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ABSTRACT

Background

Chronic allergic eye diseases comprise a clinically heterogeneous group of 

disorders, including atopic blepharoconjunctivitis (ABC), giant papillary 

conjunctivitis (GPC), vernal keratoconjunctivitis and atopic keratoconjunctivitis 

(AKC). The latter two are the most serious conditions by far, since both can be 

accompanied by comeal inflammation and represent potentially blinding 

disorders.

Treatment with conventional mast cell stabilisers is often unsatisfactory and 

therapy therefore frequently relies on topical corticosteroids. Although a cell 

mediated immune response is thought to be involved in these diseases, very little 

is known about the cellular interactions leading to the immunopathology.

T cells have been subdivided on the basis of their lymphokine production profile 

in the murine system. Recent evidence suggests the existence of such T cell 

subsets in the human system. T lymphocytes producing Interleukin (IL-) 4 and IL- 

5 but no or little IL-2 and IFNy are thought to play an important regulatory role 

in the immunopathology of other chronic allergic conditions, such as asthma, 

atopic dermatitis and eczema.

Aim

This study was undertaken to investigate the general cellular infiltrate in 

clinically distinct chronic allergic eye diseases and in particular, to study the 

distribution of T cell infiltrates and their activation status in order to establish 

their possible involvement in the regulation of immune processes in chronic 

allergic eye disease.

Methods

Phenotypic differences and similarities of leukocytes infiltrating the different 

groups of chronic allergic eye disease were investigated employing 

immunohistochemical staining techniques. Furthermore, the production of 

lymphokines by T cells was analyzed utilising in situ hybridisation histochemical 

techniques. The in situ analysis of lymphokine mRNA expression by these T cells 

was carried out using ^^S-labelled riboprobes for IL-2, IL-3, IL-4 and IL-5.
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Results

Immunohistochemistry revealed a highly significant increase in the number of 

CD4 + memory (CD45-RO + ) T cells in tarsal conjunctival biopsies obtained from 

patients with VKC and GPC (p<0.001) and a significant increase in tarsal biopsies 

obtained from patients with AKC (p<0.01). T cells were activated, expressing 

HLA-DR on their surface. In addition, macrophages and Langerhans cells were 

upregulated significantly in the conjunctiva of patients with VKC and GPC 

indicating their possible role in the presentation of antigen to T cells.

In situ hybridisation histochemistry revealed a significantly greater number of 

biopsies from patients with VKC and GPC with signal for IL-3, IL-4 IL-5 and IL-4 

mRNA respectively in T cell rich areas of tarsal conjunctiva than normal controls. 

Although lymphokine mRNA expression was not greater in AKC than normal 

conjunctiva, several tarsal biopsies from patients with AKC showed mRNA 

expression for all lymphokines studied.

Conclusions

The prevalence of large numbers of CD4 + memory T cells in VKC, GPC and 

AKC suggested their active involvement in the regulation of the immune response 

in these chronic allergic eye conditions.

Although CD4+ T cells were increased in all allergic patient groups, in situ 

hybridisation histochemistry revealed differences in lymphokine mRNA expression 

by T cells infiltrating AKC and VKC. T cells infiltrating VKC bore similarities to 

murine Th2, while T cells present in AKC revealed a broader spectrum of 

lymphokine mRNA expression. Therefore, it was put forward that patients with 

AKC and ABC may have contained T cell populations with a deregulated 

lymphokine production that led to an overexpression of IL-4 and IL-5 mRNA, 

while T cells present in VKC and GPC represented possibly normal, late memory 

T cells producing lymphokines similar to murine Th2.
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ABBREVIATIONS:

ab Antibody

ABC Atopic blepharoconjunctivitis (Clinical)

ABC Avidin biotin peroxidase complex (IH)

AEC 3-Amino-9-ethylcarbazole

ag Antigen
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1. INTRODUCTION

1.1. Thé Biology of T cells

In order to study the potential role of T cells in the allergic eye response, it is 

of crucial importance to consider all aspects of T cell immunology as they are 

understood at present.

1.1.1. T  cell subsets 

Pan-T cell markers

T cells form the majority of lymphocytes in the peripheral blood (PB) and are 

distributed widely throughout the body in lymphoid organs (including the spleen 

and thymus) and mucosal surfaces. In addition to the T cell receptors (TCR) for 

antigen (ag), T lymphocytes express many other cell surface molecules. Cell 

surface markers have been standardised internationally by designating clusters of 

determinant (CD) numbers to each cell surface molecule that is recognised by a 

variety of monoclonal antibodies (mabs), specific for different epitopes on the 

same functional surface ag. A number of such ags are expressed on all mature T 

cells irrespective of functional differences.

All mature post-thymic T cells express markers for CD2 and CD3. CD2 is 

involved in intercellular adhesion and binds to the ligand LFA-3 found on T cells 

as well as other cell types. CD2 is associated physically with the CD3-TCR 

complex, and mabs to two different epitopes on CD2 activate T cells through an 

ag-independent but TCR-mediated pathway in the presence of LFA-3 + cells

(R eview ed by Roitt, ed., 1991).

CD3 consists of 4 polypeptide chains which are in close association with the ag- 

receptors on the surface of the T cell. It is via this receptor that the activation 

signal is conveyed to T cells after specific ag binding to the receptor.

16



Phenotvpicallv distinct T cell subsets 

The first major division of functional T cell subsets has been based on the 

nature of the ag-receptor itself. The majority of T cells possess an ag-receptor 

composed of two covalently linked polypeptide chains called a  and fi, whereas a 

minority (1-10% of PB-lymphocytes) (Wesselborg, Janssen, Pechhold and 

Kabelitz, 1991) possess distinct y and S chains.

Conventional aB-TCR+ T lymphocytes may be further divided into two major 

phenotypically distinct subsets depending on whether they express the cell surface 

marker CD4 or CD8. CD4+ T cells are traditionally known as Helper-T cells 

because of their interactions with B cells to aid antibody (ab) production. 

However, more recently, it has become evident that CD4+ T cells and T cell 

clones can function as suppressor and cytotoxic cells (Morimoto, Letvin, Dstaso, 

Aldrich and Schlossman, 1985; Patel, Duby, Thiele and Lipsky, 1988). Therefore, 

the term helper cell is somewhat incorrect and in the present thesis shall be 

referred to as ’Th’, bearing in mind that such cells are capable of acting as 

suppressor and cytotoxic cells.

CD4+ T  cells are distinct from CD8 expressing T cells in that they recognise ag 

in conjunction with MHC Class II ags. MHC Class II ags are expressed 

constitutively on ag presenting cells (APC) and are capable of presenting 

processed ag to CD4 + T cells. Although cells other than classical APC, including 

endothelial and epithelial cells, can be induced to express MHC class II, their role 

in ag- presentation to T cells is unclear as yet.

On the other hand, CD8+ T cells recognise ag in association with MHC Class 

I products. Since MHC Class I is expressed on virtually every nucleated cell, 

CD8+ T cells are able to recognise and kill non-self histocompatibility ags 

directly. However, the main role of CD8 + T cells lies in their cytotoxic effects on 

malignant cells or cells infected by viruses, where ’non-self ags exist in association 

with self-MHC Class I products.

y S  TCR+ T cells usually lack the CD4 and CD8 cell surface markers. Very 

little is known about the function of this y S  TCR+ T cell subset but they have 

been found associated with the epidermis, where they exhibit dendritic 

morphology and mucosal surfaces suggesting their possible involvement in
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mucosal inflammation (Janeway, Jones and Hayday, 1988). The cells are thought 

to be reactive to mammalian heat shock protein, a highly conserved family of 

proteins induced by a variety of distinctive stimuli including heat, y- and UV- 

irradiation, malignant transformation and viral infections (Tigelaar, Lewis and 

Bergstresser, 1990). Similar proteins have been found in bacteria, especially 

mycobacteria. The highly reactive nature of y 5 TCR+ T cells to heat-shock 

proteins and their limited antigenic repertoire has led to the hypothesis that they 

might represent ’sentinels’ at skin- and mucosal surfaces. Involvement of y f  

TCR 4-  T cells in allergic mucosal inflammation has not been determined yet.

Functionallv distinct T cell subsets 

Recently, it has become clear that several distinct subsets of Th cells can be 

identified on the basis of the lymphokines they secrete. Since then, T cell subsets 

have been studied in great detail in the murine system and because the knowledge 

gained from these studies has helped to elucidate T  cell function in the human 

system, it is outlined in more detail.

Functional T cell subsets in the murine system 

Originally, Mosmann and colleagues have identified two distinct subsets of 

CD4+ T cell clones with discrete lymphokine profiles among long term cloned 

murine T cell lines (Mosmann and Coffman, 1989). Type 1 or Thl cells secrete IL- 

2, IL-3, GM-CSF, lymphotoxin (LT) and IFN-y and are involved in delayed type 

hypersensitivity (DTH), while type 2 or Th2 cells produce IL-3, IL-4, IL-5, IL-6, 

GM-CSF and IL-10 and provide excellent help for B cell growth and 

immunoglobulin (Ig) production. In addition, a third population of cells which 

produce a mixed pattern of lymphokines, has been found in some short term 

cultures and are referred to as ThO (Firestein, Roeder, Laxer, Townsend, Weaver, 

et.al., 1989). It is not clear yet whether the ThO population is a distinct subset or 

a precursor of Thl and Th2. However, Mosmann and colleagues have suggested 

that they are precursors, since ThO develop lymphokine patterns of either subtype 

in longterm cultures (Mosmann, Cherwinsky, Bond, Gielding, et.al., 1986; 

Mosmann and Coffman, 1989). The functional differences between T hl and Th2,
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which arise from their differential lymphokine production profile, are well 

established.

The ability of murine Th2 cells to provide help for Ig-production by B cells in 

vitro requires direct physical contact between the two cell types, together with the 

lymphokines IL-4 and IL-5. The latter two lymphokines induce B cells to switch 

to IgA and IgGl isotype production in mice (Croft and Swain, 1991). In contrast, 

IgE production requires IL-4 but not IL-5 (Mosmann and Coffman, 1989). 

Although T hl are capable of enhancing Ig production in vitro (DeKruyff, 

Mosmann and Umetsu, 1990), such B cell help is dependent on the production 

of sufficient quantities of IL-2. In addition, a high ratio of IL-2 to IFNy is 

required because IFNy blocks the ability of Thl to stimulate Ig-production 

(Mosmann and Coffman, 1989). Thl clones induce IgG2a and IgGl in vitro, and 

although IL-4 enhances the induction of an IgGl response by murine Thl, it is 

not crucial (Mosmann and Coffman, 1989). Thl are involved in cytotoxic 

responses and IFNy and LT produced by Thl cells activate macrophages, 

resulting in their increased ability to kill intracellular pathogens and tumour cells 

(Nagarkatti, Clary and Nagarkatti, 1990). Thl clones also cause effective DTH 

reactions. In mice DTH can be initiated locally by injection of ag-specific Thl 

cells. The ag-induced secretion of IFNy appears to be critical for local 

macrophage activation and the accumulation of Th and cytotoxic T cells in the 

local infiltrate (Issekutz, Stoltz, and Meide, 1988).

The unique dependence of IgE responses on IL-4, and the ability of relatively 

low concentrations of IFN-y to inhibit this activity of IL-4, indicates that Thl cells 

may act as isotype-specific suppressor cells for IgE. On the other hand, IL-10 

produced by Th2, first described as having an inhibitory effect on the synthesis of 

several cytokines produced by Thl clones, since has been shown to inhibit Thl 

cell function indirectly by inhibiting the ag-presenting function of purified 

macrophages and monocytes, but not B cells nor dendritic cells (Ding and 

Shevach, 1992). Macrophages are commonly used as APCs for the induction of 

Thl in vitro, while B cells are excellent presenters of ag to Th2 cells. Thus, the 

T cell type that is stimulated more strongly during the initial stages of an immune 

response would be expected to encourage similar responses and inhibit the other
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type of response.

However, several laboratories have isolated murine T cells which do not fit this 

T hl/Th2 lymphokine profile indicating the existence of other Th subsets. There 

are reports of murine T cell clones with unrestricted lymphokine profiles 

(Firestein, Roeder, Laxer, Townsend et.al., 1989) and Weinberg et.al. have 

recently shown that freshly isolated murine spleen cells fail to produce 11^4, IL-5 

and IFNy upon stimulation but produce large amounts of IL-2 (Weinberg, English 

and Swain, 1990). Furthermore, the authors have found that the production of 

other lymphokines is inducible but only after several days of in vitro culture and 

repeated stimulation. It has been suggested that such cells represent naive 

precursor cells, since they are enriched in PB of young mice and among single 

positive thymocytes and show a low expression of Pgp-1, a marker associated with 

memory T cells (Swain, Weinberg and English, 1990).

Lessons learnt from in vitro studies of functional T  cell subsets in the murine 

system

It has become evident that the isolation of widely differing proportions of Th 

clones by different laboratories is due to several variables, including the strain of 

mice used to provide responder and stimulator cells, their immune status and the 

procedures used to establish clones. Different mouse strains have been found to 

produce different responses to the same stimulus, clearly indicating a genetic 

influence. A notable example is the immune response to collagen type IV, which 

produces an apparent Thl response in H2® mice and a Th2 response in other 

mice (Murray, Pfeiffer, Madri and Bottomly, 1992), suggesting that MHC class II 

products influence the regulation of the Th-subset, possibly reflecting differences 

in the ability of different MHC class II molecules to bind different peptides.

In addition several infectious agents such as certain protozoan and metazoan 

parasites may induce biased responses. Infections of mice by Leishmania major 

(Lm), for example, results in one of two responses. In susceptible strains, such as 

Balb/c, the response has features expected of Th2 activation, such as high ab 

levels, including IgE, high IL-4 and low IFNy expression, and no DTH. The mice 

develop a severe and progressive disease and die. In contrast, resistant strains.
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such as C57B1/6, which are able to control the disease, develop strong DTH, with 

high IFNy and low IL-4 expression, resulting in low ab levels and no elevation of 

serum IgE (Scott, Natovitz, Coffman, Pearce and Sher, 1989).

The Lm system in mice is particularly interesting since L. donovani infection in 

humans also produces two alternative forms of the immune response, either DTH, 

leading to local containment of the infection and elimination of the parasite, or 

the Kala-Azar response in which high ab levels are associated with low DTH 

reactions and a severe, disseminated disease (Sacks, Lai, Shrivastava, Blackwell 

and Neva, 1987). It remains to be seen whether these responses are linked to Thl 

and Th2 responses in humans.

Clearly the immune status of the animal will influence the type of T cell clones 

produced in vitro. Frequently clones obtained from non-immunised animals are 

heterogeneous with respect to their lymphokine profile. In such instances the ratio 

of Thl and Th2 clones in different cloning experiments may be influenced by 

predominant background immune responses in different animal colonies, because 

any 'normal’ mouse would be expected to be continuously mounting low level 

immune responses against different environmental ags and possibly infections.

The nature of the ag used to stimulate animals in vivo, has been found to have 

an important influence on T cell differentiation or selection of precursor cells. 

Several ags, particularly certain adjuvants, characteristically induce particular 

classes of immune responses, e.g. alum adjuvant, especially with Bordetella 

pertussis, provokes a strong IgE response, whereas complete Freund’s adjuvant 

gives high ab levels but not IgE (Mosmann and Coffman, 1989). Injection of 

metazoan parasite extracts commonly induces a Th2 response, while bacterial ag 

results in Thl cell clones. Most helminth parasite infestations induce significant 

IgE responses, often accompanied by substantial production of polyclonal IgE 

(Henderson, Conary, Summar, McCurley and Colley, 1991). Therefore it seems 

likely that the form in which the ag is presented and the nature of the ag itself 

influences the type of response initiated. Further studies have shown that the dose 

of the ag influences the induction of either a humoral or cell mediated response. 

De Kruyff et.al. have demonstrated that high doses of keyhole limpet 

haemocyanin (KLH) ag given to Balb/c mice leads to simultaneous production
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of IL-4 and IFNy, whereas low doses of KLH on B cells as APC results in high 

production of IL-4 only, or IFNy if adherent splenic cells (macrophages) serve as 

the source of APC (DeKruyff, Fang and Umetsu, 1992). The latter study also 

stresses the importance of the APC itself. As already mentioned, B cells are good 

APCs for established Th2 clones whereas adherent cells stimulate T hl clones 

optimally. Thus, a given ag may be processed differently by different APCs, 

and/or different ags might be presented by different types of APCs thereby 

influencing the activation of a particular Th subset. Finally, in context with ag, the 

route of immunisation has been shown to influence the Th response. Different Th 

types preferentially "home" to different tissues, with Th2 encountered more 

commonly at mucosal sites (Daynes, Araneo, Dowell, Huang, and Dudley, 1990). 

In agreement with such findings, DeKruyff etal. has reported greater IL-4 

production by T cells isolated from lymph nodes than from spleens in KLH- 

primed mice (DeKruyff, Fang et.al., 1992). Furthermore, different types of APCs 

are likely to be encountered at different sites. Lymph nodes contain large 

numbers of B cells, whereas spleens harbour large numbers of adherent cells 

(DeKruyff, Fang, et.al., 1992) corresponding to the preferential appearance of Th2 

and Thl in these tissues respectively.

Finally, the Th- type stimulated is influenced by in vitro growth supplements. In 

one study it has been shown that the presence of IL-4 in culture medium leads 

to Th2 growth, while the addition of IFNy induces Thl cells (Gajewski, Joyce and 

Fitch, 1989; Swain, Weinberg et.al., 1990).

Even in the absence of extrinsic lymphokines the occurrence of either just Thl 

or Th2 cells in longterm bulk cultures as has been reported by various 

laboratories, is likely to be influenced by the T cell clones themselves. Thl and 

Th2 cells are reciprocally inhibitory, and a long culture period may result in only 

one type of clone being obtained, depending on the predominant Th-clone in the 

initial culture.

Thus, in vitro experiments with T cell clones are fraught with difficulties, even 

in the well-established murine system. Cells are removed from their natural 

environment and are grown under very stringent conditions. Selected factors may 

exert a greater influence on T cell growth and differentiation in vitro than in vivo
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where other factors are likely to influence the outcome of the response. Thus, it 

is likely that T  cell subsets exist in vivo which have not yet been detected in vitro 

under current culture conditions. On the other hand, Thl and Th2 subsets as 

obtained under stringent in vitro conditions may not be encountered as commonly 

in vivo.

However, despite the difficulties encountered by in vitro studies, they have led 

to a greatly increased understanding of the requirements for T cell differentiation 

and activation, and have resulted in the distinction of at least 3 T cell subsets 

based on their lymphokine secretion profile in mice. The relationship of ThO, Thl 

and Th2 lines to subsets of Th that are present, or develop in animals in response 

to stimulation is still unclear but there is accumulating evidence implicating Thl 

and Th2 as major regulatory cells in certain immune responses in vivo (Kaufman 

and Scott, 1991). In addition to the patterns of cytokine secretion in some in vivo 

responses, as for example, in the previously mentioned parasite infections, the 

rapid in vitro development of Thl and Th2 clones after in vivo immunisation 

suggests that these states occur in vivo also. Whilst Th precursor cells are likely 

to have important functions in vivo since they can produce substantial quantities 

of various cytokines, Thl and Th2 cells may play major roles in strong, chronic 

immune responses, as the terminally differentiated Th subsets.

Functional T cell subsets in the human svstem

The generality of the Th subset theory derived from studies of the murine 

system and its relevance to human T cells has been problematic. The majority of 

human T cell lines and clones from normal donors have characteristics of murine 

ThO cells producing an undifferentiated lymphokine profile (Andersson, 

Andersson, Lindfors, Wagner, et.al., 1990; Paliard, De Waal Malefijt, Yssel, 

Blanchard, et.al., 1988).

The existence of such clones raises the question as to whether the murine 

Thl/Th2 concept can be applied to the human system at all. However, a number 

of human T cell clones with the Thl or Th2 phenotype have been reported in 

individuals whose immune system is actively engaged by ag, for example by allergy 

or infection, (Romagnani 1992; Salgame, Abrams, Clayberger, Goldstein, Convit,
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et.al., 1991; Yamamura, Uyemura, Deans, Weinberg, Rea, et.al., 1991) indicating 

that the concept of T cell differentiation into cells capable of producing a reduced 

spectrum of lymphokines only is not restricted to murine lymphocytes entirely. 

Furthermore, in situ hybridisation has revealed a restricted murine Thl- and Th2- 

like lymphokine profile in vivo with human DTH and late phase allergic skin 

reactions respectively (Kay, Ying, Varney, Gaga, Durham, et.al., 1991; 

Tsicopoulos, Hamid, Vamey, Ying, Moqbel, et.al., 1992) and corroborates the 

existence of Th subsets in man. However, Thl and Th2 may be prevalent in 

special cases of late T cell differentiation only as has been suggested for the 

murine system previously. The relevance of Thl and Th2 to the majority of T 

cells involved in a general in vivo immune response has to be substantiated with 

experimental evidence yet.
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1.1% T  cell activation and memoiy

Primary T  cell activation

A resting T  cell becomes activated when it recognises its specific ag in 

conjunction with MHC products on APCs. Upon contact with the AFC, a 

costimulatory signal from the AFC, which is thought to be IL-1, induces RNA and 

protein synthesis in the T cell. The cell enlarges to a blast-like appearance, IL-2 

synthesis begins and the cell moves from into the phase of the mitotic 

cycle. This in turn induces expression of the IL-2R and an IL-2 dependent 

autocrine expansion of the activated T cell follows (R eview ed by Roitt, ed., 

1991). At a cellular level, T cell activation leads to an increase in diacyl-glycerol 

(DAG) and rise in intracellular calcium ([Câ "̂ ]i) which induces PKC activation. 

The latter two act synergistically to regulate the synthesis and translocation of 

transcription factors thereby inducing expression of the IL-2 and IL-2R g e n e s  

with con seq u en t cell proliferation.

Memory

Primary exposure of ag to lymphocytes in vivo initiates changes in the immune 

system that ultimately lead to immunity. One crucial feature of adaptive immunity 

is the capacity of the host to ’remember’ the priming ag, and thereby responding 

to it more efficiently and with greater intensity upon secondary encounter with the 

same ag. The cellular basis for memory lies in the selective clonal expansion of 

ag-specific lymphocytes, a concept originally introduced by Burnett (1958). The 

theory is based on the selective clonal expansion of ag primed lymphocytes, which 

will respond to a secondary encounter with the same ag more efficiently, simply 

because more ag reactive lymphocytes are present.

Functional differences between naive and memory T cells

In addition to clonal expansion of ag-reactive T cell clones primary exposure to 

ag also initiates a qualitative change within the T cell similar to B lymphocytes 

(Roitt, 1991). Ehlers and Kendall (1991) have demonstrated that neonatal human 

umbilical cord blood T cells, resembling a truly naive or ag unprimed T cell
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population, are incapable of producing lymphokines other than IL-2 upon primary 

in vitro activation through crosslinkage of the TCR/CD3 complex. In agreement 

with Weinberg and colleagues, who have studied freshly isolated murine spleen 

cells (Weinberg, English et.al., 1990), secondary stimulation of human neonatal 

T cells results in a lymphokine repertoire typical of T  cells exposed to antigenic 

stimulation in vivo and demonstrates that naive T cells are capable of 

proliferating and differentiating into fully competent lymphokine-secreting effector 

cells upon secondary stimulation. In contrast, adult peripheral blood T cells 

representing in vivo primed, memory T cells in the study, since they have had 

ample antigenic exposure, express mRNA for a large number of lymphokines 

upon primary stimulation in vitro.

Thus, in vitro primed memory T cells are capable of producing a large panel of 

lymphokines immediately after stimulation, whereas naive T cells require several 

days of IL-2-promoted clonal expansion and differentiation. Only after secondary 

encounter with the same ag do the expanded and differentiated clones produce 

the full array of lymphokines. These in vitro findings suggest that in vivo 

expanded clones of naive T cells undergo a differentiative switch after primary ag 

recognition and are then capable of receiving a secondary stimulation from 

persisting or recurring ag. Ultimately, the secretion of the rest of the lymphokines 

directs the recruitment and activation of the remaining cells that participate in a 

fully developed immune response. In comparison, a previously primed host 

already has an expanded ag-experienced population of memory T cells, which are 

capable of secreting all of the lymphokines immediately after ag stimulation. 

Consequently, the tempo of the response is more rapid compared with a primary 

response because of two fundamental differences in the T cell populations. An 

expanded number of ag-reactive cells are prevalent which are differentiated 

already and therefore capable of releasing the inflammatory lymphokines 

immediately after ag triggering. Thus, T cell memory entails not only clonal 

expansion of specific T cells, but also encompasses a differentiation event that 

allows additional lymphokine gene expression.
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Phenotypical differences between naive and memory T cells 

Studies on human T cells have shown that the acquisition of immunological 

memory is accompanied by changes in the expression of many cell surface 

molecules. Memory T cells show an increased expression of certain adhesion and 

activation molecules, which probably facilitate cell-cell interactions, ag- 

recognition, and triggering of the memory population. Adhesion molecules that 

show an increased expression on memory T cells include CD2 and its ligand, 

CD58 (LFA-3), CD44 and CDlla/CD18 (UFA-1) (Sanders, Makgoba, Sharrow, 

Stephany, et.al., 1988; Charles, McKay, Marston and Dudler). The most striking 

and reproducible change that has been associated with immunological memory in 

human CD4+ T cells however, is a change in the expressed isoforms of the 

leukocyte common ag, CD45 (LCA) (Sanders, Makgoba and Shaw, 1988; Akbar, 

Terry, Timms, Beverly and Janossy, 1988; Akbar, Salmon and Janossy, 1991).

CD45-isotvpe expression on naive and memory T cells 

CD45 is a heavily glycosylated transmembrane protein expressed by all 

haemopoietic cells, except mature red cells. Its external domain is coded in 

several exons, three of which (A,B and C) are expressed variably by alternative 

splicing of nuclear RNA. The designations A"  ̂and is designated to isoforms 

containing the A-exon, or the isoform lacking sequences coded for by any of the 

variable exons respectively. Isoform expression is restricted to discrete cell types. 

With regard to phenotypic delineation of naive and memory T cells, the high 

molecular weight isoform CD45RA seems conclusive with naive T cells whereas 

CD45RO is thought to be associated with memory (Sanders, Makgoba, et.al., 

1988; Akbar, Terry, et.al., 1988; Akbar, Salmon, et.al., 1991). The intracytoplasmic 

portion of CD45 has tyrosine phosphatase activity and therefore may be directly 

involved in transmembrane signal transduction, a theory substantiated by findings 

that ligation of CD45 augments or inhibits T cell activation. Furthermore, 

Dianzani et.al. have demonstrated an isoform-specific association between CD45 

and accessory molecules on human T cells in cocapping experiments (Dianzani, 

Rodoglia, Malavasi, Bragardo et.al., 1992). CD45RA has been associated with 

LFA-1, CD45RO with CD2 and presumably CD45RC with CD4 and CD8. The
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specific association of CD45 with various molecules involved in T cell activation 

further suggests that they may play a key role in lymphocyte function.

The correlation of specific CD45 isoforms with the acquisition of memory has 

recently been questioned by findings that CD45RA+ and CD45RO+ phenotypes 

in human cells is reversible (Rothstein, Yamada, Schlossman and Morimoto, 

1991), and that CD45RA expression remains expressed on long-term cultured T 

cell lines (Sugita, Hirose, Rothstein, Donahue, Schlossman, et.al., 1992). 

Furthermore, adult thymectomized patients maintain normal numbers of 

CD45RA+ T cells, whereas if this subset represents naive cells a gradual decline 

in this population would be expected. These observations are inconsistent with the 

proposed status of CD45RA+ T cell subsets as naive, and CD45RO+ cells as 

memory cells.

Rothstein et.al. have described CD45RO/RA double-positive cells in human T 

cell lines (Rothstein, Yamada et.al., 1991). Their data correspond to findings by 

Luqman et.al. in the murine system. The authors have found a correlation 

between murine CD45RO+/RA+ T cells and the functional T cell subset Th2, 

whereas CD45RO + /RA- cells is believed to correlate with T hl cells (Luqman, 

Johnson, Trowbridge and Bottomly, 1991). Although a correlation between 

phenotype and functional T cell subsets has so far been confined to findings in the 

murine system, indirect evidence suggests that CD45 isotype expression may 

correlate with functional T cell subsets in the human. Robinson et.al. have found 

that CD3 ag-mediated calcium signals and protein kinase C (PKC) activation are 

higher in CD45RO+ than in CD45RA+ T cells (Robinson, Miller and Alexander, 

1993). In this context it has been demonstrated that PKC activation in vitro 

inhibits IL-4 production by freshly isolated human naive and memory T cells (Van 

der Pouw-Kraan, van Kooten, Rensink, and Aarden, 1992). Furthermore, it has 

been demonstrated that intracellular calcium and inositolphosphates are only 

upregulated in IL-2 producing Th 1-like cells, whereas Th2-like cells do not show 

increases in these second messengers, suggesting different intracellular 

transduction pathways. It is conceivable that the putative ligand for CD45 is 

changed or its affinity is altered by selective expression of certain isoforms of this 

molecule. This provision may allow the cells to regulate tyrosine-specific
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phosphorylation and thus, modulate effector function. Therefore, the selective 

expression of different isotypes of CD45 may correlate with functionally distinct 

T  cell subsets. Although functionally distinct human T cells were shown to 

coexpress different CD45 isotypes, a correlation between the lymphokine 

production and the CD45 isotype expression as evidenced in murine Thl and Th2, 

has yet to be made. However, it should be emphasised that the above findings do 

not rule out the possibility that subpopulations of CD45RA+ cells might 

permanently and irreversibly lose their ability to synthesize the high molecular 

weight isoforms of CD45RA. Rothstein et.al. have shown that 40 to 60% of 

freshly isolated T cells are CD45RA- and do not re-express CD45RA after 

stimulation (Rothstein, Yamada, et,al., 1991). Furthermore, ag- or mitogen- 

stimulated T cells invariably express CD45RO irrespective of whether or not they 

lose CD45RA expression. Therefore, it is conceivable that T cells coexpressing 

CD45RO and CD45RA after stimulation, may represent a terminally 

differentiated and functionally distinct T cell population to CD45RO + /RA- T 

cells, and therefore the lack of CD45RO expression still is conclusive with naive 

T cells. The stably increased expression of CD45RO after activation and the 

magnitude of its increase make it a particularly useful marker of prior activation 

and hence memory. In contrast, IL-2R expression is only transiently induced and 

is therefore only useful as a marker for recently activated T cells. Thus, mabs to 

CD45RO remain as yet the means for identifying formerly activated T cells - 

whether short- or longterm memory cells, remains to be seen.
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12. THE ALLERGIC RESPONSE

Immediate hypersensitivity 

Allergy is an exaggerated response of the immune system to an ag, referred to 

as an allergen. The immune response to environmental allergens depends on both 

genetic and environmental factors. Patients who are genetically predisposed to 

develop an allergic response are known as atopic. Atopic individuals produce 

increased amounts of immunoglobulin E (IgE), an ab which binds avidly to mast 

cells. The latter cell is found throughout the body and releases histamine and 

other inflammatory mediators upon contact with the allergen. The symptoms 

caused by this immediate or type I hypersensitivity are characteristic of the 

disease and include sneezing, wheezing, itching, tearing or digestive disturbances. 

The most common form of atopy is hayfever which is caused by a response to 

pollen and commonly involves the nose, the bronchi and the conjunctiva.

In atopic individuals primary contact with a sensitising allergen results in IgE 

production by plasma cells. IgE binds to mast cells which are present in mucosal 

tissues as well as the skin, via their specific Fee-receptor. Upon secondary contact 

with the same allergen, the latter binds to the IgE already present on the mast 

cells from the first encounter. Such binding leads to cross-linkage of the IgE 

molecules and acts as a trigger for the mast cell to release the preformed 

mediators histamine, heparin, eosinophil chemotactic factor (ECF), and 

neutrophil chemotactic factor (NCF) and the newly synthesised mediators 

leukotrienes (LT), prostaglandins (PG) and thromboxane. Mast cell derived 

histamine, PGD2 and LTC4 together produce the symptoms of the allergic 

response and are due to vasodilatation and oedema caused by leakage of plasma 

protein from postcapillary venules secondary to their increased permeability. 

(Kennerly and Duffy, 1993).

The earlv and the late phase reaction 

Studies have shown that exposure of previously sensitised airways or skin of 

atopic patients to specific allergen by ’ag- challenge tests’, produces an allergic 

reaction in two phases. A wide range of stimuli are capable of provoking an acute
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allergic attack, which is characterised by bronchoconstriction in the lung (Reviewed 

by Holgate, 1990) and the typical 'wheal' (increased microvascular permeability) and 

'flare' (vasodilation) reaction in the skin (Groeneberg and Dahlen, 1990). The 

immediate reaction to an allergen is known as the early phase reaction (EPR) and is 

referred to as the early asthmatic and early cutaneous response (EAR, ECR) in the 

lung and skin respectively. The early response lasts 15 to 20 mins and is due to mast 

cell degranulation triggered by allergen-IgE cross-linkage on their surface. Thus, the 

mast cell is considered to be the major effector cell in the EPR of the allergic 

response. The EPR is followed by a late phase reaction (LPR), referred to as the late 

asthmatic or cutaneous response (LAR, LCR) in the respective tissues. From the onset 

of the early response, there is an active recruitment of leukocytes from the circulation 

into the affected tissue. The recruitment appears to be a multi-step process leading to 

selective entrainment of eosinophils, neutrophils and T lymphocytes, all of which have 

been incriminated in the pathogenesis of the LPR (Gaga, Frew, Varney and Kay, 1991; 

Reviewed by Corrigan and Kay, 1992 and Frew and Kay, 1990).

However, the term atopy is not synonymous with allergy. In several conditions, 

particularly asthma, eczema, urticaria, and some conditions of the external eye, atopy 

plays a part in some patients who have increased level of circulating serum IgE, but 

not in others. Patients with intrinsic asthma (non-atopic), for example, show similar 

pathological changes of the airways as are seen in atopic patients, involving T cells, 

mast cells, eosinophils and neutrophils (Reviewed by Holgate, 1990). Similarly, 

patients suffering from vernal keratoconjunctivitis frequently are not atopic, with 

normal serum IgE levels, but develop similar cellular infiltrates as seen in the lung and 

skin of atopic individuals. Thus, atopy either plays a major role or provides just one 

of many triggers in causing symptoms of an allergic response.
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1J2.1. T cells in the allergic response

The roles of allergen-specific IgE and mast cells are established well in the 

aetiology of immediate type hypersensitivity. Similarly, the involvement of 

eosinophils, neutrophils, and basophils has been recognised in LPR associated 

with atopic disease. However, the regulatory role that T cells play in this cascade 

of events has been neglected until recently.

The role of Ivmphokines

In an allergic response as with any other immune response, interactions between 

cells involved in the response are of central importance. The activities of these 

interacting cells are coordinated via cytokines, with the T cell as their major 

source. In the context of cellular communication in any immune response, the T 

cell may be regarded as a 'signal transduction machine', which receives ag-specific 

signals and converts them into lymphokines (lymphocyte derived cytokines), which 

are the ag-nonspecific mediators of the immune response, having multiple affects 

on a variety of cell types. Cytokines produced by activated T cells control allergic 

responses by regulating the production of IgE by B cells, as well as the growth 

and differentiation of effector cells, including mast cells, basophils, eosinophils 

and macrophages (O'Hehir, Garman, Greenstein and Lamb, 1991).

To summarise, the EPR of the immediate hypersensitivity reaction is 

characterised by IgE and allergen induced mast cell degranulation.

Regulation of IgE production bv Ivmphokines

As already mentioned in context with murine Th2, IL-4 is required for IgE 

production by B cells. In humans, IL-4 induce B cells to switch to IgE or IgG^ 

production (Esser, Badbruch, 1990), (Esser and Badbruch, 1990) a process which 

requires additional signals, including cell-cell contact and the T cell-derived low 

molecular weight B cell growth factor (LMW-BCGF) for optimal IgE production. 

Furthermore, activation of human B cells with IL-4 results in increased expression 

of several B cell surface ags, including CD23, the low affinity IgE receptor 

(Fischer, Pfeil and Koenig, 1990), and HLA class II expression. (Rousset, de Waal
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Malefîjt, Slierendregt, Aubry, Bonnefoy, et.al., 1988).

However, the T cell-derived lymphokines are involved not only in the 

upregulation of IgE production, but are capable also of downregulating IgE 

synthesis. IFNy reduces IL-4 induced IgE production not only in mice but also in 

humans (Romagnani, 1998), whereas IL-4 and H^IO has a negative effect on 

IFNy production (O’Hehir, Garman, et.al., 1991). Thus, IL-4 not only upregulates 

the production of IgE, but together with IL-10 also indirectly exacerbates allergy 

by downregulating factors that would otherwise counteract such a response.

Effects of lymphokines in the EPR

a. Mast cells

T  cell derived 'cytokines also influenced the allergic response by directly acting 

on the ag-nonspecific effector cells in the early response. Growth and 

differentiation of mast cells are influenced by IL-3 and IL-4 (Tsuji, Nakahat, 

Takagi, Kobayashi, et.al., 1988). IL-3, a stem-cell growth factor, stimulates murine 

bone marrow cells to differentiate into the mucosal mast cell phenotype and IL-4 

potentiated this effect. More recently, Thompson-Snipes and colleagues have 

shown that IL-10 also enhances mast cell growth, but only in synergy with IL-3 or 

IL-4 (Thompson-Snipes, Dhar, Bond, Mosmann et.al., 1991), and IL-9 has been 

found to enhance the proliferative response of murine mast cell lines to IL-3 

(Hueltner, Druez, Moeller, Uyttenhove, Schmitt et.al., 1990). In contrast, IFNy 

is known to have an inhibitory effect on murine mast cell growth (O’Hehir, 

Garman et.al., 1991). Thus mast cell growth and activation seems to be influenced 

by a variety of T cell produced cytokines, and either act in synergy (IL-3, IL-4 and 

IL-10) or are antagonists (IFNy) for mast cell growth and differentiation.

b. Mast cells as a source of Ivmphokines

Interestingly, recently mast cells themselves have been found to produce 

cytokines. Long-term IL-3 dependent murine mast cell lines release bioactive IL-3, 

IL-4 and IL-6 (Gordon, Burd and Galli, 1990). Therefore, mast cells activated by 

IgE cross-linkage are thought to provide positive feedback for the production of 

more IgE and the recruitment of additional mast cells with other inflammatory
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cell types to the site of the allergic reaction. Furthermore, murine and human 

mast cell lines have been shown to have extensive stores of preformed TNF-a, 

which can be released immediately upon stimulation (Gordon, Burd and Galli, 

1990; Walsh, Trinchieri, Waldorf, Whitaker and Murphy, 1989).

