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ABSTRACTS 

Supervisors: Dr. Virginia Calder and Professor Sue Lightman

Previous studies have shown that activated CD4^ T cells infiltrate the conjunctival 

subepithelial layer during chronic allergic eye disease (CAED). The effectiveness of steroids 

and cyclosporin A (CsA) in treating the disease suggests an important immunological role 

for CD4^ T cells in CAED. There is some evidence supporting a role for epithelial cells in 

regulating T cell function in allergic disease, but little is known about the role of 

conjunctival epithelial cells. This study has investigated whether conjunctival epithelial cells 

are able to modulate T cell responses.

Existing research with superficial conjunctival epithelial cells has been reported using 

impression cytology flow cytometry and immunocytochemistry. Biopsy derived 

conjunctival epithelial cells have only been studied using immunocytochemical methods. In 

this study, techniques for isolation, expansion and characterisation of conjunctival epithelial 

cells from biopsies has been estabilished and optimized for quantitative analysis by flow 

cytometry.

The expression of HLA-DR and costimulatory molecules (ICAM-1, CD80, CD86, and 

CD40) on normal conjunctival epithelial cells and a human conjunctival epithelial cell line 

(ChWK) after treatment with various cytokines (IFN-y, TNF-a, IL-4 and IL-13) were 

determined using flow cytometry and confocal microscopy. The antigen presentation 

function of conjunctival epithelial cells was assessed by their ability to support T 

lymphocyte proliferation using ChWK in mixed lymphocyte reactions (MLR).

These studies suggest conjunctival epithelial cells can potentially act as antigen presenting 

cells (APC) and are involved in recruiting T cells to the subepithelial layer during CAED.
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1.1 Introduction

1.1.1 Conjunctiva

The conjunctiva has anatomic relationships that arc similar to those in other mucous 

membranes and the skin. It is a thin semitransparent mucous membrane that forms the 

posterior surface of the eyelids and anterior portion of the eyeball (Figure 1.1). 

Anatomically, the conjunctiva is divided into three portions: the bulbar conjunctiva, which 

covers the anterior portion of the sclera; the palpebral conjunctiva, which lines the inner 

surface of the eyelids; and the space bounded by the bulbar and palpebral conjunctiva, 

which is the fornix or the conjunctival sac. Histologically, the conjunctiva is divided into 

two layers: the epithelium and substantia propria. The substantia propria is the connective 

tissue compartment containing structural and cellular elements, nerves, blood vessels and 

lymphatics. The relationship of the epithelium to the substantia propria gives a typical 

anatomic milieu for the operation of adhesion molecules and cytokine network. The 

conjunctiva is exposed to the external environment, is constantly barraged with foreign 

antigens and is a highly immunologically active tissue of the external eye.

Upper lid 

Cornea 

Lower lid

Conjunctiva ^

Figure 1.1 Anatomy of the eye. From www.adam.com (modified)
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1.1.2 Allergie conjunctivitis

Allergie conjunctivitis is one of the most common ocular surface diseases and affects about 

20% of the population in the world. Seasonal allergic conjunctivitis (SAC) and perennial 

allergic conjunctivitis (PAC) are ocular allergies, which are rare followed by permanent 

visual impairment. There are two forms of chronic allergic eye disease, in which comeal 

damage can occur, vernal kerato-conjunctivitis (VKC) and atopic kerato-conjunctivitis 

(AKC). VKC, AKC and giant papillary conjunctivitis (GPC) are the main chronic allergic 

eye diseases. (CAED) (Bielory, 2000 a,b).

AKC is a chronic bilateral allergic inflammation occurring in adults with systemic atopic 

disease such as atopic dermatitis or asthma. Conjunctival scarring, papillae formation and 

punctate comeal keratopathy may develop. It is the most severe form of ocular allergy, often 

causing visual impairment due to severe comeal damage. There is also an association with 

cataracts and keratoconus.

VKC comprises 0.5% of allergic eye disease and is severe an allergic chronic bilateral 

ocular inflammation that primarily affects children and young adults. The disease is 

characterized by recurrent symptoms of severe itching, photophobia, lacrimation, and 

discharge. There are three major forms of the disease: palpebral, limbal, and mixed. The 

classic sign of palpebral VKC is the giant papillae or cobblestones in the upper tarsal 

conjunctiva. The limbal form is characterized by gelatinous infiltrates of the limbus. It is the 

most severe form of ocular allergy, often causing visual impairment due to comeal damage.
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GPC is characterized by the presence of abnormally large papillae on the upper tarsal 

conjunctiva, conjunctival hyperemia, excess mucus secretion, and foreign body sensation or 

pruritus. It associated with foreign bodies in the eye such as contact lenses, prostheses, or 

protruding comeal sutures, all of which may precipitate and perpetuate an inflammatory 

reaction. GPC invariably resolves when the cause is removed, and keratopathy is rare.

Despite the different clinical features, in all three forms of disease, activated Cluster 

Designation (CD) 4^ T cells, mast cells and eosinophils cells are the main cells infiltrating 

the conjunctiva (Metz et al., 1996; Abelson et al., 1983; McGill et al., 1998). The migration 

into local inflammatory sites and the local activation of these cells are regulated by 

cytokines, mediators and cell-cell interactions. Interactions between these cells are thought 

to play an important immunopathogenic role in CAED (Tabbara, 2003). How conjunctival 

epithelial cells are involved in CAED is unclear.

1.2 Immune Cells and Mediators in Allergic Inflammation

Chronic inflammation is a common feature of these diseases. In fact. Immunoglobulin (Ig)E, 

inflammatory cells, chemical mediators, and cytokines are constantly present (Figure 1.2) 

and detectable both in tissue and in tears (Kay, 2001; Bielory et al., 2002). The nature of 

this chronic inflammation is related to the type, the severity, and the duration of the stimulus 

and to the target tissue mainly interested in the reaction. Immune cell migration into and 

through the conjunctiva is a critical feature of immune and inflammatory responses, but 

molecules involved oftransepithelial immune cell traffic are poorly defined.
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Chronic
allergic
reaction

Acute
allergic
reaction

Figure 1.2 Pathways leading to acute and chronic allergic reactions. Cells and cytokines 

involved in allergic reaction. From Kay AB. (2001).

1.2.1 Mast cells

Mast cells are the key cellular component of allergy and are found in increased numbers in 

all forms of allergic conjunctivitis (Church and McGill, 2002). Two types of mast cells have 

been identified in humans based on biochemical, functional, and pharmacological activity: 

the M C t, containing tryptase but not chymase, and the M C tc, containing both tryptase and 

chymase. The mast cell has been shown to store, release and synthesize the cytokines IL-4, 

IL-5, IL-6 IL-8, IL-13 and tumor necrosis factor-alpha (TNF-a) (MacLeod et a l, 1997), IL- 

4 and IL-13, know to drive Th2-like allergic responses, were observed to immunolocalize 

preferentially to the M C tc phenotype, whereas IL-5 IL-6 appeared to localize preferentially
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to the MCt subset (Anderson et a l, 2001). MCjc is the predominant type in ocular allergic 

diseases (Irani et al., 1990). Conjunctival mast cells have been recognized as an important 

source of a variety of chemokines including macrophage inflammatory protein-1 (MIP-1), 

regulated on activation, normal T cells express and secrete (RANTES), Eotaxin, IL-8, and 

are directly involved in chemokine-mediated allergic inflammation (Metcalfe et al., 1997).

The cell membrane surface of a mast cell has as many as 500,000 IgE receptors. Mast cells 

can either be activated by the binding of an allergen to the cell surface IgE or by non-IgE 

mediated mechanisms. The activation of conjunctival mast cells leads to release of 

histamine, cytokines and locally synthesized eosinophil and neutrophil chemoattractants 

resulting in the recruitment of eosinophil and neutrophils (Graziano et al., 2001).

1.2.2 Langherhans’ cells (LC)

LC are present in the conjunctival epithelium from birth (Chandler and Gillette, 1983). LC 

of the conjunctiva is part of the family of dendritic cells (DC), which are found in the 

thymus, spleen, lymphoid tissue, in skin and stratified squamous mucosae (Steinmen, 1981). 

LC play a pivotal role in exogenous antigen recognition, antigen processing and activation 

of T lymphocytes. LC have numerous cell surface receptors for a variety of molecules, 

including cytokines. A recent study has suggested that the LC in atopic dermatitis (AD) 

have excessive expression of receptors for IgE, which could result in T lymphocyte 

proliferation (Yoshida et al., 1997).
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1.2.3 Eosinophils

Eosinophil cell numbers are increased in all forms of allergic eye disease (Foster and 

Calonge, 1990; Trocme et aL, 1989; Abelson et al., 1983). The number of eosinophils 

decreases in conjunctival specimens following treatment of VKC. Several cytokines are 

involved in the differentiation maturation and activation of eosinophils: IL-3, derived from 

CD4^ T lymphocytes subpopulation (Thl and Th2), is a important cytokine for eosinophils; 

IL-5, produced predominantly by Th2 cells, as well as activated mast cells and eosinophils, 

is the most specific for its effect on eosinophil growth and differentiation; granulocyte 

macrophage-colony stimulating factor (GM-CSF) is produced by a variety of cell types, and 

induces the growth and differentiation of eosinophils. Chemokines are also capable of 

regulating eosinophil function. Both RANTES and eotaxin regulate eosinophil growth, 

apoptosis, adhesion, and secretion (Costa et al., 1997; Rothenberg, 1998; Gleich, 2000).

