737K 21mer 8 <2
1245J 19mer-OVA <6 3.9
742K 19mer-OYA <6 4.3
T474 19mer-OVA <6 4.3
86 3A 19mer-Gly <6 4.5
1248J 19mer-Gly <6 5.3
744K 19mer-Gly <6 4.7

1 Titres expressed as Logi o lethal dose 50. A titre of <2 equates
with protective immunity
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GENERAL DISCUSSION

In an attempt to localise and identify the sites important in

the recognition of antigenic structures within the sheep immune

system it was first necessary to develop the technology to generate

appitpriate reagents for use in the ovine species. By using

monoclonal antibodies which were ovine-specific it meant that the

results generated were pertinent to this species. This was vitally

important, since one possible final aim of the identification of

antigenic recognition sites or epitopes of pathogenic organisms

would be the application of this knowledge to the generation of

synthetic vaccines for use in the particular species of interest.

Also by using ovine reagents it was possible to obtain more

information on the fine specificity of immune recognition in this

species. Any rational approach to these aims requires a thorough

understanding of the generation of an immune response within an

animal in addition to knowing which antigenic epitopes of a

particular pathogen are important in the generation of protective

immunity.

7.1 Mechanisms underlying the secondary immune response

On presentation of an antigen to the immune system the antigen

is taken up by antigen presenting cells (e.g. mononuclear

macrophages, follicular dendritic cells, epidermal Langerhans cells

or B lymphocytes). The antigen is then "processed" within these

cells before presentation to T cells. Processing is thought to

occur in the lysosomes. Lysosomotropic agents, such as chloroquine
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or ammonia, which raise lysosomal pH and therefore decrease protein

catabolism, have been show to inhibit the presentation of antigen

to T cells (Zeigler and Unanue, 1982; Unanue, 198-1; reviewed by

Schwartz, 1985). The processing event is not fully understood but

appears to involve denaturation and/or proteolytic degradation of

the antigen into short peptides. The processed antigen is

recognised by T cells on the cell surface membrane of the APC in

association with either Class I or Class J1 MHC molecules (reviewed

by Grey and Chesnut, 1985). Recent X-ray crystallographic data on

human MHC class I molecules has revealed an antigen binding cleft

or groove, distal from the cell membrane, formed between two a

helices on top of a platform consisting of eight antiparallel (3-

strands. Most of the polymorphic amino acids of the Class I

molecule are clustered in this groove and many of the residues

critical for T cell recognition of HLA are located at this site

(Bjorkman et a]., 1987a and b).

Although B cells are capable of recognising antigen on its own

via membrane-bound immunoglobulin it is well established that B

cells require T cell help to produce specific antibody. Originally

it was thought that antigen specifie helper T cells interacted with

antigen specific B cells via an antigen bridge (Mitchison, 1971;

Rajwesky et aJ. , 1969), the B cells recognising one determinant

(hapten) on the antigen and the T cells recognising another

(carrier). However, it has been shown recently that B cells can

function as APCs (Lanzaveechia, 1985), and can present antigen to T

cells at concentrations of antigen 1000-fold below that required

for other .APCs (Rock: et a.l. , 1984; Tony and Parker, 1985;

Lanzaveechia. 1985).

2lii



It is now known that the association of antigen, MHC class II

and T cell receptor on the T cell surface membrane stimulates the

release of IL-1 from the APC. This drives the T cell to secrete

IL-2 and to both upregulate IL-2 receptor expression and express

high affinity TL-2 receptors (Teshigawara et al., 1987). IL-2

induces proliferation and differentiation of B cells, and antigen

stimulated T cells also release other growth factors including IL-

4, IL-5 and IL-6 which activate resting B cells and induce

immunoglobulin secretion in activated B cells respectively

(reviewed by Kishimoto and Hirano, 1988). Activated T cells also

release gamma-Interferon which acts synergistically with IL-2 to

induce B cell proliferation and immunoglobulin secretion.