TNFa increased the expression of adhesion molecules such as ICAM-1, ELAM- 

1 and VCAM-1 on endothelial cells. The adhesion molecules play a crucial role 

in the initial recruitment of inflammatory cells from the bloodstream into the 

tissues through binding with complementary molecules on the surface of 

inflammatory cells (Springer, 1990). Thus, the first influx of T cells into the tissues 

might be associated with an increased expression of ELAM-1 on vascular 

endothelium, mediated through the local release of TNF from resident activated 

mast cells. IL-4 produced by T cells and possibly mast cells further selectively 

induces VCAM-1 expression, without affecting ICAM-1 and ELAM-1. The 

counter-ligand for VCAM-1 was VLA-4, is present on basophils and eosinophils 

(Schleimer, Sterbinsky, Kaiser, Bickel, Klunk, et.al., 1992). Thus, upregulation of 

vascular adhesion molecules, at least partially increases via the mediators released 

from activated mast cells in the EPR of an allergic reaction, and leads to an influx 

of T cells and eosinophils in the LPR.

Effects of Ivmphokines in the LPR

Although the extent to which T cell derived lymphokines influence effector cells 

of the LPR is still not fully known, their effects on these cells have been 

investigated in vitro. Eosinophil maturation and activation is influenced by T cell 

products. IL-3, IL-5 and GM-CSF enhances the production of eosinophils from 

the bone marrow (Adolphson and Gleich, 1993; Clutterbuck, Hirst and Sanderson,

1989). In addition, IL-3 enhances eosinophil viability and activated eosinophils, 

especially in co-cultures with fibroblasts (Adolphson and Gleich, 1993). 

Furthermore, GM-CSF, IL-3 and IL-5 have been shown to affect eosinophil 

degranulation and in addition to its effects on other granulocytes, also IL-4 might 

promote eosinophil growth in vivo in synergy with other lymphokines (Fujisawa, 

Abu-Ghazaleh, Kita, Sanderson and Gleich, 1990).

In addition, the accumulation of neutrophils in the LPR may be due to T cell
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derived cytokines. 11^8 or neutrophil activating peptide (NAP-1) are recognised 

principally as a neutrophil chemoattractant and activator (Leonard and 

Yoshimura, 1990) and has been shown to induce neutrophil adherence and 

transendothelial migration. IL-8 is chemotactic also for T lymphocytes, and 

although eosinophils from normal donors do not appear to respond to this 

interleukin, preincubation of the cells with either GM-CSF or IL-3 induces a 

significant chemotactic response (Larsen, Anderson, Appella, Oppenheim and 

Matsushima, 1989; Warringa, Koenderman, Kok, Kreukniet and Bruijnzeel, 1991).

Basophils similar to mast cells, also have been implicated as important effector 

cells in the LPR. Basophil differentiation is influenced by a number of T cell 

derived cytokines. Several colony-stimulating factors, including IL-3, have been 

shown to influence the differentiation of human basophils, furthermore they prime 

basophils for histamine release (Merget, Maurer, Koch, Ganser, Ottmann et.al.,

1990). In addition, IL-8 in the presence of IL-3 increases the IgE-dependent 

release of histamine from basophils as does IL-5 (Bischoff, Brunner, De Week 

and Dahinden, 1990).

Thus, while IgE-dependent mast cell degranulation may be important in 

producing the EPR after allergen challenge and probably acute exacerbations of 

the allergic response in atopic patients after natural allergen contact, allergen- 

specific CD4 + T lymphocytes infiltrating at sites of allergen exposure in the LPR 

are probably responsible for the accumulation and activation of specific 

granulocytes and are consequently likely to play a major role in the inflammation 

seen in chronic ^lergic diseases. Therefore, a predominantly regulatory role for 

activated T  cells has been implicated as a fundamental basis for the pathology 

seen in asthmatics, both atopic and non-atopic. The possible influence that T cells 

may have on the outcome of the allergic response is diagrammatically summarised 

in Figure 1-1. It remains to be seen whether this connotation is also applicable to 

chronic allergic eye conditions.
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Figure 1-1.

THE ROLE OF T CELLS IN ALLERGY:

TH2

EOSINOPHIL
PRECURSOR

MAST CELL 
T PRECURSOR

MHC +
antigen

IL-10

IFN-GAMMA

B CELL

Antigen

Proliferation
differenatlon

Proliferation
differentiation

EOSINOPHIL MAST CELL

Figure 1-1. Simplified diagram atic  re p re se n ta t io n  of th e  ro les  of Th1

a n d  Th2 In th e  allergic r e sp o n se .  L y m phok ines  p ro d u c e d  by Th2 will 
e x ace rb a te  th e  allergic reaction, while IFN -gam m a a c t s  a s  an  a n ta g o n is t  
to  IL-4 Induced  IgE production .
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13. THE CONJUNCTIVA

13.1. Anatomy of the conjunctiva

The conjunctiva is a thin, vascularised mucous membrane consisting of a non

keratinized, stratified.

c o l u m n o - s q u a m o u s  

epithelium, resting on a 

lamina propria of loose 

connective tissue. The 

conjunctiva can be divided 

into three parts (Figure 1- 

2 .), th e  pa l p e b r a l  

conjunctiva which lines 

the posterior surface of 

the eyelids, the fornix 

which reflects onto the 

anterior surface of the 

eyeball continuing as the 

bulbar conjunctiva. The 

conjunctival epithelium is 

continuous with the 

epidermis of the eyelid 

skin margin and with the 

corneal epithelium at the 

limbus, thus forming a

potential space, the conjunctival sac, which opens at the palpebral fissure. The 

palpebral conjunctiva extends as the marginal conjunctiva from the 

mucocutaneous junction of the lid margin approximately 2mm onto the posterior 

surface of the eyelid to the sub-tarsal sulcus (Wolff, 1976). Marginal conjunctiva 

has an epithelium and a papillary substantia similar to the neighbouring lid skin. 

The sub-tarsal sulcus is a groove less than 1mm deep which runs parallel to the

Figure 1-2.
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eyelid margin for most of the tarsal length and marks the transition from the non

keratinized stratified squamous epithelium of the eyelid margin and marginal 

conjunctiva to the cuboidal epithelium of the tarsal conjunctiva. The groove acts 

as a trap system for small particles which would otherwise be in constant contact 

with the sensitive cornea (Duane and Jaeger, 1985). The tarsal conjunctiva is 

adherent to the tarsal plate and has a smooth surface and characteristic 

subepithelial connective tissue papillae which are lined by an epithelium 

containing goblet cells. The papillae are seen also within the fomices but are not 

evident in the bulbar conjunctiva. The papillae provide an efficient trap system 

for foreign bodies which are sequestered in the grooves between the papillae 

where they are coated in mucous and eliminated after sufficient blinking. In 

addition, the papillae increase the surface area of the conjunctiva whilst at the 

same time decreasing the area of contact between palpebral and bulbar 

conjunctiva. The design reduces the friction forces between the two surfaces which 

have to glide over one another during blinking and movement of the eye. The 

normally inconspicuous tarsal papillae may hypertrophy in response to local or 

systemic diseases such as vernal conjunctivitis (Section 1.4.3.). ’Giant papillae’ 

present on the tarsal conjunctiva in certain diseases (Buckley, 1987A) cause 

friction and may permanently damage the cornea.

The forniceal conjunctiva which represents the transition between the palpebral 

and bulbar conjunctiva is thick and loosely attached to the underlying fascial 

tissues. The ducts of the lacrimal and accessory glands open into the fomices 

(Fuchs, 1924).

The bulbar conjunctiva arises at the fornix and extends to the limbus, where it 

merges with the epithelium of the cornea. It is a thin, transparent membrane 

which is less vascularised than the tarsal conjunctiva. The limbal zone is 

specialised, exhibiting papillary structures which form the palisades of Vogt 

(Davanger and Evensen, 1971).
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Lymphatics and blood vessels of the conjunctiva

The lymphatics of the substantia propria form two systems; a superficial network 

made up of small vessels and a deep network of larger vessels. The vessels from 

the medial side drain into the sub-mandibular nodes and those from the lateral 

side into the pre-auricular and parotid nodes (Wolff, 1976).

The conjunctival arteries are derived from two sources, the nasal and lacrimal 

arteries of the lids and the anterior ciliary arteries. The former supply the 

palpebral conjunctiva and its branches reach the fomices and bulbar conjunctiva 

as the posterior conjunctival arteries. The bulbar conjunctiva is further supplied 

by the anterior ciliary arteries which reach the limbus as the episcleral arteries, 

giving rise to anterior conjunctival arteries. The anterior conjunctival arteries lie 

at a deeper level and do not move with the conjunctiva unlike their posterior 

counterparts which are mobile within the bulbar conjunctiva (Spence Meighan, 

1956). In inflammatory diseases of the conjunctiva it is particularly the posterior 

conjunctival arteries which become dilated. The veins of the conjunctiva are more 

numerous than the arteries and tend to run parallel to the latter (Wolff, 1976). 

Some of the veins drain into the forehead and temple while others reach the 

ophthalmic vein.

13.2. Histology of the conjunctiva

The conjunctival epithelium consists of three or more layers of stratified 

columnar epithelial cells except at the limbus and the palpebral margins, where 

stratified squamous epithelium is present. The epithelial cells appear polygonal 

but tend to flatten as they approach the surface where they are covered in 

microplicae and microvilli (Records, 1985). The microvilli help to stabilise and 

anchor the tear film and also increase the resorbent surface of the epithelium. 

Interspaced within the surface of the epithelium are mucous- secreting goblet 

cells. The goblet cells are most numerous in the fornix and nasally while usually 

absent adjacent to the cornea (Bron, Mengher and Davey, 1985). Mucous 

secretion serves as a wetting agent that permits adherence of the tear film to the
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conjunctiva and cornea. The number of goblet cells is known to increase in many 

chronic inflammatory conditions of the conjunctiva but has not been found to be 

increased significantly in the tarsal conjunctiva of patients with vernal or giant 

papillary conjunctivitis (Allansmith, Baird and Greiner, 1981).

The basal epithelial cells rest on a basement membrane which anatomically 

separates the epithelium from the underlying stroma, but does not prevent cell 

migration from one region to the other. Within the basal layer melanocytes are 

scattered throughout the bulbar, limbal and forniceal epithelium and melanin may 

be transferred to adjacent epithelial cells. The amount of pigment present reflects 

racial and individual variation and is a constant finding in black individuals.

The substantia propria or stroma is a layer of fibrovascular connective tissue 

which underlies the conjunctival epithelium. It is composed of loose connective 

tissue containing accessory conjunctival lacrimal glands, blood vessels, lymphatics 

and nerves. The deeper part is referred to as the fibrous layer and the more 

superficial part as the adenoid (or lymphoid) layer. The adenoid layer consists of 

a fine connective tissue reticulum with the fibroblast as the main structural cell. 

Many extrinsic cells, involved in the defense of the ocular surface, are present in 

the adenoid layer and collections of lymphocytes are frequently identified in this 

region.

The deeper, fibrous layer consists of thick collagenous and elastic tissue with 

numerous fibroblasts. It is generally thicker than the adenoid layer and almost 

non-existent over the tarsal plates with which it is continuous. The deeper region 

contains most of the conjunctival vessels, nerves and accessory glands.

Leukocytes in the conjunctiva

As an active and integral mucous membrane the conjunctiva provides the 

immunological defence system of the external eye. Defence of any mucosal 

surface requires both innate immune responses such as intact clearance 

mechanisms as provided by the tear film of the eye or the bronchial-mucociliary 

escalator of the lung, and the ability to mount a specific immunological response. 

To protect the integrity of the surface epithelium, abs and effector cells generated 

by the immune response must function on the external surface of the eye.
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Extracellular Igs (IgG, IgA and IgM) have been identified in normal conjunctiva 

(Records, 1985). The conjunctival epithelial cells synthesise the secretory 

component for IgA (sIgA) which is produced by plasma cells abundant in the 

subepithelium, but active on the conjunctival surface (Lightman, 1993). IgA 

actively binds to the secretory component as it traverses epithelial cell layers. 

Bound secretory component may facilitate transport of sIgA into secretions as 

well as protect the immunoglobulin from proteolytic attack (Roitt, 1991). SIgA is 

present in tears in much higher concentrations than in the serum and may act to 

modulate the normal flora of the ocular surface allowing saprophylic growth 

preventing less favourable flora from colonising the surface. SIgA also prevents 

adherence of bacteria to the mucosal surface, (Newsome, 1979) agglutinates 

bacteria, and can neutralise viruses and toxins. The tear IgG concentration 

increases significantly during acute inflammation. The increase is associated with 

increased vascular permeability and is considered to be the result of serum IgG 

spilling into the tears. The tear IgG can neutralise viruses and toxins, lyse 

bacteria, enhance opsonisation and form immune complexes which can bind 

complement resulting in immune adherence, chemotaxis of polymorphonuclear 

leukocytes and the release of anaphylatoxins (Allansmith and O’Connor, 1970).

Priming of the mucosal immune response occurs at mucosal sites where the ags 

are taken up by specialist cells capable of presenting it to lymphocytes. As the 

first site of contact with external ag, the conjunctival epithelium is well equipped 

with cells capable of recognising and presenting ag to lymphocytes.

The Langerhans cell (LG) which is a dendritic APC first described in the 

epidermis of the skin (Langerhans, 1868) has been identified and characterised 

in the epithelium of the conjunctiva (Bhan, Fujikawa and Foster, 1982; Sacks, 

Rutgers, Jakobiec et.al., 1986). LC-bound ag is carried by way of the lymphatics 

to the draining lymph nodes, where lymphocytes are sensitised. Stimulated 

lymphocytes then migrate via the blood stream to the ocular adnexae as well as 

other mucosal surfaces, to participate in a local humoral or cell mediated immune 

response. Lymphocytes, macrophages and the occasional granulocyte are also 

found scattered throughout the epithelium having migrated there through the 

basement membrane from the underlying substantia propria.
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The cellular content of the adenoid layer in the substantia propria includes 

lymphocytes, mast cells, macrophages, and the occasional polymorphonucleocyte 

(Records, 1985).

The lymphocytes are mainly present in the superficial stroma underlying the 

epithelium and often occur in collections but not true follicles. The lymphocytes 

form the ’conjunctiva associated lymphoid tissue’ (CALT) (Bloomfield, 1988) and 

share common functions with other ’mucosa associated lymphoid tissue’ (MALT), 

also found in the lung, nose and Peyer’s Patches of the gut. The lymphocytes are 

involved with the processing of foreign substances in a local mucosal immune 

defense system although the adjacent lymph nodes are involved preferentially in 

the initiation of a local immune response (Bron, Mengher and Davey, 1985; 

Smolin, 1985).

Large numbers of mast cells are found scattered throughout the substantia 

propria of the normal conjunctiva, but are absent from the epithelium (Irani, 

Butrus, Tabbara and Schwartz, 1990). Mast cells have been implicated in the 

expression of a wide variety of biological responses, including immediate 

hypersensitivity reactions, host responses to parasites and neoplasms, 

immunologically non-specific inflammatory and fibrotic conditions, angiogenesis, 

and tissue remodelling as well as wound healing. The essential role of mast cells 

as the primary effector cells in the immediate type I hypersensitivity reaction has 

been discussed in Section 1.2. Recent studies by Irani et.al. and Morgan et.al. 

have demonstrated that mast cells infiltrating the normal conjunctiva bear 

characteristics of the rat connective tissue mast cell or MCy^. The MC^c contains 

the neutral proteases tryptase and chymase and was first demonstrated in the skin 

(Irani, Brutus, et.al., 1990; Morgan, Williams, Walls, Church, Holgate, et.al.,

1991). In contrast, the mucosal mast cell or M Cj produces tryptase only and is 

found in the small intestinal mucosa, the lung, as well as other mucosal surfaces 

(Irani and Schwartz, 1989). The number of mucosal mast cells present at a 

particular site is under T cell control, whereas proliferation of MCp^ is affected 

by fibroblast factors. Mucosal mast cells are resistant to the effect of the mast cell 

stabiliser disodium chromoglycate (DSCG), therefore the relative proportion of 

either mast cell type involved in an allergic response is likely to influence the
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effectiveness of the drug.

Cells of the monocyte-macrophage lineage are seen frequently in epithelia and 

substantia propria of normal tarsal and bulbar conjunctiva. The macrophage is another 

important cell of the defence system in the conjunctiva. Macrophages phagocytose 

foreign particles, in particular immune complexes and bacteria opsonised by 

complement fragments or immunoglobulin, for which they bear surface receptors. In 

vitro work has further demonstrated that macrophages are capable of presenting 

processed ag to lymphocytes, and thus provide a potential source of APCs in the 

conjunctiva (Reviewed by Lee, 1993). Therefore, the macrophage plays a central role 

in cell-mediated immunity, because it is involved both in the initiation of responses 

as an APC, and in the effector phase as an inflammatory, tumoricidal and a 

microbicidal cell.

Within the population of granulocytes, the neutrophil is the most common seen in 

the normal conjunctiva. Neutrophils are effective killer cells for bacteria; phagocytosis 

triggers a burst of oxidative activity generating lethal amounts of superoxide anion and 

hydrogen-peroxide. Presumably these cells scavenge bacteria which penetrate the 

mucous blanket as a step prior to invasion of the epithelial cell surface (Reviewed by 

Smolin, 1985).

Eosinophils are seen rarely only in the substantia propria of normal conjunctiva, 

and usually are not found in the epithelium. Although the functional aspects of 

eosinophils are not understood fully, they are known to play an important role in the 

defence against parasitic infections, in particular helminth infections. Furthermore they 

accumulate in allergic responses and in a variety of other diseases with less well- 

defined causes (reviewed by Weller, 1991). Like neutrophils, eosinophils can serve as 

end-stage effector cells but they also have specialized roles in host defence against 

non-phagocytosable multi-cellular parasites. Eosinophils can contribute to the 

antiparasitic host defence by several means, including the release of their cationic 

granule proteins: major basic protein (MBP), eosinophil cationic proteins (ECP), 

eosinophil derived neurotoxin (EDN), and eosinophil peroxidase (EPO), as well as the 

release of newly synthesised lipid mediators which include leukotrienes (LTCJ, 

platelet activating factor (PAF) and substance P. However, it has been shown that 

these mediators employed by eosinophils in the host's defence can prove detrimental
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to the host. Oxidative products and cationic proteins released by eosinophils can cause 

severe damage to host cells as commonly observed in allergic responses (Reviewed 

by Gleich, 1990, and Weller, 1991). Interestingly, eosinophils can express HLA-class 

II, which makes them potential APCs (Reviewed by Adolphson, 1993). Thus, in many 

ways eosinophils bear a resemblance to macrophages since both can serve as ag- 

independent end-stage effector cells, as well as presenting ag to lymphocytes in an ag- 

dependent reaction.

133 . Allergies of the eye

Clinical features of allergic conjunctivitis 

Like other mucosal surfaces, the conjunctiva is directly exposed to the external 

environment, making contact with a vast number of ags and allergens.

Allergic conjunctivitis comprises a very heterogeneous group of disorders, 

including the rather mild but nuisance seasonal and perennial allergic 

conjunctivitis (SAC and PAC respectively) at one end of the spectrum and the 

severe, persistent vernal and atopic keratoconjunctivitis (VKC and AKC 

respectively) at the other.

SAC or hayfever conjunctivitis is the most commonly encountered ocular atopic 

condition (Dart, 1986) and is the prototype of an immediate or type I 

hypersensitivity reaction. The condition may occur localised to the eye or be part 

of a generalised hay fever reaction. The conjunctival reaction is similar to the 

general inflammatory oedema that involves the upper respiratory tract. It is 

characterised by hyperaemia and oedema usually associated with a watery but 

sometimes purulent discharge. If the allergen persists throughout the year such 

as house dust mite allergen, the seasonal variation is lost and patients present 

with PAC. The inflammation is similar to that seen in SAC. The conjunctiva 

appears pale but with a minor degree of oedema (Dart, 1986). Both conditions 

may be considered as minor because their symptoms are relatively mild and easily 

treatable with anti-histamines and mast cell stabilisers (Smolin, 1983).

The most serious forms of allergic eye diseases are AKC and VKC. As their
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names imply, AKC and VKC both involve the cornea and are potentially blinding 

disorders which are difficult to treat.

AKC is a bilateral chronic ocular manifestation of a systemic hypersensitivity 

syndrome associated with atopic dermatitis (Smolin, 1983). The incidence of 

ocular involvement in atopic dermatitis is between 25-40% and is found more 

frequently in man (Foster, Calogne, 1990). Patients complain of severe itching and 

burning and often notice severe photophobia associated with tearing and 

discharge. The clinical symptoms and manifestations have been described in detail 

(Smolin, 1983; Foster, Calogne, et.al.l990). and may include lid eczema, chronic 

blepharitis, cicatrizing conjunctivitis and compromised vision from comeal 

complications (Hogan, 1953). The disease is usually bilateral and individuals often 

have thickened, indurated eyelid margins, the skin of which is lichenified (Figure 

1-3 and 1-4). AKC is sometimes associated with papillary hypertrophy of the 

inferior tarsal conjunctiva and conjunctival scarring (Figure 1-5). Serious corneal 

complications are common and may vary in severity from punctate keratitis to 

frank necrosis with neovascularisation and thinning of the cornea. The 

mechanisms of damage to the cornea in AKC are unclear. Important 

complications of AKC are secondary infections in particular with Staphylococcus 

aureus.

A subgroup of patients who develop changes similar to those seen in AKC but 

without comeal involvement suffer from atopic blepharoconjunctivitis (ABC) 

(Tuft, Kemeny, Dart, Buckley, 1991). Both conditions are characterised by severe 

chronicity which may burden the affected individual into old age.

VKC is a bilateral, seasonally recurrent condition of the eye which usually 

affects children and although chronic by nature, it is usually self-limiting with a 

duration of 2 to 10 years and is seen more conunonly in males than females 

(Abelson and Allansmith, 1983; Buckley, 1987). The symptoms are most 

pronounced in spring, with a worldwide occurrence, although it is most conunon 

in warm climates. Like AKC it is a painful, debilitating disease with sight 

threatening consequences due to comeal involvement if left untreated. There are 

two forms of the disease, palpebral and limbal, which differ principally in their 

location. The two forms usually occur together, although one may predominate.
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The disease is associated with a thick ropy discharge which frequently contains 

eosinophils (Bloomfield, 1988). The most prominent features include intense 

itching, tearing, together with a burning- and foreign body- sensation. Papillary 

hypertrophy and the growth of giant papillae or ’cobblestone papillae’ on the 

superior tarsal conjunctiva are characteristic clinical features of VKC (Figure 1-

6.). Small, whitish chalk-like epithelial lesions are frequently seen at the comeal 

limbus. The lesions, also known as ’Trantas dots’ are focal areas of mucinous 

degeneration of epithelial cells together with eosinophils (Buckley, 1987A). 

Corneal involvement is an index of severity of the disease and may vary from 

punctate epithelial keratitis to plaque formation with subepithelial scarring. If the 

punctate keratitis is mistreated or left untreated, mucous and fibrin deposits 

associated with the lesions will spread and result in plaque formation. Plaque 

prevents re-epithelialisation of the cornea and encourages new vascular growth 

in its proximity which may lead to the loss of vision (Buckley, 1987A).

A similar spectmm of symptoms and clinical appearance characteristic of VKC 

occurs in patients with GPC (Allansmith, Baird and Greiner, 1979). GPC is 

associated with the wear of hard or soft contact lenses, or the use of ocular 

protheses. Generally GPC is less serious than VKC, with rare limbic symptoms 

and no corneal involvement and it probably occurs as a response to denatured 

proteins that accumulate on the contact lenses or the protheses due to poor 

hygiene (Buckley, 1987B).

Immunopathology of allergic conjunctivitis

As previously mentioned, SAC and PAC are the prototype of an immediate type 

hypersensitivity reaction. The normal conjunctiva has a relatively high natural 

concentration of mast cells (Morgan, Williams et.al., 1991), and it is not surprising 

therefore that exposure to airborne allergens results in the pathology seen in SAC 

and PAC in atopic subjects.

While an immediate hypersensitivity reaction is the basic mechanism involved 

in these ’mild’ forms of allergic eye conditions, the immunopathology of the more 

severe and chronic allergic eye conditions including AKC, ABC, VKC and GPC, 

is more complex.
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Immunohistopathologically AKC and ABC are characterised by mast cell and 

eosinophil invasion of the epithelium, goblet cell proliferation, epithelial 

pseudotubular formation, mast cell and eosinophil prominence in the substantia 

propria, and chronic mononuclear cell infiltration of the substantia propria 

(Hogan and Zimmerman [eds], 1962). Furthermore, increased levels of 

inflammatory mediators such as histamine have been found in tears as well as 

increased serum and tear IgE levels (Abelson and Allansmith, 1983). However, 

Tuft and colleagues did not detect a correlation between either the severity of 

symptoms or the morphologic features of AKC and the level of serum or tear IgE 

(Tuft, Kemeny, Dart and Buckley, 1991).

An atopic aetiology also seems to play a part in VKC and is evidenced by the 

frequent occurrence of personal and family history of atopy (Frankland and Easty, 

1971), an association of high serum and tear IgE in some patients (Alimuddin, 

1955) elevated tear histamine levels (Butrus, Ochsner, Abelson and Schwartz,

1990) and by local eosinophilia (Alimuddin, 1955).

Similar to VKC, GPC is associated with atopy in some cases, with raised serum 

and tear IgE levels (Alimuddin, 1955), while no changes in IgE levels are seen in 

non-atopic patients (Buckley, 1987B).

Immunohistopathological findings in VKC and GPC demonstrated an infiltration 

of lymphocytes, plasma cells, mast cells and eosinophils, with mast cells and 

eosinophils infiltrating the epithelium. However, in contrast to VKC, the 

inflammatory cells observed in GPC were less numerous and the levels of MBP 

in tears were normal in GPC (Allansmith, Baird and Greiner, 1979).

Irrespective of whether an immediate hypersensitivity reaction is involved in 

these chronic allergic eye disorders, non-IgE mediated immune responses 

undoubtedly contribute to the immunopathology. Thus, a mixed cellular infiltrate 

composed of lymphocytes as well as mast cells and polymorphonucleocytes has 

been described for all these conditions (Foster, Rice and Dutt, 1991; Collin and 

Allansmith, 1977; Allansmith, Baird, et.al., 1979) Furthermore, treatment of these 

chronic variants of allergic eye disease with antihistamines and mast cell 

stabilisers is often unsatisfactory although almost all respond to local 

corticosteroids (Buckley, 1987A; Jay, 1981). Finally, many VKC and GPC
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sufferers are not atopic and none of the disease groups show a clear-cut 

correlation between allergen-specific IgE responses and the nature and severity 

of the allergic symptoms (Ballow and Mendelson, 1980). Therefore it is likely that 

a cell mediated immune response is involved in the immunopathology of these 

disorders similar to the situation in asthma and atopic dermatitis (Corrigan and 

Kay, 1992; Leung, Bhan, et.al., 1983).

Therapy

Corticosteroid treatment is the mainstay of therapy for AKC, ABC and VKC. 

Corticosteroids have many inhibitory effects on inflammatory and immune 

mechanisms. They reduce pathologically increased capillary permeability, inhibit 

neovascularisation, lymphocyte activation and expansion, and reduce leukocyte 

migration (Buckley, 1987A). However, the unwanted side-effects of steroid 

treatment are highly relevant to the management of these conditions. Raised 

intraocular tension in a significant number of patients has been described by 

Buckley (1987A). Furthermore, he noted an increase in cataracts and enhanced 

herpetic infection in steroid-treated cases of VKC.

Antihistamines are usually effective for a short time only and their long-term use 

may lead to contact sensitivity reactions and sedative side-effects respectively.

Mast cell stabilisers, such as DSCG are frequently used in the treatment of VKC 

and have been shown to be of benefit to the patients, although they do not 

replace corticosteroids (Buckley, 1987A).

Treatment of GPC involves contact lens hygiene and a reduction in the 

frequency of lens wear as the first approaches for improvement. DSCG is 

frequently used successfully, but corticosteroid treatment is usually unnecessary 

(Allansmith, 1987; Buckley, 1987B).
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Figure 1-3 Patient with AKC who has marked thickening of the eye lids with 

loss of lashes, and maceration with fissuring of the angles of the lids (Courtesy of 

A.Bacon).

Figure 1-4 Same patient as above, showing thickening of the lid with loss of 

lashes and marked fibrosis. (Courtesy of A.Bacon)
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FIGURE 1-3

FIGURE 1-4
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Figure 1-5 Patients with AKC showing marked infiltration of the inferior tarsal 

plate with scarring, and flat-topped papillae. (Clinical picture with courtesy of 

A.Bacon)

Figure 1-6 Patient with VKC showing cobblestone (giant papillae) on superior 

tarsal plate. (Clinical picture with courtesy of A.Bacon)
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FIGURE 1-5

FIGURE 1-6

M
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1.4. Aim

In order to establish the role of T cells in allergic tissue responses in the 

external eye, immunohistochemical staining methods were employed to look for 

both similarities and differences between the clinically distinct chronic allergic 

responses. The main aim was to determine the distribution of T  cell infiltrates, 

their activation status and associated infiltration of monocytes/macrophages which 

are also known to be of importance in chronic allergic tissue responses.

Furthermore, the production of various lymphokines (IL-2, IL-3, IL-4 and IL-5) 

by these T  cells was analyzed by means of in situ hybridisation histochemistry, in 

order to establish, whether functionally distinct T  cell subsets were involved in the 

immune response of these conditions. The involvement of T cells producing a 

discrete lymphokine profile in these allergic eye conditions, would allow future 

research to take a more realistic approach into finding alternative interventions 

of the disease processes than presently practised methods. Immunotherapy, for 

example, where T cells or their products are likely to become the target, thus may 

become a feasible alternative to corticosteroids, which often are associated with 

severe side-effects.
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CHAPTER TWO

MATERIALS AND METHODS
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2. MATERIALS AND METHODS

2.1. Subjects

Recruitment of patients into the study and the collection of biopsies was taken 

care of by Miss ABacon from MEH.

2.1.1. Controls

Patients undergoing elective surgery under general anaesthetic at MEH were 

asked to participate in the study. Patients fulfilling any of the following criteria 

were excluded from the study:

- age <18 years

- external ocular diseeise

- concurrent systemic disease or therapy that may have influenced the 

immunological response (e.g. leukeamia, steroid therapy)

- concurrent topical ocular therapy (esp. corticosteroids within the month 

proceeding biopsy , sodium cromoglycate)

- AIDS or Hepatitis B (which could have complicated specimen handling)

2.1% Patients

Patients were recruited from the Vernal Clinic (VC) and External Disease Clinic 

(EDC) at MEH and the Southampton Eye Hospital (SEH). All patients recruited 

were clinically diagnosed as suffering from one of the following conditions:

- Atopic keratoconjunctivitis (AKC)

- Atopic blepharoconjunctivitis (ABC)

- Vernal keratoconjunctivitis (VKC)

- Giant papillary conjunctivitis (GPC)

The presence of any one of the following features excluded the patients from 

participation in the study:

- age <18 years, except in the case of vernal-associated giant papillae in children
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between 11-18, which might have been removed with the childs and parents 

informed consent.

- other external ocular diseases

- concurrent topical ocular therapy (esp. corticosteroids: within 4 wks. prior to 

biopsy, sodium cromoglycate: within 7 days prior to biopsy).

- concurrent systemic disease or therapy that might have influenced the 

immunological response (e.g. leukaemia, steroid therapy)

- AIDS or Hepatitis B

All patients and control subjects were asked to provide written consent after a 

detailed explanation of the procedures involved. (For patient details see Appendix 

1-1 to 1-6).

Normal frozen conjunctival specimens for IH: preliminary study 

Twelve normal tarsal and eight paired tarsal and bulbar conjunctival biopsies 

had been collected prior to the commencement of the study and were used in a 

prehminary study in order to establish the cellular infiltrate of normal conjunctiva. 

The mean age of the sample population was 59.3 years for a total of 20 tarsal 

biopsies, and 61.8 years for a total of 8 paired tarsal and bulbar biopsies (see 

appendix 1-1 for details).

Normal control specimens for the allergic studv 

Sixteen paired (tarsal and bulbar) ’normal’ biopsies were included in the study 

of chronic allergic eye disease as controls, and were approximately age-matched 

with a mean age of 26 years (Appendix 1-6).
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Specimens obtained from chronic allergic patients 

The total number of paired tarsal and bulbar biopsies from chronic allergic 

patients included in this study was as follows:

15 AKC - mean age: 34.9 (Appendix 1-2)

9 ABC - mean age: 45.0 (Appendix 1-3)

16 VKC - mean age: 20.9 (Appendix 1-4)

10 GPC - mean age: 39.4 (Appendix 1-5)

2.2. Biopsies

2.2.1. Fixation

A biopsy was taken from the central 1/3 of the superior tarsal conjunctiva using 

a standard 3mm trephine under plain lignocaine anaesthesia. Where giant papillae 

were present, one or occasionally two were shaved from the surface instead. In 

addition, a small ’snip’ bulbar conjunctival specimen was taken from high in the 

upper fornix (Figures 2-1 and 2-2).

The non-atopic control patients undergoing eye-surgery under general 

anaesthetic, had received 2-4 drops of chloramphenicol 0.5% prophylaxis 

preoperatively only and biopsies were taken prior to the commencement of 

surgery in the same way as described above. The biopsy- procedure was not 

known to influence the cellular composition of the conjunctiva.
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Figure 2-1. Biopsy taken from the central 1/3 of the superior tarsal conjunctiva 

using a Smm^ trephine (Courtesy of A.Bacon).

Figure 2-2. ’Snip’-biopsy taken from the superior bulbar conjunctiva (Courtesy 

of A.Bacon).
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FIGURE 2-1

FIGURE 2-2
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2 2 .2 .  Storage

The 12 normal tarsal and 8 paired tarsal and bulbar conjunctival biopsies 

collected prior to the commencement of the study had been snap-frozen in OCT 

and were stored in flat bottomed polythene taab containers at -70°C for 

immunohistochemical analysis.

Collection of paired tarsal and bulbar specimens from normal controls and 

patients suffering from chronic allergic eye disease commenced with the study. 

Tarsal biopsies were divided into 2 equal halves, one half was placed into ice-cold 

acetone as a fixative containing protease inhibitors (20mM iodoacetamide and 

2mM phenyl methyl sulfonyl fluoride [PMSF]) and was stored overnight at -20°C 

before processing into glycolmethacrylate (GMA) for immunohistochemical 

analysis. The second half was snap-frozen in OCT and stored at -70°C for in situ 

hybridisation histochemistry (ISH). Bulbar conjunctiva was not included in the 

second part of the study, as the specimens were considerably smaller and more 

fragile than their tarsal counterparts and attempts to cut bulbar conjunctiva 

resulted in tissue damage and loss.

2 3 .  Immunohistochemistry of Normal Conjunctiva (Frozen)

Introduction

Immunoperoxidase procedures which allowed visualisation of cell components 

in frozen tissue sections, were employed for the immunohistochemical analysis.

Immunoperoxidase methods involve the use of abs and the enzyme peroxidase, 

and utilise an enzyme-substrate reaction to convert colourless chromogens into 

coloured end products. A commonly used enzyme is horseradish peroxidase 

(HRP), since it is small in size and therefore does not hinder the binding of abs 

to adjacent sites. It has an iron containing haem group as its active site. In 

immunoperoxidase staining, HRP forms a complex with the substrate hydrogen 

peroxide (H2O2) which then oxidises an electron donor to produce the end 

product of the reaction, a coloured molecule and water. There are several
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electron donors or chromogens, which can be oxidised to become coloured end 

products. 3-amino-9-ethylcarbazole (AEC) for example, forms a red end product 

upon oxidation. The end product is alcohol soluble and therefore must not be 

immersed in alcohol or alcoholic solutions, instead an aqueous counterstain and 

mounting medium are used (Boenisch, Farmilo and Stead, 1989).

Tissue fixation and processing

One of the most critical aspects of immunoperoxidase techniques is the fixation 

of specimens in order to prevent ’ag-leakage’ out of the tissue. However, a large 

number of commonly used fixatives, such as formalin-based preparations which 

are cross-linking fixatives, lead to the masking of ags and prevent their 

localisation in tissue sections. Furthermore, processing of biopsies into the support 

medium commonly leads to ag-destruction (Bourne, 1983). Paraffin-embedded 

tissues are therefore unsuitable for the detection of a large number of tissue- ags, 

as heat-labile ag will be destroyed during processing (Collings, Poulter and 

Janossy). Immunoperoxidase techniques can localise only that ag in a specimen 

which remains recognisable by the ab, and since each step involved in the 

processing of specimens into the embedding medium leads to the loss of some 

ags, OCT-embedded frozen biopsies, which circumvent the detrimental effects of 

fixation, are frequently the specimens of choice for immunohistochemical analysis 

of tissue- ags. However, frozen tissue section frequently suffer from poor 

preservation of cellular details and can create problems upon prolonged storage 

(Collings, Poulter, et.al., 1984). The use of frozen sections for 

immunohistochemical analysis therefore frequently does not represent a 

favourable choice, but a necessity due to the lack of better alternatives.

More recently, the use of plastic (resin-based) embedding media has become 

available and may provide a good alternative to frozen tissues for IH in future 

studies (Section 2.4).
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Staining methods

There are 4 main methods of immunoperoxidase staining that can be used. The 

direct, indirect, peroxidase anti-peroxidase (PAP) or alkaline phosphatase anti- 

alkaline phosphatase (APAAP) and an avidin or streptavidin biotin-peroxidase 

complex (ABC or StreptABC) (Naish, Boenisch, Farmilo and Stead, 1989).

The direct immunoperoxidase method is the simplest method to localise ags and 

involves the chemical linkage of the specific ab to peroxidase. The method can 

be performed quickly and with low probability of non-specific binding. However, 

there are two main disadvantages with the direct method. Firstly, for every ab to 

be localised, a different conjugated ab is needed and may require conjugation of 

a chosen ab, as only a restricted number of conjugated abs are commercially 

available. Secondly, the method is not as sensitive as the other immunoperoxidase 

methods, as each ab carries only 1 peroxidase molecule and can therefore convert 

only one chromogen into a coloured end-product (Bourne, 1983).

In the indirect application, an unconjugated ab binds to the ag in the specimen, 

which is then localised by a conjugated secondary ab. Although more versatile 

than the direct method as no conjugation of the primary ab is involved, the 

indirect procedure is more time consuming and more prone to non-specific 

background staining than the direct method (Bourne, 1983).