The eosinophil expression of the cell-surface antigens intercellular adhesion molecule 

(ICAM)-l, CD4, IL2 receptor (IL-2R), and human leukocyte antigen DR (HLA-DR) was 

greater in AKC and VKC than in GPC. Eosinophil-derived cytokines in VKC (IL-3, IL-5, 

IL-6, and GM-CSF) were prominent; in GPC IL-5 was prominent; and in AKC IL-4, IL-8, 

and GM-CSF were prominent. For most cytokines, localization to eosinophils was greater 

for VKC and AKC than for GPC. RANTES, transforming growth factor-beta (TGF-P), and 

TNF-a were found to be localized to eosinophils in all disorders (Hingorani et a l, 1998 a).

1.2.4 Ig E

IgE, which is produced in the conjunctiva by B cells, is a powerful activator in the allergic 

reaction (Figure 1.3). In both the early and late phases of the allergic reaction, IgE
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molecules bound to the corresponding Fc regions on the mast cell surface are presented with 

antigen that initiates the biochemical cascade, resulting in the degranulation of the mast cell 

and the release of its chemical mediators. The most important inducers of IgE production 

are IL-4 and IL-13.

B cells are classically defined by the presence of surface Igs. These Igs are synthesised by 

the cells themselves. The majority of human B cells in peripheral blood express IgM and 

IgD on their surface. The surface IgM is associated with other molecules on the B cells to 

form the “B cell antigen receptor complex (BCR)”. BCR is a signalling complex that plays a 

central role in the development and function of B cells. CD 19, CD20 and CD22 are the main 

markers used to identify human B cells. CD40 is an important molecule on B cells, and is 

involved in cognate interactions between T cells and B cells (Reth, 1992; Liu et a i, 1989).

The majority of B cells carry MHC class II antigens, which are important for cooperative 

interactions with T cells. The interaction between T cells and B cells is a two way process, 

in which B cells present antigen to T cells, and also receive signals from T cells for division 

and differentiation. The central, highly specific interaction is that between the MHC class 

Il-antigen complex and the T cell receptor (TCR). It is augmented by the interactions 

between so-called “costimulatory molecules” such as leukocyte function-associated antigen 

(LFA)-3 and CD2, and ICAM-1 and LFA-1. The CD80 (B7-1) and CD86 (B7-2) surface 

antigens on B cells interact with CD28, which causes stabilization of mRNA for IL-2 and 

other cytokines in the T cells and thereby prolongs the delivery of the activation signals. It is 

recognized that CD40 delivers the most potent activating signals to B cells; activated T cells 

transiently express a ligand that interacts with CD40. Recently, additional costimulatory
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pathways have been identified, including inducible costimulator (ICOS) and its ligand 

B7RP-1. The B7RP-1/IC0S pathway is negatively regulating T cell activation by B cells 

(Wahl et al., 2003). Another important pathway is for B cells which can directly affect CD4 

effector responses through costimulation by OX40L (Linton et al, 2003).
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Figure 1.3 Regulation of IgE synthesis via T-B cell interactions. From Miescher and Vogel. 

(2002).

Binding of allergen to allergen-specific IgM on the B cell leads to recognition of B cell 

HLA class II molecule complex by TCR induces CD40L expression. Ligation of CD40L 

with CD40 upregulates expression of CD80 and engagement of CD80 to CD28 provides a 

stimulatory signal to T cell, leading to cytokine synthesis and T-cell proliferation. Binding 

of IL-4 and IL-13 to their receptors on B cell induce B-cell proliferation and IgE isotype 

switch and production (Miescher and Vogel, 2002).
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1.3 T cell Immunology

1.3.1 Classification and function

T cells play a major role in immune responses, performing both regulatory and direct 

effector functions. T cells can be divided into two major phenotypically distinct subsets 

depending on whether they express the cell surface marker CD4 or CDS. Classic T cell 

subsets are CD4^ and CDS^ cells. CD4^ cells recognize antigen in association with MHC 

class II molecules and play a role in the immune response, providing help for antibody 

production by B cells and coordinating events that lead to delayed-type hypersensitivity. 

CDS^ cells recognize antigen in association with MHC class I molecules and are responsible 

for cytotoxicity and immunological surveillance (Konig et al., 1992; Cammarota et a l, 

1992). T cells can also be categorized according to their developmental stage. Memory cells 

bear the CD29 marker or CD45RO, whereas naïve cells are CD45RA positive. CD25 or IL- 

2 receptors are expressed on the surface of activated T cells.

Functionally CD4^ and CD8^ T cell can be classified as either helper T cells (Th) or 

cytotoxic T cells (Tc). Th cells are generally CD4^ cells and involved in providing help for 

antibody synthesis. T cell differentiation is crucial to the outcome of an immune response. 

Early in the process of activation, T cells are committed to develop into one of several 

functionally distinct effector subsets, including Thl, Th2, ThO, Th3. Thl cells secrete 

mainly IL-2, interferon gamma (IFN-y) and TNF-a, whereas Th2 cells secrete 

predominantly IL-4, IL-5 and IL-13. These two subsets appear to regulate each other. IFN-y 

inhibits the differentiation and proliferation of Th2 cells. On the other hand, IL-4 and IL-10 

prevent the differentiation and activation of Thl cells (Abbas et a l, 1996). ThO cells have
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been shown to secrete both types of cytokines (Firestein et al., 1989), while T-cells 

producing high levels of TGF-p have been named Th3 (Chen et al, 1994; Weiner, 2001;). T 

cell differentiation is regulated by the local microenvironment. Hence, the nature of the 

antigens encountered by the T cell, the expression of costimulatory molecules and the 

cytokines secreted by the antigen presenting cells (APC) drive T cell differentiation. In vitro, 

IL-12 drives Thl differentiation, whereas IL-4 promotes Th2 differentiation (Figure 1.4).

TL-12

IFN-y
TNF-p

i W ,  IL-13 
IL-5, IL-6

n -10

Thl responses
rrw!

responses

Figure 1.4 Thl/Th2 differentiation. From Escoubet-Lozach et al. (2002)

Tr cells (Table 1.1) are enriched within the 10% of peripheral CD4^ cells that express CD25. 

The defining feature of CD4^CD25^ Tr cells in both mice and humans is their ability to
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inhibit the proliferation of other T cell populations in vitro (Maloy and Powrie, 2001). So 

far, Foxp3 is the gene which closely correlates with CD4^25^' Tr cells (Ramsdell 2003). 

Table 1.1. Different types of regulatory T cells From Umetsu et al. (2003)

Regulatory cell Cytokines produced Cell surface markers Others

Thl

Th3

Trl

Tr

CD25'

NKT

IFN-y, IL-2

TGF-P

IL-10

IL-10

IL-10, TGF-P

IL-4, IL-13, 

IFN-y, restricted 

TCR repertoire

CD4

CD4

CD4

CD4

CD4, CD25, 

GITR, FoxpS

CD4 or double 

negative (neither 

CD4 or CDS)

Thl cells can inhibit the development o f  

Th2 cells but not the function o f  Th2 

effector cells. (Hansen et al., 1999)

Ty3 cells appear to develop during oral 

tolerance and production o f  TGF-P 

(Chen e /a /.,  1994)

Tfl cells develop during culture with 

IL-10 and produce IL-10 (Groux et 

al.,\991)

Tr cells develop during culture with DCs 

producing IL-10 (Roncarolo et al.,

2001)

CD25^ cells are naturally occurring 

regulatory cells that are involved in 

preventing autoimmune disease 

(Sakaguchi et al., 1995)

NKT cells are naturally occurring cells 

that rapidly produce large quantities o f  

cytokines. NKT cells regulate the 

development o f  autoimmune disease 

(Miyamoto et al., 2001)
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Because IgE synthesis and eosinophilia are hallmarks of allergic disease, it has been 

postulated that CAED-associated inflammation is mediated by a Th2 response. Th2 cells 

recognize the allergen peptides and are able to release cytokines that are responsible for IgE 

antibody production by B cells (IL-4 and IL-13), mast cell growth (IL-4, IL-10, 

developmental factor c-KIT ligand (stem-cell factor, SCF); TGF-p and IL-6)(Hogaboam et 

al., 1998; Funaba et al., 2003; Ishida et al., 2003; Gyotoku et al., 2001), eosinophil 

accumulation (IL-5), and mucus hyperproduction (IL-9, IL-13) (Kawakami and Galli, 2002; 

Bonini et al., 1995; Bielory et al., 2002). In the normal conjunctiva, most of the T cells are 

naïve and are low in numbers, but in the chronic allergic conditions (AKC, VKC, GPC), 

there is an increase in CD4  ̂memory T cells. In VKC and GPC, 50% of T cells co-express 

CD45RO and CD45RA. AKC is associated with systemic atopy, and those conjunctival T 

cells can be recruited from circulating specific memory T cells (Metz et al., 1996). A study 

reported that CD4^ CD25^ T cells modulate the Thl and Th2 cell balance towards Th2 cells 

and thus upregulate Th2 cell-mediated allergic inflammation in the airways (Suto et al., 

2001). It has been found that the CD25^ cells were the most numerous and CD25^ 

expression strongly correlated with the number of CD3^T cells infiltrating the conjunctiva 

of patients with VKC (Abu El-Asrar et al., 2002). However this data was obtained by 

immunohistochemistry and the function of these cells has not been investigated.