7.2 Alterations in cellular morphology and phenotype as a result of

antigenic stimulation

This information can be used to interpret the events occurring

within the lymph node and in efferent lymph following secondary

antigenic stimulationin the sheep and to devize experiments to

elucidate the cell types and growth requirements of cells involved

in heterohybridoma production. The effects of these recognition

events and intercellular communications was reflected in the

alterations of lymphocyte numbers, phenotypes and morphology in an

efferent lymphatac vessel draining a peripheral lymph node during

antigenic stimulation of that node (Chapters 3 and 4). Antigen (in

the experiments presented in this thesis either hCG, OVA or FMDV

peptides coupled to OVA) injected intradermally into the drainage

area of the node was most likely taken up and processed by



epidermal Langerhans cells and transported to the lymph node via

afferent lymphatic vessels. It is possible that free antigen

within the node may have been phagocytosed and processed by

follicular dendritic cells. This then resulted in activation of

antigen specific T and B cells within the node. The IL-1 and,

subsequently, IL-2 driven proliferation of these cells was

reflected in the increased total cell output in efferent lymph

commencing 48 hours after antigenic stimulation. Prior to

antigenic stimulation efferent lymph contained only small

lymphocytes about 10% of which were B cells. Following antigenic

stimulation the proportion of B cells increased and reached a peak

at 20-27% of the total cells on the fourth day following antigenic

stimulation. At this time a proportion of the antigen specific

cells had become activated and appeared as larger more granular

blast cells. Kithin this blast cell population almost 50-60% of

the blast cells were B cells and there was a peak in the output of

Tj blasts despite an overall decrease in the T4 :Ts ratio.

It is generally assumed that the cellular changes in efferent

lymph are a reflection of those occurring within the lymph node

itself. To confirm these assumptions the antigen driven cellular

changes occurring within the lymph node were examined in Chapter 5.

These experiments demonstrated that similar changes occurred in the

the lymph node as occurred in the efferent lymph with respect to

the phenotypic and uiurphulugical characteristics of the

lymphocytes. There was an increase in the proportion of B cell

blasts following antigenic stimulation and within the T cell

population a change in the To :Ts ratio from 4:1 for small T cells

and 2.6:1 for blast cells to 2:1 and 1:2, respectively, by the
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fourth day following antigenic stimulation. There appeared to be a

depletion of T4 blast cells within the lymph node at this time,

probably this was associated with the peak in the output of T4

blast cells in the efferent lymph at this time.

7.3 Effects of the cellular alterations occurring during a

secondary immune1 response on the generation of heterohybridomas

In this thesis the "assay system" for activated, antibody

secreting B cells was the generation of antibody secreting

heterohybridomas from these cells when they were fused to a

suitable fusion partner. In the latter respect an aminopterin

sensitive sheep x mouse heterohybridoma cloned cell line (106.3a

6T.1D7) was developed (Chapter 3). This line gave superior fusion

results to a mouse myeloma cell line presumably because it already

had a complement of sheep chromosomes which contributed to the

stability of subsequently generated heterohybridomas. By

comparison of fusion efficiency of cells released from the node at

different time points it was found that the fourth day following

antigenic stimulation was optimal for the generation of antibody

secreting heterohybridomas (Chapter 4.3.2, 4.3.3 and 5.3.2). At

this time the output of antigen specific, activated T and B cells

in the lymph was at its peak (Chapter 4.3.4). It was shown that

these blast cells were were directly responsible for the generation

of heterohybridomas by separating the heterogeneous mixture of

small and blast lymphocytes in efferent lymph into two homogeneous

populations and then fusing with these individual populations

(Chapter 4.3.5).
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Having optimised the fusion protocol with respect to

lymphocyte fusion partners, heterohybridoma cloned cell lines and

cell cloning proceedures with protein antigens such as hCG, it was

shown that it was possible to generate sheep monoclonal antibodies

against small synthetic peptides. It was then possible to attempt

to map the epitopes on these small synthetic peptides

7.4 Identification of B cell epitopes in viral synthetic peptides

Experiments in this thesis attempted to identify B cell

epitopes within synthetic peptides of YP1 of FMDY as recognised by

the sheep immune system. It was already known that there were

immunogenic sites present between sequence positions 138 and 154

and between residue 200 and the carbo^ty terminus (Strohmaier,

Franze and Adair., 1982) and that peptides from the region 141-160

could elicii a neutralising antibody response in rabbits (Pfaff et

al. , 1982) and in cattle (Bittle et a]., 1982) and guinea pigs

(Rowlands et al. , 1983). Similar results were obtained with

residues 200-213 (Bittle et al. , 1982) in rabbits and guinea pigs.