PAP utilises a preformed soluble enzyme anti-enzyme immune complex. It 

consists of an enzyme and the ab directed against it. This method requires a 

secondary ab as a link-ab between the primary, ag-specific ab and the ab in the 

complex. APAAP is another commonly used soluble enzyme immune complex 

method which utilises alkaline phosphatase anti-alkaline phosphatase as a 

complex rather than peroxidase anti-peroxidase (Casey, Cousar and Collins, 1988).

The ABC technique utilises the high affinity of the egg-white glycoprotein avidin 

to the vitamin biotin, where a complex of peroxidase conjugated biotin and avidin 

is formed. The free sites of the avidin molecule allow binding to biotin present 

on a secondary biotinylated ab which links the complex to the primary, ag-specific 

ab. The biotinylated ab does not have to be added in excess since free Fab’ sites 

are not required for binding. The strong affinity of avidin and streptavidin for 

biotin and a mild biotinylation process of the secondary ab, make these methods
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more sensitive than the direct and indirect methods and it is also thought to be 

more sensitive than the PAP/APAAP procedures (Hsu and Raine, 1981; Hsu, 

Raine and Ranger, 1981).

An ABC staining technique (Vector Laboratories, UK.) was chosen for the 

immunohistochemical analysis of frozen tissue sections, since it was more sensitive 

than the direct and indirect methods and yielded superior results to the PAP 

method (data not shown).

Background staining

A commonly observed problem with IH is that of background staining. The most 

common cause is the non-specific attachment of the ab to highly charged collagen 

and connective tissue elements of the specimen. The most effective way to 

prevent this non-specific staining is to add an innocuous protein solution to the 

specimen before applying the primary ab. The most common source of the protein 

solution is non-immune serum from the same animal species that produced the 

secondary ab. Use of an innocuous protein avoids positive staining due to binding 

of the secondary ab to components in the protein solution (Bourne, 1983). 

Additional problems may arise from the presence of endogenous peroxidase in 

the specimens. The endogenous peroxidase activity is confined mostly to red and 

white blood cells. If it is not removed before adding the marking enzyme, positive 

staining will be observed that is not due to the specific ag alone, but also to 

peroxidase activity already present in the specimen. The most frequently used 

procedure for the suppression of endogenous peroxidase activity entails the 

incubation of the section in 3% H2O2 in methanol. Alternatively, a mixture of 

sodium azide and H2O2 can be used (Bourne, 1983). Non-specific staining may 

also occur due to the lability of Fc-receptor proteins most frequently present on 

macrophages and granulocytes, which have been shown to bind mouse mabs non- 

specifically. Non-specific staining can be avoided by using the P(ab’)2 fragments 

instead of whole Ig (Boenisch, Farmilo, et.al., 1989).
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23.1. Tissue preparation for frozen biopsies 

Slide preparation

All immunohistochemistry was carried out using 3-amino propyl tri-ethoxy silane 

(APES, Sigma Chemical Co. Poole, Dorset) coated slides. APES is an adhesive 

which improves section bonding to slides over other commonly used adhesives 

such as poly-L-lysin (PEL) and gelatine (Maddox and Jenkins, 1987). Cleaned 

slides were placed into racks and immersed into a freshly prepared 2% solution 

of APES in 99% industrial methylated spirit for 10 secs. This was followed by a 

wash in 99% methylated spirit and distilled water for 5 mins each before the 

slides were left to dry overnight at 37°C. Boxes of APES coated slides were stored 

at room temperature until required.

Tissue sections

6/xm thick sections were cut with a cryostat (600 Cryotome, Anglia Scientific, 

Cambridge, UK.) at -20°C. Cross-sections through epithelium and stroma of the 

conjunctiva were cut. As correct orientation of the sections was crucial, 0.1% 

toluidine blue-immersed sections were checked under a light microscope and 

reorientated if necessary. Correctly orientated sections were cut and left to air-dry 

at room temperature for 1-2 hrs before storage at -20°C for immunohistochemical 

analysis.

2 3 3 . Staining procedure

HaematoxyUn and eosin (H&E, Ehrlich's haematoxylin + 5% eosin in H2O) 

(Drury and Wallington, 1967) staining was employed to establish the general 

morphology of the conjunctival biopsies.

For immunohistochemical analysis tissue sections were fixed in acetone for 10 

mins at room temperature and washed for 10 mins in phosphate buffered saline 

(PBS, pH 7.4). Suppression of endogenous peroxidase activity entailed the 

incubation of the sections in 0.3% H2O2 in 50% methanol for 10 mins, followed 

by a wash for a further 10 mins in PBS. The slides were absorbed by non-immune
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horse serum for 20 mins, directly followed by an incubation with a primary mab 

(Table 2-1) for 30 mins at room temperature. Mabs were used at concentrations 

as recommended by the manufacturers (see Table 2-2 for dilution rates). After 

a brief wash in PBS for 10 mins the secondary biotinylated horse anti-mouse ab 

was applied to the sections for 30 mins. Following a further wash in PBS for 10 

mins, the sections were incubated with a preformed avidin and biotinylated 

horseradish peroxidase macromolecular complex for 45 mins. The peroxidase 

reaction was then developed with the chromogenic substrate AEC (Sigma), by 

adding 1ml of 0.4% AEC in dimethylformamide to 14ml of O.IM acetate buffer, 

pH5.2 (4 parts of O.IM sodium acetate plus 1 part O.IM acetic acid). The 

substrate was filtered and 30% hydrogen peroxide (Sigma) was added to a final 

concentration of 0.03% H2O2 (Graham, Lundholm, and Kanovsky, 1965). Sections 

were developed for 10 to 15 mins, washed in distilled water, counterstained in 

Mayer’s haematoxylin (Drury and Wallington, 1967), blued in running tap water 

for 5 mins, and mounted with water-based glycerol gelatine medium (DAKO 

Ltd.). Sections without primary mab and tissue sections from tonsils served as 

negative and positive controls respectively.
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TABTJR 2-1: List of monoclonal antibodies for frozen tissue sections, their 

specificity and source.

MONOCLONAL
ANTIBODIES

SPECIFICITY SOURCE

CD3 Pan T cell marker, some NK cells DAKOPATTS

U CH Ll CD45RO-cluster, present on most 
thymocytes,subpop. of resting T  cells 
(CD 4+/CD 8+) and mature activated 
T cells

DAKOPATTS

CD4 Helper T cell subset DAKOPATTS

CDS Suppressor/cytotoxic T cell subset DAKOPATTS

CD25 Interleukin 2 Receptor DAKOPATTS

L26 CD20, present on the majority of B 
cells, not plasma cells

DAKOPATTS

HLA-DR HLA-Class II products, present on B 
cells, most monocytes, macrophages, 
endothelial cells, activated T cells, 
minority of epithelial cells, proportion 
of fibroblasts

DAKOPATTS

MAC CD68, present on human monocytes 
and tissue macrophages

DAKOPATTS

HNK CD57, Natural Killer cells SERA-LAB

E G l Eosinophil cationic protein (ECP), 
labels ECP in non-secreted form 
(resting eosinophils)

SERA-LAB

A list of the primary mabs employed in the IH of normal frozen conjunctival 

biopsies and their sources.
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2.4. GMA embedded Normal and Chronic Allergic Conjunctival Biopsies 

Introduction:

The development of mabs and their use in immunohistochemical analysis of 

leukocytes has revolutionised immunology and opened new venues for the in vitro 

and in vivo study of phenotypically distinct cells. Nonetheless, conventional 

immunohistochemical staining techniques suffer from several weaknesses. As 

mentioned previously, the majority of mabs only work reliably on frozen 

specimens which are often characterised by poor morphology and thick tissue 

sections, making accurate quantitative cell counts impossible.

More recently, plastic embedding media have become available for the 

immunohistochemical analysis of specimens. Two main types of plastic embedding 

media are available, epoxy resins and methacrylate. The epoxy resins polymerise 

evenly, resulting in excellent preservation of structural details. However, epoxy 

resins frequently interact with tissue structures due to their high reactivity during 

the polymerisation process which renders them unsuitable for 

immunohistochemical analysis (Bourne, 1983). Methacrylates on the other hand, 

do not copolymerize with tissue components, thereby preventing alteration of 

antigenic structures which makes them potentially excellent media for specimens 

to be investigated immunohistochemically. Their main disadvantage lies in their 

uneven polymerisation which can cause shrinkage of the specimen and may 

subsequently lead to poor morphology.

The development of GMA as an embedding medium for specimens intended for 

immunohistochemical analysis therefore provides a novel and attractive 

alternative to frozen and paraffin-embedded tissues.

The use of GMA-embedded tissues for IH has been developed recently by 

K.Britten (Southampton General Hospital, UK.), who kindly forwarded the 

protocol for the purpose of this study. The method is an adaptation of a technique 

developed by Casey et.al. and involves careful tissue fixation and processing at low 

temperature, which allows the preservation of tissue ags, while at the same time 

producing better morphology and thinner tissue sections than can be achieved 

with either frozen or paraffin-embedded tissues (Casey, Cousar and Collins, 1988).
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Tissue fixation and processing 

Acetone preserves antigenicity and is a commonly employed fixative for frozen 

tissue sections intended for IH. In this protocol, the prefixation of biopsies was 

carried out in acetone plus protease inhibitors, as it was thought that mucosal 

biopsies contained proteolytic enzymes which may have caused digestion of tissue 

ags soon after biopsy removal. The prefixation and processing protocols employed 

in this study were based on the ModAMex method (modified cold Acetone 

fixation with subsequent Methylbenzoate and Xylene treatment) as described by 

Delsol et.al. (Delsol, Chittal, Brousset, Caveriviere, Roda, et.al., 1989).

The infiltration of biopsies in GMA prior to embedding required the addition 

of 5% methylbenzoate. Methylbenzoate was thought to enhance the permeability 

or reduce masking of antigenic sites by the GMA-resin, as Britten et.al. only 

observed minimal staining in its absence (Britten, Howarth, et.al. In Print). The 

low temperature that prevailed throughout the processing and embedding 

procedure prevented ag-loss due to heat dénaturation as commonly observed with 

paraffin-embedding media.

Immunohistochemistry 

A streptavidin biotin-peroxidase complex detection system was used as it was 

found to yield better and cleaner staining results than other staining methods 

(Britten, Howarth, et.al.. In Print). In comparison to IH carried out on frozen 

sections, several steps within the protocol were altered. Firstly, freshly cut sections 

were floated onto water containing ammonia which was shown to improve staining 

results, as well as ’smoothening out’ any folds in the thin tissue sections prior to 

their attachment to the glass-slides (Britten, Howarth, et.al. In Print). Secondly, 

endogenous peroxidase activity was blocked with 0.3% H2O2 and 0.1% sodium 

azide, as Li et.al. showed that only the combination of the 2 sufficiently blocked 

both, myeloid and eosinophilic peroxidase activity (Li, Ziesmer and Lazcano- 

Villareal, 1987). Thirdly, F(ab’)2 fragment instead of whole rabbit anti-mouse Ig 

was employed in order to prevent non-specific staining; the Fc-receptor proteins 

are most frequently present on macrophages and granulocytes and can bind to 

mouse mabs non-specifically.
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2.4.1. Processing of biopsies in GMA

Following incubation in acetone plus protease inhibitors at -20°C overnight, the 

specimens were placed into acetone and methylbenzoate at room temperature for 

15 mins each prior to processing. The biopsies were immersed in a solution of 

GMA monomer (JB4 solution A, JB 4 Idt, Park Science Ltd., Northampton, U.K.) 

containing 5 %  methylbenzoate. The infiltration was carried out at 4°C with three 

changes of the solution over a period of 7 hrs. The GMA-embedding resin was 

prepared by mixing 10ml of GMA monomer (JB4 kit, solution A) with 250/Ltl of 

N,N-dimethylaniline in PEG 400 (accelerator, JB4 kit, solution B) and 45mg 

benzoyl peroxide (catalyst, JB4 kit, solution C). The specimens were placed in flat 

bottomed polythene capsules (Taab) which were filled to the rim with the freshly 

prepared embedding resin solution. The containers were sealed to exclude air 

during polymerisation. Polymerisation was carried out at 4°C for 16 hrs 

(overnight). Subsequently the blocks were moved to a -20°C freezer and stored 

in an air-tight container on silica to absorb any moisture. Polymerisation was 

thought to proceed with time; freezing of the embedded blocks was used in order 

to slow down or even halt this process.

2.4J2. Ultra-microtome sectioning

The blocks were trimmed with a razor-blade to remove any excess resin and 

1.5/xm thin sections were cut with a glassknife using an ultramicrotome (Reichert- 

Jung, Ultracut E, Leica, Milton Keynes, UK.). The sections were floated onto a 

0.2% ammonia solution (NHg-solution, prepared in double distilled water) and 

picked up onto APES-coated slides after 30 to 60 secs. The addition of anunonia 

to the water was found to improve the immunostaining results for some antibodies 

(Britten, Howarth, et.al.. In Print) and was therefore used routinely. The slides 

were left to air-dry at room temperature for 1 to 6 hrs and staining commenced 

immediately.
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2.43. Immunohistochemîstiy of GMA-embedded tissue

All primary mab were raised in mice and their origins and dilutions are 

summarised in Table 2-2. The slides were immersed in a solution of 0.3% 

hydrogen peroxide in 1% sodium azide (Sigma) for 30 mins at room temperature 

(Li, Ziesmer and Lazcano-Villareal, 1987) followed by 3 washes in 0.05M tris 

buffered saline (TBS, pH 7.6) for 5 mins each and an incubation in culture 

medium (RPMI, GIBCO BRL, Paisley, UK.) containing 20% fetal calf serum 

(PCS) and 1% bovine serum albumin (BSA, Sigma) for 30 mins. The slides were 

drained and the primary mabs were applied at dilutions recommended by the 

supplier (see table 2-2). lOO/xl of diluted primary ab were applied to each tissue 

section and incubated in a humidified chamber for 16 -20 hrs (overnight). The 

slides were then washed three times for 5 mins each in TBS, drained, and 

incubated with biotinylated P(ab’)2 fragment of rabbit anti-mouse 

immunoglobulin (DAKO) in a humid chamber for two hrs at a dilution of 1:200 

in TBS. The slides were then washed again in TBS and AEC was used as the 

chromogen to demonstrate the antigenic sites. A 30 mins incubation with the 

AEC solution was followed by a brief wash in running tap water. The slides were 

counterstained in Mayer’s haematoxylin and mounted in glycergel mounting 

medium (DAKO). Sections without primary ab and tissue sections from tonsils 

served as negative and positive controls respectively.
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TABLE: 2 -2

MONOCLONAL ANTIBODY REACTIVITY CLONE PURCHASE DILUTION

CD3 PAN T CELL MARKER T3-4B5 DAKO LTD., UK., HIGH WYCOMBE, BUCKS. 1/100
CD4 T CELL SUBSET

(MAINLY "HELPER/INDUCER" T CELLS)
MT310 DAKO LTD., UK., HIGH WYCOMBE, BUCKS. 1/50

CDS T CELL SUBSET
(MAINLY "SUPPRESSOR/CYTOTOXIC" T CELLS)

DK25 DAKO LTD., UK., HIGH WYCOMBE, BUCKS. 1/100

CD25 INTERLEUKIN 2-RECEPTOR (TAC), T CELL ACTIVATION MARKER ACT-1 DAKO LTD., UK., HIGH WYCOMBE, BUCKS. 1/100
Yf-TCR yS^^ CELL RECEPTOR, EXPRESSED ON SMALL POPULATION OF 

NORMAL T CELLS (<5%)
T CELL SCIENCE 1/20

CD45R0 MEMORY OR PRIMED T CELLS, 8 CELL SUBSETS, MONOCYTES, 
MACROPHAGES

UCHLl DAKO LTD., UK., HIGH WYCOMBE, BUCKS. 1/200

CD45RA NAIVE OR VIRGIN T CELLS, B CELLS, MONOCYTES SEROTEC, UK., OXFORD 1/50
CD45R LEUKOCYTE COMMON ANTIGEN, EXPRESSED ON MOST LEUKOCYTES 2B11+

PD7/26
DAKO LTD., UK., HIGH WYCOMBE, BUCKS. 1/100

HLA-DR MHC CLASS II ANTIGEN, EXPRESSED ON MACROPHAGES, B 
CELLS, DENDRITIC CELLS, ACTIVATED T CELLS

CR3/43 DAKO LTD., UK., HIGH WYCOMBE, BUCKS. 1/100

CD68 MACROPHAGES, MONOCYTES EBM11 DAKO LTD., UK. HIGH WYCOMBE, BUCKS. 1/100
CD1A LANGERHANS CELLS, CORTICAL THYMOCYTES NA1/34 DAKO LTD., UK., HIGH WYCOMBE, BUCKS. 1/100

CD20 (L26) PAN B CELL MARKER SS2/36 DAKO LTD., UK., HIGH WYCOMBE, BUCKS. 1/100
CD57 NATURAL KILLER CELLS (NK-CELLS) HNK-1 BECTON DICKINSON, UK., OXFORD 1/20

MLA MUCOSA LYMPHOCYTE ANTIGEN BER-ACT8 DAKO LTD., UK., HIGH WYCOMBE, BUCKS. 1/100

List of mabs used for IH of GMA-embedded conjunctival biopsies, their origin and dilutions
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2.5. IH: Cell Counts

Cell counts were performed with an Olympus BH-2 microscope using a 0.1 mm^ 

eyepiece graticule. 8 or more adjacent fields were counted at x400 magnification 

and expressed as mean counts per mm for the epithelium and mean counts per 

mm^ for the subepithelial substantia propria. For this purpose a stage-graticule 

was employed to determine how much of the eyepiece graticule related to 1mm 

and Imm^ of tissue section viewed. The conversion factors were 0.26 for cell 

counts per mm, and 0.0676 for cell counts per mm". All cell counts were 

performed on uncoded sections to rule out bias. For each primary ab the mean 

(±SEM) and the medians (plus their upper and lower confidence intervals) were 

calculated for frozen normal tarsal and bulbar biopsies, as well as GMA- 

embedded biopsies of allergic patients and normal control biopsies.

For each patient group the percentage of T cells coexpressing T cell related cell 

surface ags other than CD3 (ie. CD45RO CD45RA and CD25) were calculated

Figure 2-3.
COUNTING OF LEUKOCYTES IN THE CONJUNCTIVA

EPITHEUUM

0.1mm

COUNTS OF 8 OR MORE ADJACENT FIELDS 

PER TISSUE SECTION

SUBSTANTIA PROPRIA
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as the percentage of the total number of CD3+ T cells per patient group (ie. 

CD3= 100%).
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2.6. Molecular Probes in Nucleic Acid Hybridisation

Introduction:

Nucleic acid hybridisation is a fundamental tool in molecular cloning. Virtually 

every aspect of cloning, characterisation and analysis of genes involves 

hybridisation of one strand of nucleic acid to another and requires the preparation 

of a molecular probe.

Probe Choice

Probes can be either double-stranded DNA (dsDNA), single-stranded DNA 

(ssDNA) or RNA in type. DsDNA probes are usually labelled by nick-translation 

or the random priming technique (Sambrook, Fritsch et.al, 1987). Synthetic 

oligodeoxyribonucleotides may also be used as probes and can be generated by 

DNA-synthesizers. The latter have the advantage of higher specific activity in 

comparison to dsDNA probes, but have as their main disadvantage a low specific 

activity (Lathe, 1990). More recently, ssDNA probes with high specific activity 

have become available with the introduction of the polymerase chain reaction 

(PCR) (Tautz, Huleskamp and Sommer, 1992). The main benefit of using DNA 

probes is that ubiquitous RNAases do not cause any greater concern in contrast 

to RNA probes (riboprobes), which are commonly employed in hybridisation 

experiments (Gibson and Polak, 1990). Riboprobes, which are complementary 

('antisense') to the target mRNA, have a high specific activity and can be 

synthesised using cDNA as a template in the presence of labelled or unlabelled 

ribonucleotides and RNA polymerase. Although stringent RNAase-free conditions 

have to be maintained throughout its production, the advantages of antisense 

RNA probes over dsDNA probes outweigh such difficulties. Advantages include 

a higher specific activity and thermal stability of RNA-RNA hybrids. Furthermore, 

the probes are of defined size, which favours increased sensitivity and consistency 

of the reaction. The innately higher stability of the hybrids involving RNA probes 

allows the removal of non-specific RNA-RNA hybrids with RNAase A without 

compromising the results of the experiment (Sambrook, Fritsch et.al, 1989). 

Furthermore, RNA probes do not contain vector sequences which may cause non
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specific hybridisation and because they are single stranded, competitive 

hybridisation to the complementary strand as occurs with dsDNA probes, is 

excluded. Consequently a greater percentage of probe is available for 

hybridisation, giving stronger signals than cDNA probes (Cox, DeLeon, Angerer 

and Angerer, 1984). RNA probes are also superior to ssDNA probes in several 

respects. Firstly, radiolabelled RNA can be produced much more efficiently than 

ssDNA as the templates used can be transcribed many times. Secondly, RNA 

probes can be freed from template DNA merely by treating the reaction with 

RNAase-free DNAase I. Additionally, RNA hybrids generally produce a stronger 

signal in hybridisation reactions than DNA probes of equal specific activity. And 

thirdly, while digestion of DNA/RNA hybrids requires nuclease SI, an enzyme 

which can be difficult to control, RNAase A treatment of sections after 

hybridisation with RNA probes appears to be more reliable (Angerer and 

Angerer, 1992).

The favourable results achieved with riboprobe and the laboratory equipment 

available, made them the probes of choice for the detection of lymphokine 

mRNA in tissue sections in the present study.

Cloning vectors

DNA sequences of interest are introduced into cloning vehicles known as vectors 

prior to their propagation. Plasmids are such vectors and are commonly used. 

Most plasmids are derived from the plasmid pBR322, which has been modified 

by the introduction and deletion of various genetic functions which increase their 

versatility as cloning vehicles (Sambrook, Fritsch, et.al., 1989). Among these 

functions are RNA promoter sites, such as SP6 and T7. Plasmids can be obtained 

which contain both promoter sites, arranged in opposite orientation, thus allowing 

the production of sense and anti-sense RNA transcripts from the same 

recombinant.
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Introduction of vectors into host cells

In order to amplify the number of plasmids containing the sequence of interest, 

the vectors need to be inserted into a host cell which allows their replication. 

E.coli cells are effective recipients for plasmids and are commercially available 

for the purpose of transformation. Treatment of E.coli with CaClj or KCl makes 

them permeable to DNA. Therefore the growth of E.coli in the presence of KCl 

leads to the uptake of the plasmids from the surrounding buffer. This uptake is 

facilitated by a brief heat shock. Identification of the clones carrying the plasmid 

with the desired insert is of great importance. Screening of successfully 

transformed E.coli is commonly carried out by means of genetic selection. All 

vector molecules carry suitable genetic markers or properties and in the case of 

plasmids, the marker commonly confers drug resistance (Davis, Dibner, Battey, 

1986). Bacterial cells that have successfully taken up the DNA plasmid are 

therefore selected for growth on an agar plate containing the relevant antibiotic. 

Cells that do not contain the plasmid will not grow on these plates, while 

successful transformants will form discrete bacterial colonies.

Amplification

Large quantities of plasmid can be prepared using simple methods. The yield 

varies from less than one milligram to several milligrams per liter of bacterial 

culture, depending on the nature of the construct. Bacteria can either be grown 

to saturation or their growth can be stopped at late log phase by the addition of 

chloramphenicol to amplify the copy number of the plasmid (Sambrook, Fritsch, 

et.al, 1989). The yields of these two methods do not differ significantly. However, 

the former procedure is much simpler than the latter because there is no need to 

monitor the growth of bacteria (Sambrook, Fritsch, et.al., 1989).

In order to extract the plasmids from the E.coli, the cell wall of the latter is first 

cleaved with lysozyme, followed by the lysis of their cell membranes. Several 

methods can be used to prepare plasmid DNA. Alkaline lysis for example, is 

relatively simple (i.e. it does not involve ultra-high-speed centrifugation) and 

efficient and involves the lysis of the bacterial cell membrane by sodium dodecyl 

sulfate (SDS) and sodium hydroxide. An acidic solution of potassium acetate is
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added to neutralise the alkali. At the same time, the chromosomal DNA and most 

of the cellular proteins are precipitated by the high concentration of potassium 

acetate. Nucleic acids are precipitated from the clear lysate with isopropanol. 

Protein and RNA are removed with lithium chloride, RNAase digestion and 

phenol extraction. Although this method does not yield the same quality of DNA 

as achieved for example, by caesium chloride centrifugation, it does avoid the 

need for an ultra-highspeed centrifuge, which is necessary for DNA purification 

by caesium chloride centrifugation (Sambrook, Fritsch, et.al., 1989).

2.6.1. The use of riboprobes for lymphokine mRNA expression and their 

amplification

The cDNA probes for the detection of mRNA of IL-2, IL-3, IL-4 and IL-5 were 

kindly provided by Dr. Q. Hamid and colleagues (National Heart and Lung 

Institute, Dovehouse Road, London). The probes for IL-2, IL-3 and IL-4 

originated from the Glaxo Institute of Molecular Biology S.A., Geneva, 

Switzerland, while the probe for IL-5 cDNA had been obtained from Dr. Colin 

Sanderson. The DNA sequences of interest had been inserted into PGEM and 

PGHIL plasmid vectors containing dual RNA promoter sites (SP6 and T7) as well 

as gene sequences conferring ampicillin (amp) resistance (Table 2-3). A 6-actin 

probe which was used as the positive control probe, was kindly provided by 

P.Hiscott and originated from R. Poulson (Imperial Cancer Research Fund, 

London). The probe was composed of 428 bases, of which 14 bases comprised the 

pSP73 leader sequence followed by 414 bases of the authentic human 6-actin 

detecting sequence. The probe had been inserted into a pBluescript II vector by 

R. Poulsom, containing the SP6 promoter site which allowed transcription of anti

sense probe only (Table 2-3).
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Table: 2-3

DNA RNA COLONY VECI
INSERT VECTOR PROMOTER SELECTION SIZE

anti
sense sense

IL-2 pGHIL-2 SP6, T7 AMP
IL-3 pGEM-1 SP6, T7 AMP 2,865
IL-4 pGEM-1 T7 SP6 AMP 2,865
IL-5 pGEM-4 T7 SP6 AMP 2,871

6-actin Bluescript SP6 AMP 2,960

Table 2-3. shows the lymphokine and 6-actin cDNA inserts with their respective 

vectors. AMP = ampicillin

Transformation of E.coli

The plasmids containing the cDNA sequences of interest were transformed into 

HBlOl competent E.coli cells (BRL, Gibco, Uxbridge, Middlesex, UK.) using the 

protocol provided by BRL, Gibco.

HBlOl competent cells were removed from storage at -70°C and thawed on ice. 

For each transformation 100^1 of competent cells were aliquoted into pre-chilled 

17x 100mm polypropylene tubes. The plasmid vectors were diluted in TE (lOmM 

Tris.HCl [pH7.5] and ImM EDTA) and 1-5 ii\ (containing 1-lOng DNA) of the 

dilutions were added to the E.coli moving the pipette through the cells while 

dispensing. The tubes were tapped gently to mix and incubated on ice for 30 mins. 

The cells were then heat-shocked for 45 secs in a 42°C waterbath and were placed 

on ice without shaking for 2 mins. To each tube, 0.9ml of SOC were added at 

room-temperature. SOC was prepared by autoclaving a solution of 2 %  

bactotryptone and 0.5% yeast extract containing lOmM NaCl and 2.5mM KCl. 2M 

filter sterilised (0 .2 2 iim  filter) Mg"̂ "̂  stock (IM  MgCl2.6H20 and IM 

MgS04.7H20) and 2M filter-sterilised (0.22ium filter) glucose stock were added 

to give a final concentration of 20mM each. The tubes were left in a shaking

78



waterbath (225rpm) at 37°C for 1 hr.

100-200^1 of transformed E.coli were plated out onto LB-agar plates (Luria- 

Bertani) containing 50/xg/ml ampicillin. The plates were prepared by autoclaving 

LB medium (1% bactotryptone, 0.5% bacto-yeast extract and 1% NaCl) 

containing 1.5% agar. The LB agar was allowed to cool to 50°C before ampicillin 

was added. Ampicillin was prepared as a l,000x stock solution (50mg/ml) in 0.9% 

saline, filter-sterilised (0.22jLtm filter) and stored as 1ml aliquots in the dark at - 

20°C. The LB-agar/ampicillin solution was then poured into sterile petridishes, 

allowed to set for 20 mins at room-temperature and dried for 1-2 hrs at 37°C 

before used.

Untransformed HBlOl were plated out onto normal LB-agar and LB-agar 

containing ampicillin to check their viability and ampicillin sensitivity respectively.

The transformed and untransformed E.coli plates were left to grow in a 37°C 

incubator overnight before they were viewed for discrete colony growth. No 

growth was observed at any time for non-transformed E.coli plated out onto LB- 

agar/ampicillin plates. The plates containing discrete colonies of successfully 

transformed E.coli containing the plasmid inserts were stored at 4°C until used 

further.

2.6.2. Large scale plasmid preparation and purification

Large scale plasmid preparation

Large quantities of plasmids containing cDNA probes were prepared using a 

method described in ’Molecular Cloning- A Laboratory Manual’(Sambrook, 

Fritsch, et.al., 1989).

Colonies of transformed bacteria were scraped off the agar/ampicillin plates 

with a sterile loop and transferred to 30ml of LB broth containing 50/xg/ml 

ampicillin and grown to saturation in a shaking waterbath at 37°C overnight. 25ml 

of the culture growth were than transferred to flasks containing 500ml 

LB/ampicillin. The cultures were again grown to saturation in a shaking 

waterbath at 37°C overnight. The bacteria were harvested by centrifugation at
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4,000rpm for 15 mins at 4°C. The supernatant was discarded and the bacterial 

pellets were washed in 100ml ice-cold solution of STE. (O.IM NaCl, lOmM Tris.Cl 

(pH8.0) and ImM EDTA (pH8.0)). The bacterial pellets were again collected by 

centrifugation at 4,000rpm for 15 mins at 4°C.

Bacterial Ivsis bv alkali 

The washed bacterial pellets were resuspended in 18ml of sterile TEG (25mM 

Tris.Cl (pH8.0), lOmM EDTA (pH8.0) (autoclaved at 121°C; ie. 1511b/in^ 

pressure) and 40mM glucose. 2ml of a freshly prepared solution of lysozyme at 

a concentration of lOmg/ml in lOmM Tris.Cl (pH8.0) were added to each tube 

to break down the bacterial cell walls. The bacterial cell membranes were then 

lysed by the addition of 40ml of a freshly prepared solution of 0.2N NaOH 

(diluted from a ION stock solution) and 1 %  SDS. The contents of the centrifuge 

bottles were mixed thoroughly by gentle inversion of the bottles several times. 

After storage for 5-10 mins at room temperature an ice-cold acidic solution 

composed of 3M potassium acetate and 5M glacial acetic acid was added. The 

bottles were shaken several times until there was no longer two distinguishable 

liquid phases visible. During a 10 mins storage on ice the high concentration of 

acidic solution led to the formation of a flocculant white precipitate composed of 

chromosomal DNA, high molecular weight RNA and potassium, SDS, protein and 

membrane complexes. The precipitate of bacterial lysate was pelleted by 

centrifugation at 4,000rpm for 20 mins at 4°C. The supernatants were filtered 

through sterile cheesecloth into new 250ml centrifuge bottles. The nucleic acids 

were precipitated by the addition of 0.6x volume of isopropanol, the solutions 

were mixed well and stored at room temperature for 10 mins. The nucleic acids 

were recovered by centrifugation at 5,000rpm for 15 mins at room temperature. 

(Centrifugation at 4°C may have precipitated salt). The supernatants were 

discarded carefully and the open tubes inverted to allow the last drops of 

supernatant to drain away. The pellets and walls of the tubes were rinsed in 70% 

ethanol at room temperature. The ethanol was drained off and the pellets were 

covered with clingfilm which was perforated with a needle to prevent the loss of 

the pellet and dried in a vacuum-dryer (Edwards High Vacuum, Edwards, Sussex,
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UK.) for 10 mins. In order to purify the plasmid DNA, the pellets of nucleic acid 

were dissolved in 3ml of TE (pH8.0) (lOmM Tris-Cl, pH8.0 and ImM EDTA, 

pH8.0) and plasmid DNA precipitation was carried out using polyethylene glycol 

(PEG).

Purification of Plasmid DNA bv Precipitation with Polyethylene Glvcol (PEGl

3ml of ice-cold lithium chloride were added to each tube of recovered nucleic 

acid solution, mixed well and centrifuged at 10,000rpm for 10 mins at 4°C to 

precipitate high molecular-weight RNA. The supernatants were transferred to new 

centrifuge tubes and mixed well with equal volumes of isopropanol. The 

precipitated nucleic acids were recovered by centrifugation at 10,000rpm for 10 

mins at room temperature. The supernatants were discarded carefully and the 

pellets were rinsed in 70% ethanol. In order to drain off the last drops of ethanol 

the pellets were dried in a vacuum dryer (Edwards High Vacuum, Sussex, UK.). 

The DNA samples were then redissolved in 500/il TE (pH8.0) containing l O f i g / m l  

DNAase-free pancreatic RNAase A (Sigma) to remove residual RNA from the 

pellet. Pancreatic RNAase was prepared as a lOmg/ml stock solution in lOmM 

Tris.Cl (pH7.5) and 15mM NaCl. In preparation, the RNAase A solution was 

boiled for 5 mins and allowed to cool to room temperature before dispension into 

aliquots and storage at -20°C.

The re-dissolved DNA was transferred to microcentrifuge tubes and stored at 

room temperature for 30 mins to allow RNA digestion. The pellets were then 

resuspended in 500/^1 1.6M NaCl containing 13% (weight/volume) polyethylene 

glycol (PEG 8000, Sigma) and mixed well. The plasmid DNA was recovered by 

centrifugation at 12,000g for 5 mins at 4°C in a microcentrifuge (lEC Centra-M 

centrifuge. International Equipment Company, Genetic Research Instrumentation, 

London, UK). The supernatants were discarded and the pellets redissolved in 

400jLtl TE (pH8.0). To purify the plasmid DNA further, the solutions were 

extracted twice with an equal volume of phenol/ chloroform:isoamylalcohol. A 

mixture consisting of equal parts of phenol and chloroform:isoamyl alcohol (lAA) 

(24:1) was used to remove proteins from the nucleic acid preparations. The 

chloroform denatured proteins and facilitated the separation of the aqueous and
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organic phases and the isoamyl alcohol reduced foaming during extraction. Phenol 

had to be equilibrated to a pH >7.8 before use because DNA would otherwise 

have partitioned into the organic phase at acid pH. For equilibration the phenol 

was heated to 65°C in a waterbath and hydroxyquinoline (Sigma) was added at 

a final concentration of 0.1%. Hydroxyquinoline is a partial inhibitor of RNAase, 

an antioxidant and a weak chelator of metal ions and it serves as a convenient 

indicator of the organic phase due to its yellow colour. An equal volume of O.IM 

Tris.HCl (O.IM Trizma base [Sigma] + lOM HCl until the solution had reached 

pHS.O) was added to the phenol, mixed by inversion and left standing until 2 

phases separated. The upper aqueous phase was removed and the whole 

procedure was repeated until the phenolic phase reached a pH greater than 7.8. 

Equilibrated phenol was stored in a bottle rapped in tin foil at 4°C for up to 1 

month. Neither chloroform nor lAA required treatment prior to their use.

Phenol was added to the DNA to amount to half the volume of the DNA 

solutions. The mixture was vortexed, followed by the addition of another half 

volume of chloroform:IAA. The tubes were mixed by gentle inversion and 

centrifuged for 3 mins in a microfuge at 12,000g. The aqueous phase containing 

the plasmid DNA was transferred to new sterile tubes, mixed well with 10^1 of 

lOM ammonium acetate followed by two volumes (approximately 1ml) of ethanol. 

The mixture was left standing at room temperature for 10 mins and the plasmid 

DNA was recovered by centrifugation at 12,000g at 4°C for 5 mins. The recovered 

pellets were rinsed in 70% ethanol, dried in a vacuum dryer (Edwards) to remove 

all traces of ethanol, and resuspended in 500/xl TE (pH8.0). The concentrations 

of plasmid DNA were calculated from the optical density (OD) measurement at 

260nm wavelength using a Pharmacia LKB Ultraspec. Plus spectrophotometer 

(Pharmacia Biosystems Ltd. Uxbridge, Middlesex, UK.). Each unit of an OD260 

= 50jLtg of plasmid DNA/ml (or 40/xg of RNA) (Sambrook, Fritsch, et.al., 1989). 

For the optical density measurement 1^1 of redissolved plasmid DNA was 

resuspended in 49^1 of TE. Prior to taking the reading of the sample DNA, 50^1 

of TE were loaded in order to blank the spectrophotometer. To obtain the 

concentration of the DNA sample, the following equation was used:
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5Ox 5Qx X = 2.5/xg//xl for DNA samples, or 
1,000

50x 40x X = 2.0fJig/^\ for RNA samples,
1,000

where X = the units/sample at ODj q̂-

A second reading was taken at ODjgo (total protein) in order to determine 

whether the absorbtion was due to nucleic acids or proteins in the samples. The 

ratio between the readings at 260 and 280nm (ODj^o/ODjgo) provided an 

estimate of the purity of the nucleic acids. Pure preparations of DNA (or RNA) 

samples had OD260/O D 280 ratios of 1.8 to 2.0. If there was contamination with 

protein or phenol, the OD ratios were significantly less or greater than 1.8, and 

accurate quantitation of the amount of nucleic acid present would not have been 

possible. Such samples were re-extracted with phenol/chloroform and precipitated 

with 3M Na-acetate (pH7.0) and two volumes of absolute ethanol.

The approximate mean concentration of plasmid DNA precipitated was 

4.5/xg/Ml, yielding a mean of 2.25mg plasmid DNA/500/xl TE total volume.

2.7. In Situ Hybridisation

Introduction

ISH is a molecular biological technique that assesses the expression of genes by 

detecting intracellular RNA. This is achieved by labelling a sequence of

nucleic acids (the probe) that is complementary to the target RNA or DNA and 

then hybridising/annealing the two sequences together within a fixed tissue. The 

labelling system allows visualisation of the location of the target sequence. It is 

sensitive enough to detect 10 copies of mRNA, a single gene in metaphase 

chromosomes (Hofler, 1990).