1.3.2 The two signals for T cell activation

Optimal T-cell activation requires antigen-specific engagement of the T-cell receptor, 

adhesion molecules securing the intimate T cell/APC interaction and additional antigen- 

independent costimulatory interactions, the best characterized of which is the CD28 pathway 

(Shahinian et al., 1993). The CD28 glycoprotein is expressed constitutively on the surface
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of 80% of human resting T cells (all CD4^ cells and about 50% of CDS^ cells express 

CD28). CTLA-4 (the negative regulatory receptor) shares atructural homology with CD28. 

CTLA-4 is upregulated after T cell activation. Ligation of CTLA-4 on the surface of 

activated T cells, by binding to its ligands on APCs (CD80 and CD86), strongly inhibits T 

cell activation (Lenschow et aL, 1996). Blocking the CD28 pathway has been shown to 

prevent the activation of and induce anergy in T cells in vitro (Harding et aL, 1992). 

Blocking ligand CTLA-4Ig results in delivery of signal 1 (TCR) only. This might result in 

anergy or alternative biologic outcomes (Figure 1.5).
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Figure 1.5 The role of the CD28 receptor in delivering signal 2. From Nel and Slaughter, 

(2002).

Co-stimulatory molecules that have been implicated include CD54 (ICAM-1), CD 102 

(ICAM-2) and CD50 (ICAM-3) interacting with CDl la/18 (LFA-1), CD58 (LFA-3) with 

CD2, CD80 and CD86 with CD28, and CD40 with CD 154 (CD40 ligand) (Lenschow et al., 

1996). These molecules may also increase adhesion between the APC and the T cell, thus 

increasing the strength and duration of the interaction. Once a T cell is activated, it
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proliferates, expressing immune markers and secreting cytokines, thereby initiating an 

accelerating immune response (Figure 1.6).

T„ cell Antigcn-prcseniing 
cell /

Peptiile

Antigen

LFA-1 -— ''WOO ' '  
00%

jzzmxL lOUVl-1

0000 
'^ O O ^ vooooTCK- Class II

MHC'15000'
OOOO

CDi5

CD28

CD22

Figure 1.6. The two signals for T cell activation. From: Janis Kuby. (1997).

Upon activation by antigens, Th cells differentiate into one of several subsets, characterized 

by their distinct cytokine-production patterns. Many genes implicated in Thl and Th2 

differentiation have been identified in both human and mouse. Th lymphocytes differentiate 

from Th precursor (Thp) cells into Thl and Th2. IL-4 is the critical Th2 cytokine that 

mediates the differentiation of Thp cells into Th2 cells (Hou et aL, 1994), whereas IL-12 is 

the primary inducer of the development of Thl responses. Transcription factors play key 

roles in the tightly regulated mechanisms governing Thl and Th2 cell differentiation (Table 

1.2)
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Table 1.2. Transcription factors involved in the regulation of Thl/Th2 responses. From

Escoubet-Lozach et aL (2002)

Transcription factors

Effects on:

Ty2 phenotype Ty1 phenotype

STAT4 4-
STAT6 +
BCL-6 -

T-tet - +
GATA-3 + -

C-maf +
NF-Atc +
NF-ATp/NF-AT4 -

Signal transducers and activators of transcription (STATs) are transcription factors activated 

by cytokines through the Janus-activated kinase pathway (JAKS; Leonard and Lin, 2000). 

During differentiation of Th cells, IL-12 induces the differentiation of Thp cells into Thl 

cells through STAT4 and Jak 2/Tyk2, whereas IL-4 and IL-13 induce Th2 cells through 

STAT6 and Jak 1/Jak 3 (Jacobson et aL, 1995; Kaplan et aL, 1996; Jiang et aL, 2000).

The nuclear factor of activated T cells (NF-AT) transcription factors are comprised of 4 

different members and are expressed in T and B lymphocytes, mast cells, and natural killer 

cells (NF-ATl [or NF-ATp], NF-AT2 [or NF-ATc], NF-AT3 and NF-AT4). NF-ATc would 

appear to favor Th2 responses, whereas NF-ATp and NF-AT4 act as regulators of Th2 

responses.

C-maf is a Th2-specific factor that is induced in the early events of Th2 differentiation and 

transactivates the IL-4 promoter (Ho et aL, 1996).
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The transcription factor GATA-3 is selectively expressed in Th2 cells and plays a critical 

role in Th2 differentiation in a ST AT 6-independent manner (Ouyang et aL, 1998). The 

expression of T-bet (T-box expressed in T cells), a recently discovered transcription factor, 

acts in Thl differentiation in a fashion similar to GATA-3 in Th2 lymphocytes (Szabo et aL, 

2000) (Figure 1.7).
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Figure 1.7 Initiation of Thl or Th2 lineage by T-bet or GATA-3. From Szabo et al., (2003) 

1.3.3 MHC class II molecules and APC

MHC class II molecules (HLA-DR) are polymorphic peptide receptors of APC and are 

specialized in presenting self and foreign antigen to CD4^ T cells. MHC Class II molecules 

expression is essential for both the initiation and propagation of antigen-specific T- 

lymphocyte activation and is expressed constitutively on APC. APC are capable of 

presenting processed antigen to CD4^ T cells. There are a variety of cell types, which carry 

antigen in a form that can stimulate lymphocytes. “Professional” APC are bone marrow-
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derived cells such as DC, macrophage, and activated B cells. However, certain other cell 

types including kératinocytes (Nickoloff and Turka, 1994), endothelial cells (Savage et aL, 

1995; Wang et aL, 1995) intestinal epithelial cells (DEC) (Hershberg et aL, 1997), renal 

tubular epithelial cells (Kelley and Singer, 1993) and endometrial epithelial cells (Wallace et 

aL, 2001) have been shown to function in a limited context as APC, which are 

characteristically less efficient at antigen processing and presentation and thus referred to as 

non-professional APC.

It remains to be determined whether conjunctival epithelial cells acquire antigen-presenting 

properties when they abnormally express class II antigens, as do comeal epithelial cells 

(CEC) (Iwata et aL, 1992). Nevertheless, MHC class Il-expressing epithelial cells after 

stimulation by inflammatory cytokines could participate in immune reactions and/or 

recruitment of inflammatory cells (Tsubota et aL, 1999).

1.3.4 Co-stimulatory signals

The best-characterized co-stimulatory molecules on the APC are the B7 molecules (B7.1 

and B7.2, also known as CD80 and CD86). These molecules are not found on many cell 

types. Their expression is limited to "professional" APC of the hematopoietic lineage: DC, 

macrophages, and activated B cells. CD80 and CD86 may have complementary functions in 

mediating the development of allergic inflammation.

The CD28 receptor family plays a key role in regulating T cell activation. While CD28 is 

the only receptor for B7 molecules on naive T-cells, activated T-cells express CTLA-4, 

which resembles CD28 in sequence but binds B7 molecules with considerably higher
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avidity. Binding of B7 by CTLA-4 delivers an inhibitory signal to these activated T-cells. 

Interaction of CD80 and CD86 on APC with the receptors CD28 and CTLA4 on T cells 

results in the balance between Thl and Th2 responses (Slavik et aL, 1999).

Many reports have indicated that interactions between CD40 and its ligand, CD40L, control 

the development of humoral and cell-mediated immune (CMI) responses. The molecule 

CD40 is a member of the TNFR family, which includes the TNF receptor, nerve growth 

factor receptor, and Fas. It is a 50-kDa integral membrane glycoprotein that was identified 

originally on B-lymphocytes and demonstrated to play a central role in the regulation of 

humoral and CMI (Grewal and Flavell, 1998).

In recent years CD40 has been found to be expressed on many other cells, including 

monocytes-macrophages, DC, hematopoietic progenitors, fibroblasts, and endothelial and 

epithelial cells. (Van Kooten et aL, 1997; Faure et aL 1997; Van Kooten and Banchereau,

1996). CD40 upregulation has been observed in inflammatory conditions in various tissues 

and cell systems, especially in occasional antigen-presenting cells such as skin kératinocytes, 

retinal pigment epithelial cells (RPE), or endothelial cells (Grousson and Peguet-Navarro, 

1998; Willermain et aL, 2000; Hollenbaugh et aL, 1995). The expression of CD40 by these 

cells indicates the possibility of stimulatory cross talk between immunocompetent cells 

bearing CD40L (T-cells, mastocytes) and the target tissue during the inflammatory process.

The human ligand for OX-40 was originally cloned by Miura et al (Miura et aL, 1991). OX- 

40L is a type II membrane protein with limited homology to TNF and is costimulatory for
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OX-40^ T cells in vitro (Baum et aL, 1994, Godfrey et aL, 1994). The OX-40 receptor 

(OX-40R) is a transmembrane protein found on the surface of activated CD4^T cells. 

Costimulation through the OX-40R on activated T cells promotes clonal expansion and 

leads to enhanced effector T cell function. OX-40R could generate a costimulatory signal 

that is as potent as CD28 costimulation (Weinberg et aL, 1998). Activated APC express 

OX-40L and can transmit the OX-40L:OX-40R signal during presentation of antigen to 

CD4+T cells (Figure 1.8).