Francis et al. (1987a) demonstrated that amino acid residues 146-

156 were critical for the induction of virus-neutralising

antibodies. This response was further improved by extension to

137-160 and it was postulated thai this may be due to the addition

of further antigenic epitopes, or that the additional amino acids

may favourably influence the conformation of the region between 143

and 160 such that a larger proportion of the antibody population

can recognise the epitope)s) present on native virus particles.

DiMarchi et al. (1986) demonstrated that by coupling the two
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regions of YP1 known to be immunogenic i.e. 141 to 158 and 200-213,

with two proline residues it was possible to greatly improve the

protective immune responsive cattle. It was not known whether this

was due to addition of a further immunogenic site in the form of

the di-proline spacer, or due to an alteration in either or both

the 141-158 or 200-213 sequences resulting in a conformation more

like that of native virus. Alternatively this data could be

explained by the creation of new conformational epitope!s) by the

association of the two constituent sequences.

In this thesis sheep were immunised with peptide residues

CysCys-200-213-ProProSer-141-158-ProCysGly (40-residue peptide) of

the OjK strain of FMDY without coupling to any carrier molecules.

This group of sheep produced antibodies which reacted with the 40

residue peptide, 141-158-Pro Cys Gly (21-residue peptide) and 200-

213-Pro Pro Ser (19-residue peptide). This indicated that the

residues which had already been identified as immunogenic in other

species eg rabbit and guinea pig, were also recognised by the sheep

immune system. Sheep monoclonal antibodies to the 40-residue

peptide were prepared by fusion of an antigenically stimulated

lymph node from one of these sheep to the aminopterin sensitive

sheep x mouse heterohybridoma cell line (lC6.3a 6T.1D7) in an

attempt to identify the presence of unique determinants present in

this peptide. The monoclonal antibodies generated formed two

categories, a) recognised the 40-residue peptide only and b)

recognised both the 40-residue peptide and the 21-residue peptide

as assessed by ELISA. No monoclonal antibodies directed at the 19-

residue peptide were detected. The reactivity of the latter group

of monoclonal antibodies in ELISA could be inhibited by incubation
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with either the 40-residue peptide or the 21-residue peptide but

not the 19-residue peptide nor a 20-residue peptide from purified

protein derivative (PPD) of Mycobacterium tuberculosis. This

indicated thai these monoclonals recognised common residues between

the 40 and 21-residue peptide, which may possibly involve the

region 146-156 described as critical for the induction of virus

neutralising antibody by Francis et al., (1987a) or the region 138

to 154 described by Strohmaier, Franze and Adam (1982).

The reactivity of the monoclonal antibodies which recognised

the 40-residue peptide and not the 21 nor the 19-residue peptides

could be inhibited only by pre-incubation of these antibodies with

the 40-residue peptide. This suggested that the 40-residue peptide

contained unique B cell epitope(s) or recognition site(s) not

present in its constituent peptides. This new observation may

explain the superior protective immunity observed in cattle

immunised with this peptide. It cannot be explained simply by the

creation of an extra epitope in the form of a di-proline spacer

since the 19-residue peptide contains these residues and yet it

does not inhibit the reactivity of the anti-40-residue peptide

antibody in an ELISA. Also sheep induced to respond to the 19-

residue peptide by either coupling it to ovalbumin or by the

creation of an internal T-helper cell epitope do not exhibit a

virus neutralising response, nor do they protect mice from

challenge by live virulent virus. This suggests that the B cell

epitope(s) present within the 19-residue peptide are remote from

t.he di-proline spacer and certainly these proline residues would

not seem to be directly involved in the superior immunogenicity of

the 40-residue peptide.
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The group of sheep immunised with 141-158-ProCysGly (21—

residue peptide) uncoupled exhibited an antibody response wherein

both the 40-residue peptide and the 21-residue peptide were

recognised by ELISA. Monoclonal antibodies generated using tissues

from these sheep showed reactivities identical to monoclonal

antibodies raised against the 40-residue peptide. This result

confirmed earlier observations that the 40 and 21-residue peptides

had shared B cell epitopes.