The main technical problems arise from target degradation by nucleases and 

from the cross-linking of the target tissue by fixation for hybridisation as this 

prevents probe penetration. The critical steps involved in ISH are tissue fixation,
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probe preparation, pre-hybridisation treatment, hybridisation, post-hybridisation 

and visualisation of the signal.

Tissue Fixation

For ISH to be successful, the target mRNA must be retained and the tissue 

morphology adequately preserved. While for the localisation of DNA, the type 

and concentration of fixative is not of major influence, to minimise the loss of 

RNA, the type, time and concentration of fixative are significant. The integrity of 

the RNA will be influenced by the time delay between death and fixation, 

endogenous and exogenous RNase activity and the amount of tissue handling. 

Optimal fixation and tissue preparation should retain the maximal level of cellular 

target RNA while maintaining morphological details and allowing sufficient 

accessibility of the probes.

The process of fixation should cross-link the cell matrix, preserve the RNA 

intact and retain the prefixative spatial relations of the RNA. Current fixatives 

achieve this by either crosslinking (aldehydes) or precipitating (ethanol/acetic 

acid, Carnoy‘s fluid). The optimal fixation procedures for ISH have been assessed 

by Singer (1986) and Lawrence and Singer (1985). They found that good RNA 

retention was given using paraformaldehyde (4%) and glutaraldehyde whereas 

ethanol/acetic acid and Carnoy‘s fixative caused significant loss of both RNA and 

cell morphology. Although glutaraldehyde provides the best RNA retention and 

tissue morphology because of extensive cross-linking, probe penetration is a 

problem and requires additional protease digestion, which is to the detriment of 

tissue morphology. Formaldehyde or paraformaldehyde are widely used 

compromises between permeability and RNA retention for the demonstration of 

mRNA using cRNA probes (Gibson and Polak, 1990).

Probe labelling

Probes are labelled to visualise the location of the hybridisation reaction. Either 

hapten labels are visualised using immunohistochemistry, or radioactive labels are 

detected by means of autoradiography. Immunohistochemical analysis commonly 

employes biotin-labelled nucleotides which are immunohistochemically detected
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by avidin-binding or the application of anti-biotin antibodies. However, binding 

of biotin abs or avidin to endogenous biotin after ISH cannot be prevented and 

represents a major restriction of the application of biotinylated probes, as it may 

lead to high non-specific signal (Hoefler, 1990).

Radiolabelling is achieved by using a radioisotope such as sulphur which can be 

incorporated into one of the nucleotides. Isotopes used for ISH include ^H, ^^S 

or The best overall resolution and signal strength is achieved with ^^S. It has 

a half-life of 87 days and the labelled probes can be stored for up to 1 month 

(Angerer and Angerer 1992). Radiolabelled probes have significantly greater 

sensitivity than hapten labels but require ten days or more of exposure to record 

enough signal.

ISH requires quantitative analysis of the radiolabelled riboprobe, since probe 

concentration is linearly related to background levels. Optimal concentrations of 

radiolabelled RNA probes range from 5x 10  ̂- 5x 10  ̂cpm per section, depending 

on probe length and stringency conditions (Gibson and Polak, 1990). The 

quantitative detection of radiolabelled transcripts is commonly carried out in a 

liquid scintillation counter (LSC) the principle of which is outlined below.

Quantitative analysis of radiolabelled probes

The decay of radio-isotopes such as ^^P and ^^S results in the emission of 2 

types of particles. The emission of an electron or beta particle, and a neutrino. 

The 2 particles are released simultaneously and carry the decay energy from the 

nucleus. The B-maximum energy for ^^P and ^^Sis l,710.4kiloelectron volts (keV) 

and 167.47 keV respectively, and is shared randomly between the B-particle and 

the neutrino. However, the uncharged neutrino is of no interest in the detection 

of radiation, apart from the fact that it carries away some of the decay energy. 

Thus, theoretically, the B-particle released from ^^P or can possess any energy 

between 0 and l,710.4or 167.47keV respectively (Packard, 1988). The resultant 

characteristic B-energy spectrum of each isotope has important consequences for 

the detection of B-particles that have to be taken into consideration.

Modem scintillation counters are commonly based on a linear pulse 

amplification and energy storage system and are able to determine the average
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kinetic energy of a radio-isotope-labelled sample (Packard, 1988).

LSC is the most sensitive and widely used technique for the detection and 

quantification of radioactivity. It is an analytical technique which is defined by the 

incorporation of the radiolabelled analyte into uniform distribution with a liquid 

chemical medium capable of converting the kinetic energy of nuclear emissions 

into emitted photons.

The energy released by the 6-particle is dissipated by collisions in the medium 

in which it is released. To assure efficient transfer of energy between the 6- 

particle and the scintillation solution, the solution is a solvent for the sample. 

Excited solvent molecules are not readily recognised, therefore the scintillation 

solution (cocktail) consists of a mixture of a solvent and a solute. The solute is 

fluor. The excited solvent molecules can transfer energy to one another and also 

to the solute. An excited solvent molecule which passes on its energy to a solute 

molecule, disturbs the orbital electron cloud of the solute and raises it to a state 

of excitation. As the excited orbital electrons of the solute molecule return to the 

ground state, a radiation results, in this case the radiation is a photon of light.

Thus, a single 6-particle will manifest its presence by colliding with solvent 

molecules which results in the excitation of many fluor molecules. The total 

number of photons from the excited fluor molecules constitute the scintillation. 

The conversion of energy into photons and therefore the intensity of the light in 

the scintillation is proportional to the initial energy of the 6-particle.

Photon intensity can be measured by liquid scintillation counters, which are 

based on a photosensitive device that amplifies the light and transforms the 

detected photons into an easily workable form. In order to efficiently detect 

emitted photons, a photomultiplier tube (PMT) is used to amplify the light. A 

PMT is a photocathode, which upon absorption of photons, releases 

photoelectrons. These photoelectrons will be attracted to one of many electrodes 

(usually 12 in total) within the tube and result in the production of more 

electrons. An amplification of secondary electrons is created during their passage 

to the other electrodes. This produces a cascade of electrons at the final electrode 

and creates an electrical pulse representative of the photons responsible for the 

pulse.
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The Packard LSC is based on spectrum analysis. Photons derived from B-decay 

stimulate 2 PMTs at the same instant in time. The signal from each PMT is fed 

into a circuit which produces an output only if the 2 signals occur together. 

Spectrum analysis of the detected events from a sample is made possible by the 

development of microprocessor-based electronics and provides a sophisticated and 

precise method of analyzing the events occurring within the vial.

Pre-hybridisation

These pre-treatment steps are designed to increase the efficiency of 

hybridisation, reduce the non-specific background signal and preserve tissue 

morphology. Triton X-100 and RNAase-free pro teases are commonly used to 

increased tissue permeability. The digestion of protein by proteases (eg. 

proteinase K) enhances probe penetration into the cross-linked cell matrix but 

also reduces the concentration of the RNA upon prolonged exposure. Optimum 

treatment time depends on the tissue type involved and has to be determined 

empirically.

Background may be due to a number of factors including nucleic acids, 

electrostatic interactions among charged groups, physical entrapment of probe in 

a three-dimensional lattice of the tissue section and artifacts of the detection 

system (Wilkinson, 1992). Acetic anhydride has been used by some workers in the 

prehybridisation and is believed to prevent non-specific binding of the probe to 

positively charged amino groups by acétylation of these residues (Wilkinson, 

1992). Further reduction in background signal is achieved with N-ethylmaleimide, 

which blocks binding of thiolated nucleotides to tissue components.

Hybridisation

The actual steps and chemicals involved in the hybridisation protocol allow the 

labelled probe to penetrate the tissue and to hybridise with the intended mRNA.

The annealing or chemical bonding of two complementary sequences of nucleic 

acids, be they RNA-RNA, RNA-DNA or DNA-DNA, is stable up to a certain 

temperature; the melting temperature (Tm). This depends on the type of probe 

and target (RNA-DNA etc.), the length of the probe, the amount of GC content
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and the hybridisation solutions. It is important not to carry out the hybridisation 

above the Tm, as this would dissolve specific bonding, but sufficiently close to it 

to prevent formation of non-specific hybrids (ie. Tm -25°C) (Angerer and 

Angerer, 1992).

However, despite specific hybridisation temperature, under certain hybridisation 

conditions the probes may bind to non-specific transcripts leading to the 

formation of stable duplexes of nucleic acids despite a number of mismatched 

bases along the strands. The degree of mismatch that can be tolerated in a 

hybridisation reaction is referred to as ’stringency’. Under conditions of high 

stringency only probes with high homology to the target sequences will form 

stable hybrids (Hofler, 1990). In order to reduce non-specific binding, 

hybridisation is carried out at high stringency (i.e. high temperature, low salt 

concentration and high formamide concentration). Duplexes with high homology 

withstand high stringency conditions better than duplexes with low homology. 

Formamide is commonly added to the buffer in order to reduce the stability of 

the hybrids, which decreases the number of non-specific hybrids formed, and 

allows lower hybridisation temperatures to be used (Casey 1977).

The hybridisation buffer may include further chemicals intended to reduce 

background signal. Hydrogen bonding to basic cellular proteins may be blocked 

by the addition of BSA and Denhardt’s solution to the hybridisation buffer. The 

use of non-complementary DNA/RNA sequences such as yeast tRNA, salmon 

sperm DNA or calf thymus DNA may also reduce non-specific binding (Singer, 

Lawrence and Villnave, 1986; Ogilvie, Wood, Dickens, Wojtacha and Duff, 1990). 

Background is also reduced by the addition of dithiothreitol (DTT), heparin, 

sodium pyrophosphate and dextran sulfate. The addition of a reducing agent such 

as DTT to the hybridisation buffer is important if ^S-labelled probes are used, 

as the replacement of oxygen by sulphur in nucleotide triphosphate and nuleic 

acid may alter their chemical or biochemical properties. This may in turn lead to 

unwanted results, ie. higher background (Brandtlow, Heumann, Schwab and 

Thoenen, 1987). Sodium heparin may be included to inhibit residual RNAases 

present (Brahic and Ozgen 1992). Sodium polyacrylate or dextran sulfate are 

thought to greatly amplify the hybridisation signal by excluding DNA from the
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volume occupied by the polymer thus increasing the effective concentration of the 

probe (Gibson and Polak, 1990). The hybridisation time itself varies with the 

identity of the probes, the sequences of interest and the temperature at which the 

reaction occurs.

The amount of hybridisation that occurs cannot be accurately quantified. This 

is because the probe access to the target is unknown and depends on the tissue 

type, the amount and type of cross-linking, the size of the probe and the type of 

tissue preparation.

Post-hvbridisation

The objective is to remove the non-specifically bound probe and to leave the 

complementary probe bound to the intended sequences. To achieve this, high 

stringency conditions must be employed; thus the washing temperature used 

should be close to the probe-target melting temperature (Tm) as this will reduce 

the background signal. The chemicals necessary for hybridisation must also be 

removed, such as the reducing agents that prevent the from being oxidised and 

the formamide. At low to moderate stringency, most of the background noise is 

due to non-specific probe binding to unidentified cellular components. Washing 

steps are therefore performed at decreasing concentrations of SSC (i.e. decreasing 

salt concentration = increasing stringency), usually ending with O.lx SSC for the 

final wash. Furthermore, non-specific RNA-RNA hybrids are also reduced by 

addition of RNAase A, as already discussed (Angerer and Angerer 1992).

Autoradiography

Autoradiography allows the visualisation of mRNA specifically hybridised to a 

radiolabelled probe. For this purpose the slides are dipped into photographic 

emulsion. This type of autoradiography is most efficient at 4°C. A photographic 

emulsion is essentially a dispersion of silver halide crystals in a gelatin matrix. 

Emulsion exposed to ionising radiation has the effect of liberating mobile 

electrons and electron deficient bromine atoms. To overcome such electron 

deficiency, electrons are transferred from adjacent bromine atoms which in turn 

creates electron deficiency and leads to the movement of such ’positive holes’
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through the crystal lattice. Free or interstitial silver ions present in the silver 

halide crystal move freely throughout the lattice and become neutralised to form 

atoms of metallic silver when they encounter trapped electrons. The accumulation 

of four or more such silver atoms form a latent image centre. These latent images 

can then be made visible by the reduction of silver ions in the silver halide crystal 

to metallic silver by photographic development. Thicker emulsion gives greater 

signal but lower resolution, making thinner emulsions preferable. Overexposure 

increases the background noise with a decrease in signal to noise ratio. During 

development, a higher temperature, more agitation or a longer time yields coarser 

silver grains and a lower resolution (Ilford Limited, 1983).

2.7.1. ISH preparations

Specific RNA-Probe Protocol

The ISH protocol for the lymphokine probes used in this study was provided by 

Prof. Kay’s group at the Royal Postgraduate Medical School and the National 

Heart and Lung Institute, London and has been published by Hamid and 

colleagues (Hamid, Wharton, Terenghi, Hassall, Aimi, et.al.,1987; Hamid, Azzawi, 

et.al., 1991, Kay, Ying, et.al., 1991, Moqbel, Hamid, et.al., 1991). The method 

used was similar to other published protocols (Penschow, Haralambidis, Aldred, 

Tregear and Coghlan, 1990; Gibson and Polak, 1990).

RNAase treatment

For the detection of RNA, any possible contact with RNAase had to be avoided. 

This enzyme is ubiquitous and present on human hands, distilled water and all 

laboratory benches and glassware. Therefore all containers had to be autoclaved 

(121°C) and gloves were worn at all times. RNAase treatment of solutions used 

in the hybridisation procedure was carried out by adding 0.1% diethyl 

pyrocarbonate (DEPC, BDH) to the freshly prepared solutions, shaking them 

vigorously and leaving them overnight to allow the DEPC to destroy any RNAase 

present in the solutions. The chemicals were then autoclaved for 15 mins at 121°C
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to destroy the. DEPC in solution. Glassware was washed thoroughly, rinsed in 

DEPC water and dry-heated at 180°C for 4 hrs.

Glass-slide preparation for ISH

Glass-slides for ISH were cleaned thoroughly by immersion in Decon diluted in 

DEPC water for 2 hrs, followed by 2 rinses in DEPC water for 1 hr each. The 

slides were dried and baked at 240°C for 4 hrs to ensure removal of all RNAases. 

Once the slides had been heat-treated, sterile handling procedures were employed 

for all subsequent steps. To ensure good adhesion of tissue sections and cells to 

the slides, the glass-slides were treated with a 2% solution of APES (Sigma) 

(Rentrop, Knapp, Winter and Schweizer, 1986) diluted in 99% industrial 

methylated spirit for 10 secs, followed by a wash in 99% methylated spirit and 

DEPC-treated water for 5 mins each. The slides were subsequently dried at 42°C 

in the oven overnight and stored at room temperature until required.

Tissue fixation

Conjunctival biopsies prepared for ISH were frozen immediately at -80°C after 

surgical excision and all subsequent steps involving RNA work were carried out 

under RNAase-free conditions.

lOjum thick tissue sections were cut in a cryostat (600 Cryotome, Anglia 

Scientific, Cambridge, UK.) at -20°C and adhered to the RNAase-free, APES- 

coated slides. The sections were allowed to dry for 5 to 10 mins before fixation 

commenced.

Slides were immersed in freshly prepared 4% formaldehyde (Sigma) in PBS 

(O.IM, pH7.2) at room temperature for 30 mins. The sections were then washed 

in two changes of 15% PBS-buffered sucrose and left to dry overnight at 37°C. 

Following fixation, the sections were either stored at -70°C or used directly for 

ISH.
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2.7.2. Probe labelling

a. Linearisation of Plasmids at T7 or SP6 Promoter Site

The first step in the production of RNA from cDNA was the production of a 

DNA template. The purified plasmids containing the DNA inserts of IL-2, IL-3, 

IL-4, IL-5 and 6-actin were cut with restriction endonucleases (RE) at the distal 

end of the sequence of interest, ie. at the opposing end of the RNA polymerase 

promoter site T7 or SP6, in order to produce templates for sense and anti-sense 

RNA strand-specific transcription (Figure 2-4, Table 2-4). Two to four units of the 

respective RE were used per IjLtg of plasmid. The respective buffers were supplied 

with the REs (Table 2-5) at lOx concentrations and were used at a concentration 

of Ix or else as stated in table 2-5.

Table: 2-4

Restriction Enzymes used:

Probe: antisense sense

IL-2 Hind III EcoR I
IL-3 EcoR I Hind III
IL-4 SphI EcoR I
IL-5 Xb a l BamH I

Table: 2-5

Sources of RE and their Use:

Units Reaction buffer supplied
RE Source per /il at lOx conc. (conc. used)

Hind III Pharmacia 20u One-Phor-All Buffer Plus (Ix)
EcoR I Pharmacia 20u One-Phor-All Buffer Plus (Ix)
Sph I Gibco BRL lOu REact 6 (Ix)
X b a l Pharmacia 15u One-Phor-All Buffer Plus (Ix)
BamH I Pharmacia 20u One-Phor-All Buffer Plus (2x)
Dra I Gibo BRL lOu REact 1 (Ix)
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DEPC-treated water had to be added to the reaction to reduce the ratio of 

enzyme to total volume to 1:10, because the enzymes were supplied in glycerol 

which was known to decrease cutting efficiency of the enzymes. The reactions 

containing the DNA samples of known quantity (ratio of DNA to final volume 

1:6), the required enzyme (2-4 units/Mg DNA) with its respective buffer (dilution 

1:10) and sterile water were incubated in a 37°C waterbath (Grant Instruments, 

Cambridge, UK.) for at least 2 hrs. The reactions were terminated by denaturing 

the enzymes at 65°C for 3-5 mins and the samples were subsequently cooled on 

ice. Following linearisation, the samples were once phenol/ chloroform extracted 

and then precipitated with 1/10 volume of 3M sodium acetate (pH7.0). The 

precipitated templates were redissolved in lOf i l  DEPC-TE and their 

concentrations were calculated from the optical density reading at 260nm 

wavelength using the Pharmacia Spec. The DNA templates were diluted in further 

T E  to  a f i na l

c o n c e n t r a t i o n  of 

ljLig//xl. IjLil of each 

DNA template was 

e lc t rophoresed  in 

parallel to I f i l  of non

l inearised control 

plasmid DNA (same 

c o n c e n t r a t i o n  as 

template DNA) and a 

123bp (or lOObp) 

ladder (Pharmacia). 

F u r t h e r m o r e ,  to 

ensure  t ha t  the 

enzyme cut at the 

correct sites, the DNA 

inserts were excised by 

c u t t i n g  1 /xl o f  

linearised plasmid

Figure 2-4. MAPS FOR LYMPHOKINE PROBES:

IL-2 IL-3
(cDNA)

EcoRI . Hind III

(synthetic)
Hind /  EcoRI

SP6 350 bp ^  T7 SP6 4r  400 bp m  T7

pGHIL-2 pGEM 1 1

SP6: - antisense 
T7: - sense

SP6: - antisense 
T7: - sense

IL-4 IL-5
(cDNA)

SphI EcoRI
(cDNA)

BamHI Xbal

SP6 500 bp %  T7 SP6 i

I pGEMI pGEM IV /

T7: • antisense 
SP6: - sense

SP6; - antisense 
T7: - sense
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with the enzyme for the second RNA promoter site. The products were 

electrophoresed in parallel with the control and template DNA. After the 

addition of 1/6^ final volume loading buffer (equal volumes of glycerol and

0. Img bromophenol blue/ml H2O) to the samples, they were loaded onto a 0.1% 

agarose (Sigma) gel prepared in Ix TBE containing 1/xl ethidium bromide/20ml 

buffer (Pharmacia, Sweden). The gels were electrophoreses at 120 Volt for 

approximately 30 mins and viewed by ultraviolet illumination (Hybaid UV-Light, 

Hybaid, Middlesex, UK.). The small fragments of cut DNA samples ran to the 

equivalent basepair length of 400-600 bp of a 123- (or ICX)-) bp ladder (BRL 

Gibco) in accordance to the fragment sizes of the original inserts (Figure 2-5). 

Only if all plasmid DNA was linearised and the correct DNA fragments were 

visualised, were the DNA templates used for RNA transcription (Figure 2-4). 

Residual supercoiled plasmid DNA would have led to the transcription of plasmid 

DNA, resulting in long transcripts of non-specific sequences.
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FIGURE 2-5 Linearisation of plasmid DNA containing cDNA inserts 
for lymphokine probes

a b e d a b e d

FIGURE 2-5A. and B. show plasmids eontaining eDNA inserts for lL-2 
and lL-3 mRNA respeetively, where a) represents plasmid linearised 
with the respeetive RE, b) eontrol plasmids and e) eDNA inserts eut 
with the 2 respeetive RE, and d) 123 bp ladder.

a b e d a b e d

FIGURE 2-5C. and D. show plasmids eontaining eDNA inserts for lL-4 
and lL-5 respeetively, where a) represents eontrol plasmids, b) plasmids 
linearised with the respeetive RE, e) eDNA eut with the 2 respeetive RE, 
and d) lOObp DNA ladder.
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b. Transcription of S^^-lahdled RNA probes usinp RNA polymerase:

The following solutions were added together in the given order: 2.0/xl of 5x 

transcription buffer (0.2M Tris.Cl, pH7.5; 30mM MgCl2 and lOmM spermidine) 

(Promega/Sigma), ljul lOOmM dithiothreitol (DTT) (Sigma), 0.5/il RNasin 

ribonuclease inhibitor (40units//xl) (Promega/Sigma), 2/xl unlabelled nucleotide 

mixture containing 2.5mM of adenosine, guanine and cytidine trisphosphate each 

(SP6 system paired promoters, Amersham), 1^1 of linearised plasmid (l^tg/^l) in 

TE, 2.5/il of S^  ̂ radiolabelled uridine trisphosphate (25/xCi/reaction) 

(>  l,OOOCi/mmol, 9.25MBq, 10/xCi//il, Amersham), I f i l  SP6 or T7 DNA- 

dependent RNA polymerase (SP6/T7 promega system, Promega). The reactions 

were incubated for 30 mins at 37°C, followed by the addition of a further 1/ul of 

SP6 or T7 RNA polymerase for 30 mins to boost transcription. 1/xl of DNAase 

I (RNAase-free pancreatic DNAase, Sigma) was added to the reactions and 

incubated for 10 mins at 37°Cto terminate transcription. In order to extract and 

precipitate the RNA, 1/xl of tRNA (yeast extract, 10/xg//xl), 5/xl of 4M NaCl and 

182/xl of DEPC-treated water (i.e. final concentration of 200/xl) were added and 

the reactions were extracted with an equal volume of phenol/chloroform (200/xl 

l:l,v /v ). The aqueous layers were separated and 100/xl of 7M ammonium acetate 

(2.5M final concentration) plus 750/xl absolute ethanol were added, vortexed and 

left at -20°Cfor 10 to 16 hrs. to precipitate. Following incubation at -20°C,the 

tubes were microcentrifuged for 30 mins and the supernatants discarded. The 

pellets were dried in a vacuum-dryer for 15 mins and dissolved in 10/xl DEPC- 

treated water. 1/xl of the dissolved pellet was removed and transferred to 99/xl of 

scintillation fluid (Aquasol Universal LSC Cocktail, Biotechnology Systems NEN 

Research Products, Du Pont, Acton, UK.), which is a xylene-based scintillation 

solution containing all the necessary fluors. Incorporation of radioactivity was 

assessed using a Packard Liquid Scintillation Analyser (Tri-Carb 1900CA, 

Packard, UK.). In order to assess background radiation, 2 control vials were 

included for each assessment in order to determine background counts. One vial 

contained 100/xl of scintillant only, while the other contained 1/xl of water in 99/xl 

of scintillant. Background vials and test samples were counted once for 1 min.
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each, and the counts per minute (cpm) obtained from the background vials were 

subtracted from all samples. The average cpm obtained with -labelled 

riboprobes was 2.5-3.0xl0^cpm//xl sample.

Figure 2-5.

D IA G R A M M A TIC  R E P R E S E N T A T IO N  O F  35 -S -L A B E L L E D  RNA T R A N S C R IP T IO N

DN A
IN S E R T

S P 6 T 7

PLA SM ID

V E C T O R

PLASMID IS LINEARISED WITH TH E 
A PPR O PR IA T E RESTRICTION ENZYM E 
IN T H E  PROXIMITY O F T H E  DNA IN SERT

RNA SY N TH E SIS IS INITIATED BY T H E  
ADDITION O F T H E A PPR O PR IA T E RNA 
POLYM ERASE 35-S-LABELLED UTP AND 
UNLABELLED ATP, G T P AND OTP

DNA TEM PLATE 
REM OVED WITH 
DNA-ASE 1

s - s-
RADIOABELLED 

RNA TRANSCRIBED
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2.7.3.Pre-hybridisation

In order to increase tissue permeability and prevent non-specific background 

labelling, the fixed and baked sections were first rehydrated in PBS (0.1M,pH7.2) 

for 5 mins, followed by incubation of the sections in 0. IM glycine in PBS (0. IM, 

pH7.2) for 5 mins at room-temperature followed by a 5 mins incubation in 0.3% 

Triton X 100 in PBS (O.IM,pH7.2). The slides were washed twice for 3 mins in 

PBS (O.IM, pH7.2) and then incubated in RNAase-free proteinase K (Sigma) 

(If jLg/ml) in O.IM Tris (pHS.O) and 50mM EDTA for 10 mins. The reaction was 

stopped by immersion of the slides in freshly prepared 4% paraformaldehyde in 

PBS (0.1M,pH7.2) at room temperature for 5 mins. The slides were washed twice 

for 3 mins in PBS and then immersed in a solution of freshly prepared lOmM 

iodoacetamide and lOmM N-ethylmaleimide (Sigma) prepared in DEPC-water at 

37°C for 30 mins. This was followed by acétylation of basic proteins in tissue 

sections with acetic anhydride (0.25%, v/v) in O.IMtriethanolamine (pHS.O) for 

15 mins at 37°Cto reduce electrostatic attraction between the hybridisation buffer 

and tissue proteins. Pre-hybridisation was carried out in 50% formamide (Sigma) 

in 2x SSC (v/v) for 15 to 45 mins at 37°C. SSC was prepared as a 20x stock 

solution and was composed of 3M sodium chloride and 0.3M sodium citrate 

(Sigma). The solution was treated with 0.1% DEPC and autoclaved the following 

day.

2.7.4. Hybridisation

The excess formamide from the prehybridisation was drained off the slides and 

20/Ltl of hybridisation mixture was applied. The mixture contained 0.5-lxl0^cpm 

radiolabelled probe («0.5ng RNA//xl) /20jLtl hybridisation mix and lOOmM DTT. 

Probe, DTT and DEPC-treated H2O made up 10% of the hybridisation mix, while 

the other 90% were composed of hybridisation buffer. Hybridisation buffer 

consisted of 50% deionised formamide, 5x SSC and 10% dextran sulfate. Further 

added were 5x Denhardt’s solution (Sambrook, Fritsch, et.al., 1989), 0.5% SDS
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and lOOjLtg/ml sheared and denatured salmon sperm (Sigma) (Sambrook, Fritsch, 

et.al., 1989). The sections were covered with silica (’Repelcote’, water repellent- 

BDH) coated 13mm^ coverslips (Chance propper Ltd., Smethwick, Warley, U.K.) 

to prevent probe adherence to the coverslips. The slides were hybridised at 42°C 

in a humid chamber soaked in 2xSSC overnight as recommended by Dr.Q.Hamid 

from the Heart and Lung Institute.

2.7.5. Posthybridisation

Posthybridisation washes were performed in decreasing concentrations of SSC 

(4x SSC to O.lx SSC). The hybridised slides were transferred to slide racks and 

incubated in 4x SSC for 20 mins with a shaker to dislodge the coverslips. A 

further 20 mins wash in 4x SSC was followed by an incubation in 2x SSC 

containing lOjug/ml RNAase A (Sigma) for 30 mins to remove non-specifically 

bound single stranded RNA. Further washes in 2x SSC, Ix SSC and O.lx SSC 

followed for 20 mins each at 40°C with a shaker.

2.7.6. Autoradiography :

In preparation for autoradiography, tissue sections and cell smears were 

dehydrated in graded ethanol (70%, 90% and 100%) containing 0.3Mammonium 

acetate and dried for 2 hrs prior to dipping in photographic emulsion. Dipping of 

slides was carried out in a darkroom fitted with a 15 watt bulb and an Ilford 904 

(dark brown) safelight filter as recommended by Ilford Scientific Ilford Limited, 

1983. K.5 emulsion (Ilford Nuclear Research, London, UK.) was melted in a 40°C 

waterbath for 30 mins. In order to produce thin layers of emulsion coating the 

slides, K.5 was diluted in an equal volume of sterile distilled water at 40°C and 

mixed gently with a glass rod to avoid air bubbles. A dipping chamber was filled 

with the diluted emulsion and kept at 40°C.The air-dried slides were dipped for 

5 secs each in the emulsion and left standing vertically in a rack in the darkroom
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overnight to ensure drainage of excess emulsion and complete setting and drying 

before the slides were moved into plastic slide boxes containing activated silica 

gel (BDH) to reduce humidity. The boxes were sealed with black insulating tape 

and then placed into a further black bag which was sealed, labelled and placed 

into a refrigerator at 4°C for 12 days for exposure. The slides were developed in 

Ilford Phenisol developer (Ilford), diluted 14-4 in distilled water for 3 mins. 

Development was stopped by immersion of the slide racks in distilled water for 

30 secs. The emulsion was then fixed in IN-1 fixer (Ilford) for 5 mins and rinsed 

for 15 mins in running tap water. The autoradiographs were then counterstained 

in Mayer’s haematoxylin for 45 secs, followed by a further wash in running tap 

water. The slides were dehydrated in graded ethanol (70%, 90%, 100%) and 

transferred to toluene before mounting in DPX mounting medium.

2.7.7. Controls

As described in section 2.6, signal can arise not only at the sites of hybridisation 

of the probe to the target, but also because of various non-specific artifacts. Thus, 

it is important that appropriate controls are carried out to test the specificity of 

the signal.

Negative controls

1. A frequently used control for specific hybridisation to mRNA is to use a 

probe known not to be present in the tissues studied, or a sense-strand probe 

which is identical in sequence to the target mRNA and hence does not bind. If 

hybridisation with a sense probe produces a signal comparable to hybridisations 

with an antisense probe, then the labelling is non-specific. For this purpose 

conjunctival biopsies and cell smears were hybridised with the sense probe of the 

relevant lymphokine probe.

2. Application of the hybridisation solution alone (in the absence of the probe) 

revealed background noise due to non-specific binding.
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3. Non-specific labelling was further revealed by treatment of the tissues with 

RNAase prior to hybridisation with the antisense probe. Sections were incubated 

with RNAaseA (Sigma) (lOmg/ml stock was diluted in 2x SSC to a final 

concentration of 10 Mg/ml) for 30 mins at 37®Cjust before the pre-hybridisation 

step.

4. Blank slides were used for autoradiography to show the effects of mechanical 

stress on the emulsion.

Positive Controls

5. Tissue sections or cells, that are known to express the target mRNA, and 

therefore should reveal hybridisation signal with the relevant antisense probe, 

ought to be included for each ISH-run. For this purpose, a human T cell line, 

2H22, from a hyper-IgE syndrome patient that produces IL-2, IL-3, IL-4 and IL-5 

upon 12 hr stimulation with PHA was kindly provided by Dr. Ed Zander’s group 

from Glaxo and served as a positive control. Cell smears of the stimulated cell 

line were prepared on APES coated slides, fixed for 15 mins in 4% formaldehyde 

in PBS (pH 7.2) and washed twice for 15 mins in 15% sucrose in PBS (w/v). They 

were then left to bake at 37° C overnight and subsequently stored at -80° C until 

used for ISH.

6. A probe for beta-actin, a ’household’ gene prevalent in all animal cells was 

used as a positive control.

Probe Specificity

7. Northern blot hybridisation (NBH) was carried out for each lymphokine 

probe in order to determine their specificity.
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2.8. Northern Blot Hybridisation 

Introduction

Even under stringent reaction conditions, cross-hybridisation of probes to related 

but not identical nucleic acid sequences containing highly homologous regions 

may occur. Lymphokines belong to the family of glycoprotein growth factors and 

may share sequence homology with other members of this family (Boulay and 

Paul, 1992). Partial sequence homology may also lead to non-specific binding of 

the probe to non-related genes and their message. The most common cause of 

such hybridisation has been observed with rRNA, which represents more than 

90% of total cellular RNA (Chan, Herrington and McGee, 1990). Therefore, the 

evaluation of the specificity of each probe is of major importance.

The Northern blot analysis allows the detection of ’sticky’probes and involves 

the separation of specific mRNA molecules in preparations of total or poly (A)+ 

RNA according to size by electrophoresis through a denaturing agarose gel. The 

gel is then transferred to activated nitrocellulose, cellulose or nylon membranes 

and radiolabelled probes that hybridise with their specific mRNA should reveal 

a single band of the corresponding mRNA fragment size on the membranes. The 

appearance of additional bands will indicate non-specific binding of the probe to 

non-related genes.

The attachment of denatured RNA to nitrocellulose is presumed to be 

noncovalent but is essentially irreversible. It is therefore possible to hybridise 

sequentially RNA immobilised on nitrocellulose to a series of radioactive probes 

without significant loss of the bound nucleic acid. Positively charged nylon 

membranes are commonly used in preference to nitrocellulose, as nitrocellulose 

is not usually durable enough to withstand more than 2 rounds of hybridisation 

and washing (Sambrook, Fritsch, et.al, 1989). The principles for transcription of 

^^P-labelled RNA probes are the same as for ^^S-labelled riboprobes used for 

ISH. Northern blot hybridisation (NBH) was carried out in order to determine 

the specificity of the lymphokine probes used in ISH. RNA was extracted from 

PHA-stimulated PB-lymphocytes for the detection of IL-2 and IL-3 mRNA, and 

from PHA-stimulated 2H22 T cell clones for the detection of IL-4 and IL-5 mRNA.
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2.8.1. Preparation of leukocytes for RNA extraction

Extraction and stimulation of PB-leukocytes

40ml peripheral blood were collected in heparinised syringes from 4 healthy 

volunteers. Mononuclear cells were isolated by means of Ficoll-Hypaque (density 

1.07g/mm^) discontinuous gradient centrifugation. This involved the layering of 

PB diluted in an equal volume of RPMI (1640 Dutch, Gibco Paisly, UK.) onto 

Ficoll-Hypaque. The tubes were centrifuged for 30 mins at 2,000rpm. Leukocytes 

present at the interface were collected and washed twice in RPMI supplemented 

with 10% fetal calf serum (FCS) by centrifugation at l,000rpm for 10 mins each. 

The cells were collected in 2x 50ml Falcon tubes and resuspended in 5ml RPMI 

with 10% FCS. 10/xl of the cells were diluted in an equal volume of trypan blue 

and counted in a Neubauer counting chamber and the number of cells per ml was 

calculated by the equation:

no. of cells counted x 2 x 10"* = counts/ml

In order to achieve lymphokine mRNA expression, the cells were stimulated 

with PHA prior to RNA extraction. To ensure lymphokine mRNA expression for 

all lymphokines under study, RNA extraction was carried out at 4 different time 

points after stimulation. RNA was extracted immediately after counting from 

Sample 1 (SI). The volume of the remaining 3 samples was adjusted to 10ml with 

RPMI supplemented with 10% FCS, 20jug/ml gentamicine (Stock solution: 

20mg/ml diluted in distilled water), ImM L-glutamine (Gibco ERL) and PHA 

was added at a final concentration of Ijug/ml (Stock solution: 1 mg/ml diluted in 

distilled water). The cells were checked for viability and blast formation prior to 

RNA extraction, which commenced at the following time points:

time point 0 (SI) - no PHA

time point 1 (S2) - PHA for 4 hrs.

time point 2 (S3) - PHA for 12 hrs.

time point 3 (S4) - PHA for 24 hrs.
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Stimulation of the T cell clone 2H22 

The lack of signal for IL-4 and IL-5 mRNA after hybridisation of the respective 

probes with RNA extracted from PB-leukocytes, led to RNA extraction from the 

PHA-stimulated 2H22-T cell clone, which was a high producer of these 

lymphokines. The long-term establishment of the clone required complex in vitro 

conditions, and was kindly carried out by V.Calder in the department. In brief, the 

clones were grown in RPMI plus 10% FCS, supplemented with lL-2 (2 units/ml, 

human recombinant, Boehringer-Mannheim). Every 7-10 days the cells were 

restimulated with an EBV-transformed B cell line as feeder cells (irradiated with 

5,000 y-RADS) and Ijug/ml PHA. The HLA-DR type of the feeder cells was 

irrelevant, as the T cell clone was not ag-specific. Prior to RNA extraction, 2H22 

were restimulated with PHA for 12 hrs.

Leukocytes extracted from PB of the 4 volunteers and in vitro cultured 2H22 

yielded leukocyte cell counts as followed:

Table 2-6.

Sample Cell Counts/ml Counts/5ml
(total volume)

51 13.2x10® -> 6i6x lo''
52 8.16x10® -  4.1x10’
53 10.3x10® -  5.2x10’
54 12.0x10® -  6.0x10’

2H22 3.6x10® -* l.SxlO’
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2.8.2.RNA extraction

RNA extraction was carried out according to Chomczynski and Sacchi (1987). 

The cells were pelleted by centrifugation at 1,500 rpm for 10 mins and the total 

number of cells/sample were resuspended in solution D at a concentration of 10  ̂

cells/1ml solution D. Solution D was composed of 4M guanidinium thiocyanate 

(Sigma), 25mM sodium acetate (pH6.0), 0.5% N-lauroylsarcosine (sodium salt. 

Sigma) and 0. IM 2-mercaptoethanol (Sigma). Guanidinium thiocyanate, sodium 

acetate and 2-mercaptoethanol were prepared in DEPC-treated water and filter- 

sterilised (Minisart NML, pore size: 0.8/xm; Sartorius) prior to the addition of N- 

lauroylsarcosine. The solution was stored wrapped in tin foil at 4°C for up to 1 

month. Each tube containing 1ml of 10  ̂ cells was divided between 2 sterile and 

DEPC-treated Eppendorfs (0.5ml each) and the following solutions were added 

sequentially, 0.05ml of 2M sodium acetate (pH4.0), 0.5ml SS-phenol, and 0.1ml 

chloroform-isoamylalcohol. The tubes were mixed thoroughly after the addition 

of each solution, and the final suspension was shaken vigorously for 10 secs. After 

a brief incubation on ice for 15 mins the tubes were microcentrifuged at 14,000g 

for 15 mins and the RNA present in the aqueous phase was transferred to fresh 

Eppendorfs each and mixed with 0.5ml isopropanol (pre-chilled). The RNA 

suspensions were precipitated at -70°Cfor 1 hr prior to sedimentation at 14,000g 

at 4°Cfor 15 mins. The supernatants were aspirated carefully, so as not to disturb 

the pellets. The pellets were redissolved in 0.3ml of solution D and precipitated 

with 1 volume of isopropanol for Ihr at -70°C. After a further centrifugation at 

4°C for 10 mins, the RNA pellets were washed with SOO/xl of 75% ethanol, 

followed by a further spin at 14,000g at 4°Cfor 15 mins. The supernatants were 

aspirated, and the samples vacuum-dried (Edwards High Vacuum) for 15-30 mins 

before dissolving them in lO/ul of 0.5% SDS at 65°Cfor 10 mins. Then the tubes 

were pooled according to samples and frozen at -70 °C until required for Northern 

blotting.