OX-40L
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MHC class II 
Processed antigen
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Thl cytokines

Intamnwlion

Figure 1.8 A model of T cell costimulation through OX-40-OX-40 ligand interaction. From 

Weinberg AD. (1998).

1.3.5 Adhesion molecules

Various immunologic cellular interactions require adhesion, migration, proliferation, 

differentiation and activation. The adhesion molecules provide an ideal mechanism for
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bringing various immune and inflammatory cells in contact with one another and with 

nonimmune cells. Cell surface adhesion molecules are important to immune responses, as 

they facilitate many cell-to-cell interactions in inflammatory conditions; adhesion molecules 

are also capable of transmitting information from the extracellular matrix (ECM) to the cell. 

They play a key role in the selective recruitment of different leucocyte populations to 

inflammatory sites.

Adhesion molecules are expressed by most cell types and classified into three major 

families: (a) the integrins, (b) the Ig gene superfamily, and (c) the selectins. ICAM-1, 

ICAM-3, and vascular cell adhesion molecule-1 (VCAM-1) are members of the Ig gene 

superfamily (Hamacher and Schaberg, 1994). Adhesion molecules play a prominent role in 

regulating the migration and activation of T lymphocytes in the immune system.

A principal adhesion molecule, ICAM-1, is a cell-surface glycoprotein of the IgG 

superfamily (Staunton et aL, 1988). ICAM-1 was first identified in 1986 by experiments 

involving the inhibition of adhesion of leukocytes by monoclonal antibodies (Rothlein et aL, 

1986) and is an inducible cell adhesion glycoprotein expressed on the surface of a variety of 

cell types. ICAM-1 mostly has low constitutive expression levels but is widely distributed, 

especially in leukocytes, endothelial cells and many other tissues.

ICAM-1-binding to its ligands [LFA-1, CD 11 a/CD 18), and macrophage antigen-1 (MAC-1, 

CDl lb/CD18) (Bloemen et aL, 1997)], is involved in the process of leucocyte adherence 

and migration, and in addition, may provide costimulatory signals for CD4^ cell and
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lymphokine-activated killer cell activation, T-cell mediated cytotoxicity, and T-cell 

dependent B-cell activation. Coupling of T cell LFA-1 with ICAM-1 has been shown to 

provide a costimulatory signal for complete T cell activation (Van Seventer et aL, 1990). 

Expression of adhesion can be modified by many extracellular and intracellular variables 

such as proinflammatory cytokines, extracellular matrix proteins and viral infection. It has 

been postulated that cytokines such as TNF-a, IFN-y, and IL-4 may alter the expression, 

function, or configuration of ICAM-1.

Recent work suggests that adhesion molecules play a key role in the selective recruitment of 

different leucocyte populations to inflammatory sites. ICAM-1 plays a pivotal role in 

inflammation associated with allergic reactions and is considered to be a marker of allergic 

inflammation because of its dual role as an adhesion molecule on endothelial cells or 

epithelial cells for binding of infiltrating leucocytes such as eosinophils and lymphocyte 

subsets (Canonica et aL, 1994, 1995). The number of cells expressing adhesion molecules 

was found to be markedly increased in all VKC conjunctival specimens (Abu el-Asrar et aL,

1997). ICAM-1 is essential for eosinophil adhesion and has been found on the comeal 

epithelium of a patient with VKC (Gill et aL, 1997).

1.4 Cytokines

Cytokines are proteins (usually glycoproteins) of relatively low molecular weight and often 

consisting of just a single chain. Cytokines are potent mediators produced by cells that 

interact and activate other cells or other interleukins (Kourilsky and Tmffa-Bachi, 2001). 

Numerous cells have been shown to be capable of producing Thl and Th2 cytokines. These
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cells include CD8^T cells, monocytes, natural killer cells, B cells, eosinophils, mast cells, 

basophils, and neutrophils. Th2 cytokines play an essential role in the pathogenesis of the 

allergic inflammation (Romagnani, 2002; Bonini et aL, 2003)

How Thl and Th2 responses affect each other in the conjunctiva is an unresolved question. 

This question is important because it was believed that Th2 and Thl responses would 

antagonize and thereby ameliorate each other’s pathological consequences. The 

demonstration that Thl cells and IFN-y can down-regulate allergic inflammation and mucus 

production further supports the critical importance of Th2 cells in allergy (Cohn et aL, 

1999).

IFN-y, a 25-kDa glycoprotein, plays a crucial role in vivo in many different types of immune 

responses and is involved in the pathogenesis of inflammatory diseases. This cytokine is 

secreted exclusively by T cells (Tc and Thl) and natural killer cells. IFN-y is well- 

recognized for its inhibitory activity on the differentiation towards Th2 cells.

TNF-a, named for its anti-tumour properties, was isolated almost 30 years ago. It is a vital 

member of the multifunctional TNF superfamily and a vital cytokine involved in 

inflammation, immunity, and cellular organisation (Locksley et aL, 2001). TNF-a augments 

inflammatory cell influx into the mucosa by upregulating the expression of adhesion 

molecules on endothelial cells and subsequent recruitment and activation of inflammatory 

cells (Pober et aL, 1986). Furthermore, TNF-a was shown to upregulate conjunctival mast 

cell surface receptors and cell-bound IgE (Stahl et aL, 1999), TNF-a has also been shown to
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be involved in eosinophil chemotaxis by increasing the expression of adhesion molecule-1 

and RANTES on epithelial cells (Cook et a l, 1998; Fukagawa et a l, 1997). TNF-a is 

mainly produced by monocytes, macrophages, T cells and B cells. It is responsible for MHC 

expression on leukocytes. This cytokine is an early mediator of allergy after conjunctival 

challenge. Elevated levels of TNF-a are found in tears after conjunctival challenge 

(Vesaluoma et a l, 1999).

IL-4 plays a key role in allergic inflammation by promoting T cell growth, the induction of 

IgE production from B cells and the regulation of Th2 subset differentiation, which is 

essential for allergic reactions. IL-4 is also able to induce the rolling on and adhesion to 

endothelial cells of circulating eosinophils (Bochner and Schleimer., 1994). IL-4 is in 

general an anti-inflammatory cytokine produced by CD4^ Th2 cells and also can inhibit the 

Thl development and production of Thl cytokines. It induces MHC class II expression on 

macrophages (McGill, 2000). This multifunctional cytokine can drive the development of 

Th2 cells (Swain, 1994) and can also function as a switch factor for IgGl and IgE 

production by B cells (Paul, 1994; Gauchat et a l, 1990).

IL-13, a 12-17kDa protein, is an immunoregulatory cytokine secreted predominantly by 

activated Th2 cells and can be coexpressed with IL-4 and IL-5 (Loots et a l, 2000). It was 

first described in 1989 as P600 produced by activated mouse Th2 cells (Brown et a l  1989). 

IL-13 shares 25% homology with IL-4 at the amino acid level, IL-13 and IL-4 share use the 

IL-4Ra-chain and IL-13Ral-chain in the multimetric IL-4R and IL-13R complex 

(Zurawski et a l, 1995). IL-4 and IL-13 both signal via the transcription factor ST AT 6. IL-4
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binds to IL-4Ra, and this complex interacts with IL-13Ra to yield a high-affinity receptor 

that mediates signal transduction through a JAK2/Stat6 signaling pathway, and IL-13 

initially binds to IL-13Ra and interacts with IL-4Ra to form a functional receptor that 

activates a similar signalling pathway (Minty et al. 1993; Hershey. 2003). Although it shares 

many functional properties with IL-4, it has been shown to have distinct functions. One 

difference between the 2 cytokines is in their abilities to act across species. IL-4 is 

absolutely species specific. In contrast, IL-13 is not species specific. However, human IL- 

13 has greater activity on human cells than on mouse cells (Minty et al. 1993). IL-13 has 

been reported to have direct effects on eosinophils, including promoting eosinophil survival, 

activation, and recruitment (Horie et al., 1997; Luttmann et al., 1996; Pope et al., 2001) and 

activate mast cells and contributes to IgE synthesis (de Vries 1998). IL-13 exhibits anti

inflammatory activities by inhibiting the production of inflammatory cytokines, such as IL- 

ip, TNF-a, IL-8, and IL-6, by human peripheral blood monocytes induced with 

lipopolysaccharide. Inhibition of inflammatory cytokine production is also a characteristic 

of two other cytokines produced by Th2 lymphocytes, namely IL-4 and IL-10. In addition, 

IL-13 enhances monocyte and B lymphocyte differentiation and proliferation, increases 

CD23 expression, and induces IgG4 and IgE class switching.