7.5 Identification of T cell epitopes in viral synthetic peptides

In the examination of synthetic peptides as potential vaccines

against infectious agents it is obvious that the peptide should

contain B cell epitopes involved in the generation of, for example,

a virus neutralising antibody response. It is also important that

the peptide(s) of choice should contain sites involved in T cell

recognition. It is known that T cell help is required for the

production of an antibody response to viruses such as Influenza

virus and Herpes Simplex virus (Burns, Billups and Notkins, 1975).

Helper T cells support antigen-specific B cell responses either

through direct T-B interaction, referred to as cognate help, or

through factors released from activated T cells that act non-

locally upon antigen-activated B cells, referred to as non-congate

or by-stander help (reviewed by Melchers and Andersson, 1984 and

Julius, 1982). It has been demonstrated in the mouse that helper T

cell clones specific for the haemagglutinin (HA), matrix (M) or

nucleoprot.ein (MP) of influenza virus can result in a strongly
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accelerated antiviral antibody response upon infection, directed

predominantly against the HA, when nude mice were adoptively

transferred with these individual T helper clones (Scherle and

Gohard, 1986). Although this appears to be cognate help, since

neither M nor NP and HA are covalently linked within the virus, the

observed help has been described as intermolecular/intrastructural

T-B interaction (Lake and Mitchison, 1976).

In addition to T cell epitopes providing B cell help, the

generation of cytotoxic T cells is also important in the clearance

of virus eg. influenza, in an ongoing infection (Yap, Braciale and

Ada, 1979; Yap, Ada and McKenzie, 1978; Ennis et al. , 1978). From

a practical point of view synthetic peptides intended for use as

immunogens which contain T cell epitopes do not require to be

coupled to foreign carrier molecules such as keyhole limpet

haemocyanin (KLH) or tetanus toxoid (TT). This then avoids any

potential problems of epitopic suppression, whereby pre-existing

immunity to the carrier prevents the elicitation of an immune

response to the new antigenic epitope (Herzenberg, Tokuhisa and

Herzenberg, 1980; Herzenberg et al., 1982; Herzenberg and Tokuhisa,

1982). This was initially described with the carrier KLH and

dinitrophenol as the novel epitope, although it has also been shown

to be true for synthetic peptides of diphtheria toxin and

streptococcal M protein when coupled to TT (Schutze et al., 1985).

Within the synthetic peptides of VP1 of FMDV, T cell epitopes

have already been recognised within the 141-160 region. Since

synthetic peptides from this region are capable of inducing an

immune response when administered either incorporated into

unilarnmel lar liposomes (Francis et al., 1985) or uncoupled



containing a cysteine residue with an unblocked sulphydryl group at

the carboxy-terminus (Francis et al. , 1987a). Likewise the 40-

residue peptide is capable of inducing an immune response when

administered uncoupled, presumably dependent upon the T cell

epitope present within the 141-160 region of this peptide (DiMarchi

et al. , 1986). To date there has only been one report on the

proliferative response of T cells from mice innoculated with the

peptide 135-160Cys (Francis et al. , 1987a). Their studies

suggested that the carboxy-terminal residues 150-160 cys may

contain an important T-cell epitope. No work has been published on

T cell responses in natural target species.

On examination of the sheep immunised with the 40-residue

peptide it was found that they exhibited a proliferative T cell

response when presented either with this antigen or with the 21-

residue peptide in vitro. No such proliferative response was

observed with the 19-residue peptide. Similarly sheep immunised

with the 21-residue peptide exhibited proliferative responses when

presented with either the 40-residue peptide or the 21-residue

peptide in vitro. Sheep immunised with the 19-residue peptide

showed no proliferation to any of the peptides. The peptides used

in this group of sheep were derived from the sequence for the Oi K

strain of virus. No crossreactivity was observed with a 21-residue

peptide from the A2 4 strain of the virus and yet lymphocytes from

sheep primed with this peptide of the A24 strain of FMDY did show a

proliferative response when stimulated by this peptide in \~itro.