Ribonuclease was inhibited until the last step by the presence of 4M 

guanidinium therefore no additional precautions were required to protect RNA 

from degradation. In order to prevent RNA degradation during its further use due 

to accidental contamination, the final RNA preparations were dissolved in 0.5%
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SDS which is thought to act as a weak inhibitor of ribonuclease (Chomczynski and 

Sacchi, 1987). The concentration of the RNA samples was calculated from the 

OD measurement at 260nm wavelength using the Pharmacia LKB-Ultraspec. 

(Table 2-7).

Table 2-7.

RNA extraction from the PB-leukocytes yielded RNA concentrations as followed:

RNA conc. in
Sample RNA extracted/jul 9^1 total volume

51 4.4/Ltg 39.6jug
52 4.4jL6g 39.6Mg
53 3.3jLtg 29 .4^ g
54 3.7/ug 33.3/xg

2H22 2.9jug IS.O/xg

2.8.3.Northern blotting

Northern blotting was carried out according to ’Basic Methods in Molecular 

Biology’ (Davis, Dibner and Battey, 1986) and involved the use of a 

formaldehyde/agarose gel, which is a simple denaturing electrophoresis system 

that allows good size separation and resolution of single-stranded RNA and its 

transfer to a nylon membrane. ^^P-labelling of the lymphokine probes was carried 

out in accordance to ’Molecular Cloning - A laboratory Manual’ (Sambrook, 

Fritsch, et.al.).
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Electrophoresis

The electrophoresis apparatus and all other non-autoclavable equipment were 

cleaned thoroughly in 1% SDS and rinsed in DEPC water. Solutions and other 

equipment were DEPC-treated and autoclaved as described for ISH.

A 1% agarose (Sigma) gel was prepared containing IxMOPS. MOPS was stored 

as a lOx stock solution in DEPC water and contained 0.2M MOPS (3-[N- 

morpoholinopropane sulfonic acid, sodium salt, Sigma), 0.05M sodium acetate, 

pH6.0, and O.IMEDTA. The pH of the final solution was adjusted with HCl to 

5.5 - 7.0.The gel was boiled for 5 mins in a DEPC-treated, sterile beaker and left 

to cool in a fumecupboard until the temperature reached 55 - 60°C. A 37% 

formaldehyde solution (Sigma) was added to a final concentration of 0.66M.20jLtl 

of ethidium bromide (lOmg/ml DEPC water stored in a foil-covered bottle at 

4°C) were added and mixed gently to avoid air bubbles before the solution was 

poured into the prepared electrophoresis tank (Gel Electrophoresis Apparatus 

GNA-200, Pharmacia, Sweden). The sample well former (combs) were positioned 

and the gel was left to set for 15 - 20 mins. Meanwhile, the samples were 

prepared, lO/il of RNA extracted from PB-leukocytes and 2H22 T cell clones 

were incubated with 20.85/Ltl deionised formamide, 4.2/xl 1 Ox MOPS buffer and

6.65jLtlof 37% formaldehyde at 65®Cfor 10 mins. The RNA samples were cooled 

on ice, and 4.2ju.l of gel loading buffer (50% glycerol, ImM EDTA (pH 8.0), 

0.25% bromophenol blue and 0.25% xylene cyanol FF) were added.

The dried agarose/formaldehyde gel was submerged in IxMOPS, which served 

as the gel running buffer and the combs were removed carefully. The prepared 

RNA sample was loaded onto the gel alongside a 0.16-1.77kb RNA-molecular 

marker (BRL Gibco, UK.).

The gel was run for 3 to 6 hrs. at 140 Volts (until the bromophenol blue had 

migrated approximately 8 cm). The gel was viewed under ultraviolet illumination 

and a photograph was taken with a transparent ruler aligned with the gel in order 

to measure the distance from the loading well to each of the bands of RNA 

(Figure 3-26).
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Transfer of denatured RNA to nylon membrane 

The agarose gel was carefully transferred to a container with DEPC-treated 

water in order to remove the formaldehyde, followed by a rinse in lOx SSC buffer 

for 20 mins. The gel was then transferred to a glass baking dish, and any unused 

areas of the gel were removed with a razor blade. The left-hand bottom corner 

of the gel was cut off for orientation of the gel during the succeeding operations. 

A piece of 3mm Whatman filter paper was cut to a size of 23x 50cm (i.e. longer 

and wider than the gel), soaked in lOx SSC buffer and placed over a glass plate 

with two opposite ends inside a baking dish filled with lOx SSC buffer. Air 

bubbles were removed carefully with a sterile glass rod. Using a sterile scalpel, 

a piece of nylon filter was cut about 1mm larger than the gel in both dimensions. 

The filter was wetted completely in DEPC water and soaked in lOx SSC for at 

least 5 mins. With a clean scalpel blade, a corner was cut from the nylon 

membrane to match the comer cut from the gel. The gel was placed on top of the 

wick on the support medium in an inverted position (i.e. sample well openings 

facing down). Care was taken again to exclude any air bubbles between the wick 

and the gel. The gel was surrounded but not covered, with Saran Wrap to provide 

a barrier to prevent liquid from flowing directly from the reservoir to paper 

towels placed on the top of the gel. The wetted nylon membrane was placed on 

top of the gel so that the cut comers were aligned and air bubbles were removed 

from between the gel and the filter. Two pieces of 3mm Whatman filter paper of 

equal size to the gel and wetted in 2x SSC buffer, were placed on top of the wet 

membrane. Air bubbles were removed and a stack of paper towels (approx. 8cm 

high) cut to a size smaller than the Whatman papers, was placed on top. The 

stack was covered with glass plate and weighed down with an approx. 500g weight 

with the objective to set up a flow of liquid from the reservoir through the gel and 

the nylon membrane, so that RNA molecules were eluted from the gel and 

deposited on the membrane. The transfer was carried out over a time period of 

1 2 - 1 8  hrs (ovemight) at room temperature. The paper towels on top were 

replaced as they became wet. After RNA transfer to the nylon membrane, the 

paper towels were removed and the gel and the nylon membrane were turned 

over, gel-side up and placed on a clean 3mm Whatman paper. The positions of

108



the gel slots were marked on the membrane with a very soft lead pencil before 

the gel was peeled from the membrane and discarded. The membrane was then 

soaked in 6x SSC for 5 mins at room temperature in order to remove any residual 

agarose adhering to it and dried for 30 mins at room temperature. Nylon 

membranes must be treated to immobilise the nucleic acids after transfer in order 

to form crosslinks between a small fraction of the bases in the RNA and the 

positively charged amine groups on the surface of the membrane (Sambrook, 

Fritsch, et.al. 1989). This can be achieved either by low dose irradiation or by 

thorough drying (between two glass plates at 80°Gin the oven). For this purpose 

the dried membrane was placed wrapped in Saran Wrap and the side of the 

membrane carrying the RNA was exposed to ultraviolet irradiation (254nm) for 

40 secs. The membrane was then stored, wrapped in aluminium foil until used for 

NBH.

2.8.4 Northern blot hybridisation

Transcription of ^^P-lahelled RNA probes using DNA-dependent RNA 

polymerase:

2pmol of DNA template (« 4/ig of a 3kb plasmid) were digested with the 

respective REs. Agarose gel electrophoresis was carried out in order to assure 

complete digestion of the template DNA. The linearized template DNA was 

purified by phenol/chloroform extraction and ethanol precipitation as described 

for ISH (Section 2.6.2.)and the precipitated DNA pellet was dissolved in DEPC- 

water at a concentration of OAf i g / f i l .

In a microfuge tube the following components were added in the order given at 

room temperature: l/xl of template DNA (0.4/xg), 1/xl of O.IM DTT, l/zl of a 

solution containing rATP, rCTP and rUTP each at a concentration of 5mM and 

1/xl of a lOx transcription buffer. The latter was composed of 400mM Tris-Cl., 

pH7.5 at 37°C,60mM MgCl2, 20mM spermidine HCl and 50mM NaCl and was 

autoclaved (121 °C) and stored in 1ml aliquots at -20°C.Further added were 0.5/xl 

of placental RNAase inhibitor (10 units), 0.5/li1 of 2mg/ml bovine serum albumin
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(Fraction V, Sigma), 5/xl [a-^^P] rGTP (sp.act. 400 Ci/mmol, 10/iCi//xl, 

Amersham) and l.O/il of the respective bacteriophage DNA-dependent RNA 

polymerase containing 7 to 12 units. The mixture was mixed by gentle tapping of 

the outside of the tubes to avoid air bubbles. The reactions were then incubated 

at 37°C for 2 hrs.

Transcription was terminated by the addition of Ijtil of RNAase-free DNAasel 

(1 mg/ml) for 15 mins at 37°C. lOO/il DEPC-treated water were added and the 

RNA was purified by phenol/chloroform extraction. The RNA was precipitated 

with 20/xl of 5M ammonium acetate and 250^1 ice-cold ethanol after 30 mins 

incubation at -20°C by centrifugation at 14,CXX)g at 4°C for 15 mins. As 

recommended by Sambrook, Fritsch et.al. (1987), the radiolabelled RNA was 

resuspended in IOOjlxI DBPC-water followed by a second round of precipitation 

with 10% volume of 5M ammonium acetate and 2 volumes of ethanol, in order 

to remove more than 99% of the oligonucleotides and unincorporated rNTPs 

from the probes, lfj.1 of the dissolved pellet was removed and transferred to 99/il 

of scintillation fluid and assessed for incorporation of radioactivity in a liquid 

scintillation analyzer (Tri-Carb 1900CA, Packard, UK.).

Hybridisation of radiolabelled riboprobes to immobilised RNA

The non-specific attachment of the probe to the surface of the filter can be 

prevented by the use of several different types of agents; these include Denhardt’s 

reagent, heparin and non-fat dried milk. Frequently these agents are used in 

combination with denatured, fragmented salmon sperm or yeast DNA and 

detergents such as SDS. Blocking agents are usually included in both the pre

hybridisation and hybridisation solutions when nitrocellulose filters are used. 

However, as the nucleic acids were immobilised on nylon membranes, the 

blocking agents were omitted from the hybridisation solution since high 

concentrations of protein are believed to interfere with the annealing of the probe 

to its target (Sambrook, Fritsch, et.al., 1987).

In order to maximise the rate of annealing of the probe with the target RNA, 

prehybridisation and hybridisation were carried out in a solution of high ionic 

strength. The buffer of choice was 6x SSPE, as formamide was included in the
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hybridisation reaction, and SSPE has a greater buffering capacity than SSC. A 

stock solution of 20x SSPE was prepared by dissolving 175.3gof NaCl and 88.2g 

of sodium citrate in 800ml of water. The pH was adjusted to 7.0 with a few drops 

of a ION solution of NaOH before the volume was adjusted to 1,000ml with 

water. After the addition of 1ml of DEPC the solution was dispersed in 200ml 

aliquots and autoclaved (121°C)the following day.

20ml of pre-hybridisation solution which was composed of 6x SSPE, 5x 

Denhardt’s reagent, 0.5% SDS, lOO/xl denatured and fragmented salmon sperm, 

were prepared. Meanwhile the 2 membranes (ie. RNA from PB and 2H22) and 

mesh which was cut to the size of the smaller membrane and separated the two 

from each other, were soaked in 6x SSPE for 2 mins. The membranes and the 

mesh were rolled up tightly and transferred to a Hybaid hybridisation bottle which 

was half-filled with 6x SSPE. The membranes unrolled inside the bottle to form 

a continuous lining with the inner surface of the bottle. Care was taken to exclude 

any air bubble. The 6x SSPE was discarded and replaced with 20ml of pre

hybridisation solution.

The Hybaid bottle containing the membranes was placed into the rota of a 

Hybaid Dual Hybridisation oven (Hybaid) and prehybridised under continuous 

rotation for 2 hrs at 42°C.

Meanwhile the already prepared probe was precipitated for the second time and 

mixed with 10ml of hybridisation buffer to yield 1x10^ cpm for the hybridisation 

of 2 membranes (ie. l-5x 10  ̂ cpm per hybridisation) (Sambrook, Fritsch et.al., 

1987).

The pre-hybridisation solution was discarded from the Hybaid bottle and 

replaced carefully with 10ml of hybridisation buffer containing the radiolabelled 

probe. The hybridisation buffer was composed of 6x SSPE, 0.5% SDS, lO^g/ml 

denatured salmon sperm DNA and 50% formamide. Hybridisation was carried 

out ovemight at 42°C.
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Post-hybridisation wash 

The membranes were removed carefully from the Hybaid bottle and put into a 

tray behind a radiation shield containing 2x SSC for 10 mins at room temperature. 

The buffer was discarded into a beaker containing a strong detergent (Decon, 

UK.) for several hours, before it was disposed off in a radiation sink.

The membranes were soaked for further 10 mins in 2x SSC, 0.1% SDS at room 

temperature, followed by an incubation in 2x SSC, containing 10/xg/ml RNAase 

A (lOmg/ml Stock) for 10-20 mins at 37°C. After a final wash in O.lxSSC and 

0.5% SDS at 55®Cfor 30 mins, the membranes were screened for radiation with 

a Geiger counter and if background radiation was observed, the membranes were 

washed again in O.lxSSC and 0.5% SDS at 55°Cuntil the radiation reached an 

acceptable background level.

Autoradiography

The washed filters were placed in an X-ray cassette and covered with Saran 

Wrap. An X-ray film (Kodak XAR-1 or equivalent) was placed into the cassette 

to obtain an autoradiographic image. The X-ray cassette was fitted with an 

intensifying screen and exposed at -70°Cfor 1 to 2 hrs before development. If the 

signal on the film was too low, the membranes were exposed to a further film for 

a longer period of time (up to 6 hrs).

With a ruler the distance from the original wells on the membranes to the signal 

obtained on the x-ray film was measured and the size of the band was determined 

by comparison with the bands obtained with the RNA-ladder and ribosomal RNA 

(28s = 5.1kb and 18s = 2.0kb) on the original photograph taken from the gel with 

a ruler aligned alongside.

Removal of probes from nylon membranes 

After exposure to an X-ray film, the membranes had to be ’stripped’ of the 

probe in order to hybridise the same membranes with the remaining riboprobes.

The membranes were immersed in 50% formamide, 2x SSPE for 1 hr at 65°C 

and then rinsed briefly with O.OlxSSPE at room temperature. The membranes 

were tested for the presence of radioactivity with a hand-held Geiger counter in
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order to check that all of the probe had been removed and blotted dry before 

wrapping them loosely in aluminium foil for storage at room temperature until 

needed further.

113



2.9. Statistical Analysis of Data:

For all statistical evaluation a p-value of <0.05 was considered significant. Non- 

parametric statistical analysis of the data was employed because the data did not 

exhibit a normal distribution. The data tested were on an ordinal scale for cell 

counts obtained from the immunohistochemical analysis, and medians (+  upper 

and lower confidence limits) and mean cell counts (±  SEM) can be found in 

Appendix 2. Differences in the mab-staining between normal frozen tarsal and 

bulbar conjunctival biopsies and between different mabs within either group, were 

statistically analyzed using the Wilcoxon Signed Rank Test.

The Mann Whitney-U Test was employed to compare cell counts between 

chronic allergic and normal conjunctiva.

Data obtained from ISH were on a nominal scale and differences between 

patient groups were analyzed using the non-parametric Fisher’s Exact Test.

All of the above tests were carried out using the C-Stat statistical package from 

Oxtech. (Version 1.0,1991, Oxford, UK.) for IBM-compatible computers.
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3. RESULTS

3.1. Immunohistochemistry of Normal Tarsal and Bulbar Conjunctiva (Frozen 

Tissue Sections)

Knowledge of the cellular infiltrate of normal tarsal and bulbar conjunctiva in 

all its variations is a prerequisite for the study of conjunctival allergic disorders 

involving cellular changes. Allansmith et.al. (1978) have already made a valuable 

contribution to the evaluation of inflammatory cells in normal tarsal conjunctiva 

by quantifying total numbers of lymphocytes, plasma cells and granulocytes by 

electron microscopy, but did not phenotype subpopulations of lymphocytes in the 

tissues.

H&E staining was carried out on all biopsies and demonstrated a great variation 

in the number of inflammatory cells present in normal conjunctiva. The majority 

of mononuclear cells were situated in the superficial substantia propria directly 

underlying the epithelium as part of the MALT. Neither plasma cells nor mast 

cells were analyzed immunohistochemically but were seen frequently in H&E 

stained sections. Plasma cells were identified morphologically as large round cells 

with a ’clockface’ nucleus, while mast cells were recognised as large granular cells 

displaying metachromasia (Scalthorpe, 1987). Both were found scattered 

throughout the stroma but were never seen in the epithelium. This is in 

agreement with findings by Bhan and Allansmith (Bhan, Fujikawa, et.al., 1982; 

Allansmith, Greiner, et.al., 1978).

Examination of the immunohistochemistry of normal tarsal conjunctiva revealed 

CD3+ cells in the subepithelia and epithelia of all tissues (Figure 3-1; Appendix

2-1, Table 1). In the stroma the expression of CD45RO (stained with the mab 

UCHLl) was significantly lower than CD3 expression (with a CD3:UHCL1 ratio 

of 1.6:1), whereas in the epithelia numbers of UCHLl-H cells almost parallelled 

cell counts for CD3 (Figure 3-1). CD4+ and CD8+ T cells were present in equal 

numbers in the stroma of normal tarsal conjunctiva, while CD8-I- cells were 

slightly more frequent in the epithelium. CD25, which is a component of the IL- 

2R (Tac or oc-chain) was expressed on a few cells in the subepithelium but was
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virtually absent from the epithelium of normal conjunctiva.

Macrophages expressing CD68 were seen frequently in both stroma and 

epithelium. Similarly, HLA-DR ags were present on a large number of 

mononuclear cells as well as endothelial cells in the stroma. In addition to 

mononuclear cells, large dendritic cells and occasionally epithelial cells were 

HLA-DR +  in the epithelium.

Reactivity to L26, a mab which recognises epitopes of the CD20 cluster present 

on most B cells but not plasma cells, was seen in very few tissues only. Twelve of 

the twenty tarsal biopsies studied also contained NK cells (CD57+) in the 

subepithelium, but not in the epithelium. Normodense eosinophils, identified with 

the mab EGl,  which recognised the unsecreted form of the eosinophil cationic 

protein (ECP), were absent from all normal tissues studied.

Figure 3-2 (Appendix 2-1, Table 1 and 2) illustrates the results from 8 paired 

tarsal and bulbar conjunctival biopsies contrasting epithelial and subepithelial cell 

counts respectively. The cell types found in bulbar conjunctiva were the same as 

in tarsal conjunctiva, but there was a proportionally greater number of cells in 

bulbar specimens than in the corresponding tarsal biopsies. However, only CD3 

expression was significantly greater in the subepithelium of bulbar than tarsal 

conjunctiva (Figure 3-2), while the greater numbers of CD25, CD68 and HLA-DR 

positive cells and NK cells in bulbar epithelia and subepithelia was not statistically 

significant. B cells expressing CD20 (L26) were equally low in tarsal and bulbar 

biopsies.
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S igned Rank T est w as u sed  to analyze statistical differences betw een  (A) CD3 and CD45RO, and B) 

0 0 4  and  CDS. (* p < 0.05, ** p < 0.01 )

Figure 3-2. i m m u n o h i s t o c h e m i s t r y  o f  n o r m a l  t a r s a l  a n d  b u l b a r  c o n j u n c t i v a

A,C*
100

8 0

60

\U

S)_l
LU 
Ü 
LU 
>

o
Q. 
Li.
O
dz

20

I SEM =  26.9

A*

EPITHEÜUM
TARSAL

SU BEPITH EUU M
TARSAL

EPITHEUUM
BULBAR

SU BEPITHEUUM
BULBAR

* P S 0.05 
** P S 0.01

> âJ I

CD3 CD45RO CD4 CDS CD25 HLA-DR CD68 CD20 

MONOCLONAL ANTIBODIES

CD57 EGl

FIGURE 3-2. Leukocyte expression in normal tarsal and bulbar conjunctiva, where the non-parametric 
Wilcoxon Signed Rank Test was used to analyze differences between (A) CD3 and CD45RO, and (B) CD4 and 
CDS in either tissue site as well as differences between tarsal and bulbar conjunctiva stained with the same mab, 
where (C) bulbar versus tarsal CDS expression. (* p :S 0.05)
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3.2. Immunohistochemistry of Chronic Allergic versus Normal Tarsal and Bulbar

Conjunctiva (GMA-embedded Sections)

T cells expressing cell surface CDS were present at tarsal and bulbar sites of 

both normal and diseased conjunctiva. At subepithelial sites of normal conjunctiva 

great variances in the number of T cells present were observed, ranging from 0 

to 100 per square millimetre (see median: Appendix 2-2) with mean cell counts 

of 23 and 26 per square millimetre in the subepithelia of tarsal and bulbar 

conjunctiva respectively. Compared to normal conjunctiva all the diseased groups 

with the exception of ABC had significantly greater numbers of T cells in the 

subepithelial tarsal conjunctiva (p < 0.01) with great variations in the individual 

cells counts (Appendix 2-2, Table 1). This increase in T cells was evident in 

biopsies from VKC and GPC with an average of 22x and 6x as many T cells 

respectively (Figure 3-3). The same general trend was seen in the epithelia, with 

increased numbers of T cells present in tarsal and bulbar epithelia of AKC, VKC 

and GPC compared to normals. At subepithelial sites of normal conjunctiva T 

cells comprised a mixture of CD4+ and CDS 4- cells whereas T cells in 

subepithelial infiltrates of the allergic groups were almost exclusively of the CD4 

phenotype, with an overall lower cell count for CDS-I- T cells than observed in 

the subepithelium of normal conjunctiva (Figures 3-4 and 3-5). In the epithelia 

of normal tarsal and bulbar conjunctiva CDS expressing T cells exceeded CD44- 

cells 2x and 4x respectively (Figures 3-4, 3-5 and 3-9, 3-10). In contrast, the 

CD4/CDS ratios in the epithelia of tarsal AKC, VKC and GPC were markedly 

altered in favour of CD44- T cells with ratios of 1.5:1 in AKC and 1:1 in VKC 

and GPC.

Conjunctival T cells were phenotyped according to the isoform expression of 

CD45. The high molecular weight isoform CD45RA and the low molecular weight 

isoform CD45RO, were expressed in normal conjunctiva in equal proportions 

(Figures 3-7 and 3-S). By contrast, in all the allergic conjunctival specimens, 

whether observed in the epithelium or subepithelium, more than 90 per cent of 

the infiltrating T cells were of the CD45RO phenotype (Figure 3-7). Interestingly, 

20-50% of CD3+ T cells present in the epithelium and subepithelium of VKC
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and GPC co-expressed both isoforms of CD45 simultaneously (Figures 3-11 and

3-12). Although coexpression of both isoforms of CD45 cannot be ruled out in 

AKC and ABC, and indeed sequential sections stained with CD45RO and 

CD45RA revealed double expression on some T cells, the majority of T cells 

expressed CD45RO alone (Figures 3-7, 3-8 and 3-14, 3-15). In contrast to 

CD45RO and CD45RA expression, CD45R (LCA) was prevalent on a wide 

v a rie ty  o f  leukocy tes, including  lym phocytes, m acrophages, 

polymorphonucleocytes, mast cells and fibroblasts (Figure 3-17). LCA expression 

was more than twice as high than CD3 or CD45RO expression (Figures 3-3, 3-6 

and 3-7 respectively).

CD25 expression was low in normal and diseased conjunctiva. The IL2-R was 

significantly upregulated on CD4+ T cells in tarsal biopsies of VKC and GPC 

(Figures 3-20 and 3-21), although this difference was proportional to the general 

increase in CD4+ T cells in the diseased groups. The percentage of CD25 

expression on infiltrating T cells however, was not significantly different in allergic 

(23% VKC, 39% GPC) and normal tarsal conjunctiva (35%) (Appendix 2-2, 

Tables 2A and B).

Nonetheless, sequential sections stained for CD3 and HLA-DR revealed strong 

HLA-DR expression on T cells infiltrating allergic but not normal conjunctiva. In 

allergic conjunctiva HLA-DR ags were significantly upregulated in tarsal 

conjunctiva of AKC, VKC and GPC (Appendix 2-2, Tables 3A and B). HLA-DR 

expression was also observed on macrophages (CD68+), dendritic cells (CDla+), 

fibroblasts and granulocytes (morphology), as well as endothelial and epithelial 

cells in the allergic groups whereas in normal conjunctiva, epithelial cells rarely 

expressed HLA-DR (Figures 3-22 and 3-23).

Positive staining was also detected for the Mucosal Lymphocyte Antigen (MLA) 

in the normal conjunctiva with a significant increase in the subepithelia of tarsal 

VKC and GPC. MLA detected molecular targets on intraepithélial T cells (lEL) 

in the gut (Selby, Janossy and Jewell, 1981) and was found on up to 50% of T 

cells present in the lamina propria (LPL) (Schieferdecker, Ullrich, Hirseland and 

Zeitz, 1992). Sequential sections revealed that MLA 4- cells in the present study 

either coexpressed CD4, or were CD4 and CD8 double negative, but never
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expressed CD 8.

CD68-expressing macrophages were commonly seen in normal conjunctiva and 

were significantly upregulated in tarsal AKC, VKC and GPC (Figures 3-24 an 3- 

25). The numbers of dendritic cells stained with the mab CDIA which is prevalent 

on Langerhans cells in particular (Figures 3-18 and 3-19) were also significantly 

increased in VKC and GPC.

Few differences were observed in the expression of CD20, prevalent on the 

majority of B cell, between the allergic and normal conjunctiva. Similarly, Nk cells 

(expressing CD57) and T cells expressing the alternative T cell receptor (TCR) 

y S  were not found to be different in allergic and normal conjunctiva and were 

observed in very low numbers in a few tissues only (Appendix 2-2, Tables 4 and 

5A and B respectively).
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Figures 3-3,-4 and -5 show the expression of different T cell markers in normal 
and chronic ailergic conjunctiva. The non-parametric Mann Whitney-U Test was 
used to analyze differences between allergic and normal conjunctiva.
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Figure 3-6.
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Figures 3-6,-7, and -8 show the expression of different CD45 isotypes in normal 
and chronic allergic conjunctiva. The non-parametric Mann Whitney-U Test was 
used to analvze differences between alleroic and normal coniunctiva.
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FIGURE 3-9

SE

Figure 3-9 Normal bulbar conjunctiva showing CD8+ T cells in the 
epithelium (arrow-heads). (Microscope magnification x200)

FIGURE 3-10

Figure 3-10 Normal bulbar conjunctiva (as above) showing CD4+
T cells in the epithelium (arrow-heads). (Microscope magnification 
x200)
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Figure 3-11 Bulbar conjunctiva from patient with VKC (BVKC6) showing 
CD45RO+ lymphocytes in the epithelium and subepithelium (indicated 
by arrows). Microscopic magnification x2(X).

Figure 3-12 Sequential section from BVKC 6 showing CD45RA+ lymphocytes 
in the same areas as CD45RO+ cells (indicated by arrows). 
Microscopic magnification x200.

Figure 3-13 Sequential section from BVKC6 showing HLA-DR expression on 
CD45RO+ and CD45RA+ cells (indicated by arrows). Microscopic 

magnification x2(X).
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Figure 3-14 Tarsal section from patient with AKC (TAKC5) showing CD45RO+ 
cells (indicated by arrows). Microscopic magnification x400.

Figure 3-15 Sequential section from TAKC5 stained with a mab to CD45RA, 
revealing no positive cells. Microscopic magnification x4(X).

Figure 3-16 Sequential section from TAKC5 showing HLA-DR expression. 
Microscopic magnification x400.
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Figure 3-17 Section of tarsal biopsy from patient with ABC (TABC5) showing 
CD45R expression (LCA) on T cells (T) and granulocytes (G). 
Microscopic magnification x400.

Figure 3-18 Section of tarsal biopsy from patient with GPC showing GDI A4* LCs 
in epithelial conjunctiva. Microscopic magnification x200.

Figure 3-19 As Figure 3-18; High power magnification of CD1A4- LC in the 
epithelium. Microscopic magnification x630.
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FIGURE 3-20
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Figure 3-20 Section taken from a giant papilla-biopsy of a patient 
with VKC (TVKCIO) showing large numbers of CD4+ T cells. (Microscope 
magnification x400)

FIGURE 3-21
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Figure 3-21 Sequential section from TVKCIO showing CD25 expression 
in areas heavily infiltrated by CD4+ T cells (see Figure 3-20). 
(Microscope magnification x400)
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FIGURE 3-22
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Figure 3-22 HLA-class II expression in normal conjunctiva. 
(Microscope magnification x200)

FIGURE 3-23
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Figure 3-23 HLA-class II expression in tarsal VKC (giant papilla), 
showing strong class II expression on epithelium (E) and mononuclear 
cell infiltrate. (Microscope magnification x200)
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FIGURE 3-24
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Figure 3-24 Macrophages expressing CD68 in GPC (arrows). 
(Microscope magnification x200)
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Figure 3-25 CD68 expression in normal conjunctiva (arrows). 
(Microscope magnification x200)
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3.3. In Situ Hybridisation Histochemistry 

3.3.1.Northern blot hybridisation

PB-leukocytes were stimulated with PHA and harvested at 4, 12 and 24 hrs 

(time points 1, 2 and 3 respectively). The mRNA expression for IL-2, IL-3, IL-4 

and IL-5 was analysed as described in Section 2.8.5.

IL-2 mRNA expression was detected at time points 1 (4 hrs) and 2 (2 hrs), but 

not time point 3 (24 hrs), while signal for IL-3 mRNA was detected at time points 

2 and 3 but not at time point 1. The RNA-fragments that hybridised with the 

riboprobes for IL-2 and IL-3 were approximately O.Skb and 1.2kb in size and 

corresponded to IL-2 and IL-3 mRNA hybridisation as observed by other 

laboratories (Brod, Benjamin and Hafler, 1991; Paliard, De Waal Malefijt, Yssel, 

Blanchard, Chretien, 1988; Burd, Roger, Gordon, Martin, Sundararajan et.al., 

1989) (Figure 3-27 A and B).

RNA extracted from PB revealed no hybridisation signal for IL-4 and IL-5 

mRNA. However, antisense probes for IL-4 and IL-5 mRNA hybridised with 

RNA extracted from PHA-stimulated 2H22 T cell clones, and revealed 

hybridisation signal at an approximate fragment size of 0.7kb and 1.7kb 

respectively, corresponding to sizes as observed by Brod et.al. (1991) and Paliard 

et.al. (1988) (Figure 3-27 C and D).
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NORTHERN BLOT HYBRIDISATION

FIGURE 3-26

Figure 3-26 A) shows electrophoresed RNA samples extracted from PB- 
lymphocytes without stimulation (0) and after PHA-stimulation for 4 hrs 
(1), 12 hrs (2) and 24 hrs (3). B) shows RNA extracted from the T cell 
clone 2H22 after PHA-stimulation for 12 hrs. The 0.16-1.77 RNA-Iadder 
(left lane) revealed fragment sizes of 1.77kb, 1.52kb, 1.28kb, 0.78kb, 
0.53kb, 0.40kb, 0.88kb and 0.155kb.

FIGURE 3-27
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Figure 3-27 Northern blot analysis using 32-P-labelled riboprobes specific 
for A) lL-2 mRNA (PB-lymphocytes: 4 and 12 hrs post-stimulation), approx. 
fragment size: 0.8kb, B) lL-3 mRNA (PB-lymphocytes: 12 and 24 hrs post
stimulation), approx. fragment size: 1.2kb, C) lL-4 mRNA (2H22: 12 hrs 
post-stimulation), approx. fragment size: 0.7kb, and D) lL-5 mRNA (2H22:
12 hrs post-stimulation), approx. fragment size: 1.7kb.
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3.3.2.In situ hybridisation

ISH was carried out on 10 n m  thick frozen tissue sections from AKC, ABC, 

VKC, GPC and normal conjunctival biopsies using riboprobes to detect IL-2, IL-3, 

IL-4 and IL-5 mRNA. Clear hybridisation signals were obtained with all antisense 

lymphokine probes in the positive control cytospins (Figures 3-28,3-30,3-32,3-33, 

3-35 and 3-36). Similarly, anti-sense probes for B-actin revealed hybridisation 

signal in all specimens studied (Figure 3-38). RNAase A - pretreated and sense- 

probe labelled cytospins revealed no specific hybridisation signal (Figures 3-29, 

3-31,3-34, 3-37).

Eight tarsal biopsies from AKC, VKC and GPC and 5 from ABC were 

compared with 10 normal control specimens for lymphokine mRNA expression. 

Counting of positive cells was partially impossible due to the thickness of the 

tissue sections and a resultant overlay of cells on top of each other. Therefore, 

biopsies were rated qualitatively as positive or negative only. The Fisher’s Exact 

test was used to analyze significant differences in the numbers of patients with 

positive signal for any particular lymphokine probe in contrast to normal control 

biopsies.

Lymphokine mRNA expression in normal tarsal conjunctiva was very low, 

although not absent. Overall 2 specimens out of 10 expressed mRNA for IL-2, 3 

for IL-3 mRNA, 2 for IL-4 mRNA and 1 for IL-5 mRNA (Table 3-1 to 3-4). On 

an individual level mRNA expression was very variable. Four specimens out of 

ten revealed no hybridisation signal at all (Appendix 3) while only 1 biopsy 

hybridised with more than one lymphokine probe and coexpressed mRNA for IL- 

2, IL-3 and IL-4. Two biopsies were positive for IL-3 mRNA while 1 out of 3 

further specimens revealed signal for either IL-2, IL-4 or IL-5.

The greater number of AKCs expressing lymphokine mRNA was not 

significantly different to normal controls (Tables 3-1 to 3-4), although IL-2 mRNA 

expression was close to being significantly greater (p< 0.079). Observations of 

lymphokine mRNA expression in the individual AKC was interesting, as 4 out of 

8 specimens revealed positive signal for IL-2, IL-3 and IL-4, while 3 of the latter 

also expressed mRNA for IL-5 (Appendix 3-1) (Figures 3-40, 3-41, 3-42, 3-43).
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One biopsy revealed hybridisation signal for IL-2 and IL-3, while the remaining 

3 AKCs revealed no signal for lymphokine mRNA at all.

In ABC, 3 patients were positive for IL-3 mRNA, one of which also expressed 

mRNA for IL-2 and IL-4, while another coexpressed IL-4 mRNA. Only 1 

specimen revealed signal for IL-5 mRNA but none of the other lympholdnes, and 

1 patient was negative for all lymphokine probes.

Furthermore, ISH revealed significantly greater numbers of VKC with mRNA 

expression for IL-3, IL-4 and IL-5 than normal controls, while no difference was 

observed in the expression of IL-2 mRNA (Tables 3-1 to 3-4) (Figures 3-44,3-45, 

3-46, 3-47, 3-48). With regard to the individual biopsies, all VKCs revealed 

mRNA signal for at least 2 lymphokines including IL-3, IL-4 or IL-5 mRNA. Four 

specimens revealed signal for IL-3, IL-4 and IL-5 mRNA, two for IL-3 and IL-4 

mRNA and one for IL-4 and IL-5 mRNA (Appendix 3-3). Only one biopsy was 

positive for IL-2 mRNA but coexpressed IL-5 mRNA.

Lymphokine mRNA expression in tarsal GPC followed a similar pattern to 

VKC. None of the specimens studied revealed mRNA expression for IL-2. In 

contrast, signal for IL-3, IL-4 and IL-5 mRNA was commonly observed, with a 

significantly greater number of biopsies showing cellular expression of mRNA for 

IL-4 (6/8) (Table 3-3, Figure 3-49). Four out of 8 GPCs coexpressed IL-3, IL-4 

and IL-5 mRNA while only one specimen was negative for all four lymphokines. 

One biopsy was positive for IL-3 and one for IL-4 mRNA while another specimen 

coexpressed IL-3 and IL-4 mRNA (Appendix 3-1 to 3-4).

Cytokine mRNA positive cells in all biopsies studied were among the CD4+ 

inflammatory cell infiltrate within the subepithelial substantia propria as identified 

by immunohistochemistry (Figures 3-44, 3-46,and 3-47, 3-48). Furthermore, the 

prevalence of cytokine mRNA positive cells correlated to the increased numbers 

of CD3+ cells in the conjunctiva of the individual patients (Appendix 2-3). For 

example, in AKC coexpression of mRNA for all 4 lymphokines in TAKC4, 

TAKC 10 and TAKC 11 correlated with the highest cell counts for CD3 within this 

patient group. Similarly, in VKC and GPC coexpression of IL-3, IL-4 and IL-5 

was observed in biopsies with high numbers of CD3+ cells and even in the 

normal control group the one tissue coexpressing mRNA for IL-2, IL-3 and IL-4
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was characterised by large number of CD3+ cells (Appendix 2-3).
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T ab le  3-1. IL-2 mRNA EXPRESSION IN CHRONIC T able  3-2. IL-3 mRNA EXPRESSION IN CHRONIC

ALLERGIC AND NORMAL TARSAL CONJUNCTIVA ALLERGIC AND NORMAL TARSAL CONJUNCTIVA

PATIENT
GROUPS POSITIVE NEGATIVE TOTAL

AKC 5 3 8

ABC 1 4 5

VKC 1 7 8

GPC 0 8 8

NORMAL 2 8 10

PATIENT
GROUPS POSITIVE NEGATIVE TOTAL

AKC 5 3 8

ABC 3 2 5

VKC 7* 1 8

GPC 6 2 8

NORMAL 3 7 10

T ab le  3-3. IL-4 mRNA EXPRESSION IN CHRONIC T able  3-4. IL-5 mRNA EXPRESSION IN CHRONIC 

ALLERGIC AND NORMAL TARSAL CONJUNCTIVA ALLERGIC AND NORMAL TARSAL CONJUNCTIVA

PATIENT
GROUPS POSITIVE NEGATIVE TOTAL

AKC 4 4 8

ABC 2 3 5

VKC y  * * 1 8

GPC 6* 2 8

NORMAL 2 8 10

PATIENT
GROUPS POSITIVE NEGATIVE TOTAL

AKC 3 5 8

ABC 1 4 5

VKC 6 * * 2 8

GPC 4 4 8

NORMAL 1 9 10

The non-parametric Fisher’s Exact Test was employed to analyze statistical 
differences between the number of patients and normal controls expressing 
lymphokine mRNA. Biopsies were rated as positive, if more than 3 ceiis 
expressed mRNA for a particular lymphokine. (* P ^  0.05, * *  P ^ 0.01)
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FIGURE 3-28
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Figure 3-28 T cell clone 2H22 showing signal for IL-2 
mRNA (arrows). (Microscope magnification xlOO)
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Figure 3-29 RNAase A pre-treated negative control for 
IL-2. 2H22 T cell clone revealing no signal. (Microscope 
magnification xlOO)
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FIGURE 3-30
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Figure 3-30 2H22 T cell clone hybridised with the anti-sense
probe for lL-3 mRNA, revealing signal (arrows).
(Microscope magnification x400)
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Figure 3-31 Negative control for the lL-3 probe. 2H22 T cell 
clone hybridised with lL-3 sense probe. Microscope magnification 
x400 )
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Figure 3-32 2H22 hybridised with antisense probe for IL-4 mRNA. Microscopic
magnification x400.