1.4.1 Cytokines and allergic inflammation

Several cytokines such as IL-1, IL-6, and IL-8 have been detected in the normal eye 

(Nakamura et al., 1998). Although cytokines can be produced by different cell types and 

may have different activities, different target tissues, and different functions, Th2 cytokines 

are the key mediators in allergic inflammatory responses (Romagnani, 2001; 2002). The role 

of Th2 cells in allergic inflammation is not only to induce the production of allergen-
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specific IgE antibodies by B cells and to promote the infiltration of target tissues by mast 

cells and eosinophils but also the Th2 cytokines IL-4, IL-5, IL-9 and IL-13 play a very 

important role in chronic allergic inflammation. IL-4 and IL-13 stimulate the production of 

IgE and VCAM-1; IL-5 and IL-9 are involved in the development of eosinophils; IL-4 and 

IL-9 promote the development of mast cells; IL-4, IL-9 and IL-13 promote the 

overproduction of mucus. IL-13 is secreted for a longer time than IL-4 after Th2 stimulation 

and has been theorized to be particularly important in persistent IgE production as well as in 

eosinophil recruitment (Humbert et aL, 1997). IL-13 mRNA was the most markedly 

expressed cytokine transcript in biopsies from patients with VKC (Montan et aL, 2002). A 

Th2-like cytokine profile in VKC and a shift towards a Thl-like cytokine profile in AKC 

have been reported by conjunctival T cell lines in CAED (Calder et aL, 1999). Therefore, it 

has been well established that Th2 cells and their cytokines have an important role in CAED 

pathogenesis. Table 1.3 lists cytokines that have been studied in CAED.
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Table 1.3 The reported Cytokines in CAED

Cytokines Refs

VKC IL -l, IL-3, IL-4, IL-5, IL-6, IL-8, GM -CSF, Mori et al., 2002; M iyoshi et al., 2001

TGF-P, RANTES, Eotaxin, M C P -l,M C P -3 Abu El-Asrar et al., 2000; Hingorani et al., 1998 a,b;

Leonardi et al., 1998

AKC IFN-y, IL-2, IL-3 IL-4, IL-8, GM -CSF, RANTES U chio et al., 2000; Hingorani et al., 1998 a,b;

M etz et al., 1997

GPC IL-5, IL-8, RANTES, GM -CSF Hingorani et al., 1998 a,b

In allergic disorders, tissue remodeling may be driven by cytokines and growth factors 

released by activated resident cells such as fibroblasts, epithelial cells and by activated 

inflammatory cells such as mast cells and eosinophils. Giant papillae, characteristic of 

severe types of CAED, are formed as a result of the proliferation of conjunctival fibroblasts, 

the deposition of ECM, and the infiltration of inflammatory cells. Fibroblasts represent not 

only target cells responding to inflammatory stimuli with tissue remodeling, but they may 

also contribute to the modulation of allergic inflammation in view of their ability to respond 

to and produce various cytokines and chemokines. They have been shown to influence mast 

cell differentiation, survival, and functional activity (Levi-Schaffer et aL, 1986) and 

enhance eosinophil survival in vitro (Solomon et aL, 2000). Fibroblasts can transform 

immune responses into chronic inflammation (Buckley et aL, 2001) and contribute to 

modulation of allergic inflammation (Bucala et aL, 1991; Huleihel et aL, 1993). Thus
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fibroblasts are likely to be an important target for anti-inflammatory therapy. Fibroblasts are 

activated during CAED (Bonini and Bonini, 1993). Fibroblast numbers were increased in 

the giant papillae of VKC (Leonardi et aL, 1995) and IL-4 was able to regulate the function 

of conjunctival fibroblasts and contribute to the formation of conjunctival giant papillae 

(Fujitsu et aL, 2003). Chemokines secreted by fibroblasts play a crucial role in determining 

the inflammatory cell infiltration in chronic inflammatory conditions in CAED.

1.5 Chronic Allergic Immune Mechanisms

What are the immunological changes during CAED? The mechanisms have until now been 

poorly understood. It is known that in acute allergic conjunctivitis (SAC, PAC) there is an 

IgE mediated type I hypersensitivity response (humoral), involving a typical mast cell -  

mediated hypersensitivity reaction, while in chronic disease there is a mixed cell response 

and the pathogenesis is likely to be much more complex and multifactorial. In the type IV 

hypersensitivity reaction (cell mediated), the delayed allergic reaction is induced by T 

lymphocytes and macrophages. In AKC, evidence suggests that both type I hypersensitivity 

and type IV delayed hypersensitivity responses may be involved (Foster et aL, 1991). 

Distinct components involved in IgE-mediated immune mechanisms, as well as humoral and 

cell-mediated immune reactions were detected in the conjunctival tissue of patients with 

VKC (McGill et aL, 1998; Abu El-Asrar et aL, 1989b). GPC is also characterized by both 

type I and type fV hypersensitivity reactions (Figure 1.9).
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Figure 1.9 Allergie reactions in allergie conjunctivitis. From: Trocme and Sra. (2002).
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The type I allergic reaction is comprised of two phases: an immediate phase allergic reaction 

and a late phase reaction. The immediate phase reaction is that the APC recognized allergen, 

with subsequent T cell activation, resulting in the production of cytokines such as IL-4 and 

IL-13. This is followed by class switch of IgM-positive B cells to IgE-positive plasma cells, 

IgE synthesis (Allansmith and O'Connor, 1970), and resulting in the release of chemical 

mediators such as histamine, leukotrienes and prostaglandin by mast cells. These mediators 

then cause itching, vasodilatation and increased vascular permeability. By contrast, the late 

phase allergic reaction is largely inflammatory and occurs as a result of the inflammatory 

mediators released by the infiltrated cells. Mast cells are known to be the central players in 

the immediate phase allergic reaction, whereas T cells, basophils and eosinophils are
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considered crucial for the late phase reaction. In the type IV hypersensitivity reaction, the 

delayed allergic reaction is induced by T lymphocytes and macrophages.

1.6 The Histopathology of CAED

The histopathology of VKC is characterized by infiltration of the conjunctiva by 

eosinophils, basophils, mast cells, CD4^ T lymphocytes, monocytes/macrophages, DC, 

plasma cells, and B-lymphocytes. In situ hybridization studies of ocular tissue have also 

shown an increased expression of mRNA levels for IL-3, IL-4, and IL-5 when compared 

with normal tissue. Specifically, IL-5 mRNA expression was significantly higher in patients 

with VKC, AKC, and GPC than in normal controls. In addition, VKC-derived T-cell clones 

demonstrate increased IL-4 and decreased IFN-y production compared with normal subjects, 

whereas IL-2 production was unchanged. Such findings suggest that T lymphocytes in VKC 

express Th2 cytokines (Metz et al., 1997).

Histopathologically, AKC is characterized by conjunctival infiltration with activated CD4^ 

T cells, mast cells and eosinophils (Metz et al., 1996). The combination of these 

inflammatory cells in the conjunctiva suggest the possible role of a Th2-like T-cell cytokine 

profile, and this has been corroborated by in situ hybridization studies of AKC ocular tissue 

where increased levels of mRNA for IL-2, IL-3, IL-4, and IL-5 were detected when 

compared with normal tissue (Metz et al., 1997). However, there is also a significantly 

raised level of IFN-y expression, which co-localized to the CD3^ T cells. This was found for 

AKC but not VKC or GPC.
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The histopathology of GPC is similary to VKC with increased numbers of eosinophils, 

basophils, mast cells, CD4^ T lymphocytes etc. Increased cytokine mRNA expression has 

been shown by in situ hybridization studies of ocular tissue for IL-3, IL-4, and IL-5 when 

compared with normal conjunctival tissue. Such findings suggest that in GPC there is a shift 

towards a Th2-like cytokine profile (Metz et al., 1997).

1.7 Tears in CAED

Tears constantly bathe the ocular surface where the allergic responses are taking place in the 

conjunctiva. In addition, tears act as a carrier of several cytokines and mediators in the 

complex cross-talk between cells and tissues (Chandler, 1999). They therefore may reflect 

more accurately the local immune processes in the conjunctival tissues than the responses 

seen in the peripheral blood which more likely reflect the atopic status of the individual 

rather than what is going on. Tear IgE levels are higher in patients with allergic 

conjunctivitis, as compared to other types of conjunctivitis and dry eye disorders (Baudouin 

et al., 2000). In VKC, mean percent of tear eosinophils was 45%; lymphocytes, 15%; 

macrophages, 5%; and neutrophils, 35%. Basophils and mast cells are rarely found in tears 

(Leonardi, 2002b). The percentage of Th2 lymphocytes was significantly correlated with the 

severity of VKC using cytokine flow cytometry of tear and blood from patients with VKC 

(Leonardi et al., 1999). In AKC the percentages of T cells, activated B cells were higher in 

the tears than in normal controls. Tryptase in tears reflects mast cell activation. A decreased 

Ts cell concentration in tears may enhance IgE production by B cells, and augment 

production of inflammatory mediators liberated by the increased mast cell degranulation 

(Avunduk et al., 1998).
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Since it is difficult in vivo to determine the cellular source of cytokines in tears, recent 

studies comparing allergic with nonallergic suggest that cytokine levels may be important 

indicators of ocular allergy. It has been demonstrated that tears from allergic donors contain 

significantly less of the anti-inflammatory cytokine, IL-10 and a trend toward decreased 

levels of the Thl cytokine IFN-y. (Cook et al., 2001). Th2-like cytokines play an important 

pathophysiological role in severe ocular allergic conditions such as AKC and VKC and tear 

levels of IL-5 may be a useful marker to evaluate the clinical status of ocular allergy. 