This data provides strong evidence for the presence of a T

cell epitope in the 21-residue peptide of at least two strains of

F7TDY YPl . Predictive analyses for T cell epitopes based on local
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hydrophilicity, presence of amphipathic alpha helices or

"Rothbardian" T-cell epitopes all suggest the presence of a helper

T cell epitope in this peptide. Residues 154 to 157 satisfy the

criteria for a T-cell epitope as suggested by Rothbard (198G).

Examination of the 19-residue peptide demonstrated only a

small hydrophilic region, no alpha helices of an amphipathic nature

and no regions satisfying the criteria for a "Rothbardian" T cell

epitope. Thus the reason for the improved virus neutralising

response seen with the 40-residue peptide was not associated with

the addition of extra helper T cell epitopes. Yet peptides of the

region 200-213 of OiK are capable of inducing both anti-peptide

antibody and virus neutralising antibody when coupled to KLH and

injected into rabbits (Bittle et al., 1982) and antibodies raised

in sheep primed with the 40 residue peptide do recognise the 19-

residue peptide. Indeed sheep can be induced to respond to the 19-

residue peptide by coupling it to ovalbumin. However, although

these sheep did exhibit a B cell response directed against the 19-

residue peptide when lymphocytes were cultured with this peptide in

vitro no proliferative response was observed. This again confirmed

earlier results suggesting the absence of a T cell epitope from

this peptide.

Re-examination of the amino acid sequence of the 19-residue

peptide revealed that three out of four of the residues 208-211

satisfied the criteria for a "Rothbardian" T cell epitope. A

peptide was synthesised with this region altered from Ala-Pro-Val-

Lys to Gly-Pro-Val-Lys and administered uncoupled to sheep. This

single amino acid substitution induced a B cell response in this

group of sheep and their lymphocytes exhibited a proliferative



response when cultured in vitro with the 19-residue peptide

containing glycine at position 208. The sheep did not exhibit a

proliferative response when presented with the 40 residue peptide

in vitro presumably because any T cell epitopes it possessed were

different from those recognised by the T cells of sheep primed with

the 19-residue peptide with a glycine substitution.

Interestingly, however, sheep primed with the 40-residue

peptide did exhibit a slight T cell proliferative response when

their lymphocytes were cultured in the presence of 19-residue

peptide carrying the glycine substitution. It is possible that

this amino acid may be more directly involved in the interaction of

this peptide with host MHC. Rothbard and Taylor (1988) have noted

that when defined epitopes were segregated on the basis of

restriction element, allele specific subpatterns emerged involving

the amino acids in the flanking regions on either side of the

previously described motif for a T cell epitope. It is possible

that the T cells of the 40-residue primed sheep were capable of

recognising the 19-residue peptides with either a glycine or an

alanine residue at position 208, but only in the case of the latter

was the association between peptide and MHC great enough for the

too to be recognised by the T cell receptor.

Thus a single amino acid change, indeed a difference of one

CH2-group, was sufficient to induce T cell recognition of the 19-

residue peptide, generating both B cell and T cell immune responses

in the sheep. It would be interesting now to investigate the virus

neutralising responses in sheep or cattle primed, to the 40-residue

peptide with this Gly substitution at residue 208 and examine

whether there was any improvement in the seroconversion rate over
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the native 40-residue peptide or any improvement in the virus

neutralising antibody titre obtained. Also by performing

proliferation assays using fixed antigen presenting cells, which

are incapable of antigen processing (Chesnut, Colon and Grey, 1982;

Ziegler and Unanue, 1982; Shimonkevitz et al. , 1984) it would be

possible to assess what, if any, processing events are required

before these synthetic peptides are recognised by the appropriate T

eel1 receptors.