Figure 3-33 Phase contrast microscopy of the same area as shown in Figure 3-32. 
Microscopic magnification x400.

Figure 3-34 RNAase A pretreated negative control for IL-4 antisense probe. 
Microscopic magnification x400.
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Figure 3-35 2H22 hybridised with antisense probe for IL-5 mRNA. Microscopic
magnification x400.

Figure 3-36 Phase contrast microscopy of the same area as shown in Figure 3-35. 
Microscopic magnification x400.

Figure 3-37 Negative control for IL-5.2H22 hybridised with sense probe for IL-5 
mRNA. Microscopic magnification x400.
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Figure 3-38 Positive control, B-actin antisense probe in a conjunctival tissue 
section of a patient with GPC. Microscopic magnification x200.

Figure 3-39 RNAase A pretreated tissue section prior to hybridisation with B- 
actin antisense probe (sequential section to Figure 3-38). Microscopic 
magnification x200.
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FIGURE 3-38

Figure 3-38 Positive control, beta-actin probe in conjunctival 
tissue section of a patient with GPC. (Microscope magnification x200)
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Figure 3-39 RNAase A pre-treated tissue section prior to hybrisation 
with beta-actin probe (sequential section to Figure 3-38).
(Microscope magnification x400)
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Figure 3-40 IL-2 mRNA expression in a tissue section of T AKC 10. (Arrows 
indicate IL-2 mRNA expressing cells located in areas identical to IL-5 
mRNA 4- cells, see Figure 3-41). Microscopic magnification x400.

Figure 3-41 IL-5 mRNA expression in a sequential tissue section of TAKC 10 
(Figure 3-40). Arrows indicate IL-5 mRNA 4- cells located in identical 
areas as IL-2 mRNA expressing cells (Figure 3-40). Microscopic 
magnification x400.
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Figure 3-42 IL-3 mRNA expression in TAKCIO. Microscopic magnification x200.

Figure 3-43 High power magnification of IL-3 mRNA expression in TAKCIO 
(Figure 3-42). Microscopic magnification x400.
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Figure 3-44 IL-4 mRNA expression in TVKC4. Microscopic magnification x400.

Figure 3-45 Negative control; RNAase A pretreated tissue section of TVKC4 
prior to hybridisation with the IL-4 antisense probe. Microscopic 
magnification x400.

Figure 3-46 GMA-embedded tissue section of TVKC4 showing CD4+ T cells in 
the subepithelium in accordance to IL-4 mRNA expression as seen in 
Figure 3-44. Microscopic magnification x400.
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Figure 3-47 IL-5 mRNA expression in the subepithelium of TVKC6. Microscopic
magnification x400.

Figure 3-48 GMA-embedded tissue section of TVKC8 showing CD4+ T cells in 
the subepithelium in correspondence to IL-5 mRNA expression (Figure 
3-47). Microscopic magnification x400.
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FIGURE 3-47
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Figure 3-49 IL-5 mRNA expression in TGPCl (see arrows). Microscopic
magnification x400.

Figure 3-50 Phase-contrast microscopy of IL-5 mRNA expression in TGPCl (as 
in Figure 3-49). Microscopic magnification x400.

Figure 3-51 Negative control; TGPCl hybridised with the IL-5 sense probe. 
Microscopic magnification x400.
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CHAPTER FOUR

DISCUSSION
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4. DISCUSSION

4.1. Immunohistochemistry of Normal Tarsal and Bulbar Conjunctiva (Frozen 

Tissue Sections)

Cellular infiltrate in normal tarsal conjunctiva

Overall the study revealed great variations in the number of leukocytes present 

in the individual tissues of normal tarsal and bulbar conjunctiva. T cells were the 

most frequent cells, mainly located in the subepithelial stroma and the epithelium. 

Chan et.al. (Chan, Nussenblatt, Li and Mao, 1988) already described the 

prevalence of T cells in normal epibulbar conjunctiva and in agreement with their 

data, more CD8+  than CD4+ T cells in the epithelium of normal conjunctiva in 

the present study. However, no overall predominance of CD8+ T cells was 

observed, nor were there more T cells present in the epithelium than in the 

stroma. This difference may be due to an older patient group in the present study, 

with 12 out of 20 patients older than 60 years, since Chan et.al. observed an 

increased leukocyte infiltration in the stroma of older subjects (Chan, Nussenblatt, 

et.al., 1988).

CD45RO+ cells (UCHLl-f) accounted for almost 60% of the total numbers of 

CD3 +  T cells and suggested the prevalence of ag-experienced memory T cells in 

normal conjunctiva. However, as already discussed in the introduction (Section 

1.1.2) most leukocytes express CD45 isotypes on their surface and Frew and Kay 

(1991) reported that 30-40% of human PB-monocytes were UCHL1 +  .

Although the quality of frozen sections was relatively poor in comparison to 

resin or paraffin-embedded tissue sections and did not permit a morphological 

differentiation between CD45RO+ lymphocytes and other leukocytes, the great 

majority of UCHL14- cells in this study were believed to be of T cell origin as the 

localisation of both UCHL1+ and CD3+ cells was confined to the same areas of 

the subepithelial stroma. Macrophages on the other hand, were more uniformly 

dispersed throughout the substantia propria. These findings together with the low 

expression of the activation marker CD25 suggested that the majority of T cells 

in the normal conjunctiva were non-activated or resting cells, with more than 60%
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bearing characteristics of memory T cells.

The equal proportions of CD4+ and CD8+ T cells found in the stroma of 

normal conjunctiva has been noted by Sacks et.al. already (Sacks, Wieczorek, 

Jacobiec and Knowles, 1986) and possibly reflected the reciprocal, self-regulatory 

balance of cells involved in mediating cellular events in inflammatory eye diseases 

via the secretion of lymphokines. Inflammation of the conjunctiva frequently leads 

to the predominant activation of either subset and therefore a shift in the ratio 

of CD4+ to CD8+ T cells.

Interestingly the number of CD4-f- and CD84- cells together did not equal the 

number of CD3+ cells. There are several possible explanations for this 

discrepancy. First of all it is feasible that a proportion of CD34- cells were CD4- 

and CD8-, such as the intraepithélial lymphocytes (lEL) in the gut 

(Schieferdecker, Ullrich, Hirseland and Zeitz, 1992). An estimated 1-10% of PB- 

T lymphocytes carry the y f  T cell receptor (TCR) rather than the conventional 

aB TCR (Bourdessoule, Gaulard and Mason, 1990). The majority of these y  6 

TCR 4- T cells do not bear CD4 nor CD8 on their surface (Wu, Tian, Snider, 

Ritterhaus, et.al., 1990) and may be responsible for the lack of CD4 and CD8 

expression on T cells in the conjunctiva. Alternatively, CD3 may be expressed on 

cells other than T lymphocytes, such as NK cells. This however, seems unlikely 

as Hellstrand and Hermodsson (1990) reported that less than 5% of NK cells 

bear the CD3 ag. In addition, the numbers of NK cells found in the normal 

conjunctiva was too low to account for the excess of CD3+ cells in the tissues. 

Finally, one has to consider the possibility that CD4 and/or CD8 expression on 

T cells was greater than could be accounted for by cell counts, but that their 

expression was too low on the cell surface to be recognised by the respective mab. 

Alternatively, the mab to CD3 could have labelled CD3- cells non-specifically. In 

order to determine whether cells other than CD4+ or CD8+ T cells express CD3 

in the conjunctiva, double staining would have to be carried out, using CD3 in 

conjunction with a number of leukocyte markers, including mabs to TCR aB and 

y f  as well as NK cells.

The HLA-DR-H cells seen in the epithelium and subepithelium of tarsal 

conjunctiva were primarily macrophages and dendritic cells as identified by
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morphology and geographical distribution of these cells in the tissues. The 

existence of HLA-DR+ macrophages and dendritic cells in normal conjunctiva 

suggested their possible role as APCs for T cells. A dendritic mononuclear cell 

important for ag presentation to T cells in the epidermis and dermis of the skin 

is the LC. Sacks et.al. (Sacks, Rutgers, Jakobiek, Bonetti and Knowles, 1986) who 

demonstrated the prevalence of LCs in the epithelium of the conjunctiva and 

cornea, also reported increased HLA-DR expression on LCs residing in the 

conjunctiva in comparison to their counterparts in the skin. These findings 

suggested that the large HLA-DR + dendritic cells found in the tarsal epithelia 

represented LCs.

Cellular infiltrate in normal tarsal versus bulbar conjunctiva

The comparison of tarsal with bulbar conjunctiva (Figure 3-2) demonstrated a 

similar cellular composition in both, but bulbar conjunctiva revealed significantly 

greater numbers of CD34- cells as well as greater numbers of CD25 +  , CD68-I- 

and HLA-DR +  cells and NK cells in the subepithelia. This may be representative 

of the role these cells play in the defense of the ocular surface as the bulbar 

conjunctiva is continuously exposed to a great number of airborne pathogens and 

irritants, and is therefore more likely to encounter ag than tarsal conjunctiva. The 

latter forms the posterior lining of the eye lid and therefore is protected to a 

great extent from the external environment. This would be further substantiated 

by the greater expression of CD25 in bulbar conjunctiva, which implied that a 

greater number of cells were activated and therefore engaged by ag than in tarsal 

conjunctiva.

Mast cells which were easily recognisable in H&E stained sections, were not 

phenotyped as mast cell populations present in the normal and allergic 

conjunctiva have been reported by several groups (Irani, Brutus, et.al., 1990; 

Morgan, Williams, et..al., 1991) and the prevalence of MCy^  ̂ in the normal 

conjunctiva has already been discussed in the introduction (Chapter 1.4.2).

Furthermore, plasma cells which were frequently observed in H&E stained 

sections of normal conjunctiva, were not immunohistochemically analyzed because 

no specific markers were available for the distinction of plasma cells from other
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leukocytes. Plasma cells are the final maturational stage of B cell development, 

whose sole purpose is ab-production. They are incapable of further maturation 

and therefore have lost most of their cell surface ags.

Conclusions

In conclusion, the present findings clearly demonstrated that normal conjunctiva 

contained inflammatory cells capable of eliciting an allergic response. Mast cells, 

which play the *key-role’ in the immediate type hypersensitivity reaction (Morgan, 

Williams, et.al., 1991), were seen frequently in normal conjunctiva, and make 

atopic individuals prone to acute allergic responses as seen in the inflamed eyes 

of hayfever sufferers. In addition, the existence of CD4+ T cells in normal 

conjunctiva may be of relevance for the development of chronic allergic eye 

conditions such as AKC and VKC, where the involvement of an allergic LPR or 

a DTH reaction has been suggested (Foster and Calogne, 1990; Collin and 

Allansmith, 1977).

Although the cellular infiltrate of normal conjunctiva has already been described 

by various groups and the age of the patients involved in this preliminary study 

would not have allowed a direct comparison with the cellular infiltrate of allergic 

conjunctiva involving much younger patient groups, the study was included in the 

present thesis, since it has been exceptionally useful with regard to the following 

points:

1) Although a lot can be learnt about the cellular infiltrate of normal 

conjunctiva from work published by Sacks (Sacks, Wieczorek,et.al.,1986), 

Allansmith (Allansmith, Greiner, et.al., 1978) and Bhan (Bhan, Fujikawa et.al.,

1982), none of these groups have described the immunohistochemistry of normal 

conjunctiva a s  detailed In this study.

2) The study allowed me to familiarise myself with the morphology and histology 

of normal conjunctiva irrespective of the allergic conditions thereof. This was 

considered an advantage as it led to the unbiased conclusion that normal 

conjunctiva was a potentially receptive tissue for any kind of allergic response to 

occur.
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3) Furthermore, the study led to an understanding of the dual involvement of 

cells usually encountered at two morphologically distinct sites. As a mucosal 

surface the conjunctiva contains the CALT composed of lymphocytes which are 

thought to share functions with cells comprising MALT at other mucosal sites. On 

the other hand mast cells as seen in H&E stained sections, have been described 

as MCjq  usually encountered at connective tissue sites (Irani, Butrus, et.al, 1990) 

and HLA-DR +  dendritic cells in the epithelium were thought to be LCs. The 

bivalent involvement of leukocytes from both mucosal and connective tissue sites 

in the regulation of immune responses in the conjunctiva stimulated an interest 

in specific lymphocyte subsets which are seen at either of the two latter sites but 

are not commonly encountered in the periphery. This led to the inclusion of 

further cell surface markers in the allergic study which have not been investigated 

in the conjunctiva yet, and comprises the final reason for the inclusion of this 

preliminary study in the present thesis.

4) A more detailed leukocyte phenotyping was stimulated by the data collected 

from the study. The prevalence of CD45RO+ T cells in normal conjunctiva led 

to the inclusion of its counterpart, CD45RA as well as CD45R (LCA) in the 

allergic study. Furthermore, the lack of CD4 and CDS on CD3+ cells prompted 

the inclusion of mabs to the TCR y f  present in the gut and the skin and the 

mucosal leukocyte antigen, commonly encountered in the gut. Finally, HLA-DR4- 

dendritic cells seen in particular in the epithelium of normal conjunctiva, were 

further analyzed using a mab to CDIA, an ag present on LCs and thymocytes.

Thus, this study served its purpose of familiarising myself with the morphology 

and cellular infiltrate of normal conjunctiva and led to the perception that it is a 

potentially susceptible tissue for allergies to occur. Furthermore, questions arising 

from this study provided the opportunity to study the allergic conditions with an 

extended, but potentially relevant panel of cell surface markers to leukocytes and 

T cells in particular. .
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4.2. Immunohistochemistry of Chronic Allergic versus Normal Tarsal and bulbar

Conjunctiva (GMA-embedded Tissue Sections)

4.2.1.IH of GMA-embedded tissue section: Comparison of allergic and normal 

tarsal and bulbar conjunctiva

CD45-isotype expression 

The strong expression of CD45RO on T cells in the allergic infiltrates signified 

the predominance of memory T cells. Immunologically experienced memory T 

cells have been shown to mediate a vigorous response upon antigenic 

restimulation with an enhanced ability to produce lymphokines and to provide 

efficient help for B cells to produce Ig, while CD45RO-/RA+ T cells failed to do 

so (Francus, Francus and Siskin, 1991). Therefore, the predominance of 

CD45RO+ T cells in chronic allergic eye conditions indicated the prevalence of 

T cells which maintained a heightened secondary immune response to an ag they 

had already experienced and therefore were likely to have an enhanced ability to 

produce a wide range of lymphokines. The infiltration of CD45RO+, CD44- T 

cells in the chronic allergic eye corresponded to reports by Frew and Kay (1991) 

who found memory T cells in the LPR of subjects with atopic dermatitis, and 

Waldorf et.al. who made similar discoveries in cutaneous DTH (Waldorf, Walsh, 

Schechter and Murphy, 1991). However, the correlation between specific CD45 

isoforms and the acquisition of memory has been questioned by reports of 

reversible CD45 isotype expression on human T cells (Rothstein, Yamada, 

Schlossman and Morimoto, 1991) and CD45RA+ long-term cultured T cell lines 

(Sugita, Hirose, et.al., 1992). It has been suggested, that T cells capable of 

coexpressing CD45RO and CD45RA after stimulation represented a functionally 

distinct T cell population from CD45RO+/RA- T cells. In this context the 

correlation between niurine CD45RO+/RA+ T cells with functional Th2 and 

CD45RO+/RA- phenotype with Thl cells was of interest (Luqman, Johnson, 

et.al., 1991), as the prevalence of CD45-RO/RA double positive T cells was noted 

also in VKC and GPC (Figure 3-11 and 3-12). While such T cells may have 

represented cells in the process of switching from "naive" to "memory" after
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antigenic stimulation in agreement with the naive/memory T cell subpopulation 

theory, alternatively they may have been representative of functionally distinct T 

cell subset. Rothstein et.al. (Rothstein, Yamada et.al., 1991) showed that 35-50% 

of CD45RA-I- human PB-T cells co-expressed CD45RO/RA after activation while 

40-60% of freshly isolated T cells were CD45RA- and did not re-express this 

isoform after stimulation. Although a phenotypic correlation with functional Thl 

and Th2 as recently demonstrated in the murine system (Luqman, Johnson et.al., 

1991) has not been made as yet in the human system, it is conceivable that such 

a correlation exists. The majority of human T cell clones produce a mixed 

lymphokine profile similar to the mouse ThO. Nonetheless, Thl-like T cells 

producing IL-2 and IFNy and Th2-like T cells producing IL-4, IL-5, IL-6, IL-8 and 

IL-10 (Yamamura, Uyemura, et.al., 1991; Salgame, Abrams, et.al., 1991; 

Romagnani, 1992; Mosmann and Coffman, 1989) have been shown to be present 

in humans as the final stage of T cell differentiation in chronic infectious and 

immunopathological conditions, including allergy. Wierenga and colleagues have 

shown that allergen-specific T cell clones from atopic donors produced IL-4 but 

little if any IFNy similar to mouse Th2, while non-allergen, ag-specific clones 

from the same patient produced IFNy but little IL-4 (Wierenga, Snoek, De 

Groot, Chretien, Bos, et.al., 1990; Kapsenberg, Wierenga, Bos and Jansen, 1991). 

More recently ISH revealed the prevalence of Th2-like cells producing IL-3, IL-4, 

IL-5, IL-10 and GM-CSF in chronic allergic conditions of the skin, nose and the 

lung in vivo (Van Reijsen, Bruijnzeel-Koomen, Kalthoff, Maggi and Romagnani, 

1992; Durham Ying, Varney, Jacobson, Sudderick, et.al., 1992;Kips, Joos, Peleman 

and Pauwels,1992). Although the in vivo lymphokine production profile in chronic 

atopic eye diseases has not been defined yet, our study revealed that a proportion 

of T cells infiltrating VKC and GPC were phenotypically analogous to murine 

Th2 as defined by Luqman et.al. (Luqman, Johnson, et.al., 1991). The 

involvement of Th2-produced lymphokines in allergic eye disease has already 

been suggested by Maggi et.al. (Maggi, Biswas, Del Prete, Parronchi, 

Macchia,et.al., 1991) who cloned T cells from the conjunctiva of patients with 

VKC and demonstrated IL-4 but virtually no IFNy production. As already 

mentioned (Chapter 1.1.2.),CD45 was shown to have tyrosine phosphatase activity
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and was possibly involved in transmembrane signal transduction during activation. 

It was suggested that selective expression of certain isoforms of this molecule 

changed or altered the affinity for the putative ligand, which may have allowed 

the cells to regulate tyrosine-specific phosphorylation which in turn modulated 

effector function.

T cell activation

In contrast to CD45RO which is stably increased after activation, IL-2R 

expression is tightly regulated and only transiently induced upon activation 

(Cantrell and Smith, 1983). The proliferation of ag-specific T cells during a 

primary immune response is regulated primarily through the action of IL-2 on its 

receptor. IL-2 and IL-2R synthesis is induced within hours of T cell activation and 

downregulated soon after, as ag is cleared.

In the present study, CD25 was believed to be prevalent on CD4+ T cells in the 

conjunctiva, since CDS expressing cells only constituted l%-3% of the total 

CD34- T cells present in the subepithelium. Its low expression in chronic allergic 

conjunctiva may have been due partly to the loss of Tac after primary stimulation 

in the early stages of the diseases with the reduction of the ag. Nevertheless, even 

in an ongoing chronic immune response one would have expected an increased 

expression of IL-2R+ T cells as low levels of ag persisted. Furthermore, T cells 

were constantly recruited from the circulation due to an increased expression of 

adhesion molecules on endothelial cells (personal communication with A.Bacon). 

The activation of such newly recruited T cells as well as the restimulation of 

already established memory T cells by persistent allergen would have been likely 

to require an autocrine IL-2/IL-2R dependent mechanism. Indeed several groups 

have reported increased IL-2R expression on T cells infiltrating asthma and atopic 

dermatitis (Sustiel and Rocklin, 1989; Leung, Bhan, Schneeberger and Geha,

1983). There were several possible explanations for the lack of IL-2R expression 

in chronic atopic conjunctivitis. First of all, it was possible that IL-2R was 

expressed on T cells in the tissues, but that its detection with mabs to Tac was 

hindered by occupation of the receptor by IL-2. Mabs to IL-2 would have to be 

utilised in order to clarify this possibility.
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Another feasible explanation would be the involvement of Th2 subsets, for 

which an alternative pathway of activation has been suggested, whereby IL-2 is 

not required. In this context several groups (Van der Pouw-Kraan, Van Kooten, 

et.al., 1992; Kazuyoshi and Parker, 1992) have demonstrated that intracellular 

calcium and inositolphosphates are upregulated only in IL-2 producing Thl-like 

cells, whereas Th2-like cells do not show increases in these second messengers. 

Calcium and inositolphosphates are involved in PKC activation which in turn 

induces IL-2 and IL-2R gene expression with consequent cell proliferation. 

Therefore the lack of intracellular calcium and inositolphosphates in activated 

Th2-like cells suggests a different intracellular transduction pathway for Th2, a 

possibility substantiated by the observation that in vitro PKC activation inhibits 

IL-4 production by freshly isolated human T cells (Van der Pouw-Kraan, Van 

Kooten, et.al., 1992). Similarly, Gaya et.al. (Gaya, De La Calle, Yague, Alsinet, 

Fernandez, et.al., 1991) have shown that in vitro IL-4 addition inhibits IL-2 and 

IFNy production as well as IL-2 dependent upregulation of the IL-2Ra in CD4+ 

T cells.

Assuming that CD45R04-/RA+ T cells infiltrating VKC and GPC indeed 

represent Th2-like cells, and that the pathological consequences of these disorders 

is dependent on the specific activation of such cells, the non-specific recruitment 

of T lymphocytes into the tissues would be irrelevant as far as IL-2R expression 

upon activation is concerned, as only T cells of the Th2 phenotype, utilising an 

alternative activation pathway to the IL-2/IL-2R mediated system, are likely to 

be activated by the persistent ag/allergen. In this context, Robinson et.al. has 

demonstrated that CD3/ag-mediated calcium signals and protein kinase C (PKC) 

activation are higher in CD45RO+ than in CD45RA+ T cells (Robinson, Miller, 

et.al., 1993). Therefore, it is possible that CD45RO/RA coexpression on T cells 

present in VKC and GPC is necessary for the activation of Th2 via an altered 

intracellular signal transduction pathway.

While the prevalence of Th2-like T cells possibly explains the lack of IL-2R 

expression in VKC and GPC, T cells infiltrating AKC and ABC were 

predominantly CD45RO+/RA-, similar to the murine Thl which are IL-2 

dependent. A possible explanation for the lack of IL-2R expression in the latter
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two conditions arises from the fact that both conditions occur in association with 

and secondary to a systemic allergic condition only, while VKC and GPC are 

confined frequently to the eye. It is possible that non-specific T cell recruitment 

in AKC and ABC via activated endothelial cells leads to the accumulation of 

already activated memory T cells from the circulation which is already engaged 

by allergen and therefore probably contains an increased number of activated 

memory T cells.

Finally, one has to consider the possibility that the lack of IL-2R expression may 

be the result of prior corticosteroid treatment and that a period of 1 month 

without treatment prior to biopsy collection is insufficient to reconstitute T cells 

to their normal activated state.

Despite the lack of IL-2R expression, T cell activation has been implicated by 

strong HLA-DR expression, since HLA class II is not expressed on resting T cells 

(Evans, Faldetta, Humphreys, Pratt, Yunis, et.al., 1978). There has been much 

controversy regarding the function of class II molecules on T cells. Its expression 

on activated T cells makes them potential APC for CD4+ T lymphocytes. A 

recent study by Wyss-Coray et.al. (Wyss-Coray, Brander, Frutig and Pichler, 1992) 

has demonstrated T cell clones capable of responding to ag presented by class 11+ 

T cells, and emphasises that T cells could function as APCs at least in vitro.

HLA class II positive APCs

The prevalence of significantly increased numbers of LCs in the epithelium and 

subepithelium of VKC and GPC implicate their involvement in ag- presentation 

and therefore local T cell activation in these conditions. The expression of MHC 

class II on Langerhans cells and other dendritic cells in allergic as well as normal 

conjunctiva is not surprising as MHC class II expression is constitutive on these 

classical APCs. LCs present in the conjunctiva have been shown to express 

increased HLA-DR ags in comparison to skin LCs (Sacks, Rutgers, et.al., 1986).

With regard to allergy, Mudde et.al.(Mudde, Van Reijsen, Boland, De Gast, 

Bruijnzeel, et.al., 1990) recently have reported that only IgE+ LCs are capable 

of presenting specific allergen to responsive T cells, while IgE negative LCs fail 

to do so. These findings correlate to in vivo observations by El-Asrar et.al. (El-
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Asrar, Van den Oord, Geboes, Missotten, Emarah, et.al., 1989) who have found 

IgE+, HLA-DR expressing dendritic cells, probably LCs, in VKC.

The significant increase in HLA-DR positive macrophages in AKC, VKC and 

GPC, (Appendix 2-2, Table 2) suggests their potential role as APCs. Besides their 

possible involvement in ag-presentation, macrophages play other important roles 

in the allergic response. In vitro studies on alveolar macrophages from asthmatic 

patients have revealed their increased ability for respiratory burst when compared 

to normal alveolar macrophages. Activated macrophages release numerous 

mediators and cytokines which are involved in the non-specific recruitment and 

activation of inflammatory cells commonly encountered in allergy, including 

neutrophils, eosinophils and m ast cells  (R eview ed by Lee and Lane, 1993). The 

prevalence of HLA-DR on endothelial a s  well a s  epithelial ce lls  is le s s  clear, but 

h as already b een  noted in AKC by Foster (Foster, R ice, et.al., 1990). Such  

cells  can be induced to transiently ex p ress  c la ss  II, but the function of th e se  

'non-classical' A P C s h as not b een  elucidated yet.

Uncommon T cell subsets

The conjunctiva which is closely associated with the skin of the eyelids, shares 

many features with other mucosal surfaces as part of the MALT as well as with 

connective tissue sites. There are several T cell subsets that are commonly 

encountered at mucosal and/or connective tissue sites, which are rarely seen in 

the periphery. Their distribution in the conjunctiva and possible function in allergy 

have not been established yet. Thus, mucosal lymphocytes expressing MLA on 

their surface, have not been demonstrated in the conjunctiva yet. Although only 

a small number of T cells expressed MLA in normal conjunctiva, a significant 

upregulation was detected in tarsal VKC and GPC. These CD4+ or CD4-/CD8-, 

MLA4- cells expressing CD45RO, corresponded to Schieferdecker’s MLA+ cells 

in the lamina propria (Schieferdecker, Ullrich, et.al. 1992), whereas Selby et.al. 

(Selby, Janossy and Jewell, 1981) demonstrated lEL to be mainly CD8+ . 

However, to extrapolate about the origin of these MLA 4- cells in the conjunctiva 

a more detailed phenotypic characterisation would be necessary. Schieferdecker 

et.al. (Schieferdecker, Ullrich, et.al. 1992) have demonstrated phenotypic

169



differences between CD45RO+ LPLs and PB-T cells in particular with regard to 

adhesion molecule expression. They have shown that L-selectins which are 

involved in the homing of lymph nodes, were increased on PB- memory T cells 

but were virtually absent from LPLs. Furthermore, CDlla/CD18 which has been 

implicated in the adhesion of lymphocytes in acute inflammation, was significantly 

lower in LPLs than PB-T cells. The possible function of these mucosal 

lymphocytes in the conjunctiva is still unclear, but one may speculate their 

involvement in providing help for Ig-synthesis by B cells because of their CD44- 

memory T cells phenotype.

Another rare set of T cells commonly encountered in the GI and occasionally 

in the skin, includes T cells expressing the alternative T cell receptor y  S.  The 

function of y S  TCR+ T cells, which represent only 1-10% of the PB-T 

lymphocytes, is still unclear (Wesselborg, Janssen, et.al., 1991). They have been 

implicated in playing a role in immune surveillance or possibly the regulation of 

other immune cells (Tigelaar, Lewis, et.al., 1990). Their prevalence in normal 

conjunctiva was very low with no increase in diseased tissues, indicating that they 

did not play a functional role in the immunopathology of chronic allergic eye 

disease.

B cells

The low prevalence of B lymphocytes in all of the allergic eye conditions is 

intriguing, since high levels of serum IgE in tears of patients suffering from AKC 

and VKC are documented well (Sompolinsky, Samra, Zavaro and Barishak, 1982; 

Buckley, 1987; Jay, 1981; Foster and Calogne, 1990). El Asrar et.al. have 

suggested already that IgE production may occur in local lymph nodes rather than 

in the affected tissue itself, as they neither could find increased numbers of B 

cells nor IgE producing plasma cells in conjunctival biopsies of AKC sufferers 

despite the prevalence of large amounts of IgE on local mast cells and in tears 

(El-Asrar, Van den Oord, et.al. 1989). Findings of large numbers of memory T 

cells lacking IL-2R expression despite their activated state in AKC and ABC, 

already suggested their activation outside the target tissue and therefore supports 

the theory that local lymph nodes may be involved in the reaction.
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Immunohistochemistry in relation to clinical features 

The immunohistochemical analysis of T cells and other leukocytes in four 

chronic allergic eye conditions revealed several notable differences as well as 

similarities between the different groups. In this context it has to be remembered 

that, clinically, ABC represents a mild form of AKC but without comeal 

involvement, both characterised by severe and longlasting chronicity. GPC on the 

other hand is a non-keratopic condition which bears clinical similarities to VKC. 

The phenotypic analysis of T cells infiltrating these four allergic conditions 

indicated that the clinical resemblance of AKC with ABC and VKC with GPC 

was possibly parallelled at the level of T cell infiltration. The severe, longlasting 

inflammation in AKC and ABC results in fibrosis and severe scarring with a 

decline in the number of inflammatory cells in very late stages (Foster and 

Calogne, 1990; Tuft, Kemeny, et.al., 1991). In contrast, VKC and GPC, which are 

also both chronic by nature, represent a more acute stage of chronicity than AKC 

and ABC. GPC develops as a direct result of wearing contact lenses and VKC 

shows seasonal exacerbations, although low levels of inflammation frequently 

persist throughout the year. The greater number of inflammatory cells seen in 

VKC and GPC may therefore be due to the acute exacerbation at times of 

excessive ag/allergen contact.

Phenotypic differences between AKC /ABC) and VKC (GPCl 

T cells infiltrating all four conditions resembled CD4+ T cell. However, while 

more than 90% of T cells in all conditions expressed CD45RO implying the 

prevalence of memory T cells, up to 50% of CD3+ T cells infiltrating VKC (and 

GPC) coexpressed CD45RO and CD45RA, a phenotypic characteristic recently 

associated with Th2 in the murine system. Further differences between AKC and 

VKC were observed at the level of potential APCs. LCs and macrophages 

expressing HLA-DR were both significantly increased in VKC, while AKC only 

showed a significant increase in the number of macrophages but not LCs. 

Although MHC class 114- macrophages have been shown to present ag to T cells 

in vitro, their role as APCs in vivo has to be established yet. Thus, while increased 

numbers of LCs present in tarsal VKC and GPC suggested a local ag-presentation
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to T cells, regardless of HLA-class 11+ macrophages, in AKC and ABC ag- 

presentation would rely on other HLA-DR +  mononuclear cells, such as 

macrophages. Therefore, it is possible that T cells infiltrating AKC and ABC are 

activated by different APCs than VKC, supporting the view that functionally 

different T cell subsets are present in the two conditions. Alternatively but not 

contradictory, T cells present in AKC and ABC, which are both associated with 

systemic atopy, may be recruited from the circulation which is already involved 

in an allergic response and therefore likely to contain ag-specific, activated 

memory T cells, circumventing the need for local ag-presentation.

Variations in T cell numbers in the different groups correlated to similar 

differences in the numbers of effector cells present. Thus, AKC had significantly 

increased numbers of T cells in tarsal tissues, while ABC did not. Bacon et.al. 

(Bacon, Tuft, Buckley, McGill, Baddeley, et.al., 1993) has shown such a 

quantitative difference in the prevalence of mast cells, eosinophils and neutrophils 

between AKC and ABC, with a more significant increase in these cells in AKC. 

Similarly VKC revealed greater numbers of T cells than GPC. Udell (1987) has 

demonstrated that VKC patients have greater levels of eosinophil associated 

major basic protein (MBP) in their tears than patients with GPC. The effects that 

mediators released by effector cells upon degranulation exert on host cells, such 

as MBP on epithelial cells, have been well described (Weller, 1991). Quantitative 

differences in such effector cells present in these allergic responses may partly 

explain the structural damage to the cornea involved in AKC and VKC which 

bear greater numbers of these cells than their immunologically milder 

counterparts, ABC and GPC respectively.

One may ask why GPC, which has greater numbers of inflammatory cells than 

AKC, does not involve comeal complications. An advantage in the treatment of 

GPC is that the cause of the overt reaction is known and contact with the allergen 

can be interrupted. It is conceivable that if patients were to continue the use of 

contact lenses upon developing GPC, comeal problems would be likely to 

develop.

172



The involvement of tarsal conjunctiva in chronic allergic eye disease

Finally, the physical association of the conjunctiva with the cornea and the 

resultant correlation with the severity of the disease ought to be mentioned. The 

more pronounced correlation between severity of the clinical condition and the 

cellular infiltrate of tarsal rather than bulbar conjunctiva seems striking, since on 

topographical grounds one may expect a closer correlation between bulbar 

inflammation and comeal involvement, as epithelium of the bulbar conjunctiva 

fuses with that of the cornea at the limbus. However, the constant movement of 

the tarsal conjunctiva over the cornea during blinking and eye movement, brings 

the cornea into close contact with tarsal conjunctiva, and hence mediators of 

effector cells present on tarsal rather than bulbar epithelia. Furthermore, in the 

case of VKC, hypertrophic growth of ’Giant Papillae’ on the tarsal conjunctiva 

causes friction and therefore is likely to lead to direct physical damage to the 

cornea.

Conclusions

In conclusion, taking the phenotypic similarities between T cells infiltrating VKC 

and GPC with murine Th2 and the correlation between the numbers of T cells 

and effector cells of allergy into consideration, it is tempting to predict that the 

CD4+ T cells present in these two conditions may secrete lymphokine patterns 

similar to murine Th2. The in vitro well- established action of IL-4 and IL-5 on 

the effector cells of allergy (Chambers, Zimmerman and Hozumi, 1992; Plaut, 

1990) would explain the mixed cellular infiltrate seen. In contrast, in AKC and 

ABC, the T cell infiltrate is still unclear. The cellular infiltrate is less intense and 

more heterogeneous with regard to T cell populations than in VKC or GPC and 

the possible role that T cells play in the immunopathology is not as clear cut. 

Although the majority of T cells expressed CD45RO alone (Figure 3-14 and 3-15), 

coexpression of CD45RO and CD45RA was seen on some T cells infiltrating 

AKC and ABC in sequential sections. This mixed T cell infiltrate, composed 

predominantly of CD45RO+ cells, and the lack of increased numbers of dendritic 

cells, such as LCs offered two explanations. First of all, it might be that T cells 

infiltrating AKC and ABC are involved in a classical DTH and therefore are
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predominantly Thl-like T cells in correspondence to CD45RO+/RA- murine T 

cells (Lugman, Johnson, et.al., 1991). This theory is supported by in vitro studies 

showing that macrophages, which are significantly increased in AKC, 

preferentially present ag to Thl (Chang, Shea, Urioste, Thompson, Boom, et.al., 

1990). Alternatively, if CD45RO expression does not correlate with Thl in the 

human system, it is feasible that T cells infiltrating AKC and ABC resemble 

already differentiated memory T cells recruited from the circulation which is 

already engaged by ag in a systemic allergic response. This possibility is supported 

by findings of increased IgE on local tissue mast cells and in tears of patients, 

despite the lack of increased numbers of B cells in the tissues.

Thus, while immunohistochemical analysis of T cells in the different chronic 

allergic eye conditions revealed differences in T cell populations, suggesting 

distinct regulation of the immunopathology involved, the identification of in situ 

lymphokine production by these T cells would clarify whether different T cell 

subsets are prevalent in AKC and VKC or whether the difference in phenotype 

and T cell numbers is due purely to the extreme chronicity of AKC and possibly 

its association with a systemic allergic response.

4.2.2. Comparison of frozen with GMA-embedded tissues

Several advantages of GMA- embedded tissue sections over frozen sections have 

been discussed in Section 2.4. already and are further highlighted in the present 

study. GMA-embedded tissue sections resulted in superior morphology, with two 

major advantages arising from the thinner section thickness.

Firstly, GMA-tissues were more lucrative with regard to the numbers of sections 

obtainable per biopsy than frozen sections and secondly it was possible to stain 

the same individual cells with different mabs on sequential sections.

Therefore, the 1.5/xm thin sections obtained from GMA-tissues permitted a 

more accurate cell count than the 6jum thick frozen sections which resulted in 

higher cell counts in normal frozen controls. Although a direct comparison 

between cell counts from frozen and GMA-embedded controls was not possible,

174



the ratios of different cell types to one another were similar in both. T cells 

expressing CD3 were the predominant lymphocyte observed in both control 

groups, with CD8+ cells predominant in the epithelium, while equal numbers of 

CDS4- and CD44- were present in the subepithelium, with a tendency for CD4 

predominance.