Relatively high levels of IL-4 have been found in the tears of patients with severe ocular 

allergy compared to their normal counterparts (Fujishima et a l, 1995), Tear IL-4 levels 

from patients with AKC were significantly higher than those in VKC as measured by 

enzyme-linked immunosorbent assay (ELISA) (Uchio et al., 2000). Inflammatory cytokines 

such as TNF-a have also been measured in human tears (Vesaluoma et al., 1999). Tear 

eosinophil cationic protein (ECP) is a toxic product secreted by activated eosinophils. It is a 

marker of eosinophil activation, and has been used to evaluate the efficacy of lodoxamide 

and sodium cromoglycate in the treatment of VKC (Leonardi et al., 1997; 2000a). In VKC, 

there are increased tear levels of ECP, eosinophil granule major basic protein and Charcot- 

Leydon crystal protein. Eosinophil granule-derived proteins have been immunolocalized to 

the base of vernal ulcers (Trocme, et al., 1993). RANTES has been found in tears of patients 

with allergic conjunctivitis (Chihara et al., 1995) and is produced by conjunctival epithelial 

cells (Fukagawa et a l, 1997).
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1.8 Characteristics & Function of Epithelial cells

Epithelial tissues cover or line all body parts both externally and internally. With cells 

tightly packed together and with little intercellular space, the epithelial tissues form 

effective barriers between underlying tissues and external media. Thus, the epithelial tissues 

are extremely important in regulating the exchange of materials between different body 

parts. Epithelial cells express a morphological and functional polarity along their apical-to- 

basal axis. During the development of epithelia, a unique reorganization of microtubule 

arrays is thought to play a fundamental role in the establishment of cell polarity.

1.8.1 Polarity in epithelial cells

Epithelial cells throughout the body are polarized. The apical surface, specialized for 

absorption, faces the lumen or outside of the organ. The apical cell surface is separated from 

the lateral domain by the zonula occludens, which form the tight junctions (TJ). Adjacent to 

the TJ is the zonula adherens (also known as the adherens junctions (AJ)), whose major 

structural protein, E-cadherin, is responsible for homotypic cell-cell adhesion and the 

development of a polarized phenotype in the epithelium. The basal-lateral mediates 

transport of nutrients from the cell to the blood and forms junctions with adjacent cells and 

the underlying ECM called the basal lamina.

Polarization is reflected in the shape of the cell, the uneven distribution of organelles and 

molecules, and the oriented alignment of the cytoskeletal networks. But the plasma 

membrane itself is also polarized, being divided into two distinct regions: the apical domain
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facing the external environment or a lumen; and the basolateral domain, which is in contact 

with neighbouring cells or a basal substratum.

Epithelial cells display a ubiquitous apical-basolateral polarity but often are also polarized in 

the plane of the epithelium - a feature referred to as 'planar cell polarity' (PCP). Epithelial 

cells normally exist as adherent cells attached to a basement membrane that consists of 

various extracellular matrix proteins.

1.8.2 Specializations

Projections from the apical surface are called the microvilli, which have actin filaments in 

their core. The microvilli can contract, like fingers flexing. This specialization greatly 

increases the surface area for important transport and enzymatic activity needed at this 

surface.

The plasma membrane of epithelial cells displays apical and basolateral domains with 

distinct composition and properties. The TJ, an intercellular junction at the most apical 

region of the lateral membrane in polarized epithelia, acts as the rate-limiting step in the 

paracellular pathway for ions and larger solutes and controls cell membrane polarity. The 

regulation of the epithelial barrier is determined by the assembly of TJ. TJ not only create a 

primary barrier to prevent paracellular transport of solutes, but they also restrict the lateral 

diffusion of membrane lipids and proteins to maintain cellular polarity. The barrier 

properties of TJ vary widely among tissues in both magnitude, typically quantified as 

electrical resistance, and charge selectivity (Powell, 1981).

55



1.8.3 Mucosal epithelial cells

The mucosa of gastrointestinal and respiratory are associated with lymphoid tissues, which 

are referred to as the mucosal immune system. The lymphocyte population of the 

conjunctiva is analogous to the gut-associated lymphoid tissues (GALT) and bronchus- 

associated lymphoid tissue (BALT), and has been referred to as the conjunctival-associated 

lymphoid tissue (CALT) (Franklin and Remus, 1984). Recent evidence suggests that 

mucosal epithelial cells are capable of actively participating in immune reactions via 

expression of surface antigens, such as adhesion molecules, and synthesis of cytokines. 

There are several reports supporting a role for epithelial cells in regulating T cell function in 

allergic disease.

Airway epithelial cells (AEG), which are pseudo-stratified and ciliated, can generate a wide 

variety of cytokines such as colony stimulating factors that promote the differentiation of 

inflammatory cells, or multifunctional factors that initiate and amplify inflammatory events. 

In addition, these cells contribute to the inflammatory response by the production of 

chemokines such as MCP-1, RANTES, and others that recruit T cells and eosinophils. For 

example, human nasal and bronchial epithelial cells are capable of expressing adhesion 

molecules, HLA-DR molecules (Vignola et al., 1993). The allergic reaction in bronchial 

asthma is associated with a Th2 immune response (Drazen et al., 1996).

IBC have been shown to secrete a variety of inflammatory cytokines and chemokines 

(Stadnyk, 2002) and these cells expressing HLA-DR molecules have been shown to be 

capable of presenting antigen to T cells in vitro (Hershberg and Mayer, 2000; Blumberg et
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al., 1999). lEC do not produce cytokines such as IFN-y, IL-2, IL-4 and IL-5 (Eckmann et 

a l, 1993), but it has been shown that lEC secrete chemokines for neutrophils, monocytes 

and lymphocytes (Stadnyk, 2002).

The ocular surface is made up of two distinct types of epithelial cells, constituting the 

conjunctiva and the cornea. These epithelia are stratified, squamous and non-keratinized. 

Although anatomically continuous with each other at the corneoscleral limbus, the two cell 

phenotypes represent quite distinct subpopulations. The stem cells for the cornea are located 

at the limbus (Sangwan, 2001). The human comeal epithelial thickness is about 50 to 52 fxm 

and it is made up of five to seven layers of very regularly arranged differentiating epithelial 

cells. Keratin 3 is specific marker of comeal epithelium (Scherer et al, 1986; Kasper et a l, 

1988), although it has been reported using immunostaining that keratin 3 is found in human 

conjunctival epithelial cells (Yen et a l, 1992; Diebold et a l, 1997).

Another epithelial cell in the eye is RPE, which forms part of the blood-retina barrier where 

it potentially can regulate leucocyte function. In vivo, the RPE cells display a polarised 

morphology with apical microvilli in between the rods and the cones and with infoldings at 

the basal side. The RPE cells are connected to each other by TJ and as a result the RPE cell 

monolayer is impermeable for macromolecules. The TJ are situated at the apical side of the 

lateral membrane of the cells. Expression of some cell markers at the apical membrane, like 

ATPase, further demonstrates that the RPE cells are polarised (Gundersen et a l, 1991). It 

was found that RPE cells in vitro also display many in vivo characteristics including TJ 

formation and a polarised morphology (Dunn et a l, 1996; Tugizov et a l, 1996; Holtkamp et
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a l, 1998; Zech et al., 1998). Recently some studies have demonstrated that RPE cells only 

partially activate lymphocytes and act as deviant APC, driving the lymphocyte to a state of 

hyporesponsiveness rather than activation, therefore RPE cell may participate in vivo in the 

induction and maintenance of the immune privilege of the eye. (Willermain et al., 2000, 

2002; Rezai et a l, 1997).

1.8.4 Conjunctival epithelium

The conjunctival epithelium is 2-5 cell layers thick, has a complex arrangement of microvilli 

and microplicae and contains goblet cells, LC, some lymphocytes and melanocytes. T cells, 

macrophages and occasional B cells and neutrophils exist in the conjunctival epithelium 

normally and the presence of a few T cells, B cells, macrophages, plasma cells, NK cells, 

mast cells and neutrophils in the substantia propria is also considered normal. In contrast, 

the presence of eosinophils appears to be abnormal. Figure 1.10 and Table 1.4 list 

immunologic and inflammatory cells in the nomal conjunctiva. The cellular composition of 

the bulbar conjunctiva was in general similar to that of tarsal conjunctiva.
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Figure 1.10. Immunologic and inflammatory cells in the normal conjunctiva. From: Sacks et 

a/. (1986).
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Table 1.4 Cell Types in normal conjunctiva. From: Sacks et al. (1986).

Cell Type Epithelium Substantia Propria

DC + +

CD4^ + +

CD8^ + +

B cells +

Mast cells +

Plasma cells +

Basophils
— —

Eosinophils

The epithelial cells of the conjunctiva have been divided into five types based on 

morphological differences of the number and kind of organelles (Lemp, 1992; Pepperl et al.,

1996). Type I cells are goblet cells, type II cells are stratified squamous cells with numerous 

small apical granules, type III cells have well-developed Golgi apparatus, type IV cells have 

large quantities of rough endoplasmic reticulum, and type V cells have numerous 

mitochondria. There is no biochemical, histochemical, or immunohistochemical markers 

that differentiate between cell Types II-V. Epithelial cells produce at least three matrix 

glycoproteins: fibronecin, tenascin and entactin. Fibronectin is one of the primary matrix 

components and act as a chemoattractant stimulus for both fibroblasts and epithelial cells;
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tenascin is structurally homologous to fibronectin; entactin facilitates basement membrane 

assembly by binding laminin and type IV collagen.

1.8.5 Conjunctiva epithelial cell adhesion

Epithelial cells interact with each other via a junctional complex consisting of TJ, AJ and 

desmosomes, schematically illustrated in Figure 1.11, which identifies the four different 

types of intercellular junctions as well as two types of cell-extracellular matrix adhesion 

(focal adhesions and hemidesmosomes).