7.6 Potential use of synthetic peptides in medicine

Despite the availability of a vaccine against FMDV for over 40

years the disease is still prevalent all over the world with the

exception of North America and Australia. The present vaccines

consist of formalin inactivated whole virus which has been grown in

hamster kidney cell lines (BHK-21) or in bovine tongue epithelial

explants, administered in an adjuvant, usually aluminium hydroxide

or saponin. It is estimated that 1.3 x 109 doses of vaccine are

administered per annum in South America alone (Mowat, Garland and

Spier, 1978). The problems associated with vaccination against

FMDV virus are fourfold. Firstly, some strains of the virus do not

grow well in vitro so it can be difficult to achieve sufficient

antigenic mass for the vaccine. Secondly, there are sixty five

subtypes of FMDY and the different straimdo not cross-protect^thus

multiple vaccinations are required which must be repeated because

immunity is short-lived. Thirdly, the virus is unstable,

particularly below pH7, and the vaccine requires refrigeration

which may be difficult to achieve in tropical climates. Fourthly,
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in the past outbreaks of disease have been associated with

incomplete inactivation of the vaccine virus (King et al., 1981).

For these reasons there is considerable interest in the

development of entirely synthetic vaccines for FWDV and other

diseases. Synthetic peptide vaccines also offer the potential of

vaccination against many strains of one virus or many different

pathogens by incorporating the relevant immunogenic peptides into

the one vaccine. The suggestion that synthetic peptides could be

effective vaccine candidates stemmed from observations that

antibodies to short peptides often cross-react, with intact proteins

irrespective of where the peptide is located on the surface of the

intact structure (reviewed by Lerner, Sutcliffe and Shinnick, 1981

and Lerner, 1982). In 1963 Anderer demonstrated that immunisation

with a conjugate of the carboxy-terminal hexapeptide of Tobacco

Mosaic Virus (TMV) induced an antibody response that reacted to

some extent with intact virus. Similarly Langbeheim, Arnon and

Sela (1976) showed that immunisation with a conjugate of a

synthetic peptide of MS-2 coliphage coat protein provoked

antibodies capable of efficiently inactivating the native

bacteriophage. Kiman et al. (1983) demonstrated, using monoclonal

antibodies directed against six peptides from three proteins, that

25% to 100% of the antibodies bound to the intact proteins, even

though they initially were selected only for their ability to bind

to free peptides. Geysen, Barteling and Moloen (1985) showed that

anti-peptide antibodies could neutralise homologous FMDY. These

results suggested that small peptides in aqueous solution did

assume a conformation similar to that present in the intact folded

protein.
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One of the major problems with the potential use of synthetic

peptides as immunogen is deciding on which amino acid residues to

use. Lerner et al. (1981) synthesised thirteen peptides at random

of Hepatitis B surface antigens arid demonstrated that antisera to

four out of six peptides greater than ten amino acids in length

were reactive with native antigen. They claimed that this strategy

should work for any protein provided enough domains were studied.

This, however, is a very time-consuming and expensive way to

generate potentially useful peptides.

It is possible to identify very precisely the major antigenic

sites of a molecule using monoclonal antibodies in conjunction with

X-ray crystallography, as for example, with influenza

haemagglutinin (Wilson, Skehel and Wiley, 1981; Wiley, Wilson and

Skehel, 1981). Interestingly however peptides need not always be

derived from these sites. For example, a peptide of residues 91-

108 of influenza haemagglutinin (H3) was capable of inducing

partial protection from challenge in mice when administered coupled

to tetanus toxin (Muller, Shapira and Arnon, 1982). However, 91-

108 is not a part of the four major antigenic sites defined by

monoclonal antibodies or X-ray crystallography. Its protective

effect, was explained as being due to its proximity to antigenic

site "D". Shapira et aJ. (1984) further showed that whilst

peptides 139-146 (loop region), 147-164 (antigenic determinant

"B") and 138-164 (consisting of two previous peptides joined

together) of H3 influenza haemagglutinin all could elicit an anti-

peptide response in rabbits and mice when coupled to tetanus

toxoid, only 138-164 and 147-164 elicited anti-virus antibodies and

only 138-164 provided partial protection against challenge. The
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suggestion being that perhaps the length of the peptide could be

crucial in enforcing the correct folding required to mimic the

native structure.