Differences in the control groups 

Despite the similar proportions of leukocytes infiltrating frozen and GMA- 

embedded controls, the greater cellular infiltrate observed in frozen bulbar than 

tarsal conjunctiva was not evident in the two respective sites of GMA-embedded 

tissues. This discrepancy may have been due to the age differences of the 2 

normal control groups. The mean age of patients recruited for the frozen biopsies 

was 62 years, while normal control biopsies included in the allergic study averaged 

only 26 years. As already mentioned in Section 4.1., Chan and colleagues 

described an increase of leukocytes, in particular T cells, in normal conjunctiva 

with age (Chan, Nussenblatt, et.al.,1988). Interestingly, they only looked at 

epibulbar conjunctiva and not tarsal specimens. The lower prevalence of 

leukocytes in tarsal than bulbar conjunctiva in the older control group, suggests 

that the increase in inflammatory cells with age may be restricted to bulbar 

conjunctiva. As discussed in Chapter 4.1., bulbar conjunctiva is exposed to 

airborne pathogens to a much greater extend than the lid- protected tarsal 

conjunctiva. Therefore, in the healthy eye the bulbar conjunctiva is likely to be 

engaged more frequently in an immune response than its tarsal counterpart. Such 

a possibility represents an attractive explanation for the increase in inflammatory 

cells in bulbar but not tarsal conjunctiva of older normal subjects while the 

cellular composition of bulbar and tarsal conjunctiva in younger individuals is 

similar.
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Morphology of GMA-embedded versus frozen tissue sections

The morphological preservation of frozen tissue section was poor in comparison 

to GMA- sections and it did not permit the evaluation of positive cell on the basis 

of their morphological appearance. In contrast, morphology obtained from GMA- 

embedded tissue sections provided means to correlate morphological 

characteristics with marker reactivity. Thus, lymphocytes commonly appeared with 

a thin, single red ring surrounding a clear cytoplasm, while leukocytes such as 

macrophages and polymorphonucleocytes revealed a stronger staining pattern 

circumscribing a clearly visible granular cytoplasm (Figure 3-17). The 

morphological distinction of lymphocytes from other leukocytes was of great value 

since several cell surface ags, such as the CD45 isoforms, CD25 and HLA-class 

n  ags were expressed on a wide variety of cells. Therefore, GMA-embedded 

tissues revealed that little if any leukocytes other than lymphocytes expressed 

CD25 and the CD45RO and CD45RA isotypes of CD45 while HLA-DR and 

CD45R expression was found on a wide variety of leukocytes and other cells, 

including macrophages, mast cells, granulocytes and fibroblasts (Figure 3-17).

Despite the visualisation of the same individual cells in sequential sections of 

GMA-embedded tissue, it was unfeasible to directly count the exact number of 

T cells co-expressing such markers as is possible with double-staining techniques. 

For example, it was not possible to count the numbers of CD45RO+ T cells that 

coexpressed CD45RA. Instead, the sum of the mean cell counts of CD45RO and 

CD45RA-1- T cells was subtracted from the mean cell count of CD3+ cells to 

derive at the percentage of CD45RO/RA coexpressing T cells. Similarly, the 

mean cell count for CD25 was expressed as the percentage of the total number 

of CD34- cells.

In contrast, the estimation of T cells coexpressing CD45RO and HLA-DR 

(Appendix 2-2) was not possible, as both markers were expressed on a large 

number of cells other than T cells. Nevertheless, LCA and HLA-DR were 

believed to be expressed on the majority of T cells as both revealed strong 

staining signal in T cell rich areas.
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4.3. In Situ Hybridisation

4.3.1. Lymphokine mRNA expression in chronic allergic versus normal tarsal 

conjunctiva

The study of lymphokine mRNA expression in patients suffering from chronic 

allergic eye disease revealed significantly greater numbers of VKC and GPC with 

cellular mRNA expression for IL-3, IL-4 and IL-5, and for IL-4 respectively when 

compared to normal tarsal conjunctiva. In addition a greater number of GPCs 

were positive for IL-3 and IL-5 mRNA, but this difference failed to reach 

significance. No significant difference was observed between AKC or ABC and 

normal conjunctiva, although 3 out of 8 AKCs revealed mRNA expression for all 

4 lymphokines simultaneously, a finding not observed in any of the other patient 

groups nor in normal controls.

T cell-derived lymphokine mRNA expression

mRNA is the midproduct between gene transcription and translation and its 

identification by ISH provided evidence of gene expression. It suggested, but did 

not prove active synthesis of the relevant protein. Nonetheless, the prevalence of 

activated effector cells in VKC as well as GPC, AKC and ABC suggested that 

mRNA expression for IL-3, IL-4 and IL-5 in the conjunctiva of these patients was 

followed by active synthesis of the relevant proteins.

IL-4 and IL-5 were first described as T cell derived lymphokines (Holter, 1992) 

but have subsequently been shown to be produced by mast cells and eosinophils 

(Gordon, Burd, et.al., 1990; Adolphson, 1993). mRNA expression for lymphokines 

was observed predominantly in cells located in the subepithelial stroma which 

corresponded to areas of T cell infiltration and suggested that lymphokines were 

produced by T cells. However, the possibility that other cell types, such as mast 

cells or eosinophils which have been shown to be present and active in the 

conjunctiva of these patients, produced lymphokines can not be excluded.

177



VKC

The significantly greater number of VKCs than normal controls expressing 

mRNA for IL-3, IL-4 and IL-5 clearly indicated the presence of T cells in the 

former that were likely to be involved in the recruitment of eosinophils, mast cells 

and possibly basophils, since the role of these lymphokines in the recruitment and 

activation of such effector cells is well established in vitro (O’Hehir, Carman, 

et.al., 1991). ISH provided strong evidence that T cells infiltrating VKC produce 

a lymphokine profile similar to murine Th2. Not only was mRNA expression for 

IL-3, IL-4 and IL-5 greater than in normal controls, but biopsies from VKC were 

further characterised by a lack of IL-2 mRNA expression. However, in order to 

rule out the presence of ThO in VKC, IFNy production has to be looked at.

GPC

The numbers of biopsies from GPC with signal for IL-3 and IL-5 mRNA was 

not significantly different from normals, although 6 out of 8 GPC (75%) revealed 

signal for IL-3 and IL-5 mRNA, only 3 and 1 out of 10 normals (30% and 10%) 

showed mRNA expression for IL-3 and IL-5 respectively. Thus, greater numbers 

of GPC were positive for IL-3 and IL-5 mRNA expression and together with a 

significant increase in IL-4 mRNA expression was suggestive of a similar 

lymphokine production profile as seen in VKC.

AKC and ABC

The lymphokine production in AKC was of interest since 3 out of 8 (37%) 

revealed signal for all 4 lymphokines simultaneously. Although it was not clear 

whether these lymphokines were produced by the same cells or whether they were 

produced by different T cell subsets, sequential sections from AKCs, hybridised 

with riboprobes for IL-2 and IL-5, revealed several cells present in both sections 

with hybridisation signal for both lymphokines (Figures 3-40 and 3-41) suggesting 

simultaneous production of IL-2 and IL-5 by some T cells in AKC.

Thus the Th subsets active in AKC is unclear still. While it is possible that all 

4 lymphokines are produced by one T cell subset reflecting ThO-like T cells, it is 

alternatively conceivable that more than one T cell subset is active in the disease.
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T cells expressing mRNA for IL-3, IL-4 and IL-5 in the absence of IL-2 mRNA 

may be present, representing Th2-like cells. Similarly, IL-2, IL-4 and IL-5 mRNA 

coexpressing T cells in AKC may represent Th2-like cells, since some human Th2 

clones, unlike murine Th2, have been found to be capable of producing IL-2 

(Maggi, Biswas, et.al., 1991). However, such in vitro data have not been confirmed 

by in vivo studies yet and ISH on biopsies from the lung, nose and the skin of 

atopic individuals revealed mRNA for IL-3, IL-4 and IL-5 but not IL-2 nor IFNy 

(Hamid, Azzami, et.al., 1991;Kay, Ying, 1991;Durham, Ying, et.al., 1992).Under 

this light of evidence, the alternative possibility, that such T cells represent ThO, 

producing a wide range of lymphokines, possibly including IFNy, seems more 

likely. Finally, the prevalence of Thl in AKC cannot be excluded either, since IL- 

2 mRNA may be expressed by cells not coexpressing IL-4 nor IL-5 mRNA. A 

probe for IFNy would help to elucidate the possible involvement of ThO and/or 

Thl in AKC. Nevertheless, the present study suggests that T cells infiltrating AKC 

and possibly also ABC are heterogeneous with respect to their lymphokine 

mRNA expression. It does not give any indication as to whether one T cell subset 

producing a heterogeneous lymphokine profile is responsible for the 

immunopathology seen or whether different T cell subsets collaborate in the 

recruitment of effector cells in AKC.

Lymphokines and the chronic allergic response 

As described already in the introduction (Section 1.2.1.)IL-3 together with IL-5 

plays an active role in the maturation and activation of mast cells. Mast cells are 

significantly increased in VKC and to a lesser extend in GPC with a great 

proportion resembling IL-3 dependent MCyS, while normal conjunctiva contains 

predominantly MC^^s which depend on fibroblast growth factors for development 

and maturation. Thus, the production of IL-3 may explain the shift from MCj^. 

in normal conjunctiva to M Cj in vernal and GPC. Actively secreted IL-4 would 

further support IL-3 dependent mast cell proliferation and activation (Burd, 

Rogers, Gordon, Martin, Jayaraman, et.al., 1989). The prevalence of large 

numbers of activated eosinophils (EG2+) in the conjunctival substantia propria 

and in the epithelia of VKC, further suggests active synthesis of IL-5, as it plays
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an important part in the recruitment and activation of eosinophils. The 

detrimental effect of mediators released by activated eosinophils on lung 

epithelial cells in allergic asthma is well documented (Gleich, Frigas, Loegering, 

Wassom, Steinmuller, 1979; Gleich, 1990) and it is likely that such mediators play 

a similar role in VKC and AKC, contributing to the epithelial destruction of the 

cornea in severe cases. Finally, synthesis of IL-4 is required for the production of 

IgE, which is frequently increased in serum and tears of patients with chronic 

allergic eye disease while IL-5 enhances IL-4 mediated IgE production in vitro 

(Pene, Rousset, Briere, Chretien, Paliard, et.al., 1988; Rousset, Robert, Andary, 

Bonin, Souillet, et.al., 1991). Thus, although the detection of mRNA expression 

for IL-3, IL-4 and IL-5 in VKC and a number of GPC and AKC by ISH is only 

suggestive of lymphokine production, the prevalence of activated effector cells of 

allergy (in correspondence with A.Bacon) as well as IgE in tissue sections of these 

patients substantiates that mRNA expression leads to active synthesis of these 

lymphokines. Finally it should be pointed out that the prevalence of activated 

effector cells in GPC, AKC and many ABCs despite the lack of signal for 

lymphokine mRNA expression in some patients may be due to the fact that 

mRNA expression is too low to be detected by ISH. Alternatively, in particular 

in the case of AKC and ABC the longevity and chronicity of the conditions may 

have led to the downregulation of lymphokine production, as effector cells have 

long been recruited and activated and probably do not require as strong a signal 

as would be necessary to activate newly recruited effector cells in the more acute 

stages of the disease.

Summary and conclusions

In summary, it was shown that significantly greater numbers of tarsal 

conjunctival biopsies from patients with VKC and GPC showed mRNA expression 

for IL-3, IL-4 and IL-5 and for IL-4 respectively, while IL-2 mRNA expression 

was not greater. Lymphokine mRNA expression in AKC and ABC on the other 

hand was more heterogenous, with several biopsies coexpressing mRNA for all 

4 lymphokines.

The production of lymphokines by cell types other than T cells cannot be
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excluded, although the occurrence of hybridisation signal corresponded to areas 

of T lymphocyte infiltrates in the subepithelial stroma and suggested the 

lymphokine mRNA expression by T cells. Furthermore, T cells have the unique 

capacity to recognise primary ag and are therefore likely to play a central role in 

orchestrating the allergic response in these chronic allergic eye diseases.

The occurrence of large numbers of activated eosinophils and mast cells in VKC 

and GPC are well documented (Irani, Butrus, et.al., 1990; Allansmith, Baird et.al., 

1979) and indicate that lymphokine mRNA expression results in lymphokine 

production as the involvement of IL-3 and IL-5 in the recruitment and activation 

of these effector cells of the allergic response and the role of IL-4 in IgE synthesis 

are well established.

ISH results for AKC suggest a more heterogeneous lymphokine production 

profile by T cells, whether this is due to the predominance of one T cell subset 

producing abroad spectrum of lymphokines, or whether more than one Th-subset 

is involved in the response is not clear yet. However, the prevalence of 

eosinophils and mast cells in both, AKC and ABC (Tuft, Kemeny, et.al., 1991;

Bacon, Tuft, et.al., 1993) indicate the importance of IL-3, IL-4 and IL-5

production. In order to clarify the presence of such T cell subsets in AKC, IFNy

production needs to be investigated.

Thus, although the prevalence of Th subsets in AKC and ABC is still unclear, 

this study revealed the prevalence of IL-4 and IL-5 mRNA in a larger number of 

patients suffering from chronic allergic eye disease than normal control tissues 

and substantiates- in vitro findings that both lymphokines are involved in the 

recruitment of mast cells and eosinophils in chronic allergic diseases.
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4.3.2.T cell phenotype and function

ISH was carried out to establish functional properties of the infiltrating T cells 

by studying the expression of mRNA for lymphokines, which are the mainstay in 

the communication of helper-T cells with the effector cells in any given T cell- 

mediated immune response. The establishment of IL-3, IL-4 and IL-5 mRNA in 

tissue sections from VKC and GPC by ISH emphasises the possible relationship 

that may exist between phenotype and functional T cell subsets. It is however, not 

possible to correlate the phenotype of individual T cells with lymphokine 

production, as ISH has not been established in GMA- embedded tissue sections 

yet, and the thickness of frozen sections does not allow the identification of the 

same cell in sequential sections.

The prevalence of CD45RQ+/RA+ on more than 40% of T cells infiltrating 

GMA-tissue sections and the identification of a Th2-like lymphokine profile on 

frozen tarsal sections of the same VKC and GPC subjects suggests that a similar 

correlation between phenotype and function may exist in the human as in the 

murine system (Luqman, Johnson, et.al., 1991).

mRNA expression in AKC and ABC on the other hand, also revealed signal for 

IL-2 mRNA. The phenotypic delineation of predominantly CD45RO+/RA- T 

cells in AKC suggests the presence of Thl. Although it is possible that IL-2 

mRNA+ and IL-4 and IL-5 mRNA- T cells are present in AKC in agreement 

with this theory, IL-2 mRNA and IL-5 mRNA coexpressing cells as observed in 

1 AKC specimen (Figures 3-42 and 3-43), suggest the prevalence of T cells with 

a broad spectrum of lymphokine production or the in vivo existence of IL-2- 

producing Th2. Furthermore, the prevalence of Th2-like cells expressing IL-4 or 

IL-5 mRNA but not IL-2 mRNA cannot be rule out either and would be in 

agreement with the observation that a number of T cells in AKC coexpress 

CD45RO/RA.

Thus, the function of T cells infiltrating AKC is still unclear. However, the 

detection of IL-4 and IL-5 mRNA in a number of biopsies is likely to be of 

importance, considering the prevalence of eosinophils and neutrophils as well as 

the frequently increased levels of tear-IgE in the conjunctiva of these patients.

182



CHAPTER FIVE
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5. GENERAL DISCUSSION

Summary

The investigation of the role that T cells play in the immunopathology of 

chronic allergic eye disease by means of IH and ISH, revealed the predominance 

of CD4+ memory T cells in all the allergic eye diseases studies. Furthermore, 

ISH suggested that VKC and possibly GPC were infiltrated predominantly by 

Th2-like T cells, revealing signal for IL-3, IL-4 and IL-5 mRNA, in agreement 

with the in vitro findings of Th2-like T cell clones from the conjunctiva of VKCs 

by Maggi et.al. (Maggi, Biswas, et.al., 1991).

This evidence, implying the involvement of Th2 in VKC would explain the 

recruitment of large numbers of eosinophils, neutrophils and IL-3-dependent 

MC-pS in this condition and provides new and exciting aspects for the treatment 

of VKC.

The role of T cells in AKC is still unclear and requires further investigation 

before any conclusions can be drawn. It is tempting to speculate that the T cells 

infiltrating AKC produce a different lymphokine profile to the T cells seen in 

VKC. IL-2 mRNA expression was statistically not different from the normal 

controls, although as many as half of the AKC specimens, revealed signal for IL-2 

mRNA. In order to establish functional properties of T cells in AKC, a greater 

number of samples will have to be studied and IFNy-production needs to be 

investigated.

5.1. Chronic Allergic Eye Disease in Relation to other Chronic Allergic 

Conditions

Phenotypical differences of the tissues involved in allergic reactions 

Allergic diseases are' known to occur in a number of different tissue sites and 

are most commonly encountered in the lung (allergic asthma), the skin (atopic 

dermatitis), and the nose (allergic rhinitis) as well as the conjunctiva.

It seems impertinent to consider the extent to which similar processes may occur
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in different allergic reactions. There are a number of important differences to be 

considered involving allergic responses at different sites. First of all, the lung as 

well as the conjunctiva have been described as containing lymphoid tissue as part 

of MALT. The existence of CALT in the conjunctiva has already been mentioned 

in the introduction and the IH of normal conjunctiva in this study clearly 

demonstrated the existence of considerable numbers of lymphocytes which varied 

greatly from individual to individual.

As far as the bronchus associated lymphoid tissue (BALT) is concerned, Pabst 

(1992) recently has defined the BALT as a non-constitutive structure of the lung, 

notably in man and is thought to occur in certain diseases involving the lung only. 

After exposure to allergen for example, an increase in CD4+ T cells in the BAL- 

fluid correlates with a decrease in CD4+ T cell in the circulation, indicating that 

the BALT comes into existence via the recruitment of leukocytes from the 

periphery.

In the skin on the other hand, the skin immune system (SIS) has been defined 

as the "cutaneous complexity of interacting immune response-related cells" (Bos, 

Kapsenberg, 1993).

There are substantial differences in the cellular composition present in these 

morphologically distinct tissues. First of all mast cells encountered in the skin as 

well as in the conjunctiva are mainly of the MCj^^-type while mast cells 

infiltrating the normal lung are predominantly MC^s (Holgate [ed.], 1988). 

Furthermore, LCs appear to be the most potent APC to CD44- T cells in the skin 

as well as in the conjunctiva, while the most prominent MHC class 114- cell in the 

lung is the alveolar macrophage. Finally, the resident lymphocyte population in 

the skin and mucosal sites differ in their phenotype. While T cells in the mucosa 

commonly express the y« -̂TCR, (Janeway, Jones, and Hay day, 1988), in the skin 

T cells express the al5-TCR in conjunction with CD4 or CD8. Interestingly, the 

conjunctiva contains T cells phenotypically similar to the skin, although it is 

defined as a mucosal surface.

For these differences it is important to exercise caution in extrapolating from 

the allergic response in one tissue site to another. However, despite these 

phenotypic differences allergic responses in such tissue sites are all characterised
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by similar cellular infiltrates.

LPR in the allergic response 

Clinical models of atopic allergic inflammation from allergen-induced LPR 

occurring in the skin and lung (Bruynzeel-Koomen and Bruynzeel, 1987; Gaga, 

Frew, Vamay and Kay, 1991; Frew and Kay, 1990) have demonstrated the 

infiltration of CD4+ T cells together with activated eosinophils (EG2+) and 

increased number of neutrophils. In addition, A.Bacon (MEH) has found a similar 

cellular infiltrate in the conjunctiva of atopic patients upon ag-challenge (personal 

communication). Therefore, tissues involved in allergic responses, although 

phenotypically distinct, reveal a similar cellular infiltrate in the LPR after 

allergen-challenge.

However, despite the distinct morphological and cellular features observed in 

the normal tissues, they all have resident mast cells in common. The possible key- 

role of mast cells in eliciting a LPR has already been described in the 

introduction (Chapter 1.2.1) and is further highlighted by an in vitro study of 

Wershill et.al. They elicited cutaneous LPRs in genetically mast cell-deprived 

W/W^ mice only when the latter were selectively repaired of their mast cell 

deficiency by intradermal injection of cultured mast cells. They further pointed 

out the possibly important function of spontaneous TNFa release by mast cells, 

as anti-TNFa-abs were able to reduce the influx of neutrophils by approximately 

84% in the site of ag-challenge (Wershill, Wang, Gordon and Galli, 1991).

Care has to be taken not to overextrapolate from these murine findings to the 

human situation, as species differences in mast cell mediator contents exist 

(Holgate [ed.], 1988) and are possibly reflected in the production of cytokines. 

Nevertheless, data from ag-challenge experiments in humans suggest a similarly 

important role for mast cells in the recruitment of T cells and neutrophils in LPR.

IH of chronic allergic diseases 

Immunohistochemical analysis of chronic allergic diseases further revealed 

similarities at all tissue sites studied.

IH of biopsies from atopic asthmatics revealed elevated numbers of CD44- T
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cells which coexpressed CD25 and indicated recent T cell activation. Furthermore, 

eosinophils, neutrophils and macrophages were increased, while mast cell numbers 

were significantly upregulated only in severe chronic cases (Holgate, 1990).

In addition, CD4+ T cells were shown to infiltrate the skin in chronic atopic 

dermatitis (Leung, Bhan, Schneeberger and Geha, 1983). CD45RO and HLA-DR 

expression on infiltrating T cells indicated the presence of activated memory T 

cells, similarly to chronic allergic conjunctivitis. Furthermore, in accordance to the 

lung, the dermis and epidermis were infiltrated by eosinophils, neutrophils and 

mast cells, as well as increased numbers of macrophages. In agreement with 

findings in VKC and GPC, LCs also were found to be elevated in atopic 

dermatitis (Leung, Bhan, et.al., 1983).

Interestingly, using an immunofluorescence staining technique, Frew and Kay 

(1991) demonstrated that 85-l(X)% of CD44- T cells in skin biopsies from atopic 

patients expressed CD45RO, while only few T cells expressed CD45RA. Such 

findings would be in agreement with a similar T cell phenotype in AKC and ABC 

as observed in this study.

Thus, the infiltration of CD4-I- T lymphocytes in chronic allergic conditions of 

the lung, the skin as well as the conjunctiva, emphasises their potentially 

important regulatory role in the immunopathology involved, particularly so in view 

of the rather distinct cellular composition of the different tissue sites in normal 

individuals.

Lymphokine mRNA expression in various chronic allergic diseases

Lymphokine mRNA expression by T cells in chronic allergic diseases of the 

skin, nose and lung have been investigated.

T cells infiltrating the skin of atopic subjects were found to express mRNA for 

IL-3, IL-4, IL-5 and GM-CSF, as well as some IL-2 but no or little IFNy. (Kay, 

Ying, et.al., 1991). Expression of mRNA for the same lymphokines was observed 

in nasal biopsies after local allergen-provocation of atopic individuals (Durham 

Ying, et.al., 1992). In both studies a positive correlation between activated 

eosinophils (EG2+) and mRNA expression for IL-4 and IL-5 was found, 

emphasising the possible importance of these lymphokines in the recruitment and
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activation of effector cells seen in chronic allergic diseases.

The predominance of T cells producing IL-4 and IL-5 is in agreement with ISH 

findings in chronic allergic eye diseases. The reciprocally inhibitory function of 

Thl and Th2, would imply that the infiltration of T cells producing IL-4 and IL-5 

leads to the reciprocal recruitment and activation of further IL-4/IL-5- producing 

T cells and the inhibition of T cells producing IFNy (Romagnani,1990).

In vitro evidence for the prevalence of T cells producing IL-4 and IL-5 in allergic 

diseases

Further evidence for the involvement of T cells producing IL-4 and IL-5 in 

allergic disease stems from in vitro studies of T cell clones isolated from atopic 

and normal donors.

First of all, a study by Maggi et.al. demonstrated that T cell clones isolated from 

the conjunctiva of VKC produced large amounts of IL-4 but no or little IFNy and 

provided helper function for IgE synthesis in allogeneic normal B cells. In contrast 

to their T cell clones only 1 biopsy revealed IL-2 mRNA expression in VKC in 

this study (Maggi, Biswas, et.al., 1991). Also of interest is their observation that 

T cell clones obtained from PB of the same patients did not produce a Th2-like 

lymphokine profile, supporting the view that T cells infiltrating VKC are activated 

locally within the conjunctiva or local lymph nodes.

Furthermore, studies of T cell clones from patients with atopic dermatitis 

revealed a similar lymphokine profile. Wierenga et.al. described T cell clones 

from atopic individuals that produced IL-4 but not IL-2 nor IFNy when 

stimulated with Dermatophagoides pteronyssinus- (DP-) ag, while T cell clones 

from non-atopic donors and tetanus toxoid- (TT-) specific clones from both 

donors produced IFNy but little IL-4 (Wierenga, Snoek, De Groot, Chretien, Bos, 

et.al., 1990). They suggested that IL-5 producing T cell clones from atopic donors 

stem from late memory T cells which were compartmentalised into the allergen- 

specific T cell repertoire of these patients while the panels of randomly or allo- 

specific clones producing INF y probably represented large numbers of T cells that 

had not been challenged frequently in vivo.

In another study by Chambers et.al., T cell clones from atopic and non-atopic
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donors were challenged with ragweed ag (AgE), TT-ag and PH A (Chambers, 

Zimmerman and Hozumi, 1992). Although they confirmed findings by Wierenga 

et.al. of significantly greater numbers of clones from atopies being able to produce 

IL-4, such T cell clones also produced IFNy and IL-2 in addition to IL-4 

(Wierenga, Snoek, et.al., 1990). Furthermore, they observed a greater proportion 

of Th2-like cells in TT-specific clones from atopic than normal donors. Such 

findings suggested that the specific lymphokine pattern may have been an intrinsic 

property of T cell subpopulations in atopic individuals rather than a property of 

allergen-specific T cells.

Care has to be taken in the interpretation of in vitro findings. Although the 

latter 2 studies emphasised the production of IL-4 by T cells from atopic patients, 

differences observed with regard to other lymphokines and allergen non-specific 

clones from atopic donors, emphasises problems encountered in the murine 

system. It would be unrealistic to believe that conditions and factors influencing 

in vitro studies in the murine model (Chapter l.l.l.)w ould  not exist in human in 

vitro studies. Therefore differences in the genetic make-up of the donors, their 

immune status and the procedures used to establish the clones are likely to 

influence the outcome of the studies.

The degree of atopy in chronic allergic diseases

A further similarity observed in different allergic diseases is the varying degree 

of atopy involved in the response. For example, atopic asthmatics are referred to 

as ’extrinsic’ asthmatics, reflecting the relationship between their disease and 

external environmental factors, while intrinsic and occupational asthmatics are 

non-atopic (Corrigan and Kay, 1992). Although extrinsic asthma is distinguished 

from the other two groups on the basis of atopy, all 3 groups display a similar 

cellular infiltrate, with CD4+ T cells as the predominant lymphocyte (Corrigan 

and Kay, 1992).

Similarly, patients with atopic dermatitis not always show a correlation between 

serum IgE levels and the severity of the disease, although the cellular infiltrates 

are similar (MacKie, 1991).

The varying degree of atopy involved in asthma and atopic dermatitis therefore
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bears further resemblance to chronic allergic eye diseases and reflects a degree 

of uncertainty concerning the extent to which IgE-mediated mechanisms play a 

role in these chronic allergic responses.

Possible reasons for the prevalence of Th2-like T cells in chronic allergic diseases 

It is not clear as yet what causes atopic as well as some non-atopic individuals 

to develop chronic allergic diseases which are characterised by an infiltration of 

Th2-like T cells. Several possible explanations are outlined below.

A. Deregulation of lymphokine production bv T cells 

It is conceivable that chronic allergic responses are linked to an infiltration of 

’faulty’ T cell populations, which inherently overproduce IL-4 and IL-5.

In agreement with this possibility, Corrigan and Kay (1992) suggested that the 

difference between atopic and non-atopic asthmatics may lie in the population of 

T cells secreting a typical Th2-lymphokine profile in atopies, including IL-4 and 

IL-5, while T cells in non-atopics produce IL-5 but not IL-4. The evidence for this 

was provided by a study of PB-T cells from non-atopic asthmatics which 

spontaneously secreted increased amounts of IL-5 but not IL-4 whereas those 

from atopic patients produced elevated amounts of IL-4 and IL-5 (Corrigan and 

Kay, 1992).

Although such. evidence is undisputable and offers possibilities for therapeutic 

intervention in asthma, a correlation between non-atopic disease and the 

production of IL-5 without IL-4 has not been made yet in other chronic allergic 

conditions. Indeed, there is no evidence suggesting such a correlation in chronic 

allergic eye disease (Appendix 1-4, 1-5 and 3-3-, 3-4).

However, the theory that chronic allergic diseases may be linked to faulty 

lymphokine production by T cells is an attractive one.

An interesting study by Tepper et.al., who looked at IL-4 overproduction in 

transgenic mice, emphasises the implications of such an event (Tepper, Levinson, 

Stanger, Campos-Torres, Abbas, et.al., 1990). In their model the IL-4 gene was 

fused with and Ig-promoter/enhancer and introduced into T cells of transgenic 

mice. A series of animals expressing varying amounts of IL-4 were created by

190



attenuating the transgene promoter through the insertion of E.coli lac operator 

sequences. They found a correlation between the inflammatory reaction, which 

resembled that observed in human allergic disease and the amount of IL-4 

produced. All animals with IL-4 expression in the T cell compartment exhibited 

striking bilateral inflammatory lesions of the external eyes characterised clinically 

by marked swelling and erythema of the eye lids. Histological examination 

demonstrated an invasion by T cells, mast cells and a striking number of 

eosinophils.

These data demonstrated clearly that a deregulated expression of IL-4 at least 

in mice, is sufficient to induce the characteristic inflammatory response that is 

associated with allergic reactions.

An overproduction of IL-4 (and possibly IL-5) by T cells infiltrating chronic 

allergic eye diseases is a feasible consideration. The total number of patients from 

all patient groups that expressed mRNA for IL-4 and IL-5 was significantly 

greater than IL-4 and IL-5 mRNA expression in normal controls (p< 0.02 and p <  

0.05 for IL-4 and IL-5 mRNA expression respectively, as examined by the non- 

parametric Fisher Exact test).

B. Prevalence of Th2

In the event that faulty T cell populations were not responsible for the allergic 

tissue response, but that memory Th2-like cells existed and were responsible for 

the cellular changes occurring in the allergic response, such cells would have to 

be expected to be prevalent in every individual as the late stage memory T cell. 

However only a small proportion of individuals develop chronic allergic diseases 

which suggests that a fault in the regulation of the immune response occurs at a 

site other than the T cell.

Possible reasons for the accumulation of Th2 

- APCs

Allergic individuals may process allergen in a different way to normal 

individuals, possibly leading to the presentation of different epitopes in allergic 

subjects which are recognised by Th2. Alternatively different APCs may be
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involved in the processing of allergen. Thus, in allergic patients allergen may be 

preferentially processed by B cells which have been shown to preferentially 

present ag to Th2, while in normal individuals the primary APC for allergen may 

be adherent cells, leading to the induction of Thl cells (DeKruyff, Fang, et.al., 

1992).

- HLA-Class II association

As already discussed in the introduction (Chapter 1.1.1.),the apparent Thl and 

Th2 responses in H2® and other mice to collagen type IV exemplifies the possible 

role of MHC class II products in the regulation of the Th subset (Murray, 

Pfeiffer, et.al., 1992).

In the human, HLA-DR as opposed to -DP or -DQ gene products are thought 

to function as the major restriction element in the recognition of allergen 

(O’Hehir, Carman, et.al., 1991). The existence of Th2 recognising allergen only 

in conjunction with specific HLA-DR products may lead to an allergic response 

due to the activation of Th2 cells. Individuals lacking such HLA-DR association 

on the other hand would never present allergen to their respective Th2 cells. 

However, the association of specific HLA-DR ags and allergen-presentation to T 

cells is still in its infancy and needs to be expanded before further conclusion can 

be drawn. Furthermore, the allergens responsible for chronic allergic eye diseases 

are frequently unknown and an association with particular HLA-DR haplotypes 

would therefore be difficult.

- Faulty suppressor cell function

Kemeny and Diaz-Sanchez (1993) recently highlighted the possible importance 

of CD8+ suppressor T cells in the regulation of IgE early on in the allergic 

response. They found that in caster bean-sensitised rats, the depletion of CD8+ 

T cells by sublethal doses of ricin resulted in a massive increase in serum IgE and 

a decrease in the capacity of splenic T cells to produce IFNy. The role that 

CD8+ T cells may play in the allergic response is often neglected although its 

possible importance was clearly demonstrated in the above study and CD8+ T 

cells indeed were down-regulated in 3 out of 4 patient groups investigated in this
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study, although not significantly. Only VKC had CD8+ T cells similar to normal 

controls. Therefore, it is possible that a suppression of or a fault in the population 

of CDS 4- T cells may lead to the accumulation of CD4+ Th2 cells in 

inflammatory regions of the allergic diseases.

Therapeutic interventions

The importance of this study lies on hand when considering possibilities of 

alternative treatment to corticosteroids, such as immunotherapy. It is tempting to 

speculate that abnormalities in the local recruitment of Th cells and/or in a 

possible balance between IL-4 and IFNy production by these cells may play some 

role in the genesis of eye lesions in VKC. If this is the case, agents specifically 

inhibiting the function of Th2-like Th cells, or the action of IL-4 might provide 

a novel effective means of therapy for such a disease.

In the case of AKC, however, a clearer picture of T cell involvement in the 

immunopathology of the condition will have to be established before more 

specific immunotherapeutic intervention can be considered.

Future research into chronic allergic eye disease

The in situ investigation of cellular infiltrates in any pathological condition is of 

crucial importance and should be regarded as a prerequisite for in vitro 

investigations of cellular interactions in such conditions. Therefore, the extension 

of this in situ investigation of chronic allergic eye disease should be the primary 

aim and ought to include the investigation of a greater number of patients and 

ISH using a probe for IFNy in order to establish its production by T cells in these 

conditions, and in AKC in particular. Furthermore, future research into chronic 

allergic eye disease should aim to establish ISH in GMA-embedded tissue 

sections, as this would allow the identification of mRNA expression for a variety 

of lymphokines in individual cells by utilising different lymphokine probes in 

sequential sections.

The role of effector cells in these conditions also needs to be established and 

is presently under investigation at MEH and SGH, but has not yet been 

concluded.
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Following the establishment of functional T cell subsets and effector cells 

present in these condition in vivo, interactions between these cells and their 

response to treatment will have to be studied and will involve in vitro cultures of 

these cells. Of particular interest would be the establishment of T cell clones from 

atopic and non-atopic allergic patients in order to study possible difference in 

lymphokine production, their stimulation and interactions with other or by cells.

Summary

Despite the cellular and morphological differences of the specified tissues 

involved in allergic responses, all allergic diseases studied, including chronic 

allergic eye diseases, are characterised by a similar immunopathology. In vitro and 

in vivo studies of allergic diseases emphasised that CD4+ memory T cells 

producing IL-4 and IL-5 probably play a key-role in the established disease, while 

mast cells are potentially involved in the initial stages, triggering the infiltration 

of T cells into the site of inflammation.

It is as yet not clear, whether a genetically inherent deregulation leads to an 

overproduction of IL-4 and IL-5 by T cells otherwise capable of producing a 

broad spectrum of lymphokines, or whether the infiltrating T cells represent true 

Th2 as described in the murine system.

Conclusions

There is a great deal of disagreement concerning the existence of Thl and Th2 

in the human system. Several laboratories clearly established that T cells 

producing a restricted panel of lymphokines do exist in certain chronic diseases, 

while others dispute their existence due to findings of T cells producing a broad 

spectrum of lymphokines.

Given the evidence provided in this study as well as other laboratories, there is 

no reason why either group of the argument should be wrong. With respect to the 

allergic response it is possible that in 1 instance Th2-like cells are responsible for 

the immunopathology seen, while in another default ThO-like cells with and 

overproduction of IL-4 and IL-5 are involved in the allergic reaction.

VKC and GPC for example, were infiltrated by T cells producing a Th2-like
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lymphokine profile. Patients of both groups are frequently not atopic. It is 

therefore possible that T cells infiltrating these conditions indeed represent 

normal, late stage-memory Th2 cells and that such patients are distinguished from 

’normal’ individuals by a genetically based factor that allows the activation and 

accumulation of these cells in response to an allergen. Such a factor may be the 

type of APC involved, the expression of a certain HLA class II haplotype which 

allows the presentation of allergen to Th2 or alternatively a default in the 

population of suppressor T cells.

AKC and ABC on the other hand, are conditions that occur in atopic individuals 

only. ISH revealed IL-2 mRNA expression in addition to IL-3, IL-4 and IL-5 in 

the latter 2 and indicated a broad spectrum of lymphokine production. Although 

IFNy-production has to be determined yet, it is possible that such T cells 

represent ThO. Thus, T cells infiltrating AKC and ABC may be capable of 

producing a broad spectrum of lymphokines, but only in association with and 

overproduction of IL-4 and/or IL-5, which subsequently leads to a cellular 

infiltrate similar to that seen in VKC and GPC.

This concept would be supported by the in vitro study by Chamber et.al. who 

found that T cell clones from patients with atopic dermatitis were capable of 

providing B cell help for IgE production, although they produced IL-2 and IFNy 

in addition to IL-4 (Chambers, Zimmerman, et.al., 1992). Since AKC and ABC 

develop secondary to atopic dermatitis it seems likely that the same type of T cell 

is involved in both responses.

The concept that ’normal’ Th2-like cells are the final stage of T cell 

development and are involved in chronic allergic responses of non-atopic 

individuals, while genetically faulty T cells, overproducing IL-4 and/or IL-5, are 

involved in the immunopathology of atopic allergic diseases, is an attractive one.

One interesting difference between VKC and AKC is the spontaneous clearance 

of VKC with puberty,. whereas AKC is a longlasting chronic disease. It seems 

likely that if Th2-like cells were involved in non-atopic allergic diseases such as 

VKC, the infiltration would have to be initiated by certain genetically-based 

factors which are not present in non-allergic, non-atopic individuals, which results 

in the activation of Th2. A restriction element would be necessary as the entire
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population would otherwise develop allergic diseases. If these ’factors’ change, 

either with puberty, or increased immunological experience with age, activation 

of allergen-specific Th2 would cease and the disease would clear as a 

consequence. In contrast, overproduction of IL-4/IL-5 by T cells in atopic patients 

does not require a restriction element, as only atopic patients would possess such 

T cells. The presence of a broad-spectrum of T cell types producing large 

quantities of IL-4 and IL-5 may explain the longevity of AKC.