Apical

Actin Uament

(mermediaie marnent

Nucleus

Tight junction» 

Adherens functions

Deamosomee
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Oap junctor»

Basal HemKJosmoscmes

Figure 1.11 Epithelial cell adhesion. From Matter and Baida. (2003)

TJ constitute morphological and functional boundaries between the apical and basolateral 

cell-surface domains that help to maintain cell-surface polarity by forming intramembrane
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diffusion. AJ and desmosomes are the main adhesive junctions and are thought to give 

tissues mechanical strength. Gap junctions are communicating junctions between cells and 

are formed by connexins. Connexins assemble into hemichannels or connexons that link the 

cytoplasm of adjacent cells by forming intercellular channels. At the basal membrane, 

epithelial cells adhere to the extracellular matrix via focal adhesions and hemidesmosomes.

Conjunctival epithelial cells are joined by desmosomes and the surface cells by TJ 

(Chandler and Gillette, 1983). TJ connect conjunctival epithelium cells, forming a layer 

which is more permeable than comeal epithelium (Maurice, 1973). Epithelial cells are 

attached to one another by means of desmosomes and to the basal lamina by 

hemidesmosomes. They communicate ionically via gap junctions. The intercellular spaces 

are surprisingly wide and communicate with the substantia propria across the basal lamina. 

The apical side of the conjunctiva epithelium is preferentially formed by TJ with maximally 

2-3 TJ seals; they are followed proximally by 1-2 desmosomes (Weyrauch, 1983). In 

conjunctival epithelia, holes in the basement membrane, termed pores, have been identified, 

indicating an alternative mechanism for the migration of cells into and out of the epithelium 

(Scott et al., 1997).

It has previously been suggested that the degree of transepithelial migration was largely 

independent of the resistance of the monolayer. It is a clear inverse relationship between 

electrical resistance and migration (Kidney and Proud, 2000). The degree of epithelial 

permeability varies in different tissues (Powell, 1981). As leukocytes pass through the 

intercellular space, they first encounter the TJ barrier followed by the adherens junction.
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Under physiologic conditions, leukocyte migration across epithelial monolayers occurs from 

the basolateral toward the apical surface (Edens and Parkos, 2000). The TJ play an 

important role in the migration of immune cells across the paracellular space during 

inflammation and immune surveillance (Parkos, 1997). The TJ undergoes dynamic 

physiological changes when stimulated by various mediators, such as cytokines (Madara and 

Stafford, 1989). However, to the best of my knowledge, little information about how T- 

lymphocytes interact with the conjunctiva epithelium is available.

1.8.6 Conjunctival epithelial cells and CAED

Table 1.5 Summary of conjunctival epithelial cells in CAED in vivo.

From: Hingorani et al. (1998 b).

N o rm als  (n = 1 0 ) G P C  (n = 1 0) VKC (n = 1 0 ) AKC (n = 1 0)

ICAM-1 - + ++ -h+

HLA-DR - + ++ ++

RANTES + ++ ++ ++

GM-CSF - + + ++

IL-3 - - + +

IL-6 + + + +

TNF-a + + + +

IL-8 + ++ + +
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Table 1.5 lists immunological molecules expression and cytokine production in vivo by 

conjunctival epithelial cells in normals and in CAED. No expression of ICAM-1 or HLA- 

DR in normal conjunctival epithelial cells, but both molecules were expressed by 

conjunctival epithelial cells in allergic eye disease (Hingorani et al, 1998b). CD40 antigen 

and CD40 ligand were expressed on normal conjunctival epithelium (Bourcier et al., 2000). 

Epithelial cytokines that are upregulated and characteristic of allergic inflammation include 

RANTES, lL-3, lL-8, and GM-CSF. Another study reported that unstimulated conjunctival 

epithelial cells produced cytokines at relatively low or undetectable levels, but in response 

to stimuli, conjunctival epithelial cells secreted the pro-inflammatory cytokines TNF-a, IL- 

6, IL-8 and GM-CSF in a dose- and time-dependent fashion (Gamache et al., 1997). Table 1- 

6 lists a summary of reported conjunctival epithelial cytokine production. Conjunctival 

epithelial cells play an important role in the activation and regulation of the function of 

immune cells (Stahl et al., 2002). Therefore, the conjunctival epithelial cell should 

essentially be considered an immunoregulatory cell that participates in the development of 

allergic inflammation, and can be an important target for therapeutic intervention.
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Table 1.6. Summary of conjunctiva epithelial cytokine production

Cytokine Functions Cell type Reference

IL -lra Enhance the presence o f  other in vitro Gamache et a l, 1997

cytokines

IL-3 Pan-specific colony stimulating factor in vivo Hingorani et a l ,  1998b

IL-6 Activate T cells, augment Ig production in vitro Gamache et a l,  1997

by B cells in vivo Hingorani et a l ,  1998b

IL-8 A potent chemotaxin in vitro Gamache e? a/., 1997

in vitro Takanoe^a/. 1999

Miyoshi et a l ,  2001

in vivo Hingorani et a l ,  1998b

GM-CSF Eosinophil/neutrophil activation in vitro Gamache et a l,  1997

MCPs Monocyte chemoattractant factors in vitro Takano et a l, 1999

in vivo Abu El-Asrar., 2000

MIP-1 MIP-1 a  chemotactic for B cells in vitro Takano et al., 1999

RANTES Chemokine for eosinophils, in vitro Fukagawa et a l ,  1997

lymphocytes and monocytes Miyoshi et a l ,  2001

in vivo Hingorani et a l ,  1998b

TN F-a Inducation o f  adhesion glycoproteins in vitro Gamache et a l,  1997

in endothelial and epithelial cell

1.9 Aims of the Study

Previous studies suggest that conjunctival epithelial cells play an important pro- 

inflammatory role in chronic ocular allergic diseases. There was no expression of ICAM-1 

or HLA-DR in the normal conjunctival epithelial cells, but both antigens were induced on
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conjunctival epithelial cells in the allergic tissue, and there was greater expression in AKC 

and VKC compared with GPC. ICAM-1 may allow epithelial cells to recruit, retain and 

locally concentrate leukocytes; the presence of HLA-DR raises the question of conjunctival 

epithelial cell antigen presentation. The overall aim of this study is therefore to investigate 

the immunological role of conjunctival epithelial cells, to further determine whether 

conjunctival epithelial cells express costimulatory molecules and can support T cell 

proliferation.

Investigation of the characteristics of epithelial cells is important to enable a culture model 

to be established in vitro. The first aim of the study was to establish culture models for 

primary conjunctival epithelial cells from fresh tissue (Chapter 3): to compare the 

phenotypic and morphological characteristics of primary conjunctival epithelial cells with 

ChWK, a conjunctival epithelial cell line in vitro, and to develop a method by which we 

could simply and reproducibly isolate and subculture conjunctival epithelial cells, which 

would exhibit morphologic, immunocytochemical, and biochemical markers indicative of 

epithelial cells in vitro. We present evidences that primary cultures of epithelial cells can be 

isolated from fragments of human conjunctiva using a modified explant culture system, 

which retain some fundamental epithelial cell characteristics. The characteristics of the cell 

line and primary epithelial cells were compared using immunocytochemistry, flow 

cytometry and electron microscopy: to characterize the expression of specific cytokeratins in 

epithelial cells. The localization of ICAM-1 was examined by using immunogold labeling 

techniques with electron microscopy, and we found that ICAM-1 only appeared on the 

apical surface of ChWK cell microvilli.
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In the next two chapters, we have treated the cells with IFN-y, and determined the 

expression of HLA-DR and ICAM-1 on conjunctival epithelial cells using flow cytometry 

and immunocytochemistry (Chapter 4); using flow cytometry, the expression of CD80, 

CD86 and CD40 on conjunctival epithelial cells were also examined (Chapter 5). The 

reason we used IFN-y for this study is because we are interested in T cell cytokine effects on 

conjunctival epithelial cells and T-cells expressing IFN-y are found in AKC (Metz et a l,

1997).

Functional studies were performed using MLR assays to detect whether conjunctival 

epithelial cells can support T cell proliferation (Chapter 6).

Finally, since the allergic reaction in CAED is associated with a Th2 and Thl cytokine 

response we compared Thl and Th2 inflammatory cytokine effects on costimulatory 

molecule expression using flow cytometry (Chapter 7).

67



CHAPTER 2 Materials & Methods
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2.1 Regents and Solutions

Medium-199, Hepes buffered RPMI 1640, L-glutamine, 2-mercaptoethanol (2-ME), human 

AB^ Serum, heat-inactivated fetal calf serum (HIFCS), goat serum, Ultroser G (USG), 

epidermal growth factor (EGF), penicillin-streptomycin, gentamicin, phytohemagglutinin-P 

(PHA), crude type LA collagenase, cell dissociation solution, 

trypsin/ethylenediaminetetraacetic acid (EDTA) (Ix), collagen type I, fibronectin, poly-1- 

lysine. Dimethyl sulfoxide (DMSO), Agarose, ethidium bromide. Phosphate buffer saline 

(PBS) tablets and paraformaldehyde (PEA), phorbol-12-myristate-13-acetate (PMA), 

ionomycin, Brefeldin A (BFA) were all purchased from Sigma (Chemical Co., Poole, UK). 

Human recombinant IFN-y, IL-4, IL-13, TNF-a were obtained from PeproTech (UK). 