Injection of uncoupled peptides generates anti-peptide

antibodies, and since B cells require T cell help then such

peptides must contain at least one B cell epitope and one T cell

epitope. These epitopes could be shared or could exist in close

proximity on the peptide. Several workers have shown that peptides

can evoke T cell immunity, e.g. Wabuke-Bunoti et al. (1984) using a

synthetic peptide of residues 103-123 of influenza haemagglutinin,

Beachey et al. (1987) using a trimer peptide of Type 5,6 and 24

streptoccocal M proteins and Francis et al. (1987) using a

synthetic peptide or residues 141-160 of VP1 of FMDY. It is also

possible to predict T cell epitopes using one of the previously

mentioned algorithms and then construct a peptide consisting of

this epitope coupled to another peptide comprising a known B cell

epitope. This technique has been investigated in the development

of a malaria vaccine (Good et al., 1987; Herrington et al., 1987;

Perlmann, 1987).

If the peptide under investigation already contains or is

engineered to contain, an immunodominant T cell epitope then the

requirement for coupling a carrier molecule to the peptide may be

overcome. Francis et al. (1985) demonstrated, that peptides of

residues 141-160 of YP1 of FMDY would prime for a neutralising

antibody response when incorporated into small unilamellar

liposomes, or when administered uncoupled (Francis et aJ., 1987;

DiMarchi et al. , 1986). By eliminating the requirement of a

carrier any problems associated with the carrier molecule such as
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purity, it's coupling efficiency to the peptide and method of

coupling, carrier induced alterations in peptide conformation or

carrier induced epitopic suppression (Schutze et al., 1985) are

thus avoided. Besides, the exact role of the carrier in FF1DY is

not fully appreciated. In the "classical" carrier-hapten system

where the T cells recognise, and respond to, determinants on the

protein carrier in order to enable hapten (peptide)-reactive B

cells to differentiate into antibody producing cells (Raff, 1970

and Mitchison, 1971), there is a requirement that for a boosting

effect the animal must be previously primed with the same carrier

with or without hapten bound to it (Ovary and Benacerraf, 1963 and

Rajewsky et al., 1969). With a synthetic peptide of residues 141—

160 of VF'l of FMDY it is possible to stimulate a secondary response

with peptide alone after priming with the peptide coupled to KLH

(Francis et aJ. , 1985).

Various approaches have been investigated in attempts to

overcome non-responsiveness to synthetic peptides or to improve

their immunogenicity. The regions of an antigen involved in the

generation of T cell help are generally distinct and non-

overlapping from those involved in the induction of T suppressor

cells, the induction of which leads to apparent non-responsiveness

to the protein antigen (Sercarz, Yowell and Turkin, 1978; Adorini

et al., 1979). If the suppressor determinant could be identified

it could then two removed leaving only the helper determinants

(Yowell et al. , 1979; Wicker et al., 1984; Zanetti, Sercarz and

Salk, 1987). Alternatively helper determinants of another

"foreign" protein could be coupled to the peptide of interest in

order to overcome non-responsiveness (Francis et al. , 1987b).



Polymerisation of peptides has been shown to be important in the

induction of immunity (DiMarchi et al. , 1986; Borras-Cuesta, Fedon

and Petit-Camurdan, 1988). This may be due to the more efficient

uptake and presentation of larger, polymerised peptides by APCs or

perhaps by a more ordered secondary or tertiary structure of the

larger molecule. Circularisation of the peptide has also been

shown to have a role in immunity to hepatitis B virus (HBV)

(Dreesman et al., 1982), this may be associated with the generation

of conformational epitopes within the peptide. Circularisation,

via the formation of a di-sulphide bridge1 between cysteine residues

at the amino and carboxy termini of the peptide, may be important

in the immunogenicity of the 40-residue synthetic peptide analogue

of FM)Y VF'l (Chapter 6.1).