I believe that this study emphasised the important role of T cells in chronic 

allergic diseases and provides a fundamental basis for the full understanding of 

cellular interactions occurring in these potentially blinding chronic allergic eye 

conditions. It is hoped, that the continuity of this study will eventually lead to 

more successful and novel ways of treatment, so that patients like those who 

kindly participated in this study, do not have to suffer disease- and corticosteroid- 

related side-effects in the future.
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APPENDIX 1: Patient’s details

Appendix 1-1 to 1-6:

Patient’s details:

Study numbers:

T =  Tarsal 

B =  Bulbar

AKC = Atopic keratoconjunctivitis 

ABC = Atopic blepharoconjunctivitis 

VKC = Vernal keratoconjunctivitis 

GPC = Giant papillary conjunctivitis

Ethnic groups:

Cauc =  Caucasian

Treatment:

DSCG = Disodium cromoglycate 

Prednis= Prednisolone 

Dexam = Dexamethasone 

Sificr =  Sificrom 

Luxaz = Luxazone

All steroid treatment was stopped 1 

month before biopsies were taken

Clinical Presentation:

Enucl =  Enucleation 

Cat = Catarract 

SQ = Squint

PLR = Posterior levator resection

History of atopy:

AS = Asthma 

PR = Perennial rhinitis 

HF = Hay fever 

URT =  Urticaria 

AE = Atopic eczema 

FA = Food allergy
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App.1-1

PATIENTS INCLUDED IN THE STUDY O F LEUKOCYTIC 
INFILTRATES OF NORMAL CONJUNCTIVA

PATIENT
NUMBER

SEX ETHNIC

GROUP

AGE CLINICAL
PRESENTATION

BIOPSIES

1 M CAUC 30 ENUCL T

2 F CAUC 66 CAT T

3 F WEST INDIAN 65 CAT T

4 M CAUC 81 CAT T

5 F ASIAN 87 CAT T

6 F CAUC 79 CAT T

7 M ASIAN 66 CAT T

8 F WEST INDIAN 73 CAT T

9 F CAUC 64 CAT T

10 M CAUC 42 CAT T

11 F CAUC 38 ENUCL T

12 F CAUC 68 CAT T&B

13 F CAUC 73 CAT T&B

14 F ASIAN 45 CAT T&B

15 M ASIAN 69 CAT T&B

16 F CAUC 46 CAT T&B

17 M CAUC 18 ENUCL T&B

18 M CAUC 63 CAT T&B

19 M WEST INDIAN 65 CAT T&B

20 F CAUC 47 CAT T&B
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App. 1 -2

PATIENTS INCLUDED IN THE STUDY:
ATOPIC KERATOCONJUNCTIVITIS

STUDY
NUMBER

SEX ETHNIC
GROUP

AGE AGE AT 
ONSET OF 
DISEASE

SEASONAL
VARIATIONS

HISTORY 
OF ATOPY

CURRENT
TREATMENT

AKC1 F CAUC 29 ^1 NOV-JAN (CONT) AS,PR,HF,URT. NONE

AKC2 F CAUC 29 13 FEB-APR (CONT) AS,PR,HF,FA. DSCG,PREDNIS.

AKC3 M CAUC 28 20 NOV-FEB (CONT) PR,HF. DSCG

AKC4 M ASIAN 25 5 APR-SEP (EPIS) AS,PR,HF,URT,AE,FA. DSCG,DEXAM.

AKC5 F W.INDIAN 21 10 NONE (EPIS) AS,HF. DSCG

AKC6 M BARBADOS 59 55 NONE (EPIS) AS,URT. DSCG,PREDNIS.

AKC7 F W.INDIAN 22 5 NONE (CONT) AS,PR,HF,URT,FA. DSCG,PREDNIS.

AKC8 M CAUC 21 19 FEB-JUL (CONT) AS,PR,HF,URT. DSCG

AKC9 F CAUC 42 9 NONE (CONT) AS,PR,HF,URT. DSCG,PREDNIS.

AKC10 F W.INDIAN 23 5 NONE (CONT) AS,PR,HF,URT,FA. DSCG,PREDNIS.

AKC11 M CAUC 64 50 NONE (CONT) URT. PREDNIS.

AKC12 F CAUC 33 30 NONE (CONT) AS,HF DSCG

AKC13 M CAUC 46 2 NONE (CONT) AS,AE DSCG

AKC14 M CAUS 42 6 MAY-JUN (CONT) AS,PR,HF,URT,AE. DEXAM.

AKC15 F CAUC 39 19 NONE (CONT) AS,AE DSCG
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App. 1-3

PATIENTS INCLUDED IN THE STUDY:
ATOPIC BLEPHAROCONJUNCTIVITIS

STUDY
NUMBER

SEX ETHNIC
GROUP

AGE AGE AT 
ONSET OF 
DISEASE

SEASONAL
VARIATIONS

HISTORY 
OF ATOPY

TREATMENT

ABC1 F ASIAN 46 <1 NONE (CONT) AS,PR,AE. CLARITYN TABS.

ABC2 F CAUC 43 14

MAY-SEP

(CONT)

AS,PR,HF,

AE,FA. DSCG,DEXAM.

ABC3 F CAUC 70 20 NONE (EPIS)
PR,HF,URT,
AE,FA. PREDNIS.

ABC4 M CAUC 39 17 NONE AS,URT,AE. PREDNIS.

ABC5 M CAUC 53 25 NONE (CONT) PR,URT,AE. PREDNIS,BETNES.

SHI F CAUC 33 20 NONE (CONT) AS,AE,FA. DSCG,VALLERGAN

SH2 F CAUC 21 17
MAR-SEP
(CONT) AS,PR,AE,FA. DSCG

SH22 F CAUC 56 3

JAN-APR

(EPIS)

PR,HF,URT,

AE,FA. POLYFAX,SYMPTEX,

SH29 F CAUC 44 40 MAY,JUN PR,HF,AE. NONE
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App. 1-4

PATIENTS INCLUDED IN THE STUDY:
VERNAL KERATOCONJUNCTIVITIS

STUDY
NUMBER

SEX ETHNIC
GROUP

AGE AGE AT 
ONSET OF

DISEASE

SEASONAL
VARIATIONS

HISTORY OF 

ATOPY
CURRENTTREATMENT

VKC1 F W.INDIAN 24 22 NONE (CONT) AE.FA. DSCG

VKC2 M CAUC 25 3 NONE (CONT) AS,PR,HF,URT,AE. DSCG,MAXIDEX.

VKC3 M AFRICAN 21 3 APR-OCT (CONT) PR,HF,URT,AE,FA. DSCG,MAXIDEX

VKC4 M JAMAICAN 28 4 APR-AUG (CONT) PR,PR,URT,AE,FA. DSCG

VKC5 F CAUC 27 23 NONE (CONT) AE. DSCG

VKC6 F CAUC 18 11 NONE NONE DSCG

VKC7 M W.INDIAN 18 13 NONE (CONT) NONE DSCG

VKC8 M AFRICAN 33 2 MAY-AUG (CONT) NONE DSCG

VKC10 M INDIAN 19 3 MAY.JUN (CONT) NONE DSCG,PREDNIS.

VKC11 M AFRICAN 18 14 MAR-JUL (CONT) AS,PR,HF,URT,AE. DSCG,PREDNIS.

VKC12 M AFRICAN 26 7 MAY-AUG (CONT) AS,PR. DSCG

VKC13 F CAUC 23 5 APR-AUG (CONT) NONE DSCG

VKC14 M CAUC 15 8 NONE (CONT) NONE LUXAZ,NEDOCR

VKC15 M CAUC 15 6 MAR-SEP (CONT) AS,PR. LUXAZ,LOMUDAI_NEDOCR

VKC16 F CAUC 15 5 MAR-SEP (CONT) AS. DSCG,PREDNIS.
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App. 1-5

PATIENTS INCLUDED IN THE STUDY:
GIANT PAPILLARY CONJUNCTIVITIS

STUDY SEX ETHNIC AGE AGE AT SEASONAL HISTORY CURRENT

NUMBER GROUP ONSET OF 

DISEASE

VARIATIONS OF ATOPY TREATMENT

GPC1 F CAUC 22 19 APR-JUL
(CONT)

URT,AE. DSCG

GPC2 F CAUC 39 31 NONE (CONT) NONE NIL

GPC3 F INDIAN 32 18 NONE (CONT) NONE NIL

GPC4 M CAUC 68 63 NONE (CONT) HF. NIL

GPC5 F CAUC 26 20 APR-OCT
(CONT)

AS,PR,HF,URT, 
AE,FA. NIL

GPC6 F CAUC 24 19
MAY-JUL
(CONT)

PR,HF,URT,
AE,FA. DSCG

GPC7 F W.INDIAN 28 16 AUG (CONT) AS,PR,HF. DSCG

GPC8 F CAUC 45 44 NONE (CONT)
AS,PR,HF,URT,
AE.

NIL

GPC10 F CAUC 40 28
APR-JUN
(EPIS)

AS,PR,HF. NIL

GPC11 F CAUC 70 20 NONE (CONT) NONE NIL
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App. 1-6

PATIENTS INCLUDED IN THE STUDY:
NORMAL CONTROLS (GMA)

STUDY
NUMBER

SEX ETHNIC GROUP AGE CLINICAL
PRESENTATION

N4 M CAUC 24 SQ

N6 M INDIAN 53 CAT

N7 M CAUC 15 PLR

N8 M CAUC 13 PLR

N9 F CAUC 11 PLR

N10 F CAUC 14 PLR

N12 F CAUC 5 SQ

N14 F CAUC 6 PLR
N16 F W.INDIAN 14 SQ

N17 F CAUC 60 CAT

N18 F CAUC 30 ENUCL

N22 F AFRICAN 60 CAT

N25 M CAUC 9 SQ

N29 M CAUC 64 CAT

N32 M CAUC 5 SQ

N33 M CAUC 32 ENUCL
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APPENDIX 2: Immunohistochemistry

mi
Mean and median cell counts from immunohistochemical analysis of leukocytes 

infiltrating the conjunctiva of normal control subjects and patients suffering from 

chronic allergic conjunctivitis.
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App. 2-1
TABLE 1. LEUKOCYTES PRESENT IN NORMAL TARSAL CONJUNCTIVA (FROZEN SECTIONS)

T A R SA L  C O N JU N C T IV A  EPITHELIUM TA R SA L C O N JU N C T IV A  SU B E PIT H E L IU M

MONOCLONAL MEAN CELL COUNT MEDIAN +  95%  C .l. MEAN CELL COUNT MEDIAN +  95%  C .l.

ANTIBODIES N = 2 0  ( ± S E M ) (LO W ER/U PPER) N = 2 0  (± S E M ) (L O W ER /U PPER )

CD3 5.3 (± 1 .2 ) 3.9 (0.0/10.0)
****

46.7  (± 9 .1 ) 36.5 (12.1/82.9)

CD45RO 4.0 (± 0 .9 ) 3.1 (0.2/6.5) 26 .6  (± 6 .3 ) 15.4 (2.9/54.0)
CD4 0.6 (± 0 .2 ) 0.0 (0.0/1.0) 16.0 (± 4 .5 ) 7.2 (1.0/25.0)

CDS
*** D

1.8 (± 0 .4 ) ® 1.2 (0.0/3.1) 12.0 (± 2 .5 ) 9 .0 (4.3/20)

CD25 0 0.0 4.2  (± 1 .5 ) 0.8 (0.0/5.8)

CD68 (EBM11) 6.5 (± 1 .3 ) 6.4 (0.3/12.5) 32.2  (± 5 .8 ) 26 .0 (13.2/49.8)
HLA-DR 10.9 (± 1 .8 ) 10.6 (4.1/16.2) 30.9  (± 5 .9 ) 16.9 (11.8/47.4)

CD20 (L26) 0 0.0. 3.9 (± 1 .1 ) 7 .4 (0.0/17.9)

CD57 (NK) 0 0.0 3.9 (± 1 .1 ) 3 .0 (0.0/6.1)

EG1 0 0.0 0 0.0

T able 1. Cell co u n ts  ob tained  from  frozen conjunctival sp ec im en s  w ere evaluated  a s  counts/m m  for th e  epithelium  an d  coun ts/m m 2 
for th e  subepithelium  and  w ere ex p re sse d  a s  m ean s  (±  SEM) an d  m edians (+  lower and  u p p er C onfidence Interval)
The non-param etric  Wilcoxon S igned  Rank T est w as u sed  to  analyse statistical d ifferences b e tw een  (A) CD3 an d  CD45RO, 
and  (B) CD4 an d  CD8. (* p  <  0.05, ** p <  0.01)



App. 2-1
TABLE 2. LEUKOCYTES PRESENT IN NORMAL TARSAL AND BULBAR CONJUNCTIVA (FROZEN SECTIONS)

TARSAL EPITHELIUM TARSAL SUBEPITHELIUM BULBAR EPITHELIUM BULBAR SUBEPITHELIUM

MEAN CELL MEDIAN +  95% C.l MEAN CELL MEDIAN + 95% C.l. MEAN CELL MEDIAN +  95% C.l. MEAN CELL MEDIAN +  95% C.l.

MONOCLONAL
COUNT COUNT COUNT COUNT

ANTIBODY N=8(±SEM ) (LOWER/UPPER |N =8 (±SEM) (LOWER/UPPER) N=8 (±SEM) (LOWER/UPPER] N=8 (±SEM) (LOWER/UPPER)

CD3 2.6 (±1.3) 1.1 (0.0/3.9)
**

45.9 (±13.3)
A

40.0 (12.1/80.7) 7.4 (±3.4) 3.2 (0.6/13.4) 93.2 (±26.9)
* * A

86.7 (20.7/156.1)

CD45RO 4.2 (±1.7) 2.8 (0.5/6.2) 24.9 (±8.6) 19.6 (7.5/38.2) 8.1 (±3.6) 2.8 (0.9/14.6) 53.1 (±19.9) 42.8 (2.7/85.9)

CD4 0.6 (±0.3) 0.0 (0.0/1.1) 14.0 (±7.2) 7.9 (0.0/18.0) 0.6 (±0.3) 0.0 (0.0/1.3) 30.4 (±14.0) 15.5 (3.7/48.2)

CDS
*

2.0 (±0.8)
3

1.4 (0.3/2.8) 16.6 (±5.0) 14.2 (5.9/25.5)
*

2.1 (±0.9)
B

1.1 (0.2/3.5) 14.7 (±5.7) 6.6 (3.3/28.0)

CD25 0 0.0 6.4 (±2.5) 4.7 (0.4/10.3) 0.4 (±0.4) 0.0 17.4 (±6.6) 12.4 (1.2/31.8)

CD68 (EBM11) 6.8 (±2.6) 5.1 (0.3/12.8) 41.0 (±10.5) 33.5 (17.7/57.4) 9.1 (±3.0) 7.7 (1.4/16.5) 42.6 (±11.5) 40.8 (11.3/68.7)

HLA-DR 6.6 (±1.8) 5.9 (2.3/10.6) 18.4 (±4.5) 12.7 (9.8/27.4) 9.2 (±1.3) 9.8 (6.3/11.8) 36.7 (±12.4) 18.4 (12.1/63.6)

CD20 (L26) 0.6 (±0.3) 0.0 (0.0/1.3) 8.0 (±2.9) 5.1 (0.8/16.3) 0 0.0 10.3 (±4.1) 9.0 (0.0/15.5)

CD57 (NK) 0 0.0 3.4 (±1.1) 3.5 (0.3/6.1) 0 0.0 14.3 (±5.9) 7.4 (0.0/42.8)

EG1 0 0.0 0 0.0 0 0.0 0 0.0

Table 2. Cell co u n ts  ob ta ined  from  frozen conjunctival sp ec im en s  w ere evaluated a s  counts/m m  for th e  epithelium  an d  coun ts/m m 2 
for th e  subeplthellum  and  w ere  e x p re ssed  a s  m ean s  (±  SEM) and  m edians (+  lower an d  upper C onfidence Interval).
The non-param etrIc W ilcoxon S igned  Rank T est w as u se d  to  analyse statistical differences betw een  (A) CD3 an d  CD45RO,
an d  (B) CD4 an d  CDS. Similarly, d ifferences b etw een  tarsal and  bulbar conjunctiva w ere  exam ined, bu t exam ined , bu t no significant
differences w ere  observed . (* p  <  0.05, ** p  <  0.01)
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App. 2-2

TABLE 1A. EXPRESSION OF LYMPHOCYTES IN CHRONIC ALLERGIC VERSUS NORMAL CONJUNCTIVA

TAKC BAKC TABC BABC TVKC BVKC TG PC B G PC  TN BN

E SE E SE E SE E SE E SE E SE E SE E SE E SE E SE

CD3 4  * 86  ** 7  * 58  3 80  4  30  12* *  503 ** 1 0 *  184 7 * *  1 4 7 * *  9 *  116 1 2 3  3  26

±1.3 ±20.4 ±1.4 ±24.3 ±1.6 ±34.8 ±1.4 ±13.4 ±3.6 ±158.2 ±2.2 ±86.5 ±1.4 ±27.7 ±3.3 ±61.8 ±0.4 ±10.8 ±0.8 ±9.1

CD4 3  * 7 5  * 3 * *  47  * 0  61 .2  3  22 4** 4 5 2 * *  2 *  163 3**  1 3 9 * *  1 114 0  17  1 13
±1.0 ±19.4 ±1.2 ±20.7 ±0.2 ±30.5 ±2.0 ±9.2 ±1.1 ± 137.1 ±0.7 ±77.2 ±1.0 ±27.6 ±0.4 ±67.3 ±0.4 ±7.1 ±0.5 ±5.1

CD8 2  2  4  1 2 3 3 3 4  10 5 3 3  4  3 3 2 9 4  11
±0.8 ±1.1 ±0.9 ±0.7 ±1.2 ±2.1 ±2.4 ±1.5 ±1.6 ±4.2 ±1.0 ±1.4 ±0.6 ±2.0 ±1.0 ±2.1 ±t.1  ±7.7 ±0.7 ±4.4

N K O  0  0 3  0 0 0 0 0  6 0 13 0  1 0 1  0 2 0 4
±0  ±0  ±0.2 ±1.6 ± 0  ±0  ±0  ±0 ±0  ±3.0 ±0  ±7.0 ±0  ±0.7 ± 0  ±0.6 ± 0  ±1.1 ±0  ±3.5

CD19 0  3  1 7  0 4  1 5 1 26  1 23  1 2 0  2  19 2 21 1 13

±0  ±1.3 ±0.3 ±2.6 ± 0  ±2.1 ±0.9 ±16.3 ±0.6 ±7.2 ±0.4 ±9.9 ±0.4 ± 8.6 ±1.0 ±6.0 ±1.2 ±11.3 ±0.5 ±5.7

Table 1A: Cell counts for mab-staining of GMA-embedded tissue sections expressed as m eans (±SEM).
Comparisons between chronic allergic and normal tarsal and bulbar conjunctiva were statistically analyzed using the 
non-parametric Mann Whitney-U Test, where: E = Epithelium and SE = Subepithelium, T = Tarsal and B = Bulbar 
(*p<0.05, **p<0.01)



APP. 2-2

TABLE 1B. EXPRESSION OF LYMPHOCYTES IN CHRONIC ALLERGIC VERSUS NORMAL CONJUNCTIVA

TAKC BAKC TABC BABC TVKC BVKC TGPC BGPC TN BN

E SE E SE E SE E SE E SE E SE E. SE E SE E SE E SE

CD3 2.0 * 55.5** 6 .0 * 17.0 2.3 26.3 4.2 5.6 6.3** 279.6** 7 .7 * 57.5 5.0 ** 174.6** 5.1* 38.0 0.4 0.0 1.2 7.0

0.4/ 16.5/ 3.5/ 8.5/ 0.0/ 1.6/ 0.0/ 0.0/ 2.6/ 107.0/ 1.9/ 3.4/ 3.7/ 66.4/ 3.9/ 11.4/ 0 .0/ 0 .0/ 0.8/ 4.1/
7.2 134.9 7.6 73.0 4.5 167.4 8.1 47.2 19.1 526.5 17.4 158.6 7.7 215.1 11.3 131.6 1.5 30.9 4.4 29.8

CD4 2.1 * 46 .2* 1.5 ** 14.0 0.0 6.3 0.6 9.2 2.5** 224.0 ** 1.9* 41.4 2.0 ** 182.9 * 1.2 41.1 0.0 0.0 0.0 4.8

0.0/ 11.4/ 0.1/ 6.1/ 0.0/ 0.0/ 0 .0/ 0.0/ 1.0/ 93.2/ 0.0/ 0.0/ 1.0/ 60.1/ 0.7/ 5.3/ 0 .0/ 0 .0/ 0 .0/ 0.0/
6.1 119.6 1.8 55.4 0.5 129.3 2.2 38.7 8.3 600.8 2.8 138.3 5.6 209.1 2.4 119.1 0.0 26.8 0.0 20.0

CDS 0.3 0.0 2.9 0.0 0.0 0.0 2.4 0.0 0.7 0.0 3.1 0.0 3.0 0.0 3.6 0.0 0.0 0.0 3.5 1.5

0.0/ 0.0/ 2.5/ 0.0/ 0.0/ 0.0/ 1.3/ 0.0/ 0 .0/ 0.0/ 1.2/ 0 .0/ 1.5/ 0.0/ 0.7/ 0.0/ 0 .0/ 0.0/ 1.5/ 0.0/
4.1 1.6 4.9 0.8 1.3 7.1 4.2 4.2 4.2 15.2 8.6 3.6 4.3 5.0 4.3 4.1 1.1 1.3 5.8 13.2

NK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 .0/ 0.0/ 0 .0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0 .0/ 0 .0/ 0.0/ 0 .0/ 0 .0/ 0.0/ 0.0/ 0 .0/ 0.0/ 0.0/
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.6 0.0 16.4 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0

CD19 0.0 4.6 0.0 0.0 0.0 1.6 0.0 3.0 0.0 19.3 0.0 13.2 0.0 13.1 0.0 16.6 0.0 0.0 0.0 0.0

0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0 .0/ 0.0/ 5.2/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0 .0/ 0.0/ 0.0/
0.0 9.9 1.0 10.8 0.0 9.0 1.6 7.8 1.4 41.7 2.2 24.2 1.0 28.4 5.1 28.8 0.3 17.0 1.1 1.1

Table 1B: Cell counts for mab-staining of GMA-embedded tissue sections expressed as medians +  95% Confidence Intervals 
(lower/upper), comparisons between chronic allergic and normal tarsal and bulbar conjunctiva were statistically analyzed using the 
non-parametric Mann Whitney-U Test, where: E = Epitheiium and SE = Subepitheiium, T = Tarsal and B = Bulbar 

(* p< 0.05, ** p <0.01)
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TABLE 2A.

CD45-ISOTYPE EXPRESSION AND T CELL ACTIVATION MARKERS IN ALLERGIC AND NORMAL CONJUNCTIVA

TAKC BAKC TABC BABC TVKC BVKC T G PC  B G PC TN BN

E SE  E SE  E SE  E SE  E S E  E SE E SE  E SE  E SE  E SE

CD45R 9  1 6 4 * *  9  119 8  162 * 9 84  1 9 * *  9 7 4 * *  2 0 * * 3 9 1 * *  10  3 8 2 * *  12 120 7  50  7  60
±2.7 ±30.7 ±2.6 ±32.5 ±2.0 ±46.6 ±3.1 ±28.5 ±3.7 ±279.2 ±4.0 ±145.3 ±2.6 ±115.8 ±4.3 ±43.0 ±2.8 ±17.9 ±1.3 ±12.7

CD45RO 5  * 8 2 * *  6  * 55  * 6  60  5 22 1 1 * *  4 9 5 * *  9  183 *  1 0 * *  1 4 3 * *  5 *  1 1 4 * *  2  12 2 16
±1.2 ±17.6 ±1.3 ±20.5 ±3.8 ±24.7 ±1.5 ±10.7 ±3.2 ±159.6 ±2.0 ±87.4 ±3.0 ±24.6 ±1.4 ±63.1 ±1.1 ±5.0 ±0.7 ±9.3

CD45RA 1 11 1 20  0  13 1 9  3 *  206** 3  87  3  6 5 * *  1 54  1 16 2 13
±0.4 ±3.7 ±0.5 ±13.1 ±0.3 ±6.8 ±0.3 ±2.9 ±0.6 ±64.4 ±0.9 ±49.3 ±1.3 ±15.1 ±0.4 ±37.3 ±0.6 ±5.4 ±0.6 ±5.7

IL-2R 1 21 1 12 0  13 1 7  2  118** 0  22 1 5 7 * *  1 16 0  8  0  9
±0.2 ±7.4 ±0.4 ±8.8 ±0.3 ±8.3 ±0.2 ±2.3 ±0.8 ±67.3 ±0 ±11.8 ±0.5 ±21.1 ±0.2 ±6.1 ± 0  ±3.8 ± 0  ±4.6

HLA-DR 10 *  194** 1 0 *  121 1 0 *  119 14 70  25**  654** 12 225 14**  4 5 5 * *  12 254  * 6  58  7  49

±2.0 ±46.5 ±1.4 ±44.0 ±1.1 ±44.0 ±3.0 ±16.3 ±9.9 ±169.8 ±2.2 ±53.4 ±1.9 ±123.1 ±2.0 ±109.9 ±1.1 ±21.3 ±0.9 ±10.9

Table 2A: Cell counts for mab-staining of GMA-embedded tissue sections expressed as means (±SEM).
Comparisons between chronic allergic and normal tarsal and bulbar conjunctiva were statistically analyzed using the 
non-parametric Mann Whitney-U Test, where: E = Epithelium and SE = Subepithelium, T = Tarsal and B = Bulbar 
(*p<0.05, **p<0.01)
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TABLE 2 8

CD45-ISOTYPE EXPRESSION AND T CELL ACTIVATION MARKERS IN ALLERGIC VERSUS NORMALCONJUNCTIVA

TAKC BAKC TABC BABC TVKC BVKC TGPC BGPC TN BN

lO

E SE E SE E SE E SE E SE E SE E SE E SE E SE E SE

CD45R 4.2 144.4**5.1 92.8 7.2 11812 * 6.3 46.2 15.8 460.4** 15.8**194.0 **6.8 336.0** 7.3 80.5 3.4 25.9 5.4 42.7

0.8/ 42.5/ 1.9/ 15.1/ 4.1/ 66.6/ 4.6/ 22.7/ 5.5/ 156.9/ 9.1/ 76.3/ 4.9/ 183.3/ 4.9/ 18.1/ 1.9/ 7.1/ 2.8/ 24.9/.
16.8 281.3 10.3 188.5 21.1 272.8 9.1 122.9 28.9 1889.3 24.1 352.8 13.6 386.7 10.4 184.5 7.1 60.9 8.0 86.4

CD 45RO  3.4
* *

69.5
*

5.3 2 3 .7 * 0.4 19 .5* 3.4 7.4
* *

7.7
* *

216.3 8.0 * 51.8
*  * *

5.5
* *

136.1
*

4.2 44.4* 0.0 3.5 1.2 0.0

0.3/ 21.2/ 2.4/ 8.1/ 0.0/ 7.3/ 1.4/ 1.6/ 3.6/ 127.6/ 1.9/ 1.1/ 4.3/ 80.5/ 1.7/ 14.2/ 0.0/ ±0.0/ 0.0/ 0.0/

7.8 119.7 7.7 75.4 7.4 132.8 7.4 26.6 15.2 537.8 15.2 168.1 14.6 195.1 6.0 123.3 1.4 13.8 2.0 15.2

CD45RA 0.0 11.3 0.0 3.0 0.0 6.8 0.9 9.6
*

2.6
* *

70.7 1.0 14.6 1.5
* *

68.0 0.4 14.8 0.0 9.2 1.2 0.0

0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.9/ 46.8/ 0.0/ 4.2/ 0.2/ 24.9/ 0.0/ 7.7/ 0.0/ 3.5/ 0.0/ 0.0/

1.0 15.8 1.3 14.4 0.0 15.2 1.4 15.4 4.5 291.1 5.4 41.6 3.3 84.1 2.2 34.1 1.2 21.1 2.5 17.8

CD 25 0.0 8.0 0.0 1.5 0.0 2.2 0.0 5.4 0.0
* *

59.2 0.0 0.0 0.8
* *

64.1 0.0 7.4 0.0 0.0 0.0 0.0

0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 10.9/ 0.0/ 0.0/ 0.0/ 10.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/

1.9 27.6 1.9 52.2 0.5 15.3 1.1 11.4 2.0 95.7 0.0 25.6 2.1 73.1 1.0 26.7 0.0 8.1 0.2 4.8

HLA-DR 10.6* 170.0**
*

8.4 59.2 9.6* 112.6 12.2 48.9
* *

14.4
* *

344.7 11J2 142.3
* *

14.6
* *

251.0 10.0 88.8* 4.9 25.9 7.1 32.3

4.7/ 51.1/ 6.2/ 38.9/ 7.9/ 32.1/ 9.1/ 27.8/ 10.1/ 226.0/ 4.6/ 75.8/ 9.2/ 194.6/ 6.9/ 53.4/ 2.0/ 4.6/ 3.4/ 14.0/

12.9 247.0 12.8 113.7 11.9 189.9 16.6 120.9 16.3 1082.6 14.8 392.4 17.0 738.2 17.8 306.5 7.6 61.0 9.6 81.6

Table 2B; Cell counts for mab-staining of GMA-embedded tissue sections expressed as medians + 95% Confidence Intervals (lower/upper). Comparisons 

between chronic allergic and normal tarsal and bulbar conjunctiva were statistically analyzed using the non-parametric Mann Whitney-U Test, 

where: E = Epithelium and SE =  Subepithelium, T = Tarsal and B =  Bulbar (* p^ 0.05, **  p rsO.OI)
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to

TABLE 3A.

EXPRESSION OF EPIDERMAL AND MUCOSAL T CELLS IN CHRONIC ALLERGIC VERSUS NORMAL CONJUNCTIVA

TAKC BAKC TABC BABC TVKC BVKC TG PC  B G PC  TN BN

E SE E SE  E SE  E SE  E SE  E SE  E SE  E SE  E SE  E SE

T C R ^ â  0 0  0 0  0  11 0  2 0 3 0 2  0 1  0 1  0 1  0 2

±0  ±0 ±0  ± 0  ±0  ±8.4 ±0  ±1.9 ±0 ±1.5 ±0  ±1.2 ±0  ±0.5 ±0  ±0.7 ± 0  ±0.9 ±0 ±1

MCL 0 5  1 16 0  8  0  3  2 1 6 *  1 2 0  2 3 4 * *  2  13  0  2 1 4

±0  ±2.1 ±0.5 ±10.5 ±0  ±6.8 ± 0  ±2.5 ±1.2 ±5.4 ±0.5 ±6.2 ±1.4 ±12.6 ±1.1 ±4.1 ± 0  ±1.1 ±0.9 ±2.3

TABLE 4A.

EXPRESSION OF MACROPHAGES AND LANGERHANS CELLS IN CHRONIC ALLERGIC VERSUS NORMAL CONJUNCTIVA

TAKC BAKC TABC BABC TVKC BVKC TG PC  B G PC  TN BN

E SE  E SE  E SE  E SE  E SE  E SE  E SE  E SE  E SE  E SE

C D 68 3 36* *  3 4 0  3  38  5  * 26  7 * * 1 1 8 * *  6* *  7 8  7**  8 6 * *  4  58  2  21 3  38

±0.6 ±9.3 ±0.7 ±7.2 ±0.8 ±9.6 ±0.9 ±9.9 ±1.2 ±29.9 ±0.8 ±16.8 ±1.3 ±15.3 ±1.3 ±18.1 ±0.4 ±5.1 ±0.7 ±9.4

CD1A 4  7  5 8 2 4  3  5  8 * *  18 * 6  14 7**  1 5 *  3  1 3 *  1 5  3  4

±0.9 ±2.7 ±2.1 ±3.3 ±1.0 ±2.0 ±1.1 ±2.4 ±2.0 ±5.7 ±2.5 ±6.4 ±2.0 ±4.5 ±0.6 ±5.2 ±0.4 ±2.2 ±0.7 ±1.5

Tables 3 and 4A: Cell counts for mab-staining of GMA-embedded tissue sections expressed as means (±  SEM). Comparisons between cfironic allergic an normal 

tarsal and bulbar conjunctiva were statistically analyzed using the non-parametric Mann Whitney Test, where: E = Epithelium and SE =  Subepithelium,

T = Tarsal and B = Bulbar, (* p^ 0.05, **  p zsO.OI)
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TABLE 38.
EXPRESSION OF EPIDERMAL AND MUCOSAL T CELLS IN CHRONIC ALLERGIC VERSUS NORMAL CONJUNCTIVA 

TAKC BAKC TABC BABC TVKC BVKC TGPC BGPC TN BN

E SE E SE E SE E SE E SE E SE E SE E SE E SE E SE

TCR-t5 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/
0.0 0.0 0.0 0.0 0.0 9.8 0.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

MCL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3 .5 * 0.0 13.4 0.0 25.6 ** 0.0 8.9 0.0 0.0 0.0 0.0

0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 5.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/
0.0 12.3 0.6 14.6 0.0 5.6 0.0 1.9 0.0 28.9 1.4 28.0 3.6 57.0 4.2 23.3 0.0 0.0 0.0 2.0

TABLE 4B.

w EXPRESSION OF MACROPHAGES AND LANGERHANS CELLS INCHRONIC ALLERGIC VERSUS NORMAL CONJUNCTIVA
w

TAKC BAKC TABC BABC TVKC BVKC TGPC BGPC TN BN

E SE E SE E SE E SE E SE E SE E SE E SE E SE E SE

CD68 2.7 41.9** 2.4 27.7 3.8 29.3 4.7* 14.8 5.8** 69.0 ** 4.8** 72.3 6.7** 113.4** 2.7 42.9 1.8 13.8 2.4 26.2

1.3/
4.6

21.0/
79.3

1.2/
5.6

18.4/
60.7

0.8/
4.7

19.0/
64.8

2.7/
6.0

10.6/
32.6

3.8/
6.8

41.8/
178.4

3.5/
7.2

21.7/
121.3

3.9/
8.8

41.9/
118.4

2.1/
3.3

10.0/
93.3

0.0/
2.3

10.4/
30.5

1.4/
3.3

8.1/
54.3

CD1A 2.3 3.6 2.0 3.3 1.1 1.0 3.0 0.0 5.0** 10.4 * 2.0 0.0 5.0** 13.3* 2.4 7.9* 0.5 0.0 1.8 0.0

1.3/
6.4

0.0/
10.3

0.6/
5.7

0.0/
8.9

0.9/
2.3

0.0/
8.6

0.8/
5.7

0.0/
6.8

1.9/
13.6

3.0/
25.1

0.2/
4.9

0.0/
19.0

2.5/
7.6

4.1/
21.4

1.9/
3.6

3.2/
17.8

0.0/
2.5

0.0/
8.5

0.6/
3.7

0.0/
7.3

Tables 3 and 4B: Cell counts for mab-staining of GMA-embedded tissue sections expressed as medians + 95% Confidence Intervals (lower/upper). Comparisons 

between chronic allergic and normal tarsal and bulbar conjunctiva were statistically analyzed using the non-parametric Mann Whitney-U Test, 

where; E =  Epithelium and SE =  Subepithelium, T =  Tarsal and B = Bulbar (* p5 0.05, ** p <0.01)



APPENDIX 3: In Situ Hybridisation Histochemistry 

ISH:

Lymphokine mRNA expression in normal and chronic allergic conjunctiva in 

relation to T cell counts in the individual biopsies.
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App. 3-1

LYMPHOKINE m R N A  EXPRESSION IN
TARSAL CONJUNCTIVA OF PATIENTS WITH AKC

IL-2 IL-3 IL-4 IL-5 TOTAL NUMBER OF 

CD3+ T CELLS/MM2

TAKC3 - - - - 6

TAKC4 + + + + 141

TAKC5 - - - - 11

TAKC6 + + - - 43

TAKC7 - - - - 0

TAKC9 + + + - 117

TAKC10 + + + + 118

TAKC11 + + + + 189

More than 3 positive ceils per section were rated a s  positive.
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App. 3-2

LYMPHOKINE m R N A  EXPRESSION IN
TARSAL CONJUNCTIVA OF PATIENTS WITH ABC

IL-2 IL-3 IL-4 IL-5 TOTAL NUMBER OF 

CD3+ T CELLS/MM2

TABC1 - + + - 157

TABC2 - - - + 3

TABC3 + + + - 278

TABC4 - - - - 0

TABC5 - + - - 23

More than 3 positive ceiis per section were rated a s  positive.
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App. 3-3

LYMPHOKINE m R N A  EXPRESSION IN
TARSAL CONJUNCTIVA OF PATIENTS WITH VKC

IL-2 IL-3 IL-4 IL-5 TOTAL NUMBER OF 

CD3+ T CELLS/MM2

TVKC3 ■ - + + - 198

TVKC4 - + + + 911

TVKC5 - + - + 93

TVKC6 - + + - 509

TVKC7 - + + + 374

TVKC10 + + + 1,744

TVKC12 - + + + 207

TVKC16 + - + + 250

More than 3 positive cells per section were rated a s  positive.
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App. 3-4

LYMPHOKINE m R N A  EXPRESSION IN
TARSAL CONJUNCTIVA OF PATIENTS WITH GPC

IL-2 IL-3 IL-4 IL-5 TOTAL NUMBER OF 

C D 3 +  TCELLS/M M 2

TGPC1 - + + - 7 8

TG PC 3 - + + + 2 4 6

T G PC 4 - + + + 2 0 5

TG PC 5 - + + + 192

TG PC 6 - + - - 2 5 0

TG PC 7 - - - - 4 4

T G P C 10 - - + - 67

TG PC11 - + + + 175

More than 3 positive ceiis per section were rated  a s  positive.
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App. 3-5

LYMPHOKINE mRNA EXPRESSION IN 
NORMAL TARSAL CONJUNCTIVA

IL-2 IL-3 IL-4 IL-5 TOTAL NUMBER OF 

C D 3+ T CELLS/MM2

NT4 + - - - 46

NT6 - - - - 0

NTS 0

NT10 + + + - 155

NT12 . - - - 0

N il 6 - . - + 52

Nil 7 - - + - 8

NT18 - + - - 16

NT25 - + - - 10

NT33 - - - - 0

More than 3 positive ceiis per section were rated a s  positive.
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