In addition to the peptide itself it is also important to

consider the presentation of the peptide to the immune system. To

this effect delivery systems such as liposomes (Francis et al.,

1985) or Immune-stimulating Complexes (ISCOMS) have been

investigated and expression systems of vaccinia virus (Smith,

Mackett and Moss, 1983; Smith, Murphy and Moss, 1983; Panicali et

al., 1983; Kieny et al., 1984; Piceini and Paoletti, 1988) and

fusion of peptides to hepatitis B core antigen (Clarke et al.,

1987) have also been studied. Throughout all of the peptide

experiments in this thesis Freunds Complete Adjuvant has been used.

There has been no evaluation of other adjuvants. FCA is

commercially unaaeptable due to the tissue reaction observed at

injection sites. However, Freunds Incomplete Adjuvant has been

used in the past in Influenza vaccines (Beebe, Simmons and Vivona,

1964 and 1972) and its longterm safety in man is still under



assessment.

Despite considerable research into the peptides themselves,

carriers, adjuvants and delivery systems there are, as yet, no

synthetic peptide vaccines commercially available. However,

because it offers an excellent experimental model and because of

the poor efficacy of the present vaccine, it looks likely that FMDV

may be the first disease to benefit from a synthetic peptide

vaccine (Newmark, 1983).
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7.7 CONCLUSIONS

Fusion of sheep lymphocytes to mouse myeloma cells using

polyethyleneglycol was successful in the generation of sheep

monoclonal antibody secreting heterohybridomas. However these

heterohybridomas were unstable and secreted antibody for only a

short period of time. By selecting a non-secreting sheep x mouse

het.erohybridoma and inducing sensitivity to aminopt.erin by deletion

of the gene encoding the HGPRT enzyme and then back-fusing these

cloned cells to sheep lymphocytes it was possible to generate

stable heterohybridomas which secreted antibody for long periods of

time in vitro. Lymphocytes collected from c-annulated efferent

lymphatic vessels or prepared from whole peripheral lymph nodes

proved to be superior sources of B cells suitable for the

generation of antibody secreting sheep x sheep x mouse

heterohybridomas. Secondary antigenic stimulation of these

lymphoid tissues localised antigen specific B cells at these sites

and geared the cellular machinery of B cells for immunoglobulin

synthesis and release. This resulted in the generation of more

immunoglobulin secreting and, more importantly, greater numbers of

specific antibody secreting heterohybridomas when these tissues

were fused on t.he fourth day following secondary antigenic

stimulation.

By application of this sheep hoterohybridoma technology,

monoclonal antibodies were developed which recognised epitopes

present or. synthetic peptides of the Oj K strain of FMPV. Using

these sheep monoclonal antibodies it was demonstrated that by

synthesising the two peptides of residues 141-158 and 200-213 of
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VP] of FMDY in tandem separated by a diproline spacer to form a 40-

residue peptide, unique conformational epitopes were generated

which were absent from the constituent 21-residue and 19-residue

peptides. These unique epitopes were not directly associated with

the proline residues used as linking amino acids. These unique

epitopes appear to be associated with the induction of higher serum

neutralisation titres and protective immunity in sheep innoculated

with the uncoupled 40-residue peptide.

Examining these same synthetic peptides for T cell epitopes it

appeared that both the 40-residue peptide and the 21-residue

peptide contained helper T cell epitope(s) involving residues 1IR¬

IS? . \'o such epitopes were identified within residues 200-213, and

thus the sheep were non-responsive to this 19-residue peptide when

administered uncoupled. This unresponsiveness could be overcome by

substituting a glycine residue for the alanine residue present at

position 208. The effect of making this amino acid substitution

within the 40-residue peptide has not yet been evaluated.

This research implies that in the construction of synthetic

peptide vaccines it is riot only important to consider the pept i des

themselves but also to consider their three-dimensional

conformation as it occurs in the vaccine. The primary structure of

the peptides is critically, important for recognition by T ceils and

the fine specificity of the immune system is such that very minor

alterations in this sequence can alter the subsequent immune

response of the vaccine. By coupling together peptides of known

immunogenieity in a manner which induces turns in the secondary

structure of the resultant multi-valent peptide it may be possible

to either create novel conformational epitopes or- more effectively
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mimic the antigenic determinants present on virulent virus

particles and therefore improve quantitatively or qualitatively the

protective immune response of the vaccine.
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