Cytofix/Cytoperm and 10 x Permwash and Ficoll-Hypaque were from Pharmingen (UK). 

LHC-9 Medium from Gibco (UK). BEGM from clonetics (UK), LHC-9 Medium and 

BEGM were kind gifts from Dr. Peter Lackie (Southampton, UK). Sodium pyruvate 

(lOOmM), nonessential amino acids (lOOx), Hanks Balanced Salt Solution (HBSS) and 

Ca^’̂ /Mg^  ̂ free HBSS were from Invitrogen (UK). Natural human IL-2 (Lymphocult-T) 

[lOOUnits/ml] was from Biotest Ltd (UK). 20pm polyether sulfone filters was from Supor 

membranes, Gelman Sciences.
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2.2 Monoclonal Antibodies

Table 2.1 Antibodies for flow cytometry and immunocytochemistry

Name Conj ugate/Isotype Sources

Human HLA-DR, DP, DQ (clone:Tu39) FITC/mouse IgG2a,K B-D Pharmingen(UK)

Human ICAM-1 (clone:HA58) PE/ mouse IgGl,K B-D Pharmingen(UK)

Human pan-cytokeratin(clone: C-11) FITC/mouse IgGl Sigma (UK)

Human HLA-DR (clone:CR3/43) mouse IgGl,k DAKO (Denmark)

Human ICAM-1 (clone:BBIG-Il) mouse IgGl R & D (U K )

Human CD80 (clone:MEM-233) RPE-Cy5/mouse IgGl Sterotec (UK)

Human CD86 (clone:BU63) PE/ mouse IgGl Sterotec (UK)

Human CD40 (clone 5C3) FITC/ mouse IgGl, k B-D Pharmingen(UK)

Human cytokeratin 18 (clone 5D3) mouse IgGl Novocastra Lab. (UK)

Goat anti-mouse IgG FITC Jackson Lab, Inc. (USA)

Human CD8 (clone: SKI) Percp/ mouse IgGl, k B-D Pharmingen(UK)

Human IL-4 (clone: 8D4-8) PE/ mouse IgGl B-D Pharmingen(UK)

Human IFN-y (clone:B27) FITC/ mouse IgGl B-D Pharmingen(UK)

Mouse IgG 1 (clone F8-11-13) FITC Sterotec (UK)
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2.3 Conjunctival Biopsy and Tissue Processing

Normal conjunctival tissues were obtained from non-inflamed eyes undergoing vitrectomy. 

The Local Ethics Committee approved all procedures and all patients gave their informed 

consent at the time of biopsying, in accordance with the Declaration of Helsinki. Tissue was 

transferred to medium-199 containing 10% FCS immediately and kept at 4°C before 

preparation for culture within 24 hours. With a dissecting microscope, the submucosal 

layers were removed and the epithelial layer was cut into 1-2 mm^ pieces with a sterile 

scalpel.

2.4 Cell Culture

2.4.1 Primary culture

Primary conjunctival epithelial cells have been studied using a range of different culture 

conditions (Diebold et a l, 1997; Diebold et al., 1999). In order to establish primary cultures 

from conjunctival biopsies in our laboratory, each culture variable was tested and compared.

Firstly, we compared the different culture medium: BEGM, Medium LHC-9 containing 

USG (2%) and EGF (5ng/ml), Medium-199 containing FCS (10%) and EGF, Medium-199 

containing USG (2%) and EGF. Secondly, the cell growth was compared using either 

different extracelluar matrix (ECM) proteins: type I collagen, fibronectin, Poly-L-Lysine or 

no ECM.

The wells of a 96-well plate were coated either with 50pl of lOpg/ml fibronectin or Poly-L- 

Lysine for 1 hour at room temperature, and then removed completely and left to dry. For 

type I collagen coating, the bottom of the well was covered collagen and left at room
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temperature for 1 hour, then placed into ammonia box for 10 minutes to crosslink the 

collagen, washed with Ca^/Mg^ free HBSS until the color of the wash medium does not 

change. Explants were allowed to attach to the surface for a few minutes before adding 

culture medium. Primary cells started attaching within 2-3 hours. Culture medium was 

replaced every 3-4 days. Following 7-9 days, the cells formed a confluent monolayer prior 

to immuno-staining. After 5 days, explants could be replated into new wells at least 3 times 

whilst maintaining cell growth. The confluent monolayers from each explant were used for 

separate experiments and no two donors’ cells were pooled. Flow cytometry and 

immunocytochemistry for cytokeratin, HLA-DR and ICAM-1 were performed to 

characterize the epithelial cells.

2.4.2 Impression cytology

Impression cytology is a simple, useful tool for exploring the superficial conjunctival layer. 

Impression cytology specimens were collected using 20p,m polyether sulfone filters (Supor 

membranes; Gelman Sciences). Membranes were removed immediately after contact with 

the bulbar conjunctiva without exerting any pressure. They were suspended in 2ml Medium- 

199, incubated for 15 minutes in 24 well plates, and then they were gently agitated to extract 

as many cells as possible. Cells were then centrifuged at ISOOrpm for 10 minutes and 

incubated in 96 well plates in medium 199 supplemented with 10% FCS, 2mM L-glutamine, 

penicillin-streptomycin (lOOU/ml and lOOpg/ml).

2.4.3 Epithelial cell line

A human conjunctival cell line (ChWK) (Wong-Kilboume derivative of Chang conjunctiva, 

clone l-5c-4; EC ACC, CCL20.2) previously immortalized by following infection with
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swine or N-WS influenza viruses (Wong and Kilboume, 1961), was cultured under standard 

conditions (5% CO2, 95% humidified air, 37°C) in Medium-199 supplemented with 10% 

FCS, 2mM L-glutamine, penicillin-streptomycin (lOOU/ml and lOOpg/ml) in 75cm^ flasks 

(2xl0^/ml). The media was changed every 2-3 days. After they were confluent, cells were 

detached and passaged by using trypsin/EDTA [Ix] or collagenase or collagenase + cell 

dissociation solution (1:1 v:v). Briefly, monolayer cells in flasks were washed twice with 

10 ml Ca^^- and Mg^^-free HBSS. After the HBSS was removed, for cell passage, 1ml 

trypsin/EDTA was added. For immunostaining, collagenase with cell dissociation solution 

(1ml) was added and incubated at 37°C for 15-25 minutes until cells detached. The cells 

were collected and centrifuged at 1500rpm for 10 minutes at 4°C. The ChWK cell line was 

used within 15 passages to minimize any differences in cell morphology and function, 

which may arise after long- term culture. For thawing the cells, the cryotube was taken out 

and rapidly thawed to 37°C within a couple of minutes. 10 ml culture medium was then 

added to the cell suspension and centriftiged at 1500rpm for 10 min at 20°C. The cell pellet 

was resuspended in culture medium and seeded in 25cm^ culture flask (2xl0^/ml).

2.4.4 Epithelial cell line cyopreservation

ChWK cells were detached using trypsin/EDTA. The concentration of cells was adjusted to 

2xl0^/ml; cells were transferred to 2ml cryotubes and placed on ice. lOOpl DMSO was 

dropped to the cell suspension with gentle shaking, and then cells were wrapped in tissue 

and placed at about -80°C. After 2-3 days, cells were transferred to liquid nitrogen (about - 

196°C) for long-term storage.
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2.4.5 Human B cells

A human B cell hybridoma (J-Y) (Palmer et al. 1997), which is an Epstein-Barr-virus 

(EBV)-transformed human B cell line, was cultured at 2xl0^/ml in RPMI 1640-Dutch 

modification supplemented with L-glutamine (2mM), and 10% FCS at 37°C, 5% CO2. 

Medium was replaced every 3-4 days.

2.4.6 Peripheral blood mononuclear cells (PBMC) culture

PBMC from human normal donor that had been cryopreserved were taken out of liquid 

nitrogen and rapidly thawed. Cells were then immediately transferred to a 25ml universal 

(Greiner labortechnik) containing T cell medium (RPMI 1640-Dutch modification 

supplemented with L-glutamine [2mM], sodium pyruvate [2mmol/L], nonessential amino 

acids [2mmol/L], gentamicin [50pg/ml], 2-mercaptoethanol [2xlO'^M] and 10% human AB^ 

serum). Cells were then centrifuged at 1200rpm for 10 minutes. These PBMC were 

immediately used for MLR assays described below (2.9).

2.4.7 T cell culture

T cells were grown out from VKC tarsal conjunctival biopsy explants overnight, then T 

cells were collected after centrifugation and cultured in T cell medium. Cells were 

centrifuged every 3 days and placed in fresh medium with 10% human IL-2. These cells 

were maintained in culture for 9 days prior to use in flow cytometric studies.

2.5 Cytokine Treatment of Epithelial Cells

Confluent monolayers of epithelial cells were cultured as previously described in the 

absence or presence of IFN-y [500U/ml], IL-4 [20ng/ml], IL-13 [20ng/ml], TNF-a
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[20ng/ml], IL-4 + TNF-a or IL-13 + TNF-a, alone or in combination, for 24 or 48 hours in 

culture medium prior to non-enzymatic removal of cells. ChWK cells were additionally 

stimulated with IFN-y [50, 250U/ml], TNF-a [lOOng/ml] and RANTES [500pg/ml] in some 

experiments.

2.6 Flow Cytometry

A FACScan flow cytometer equipped with a 15 mW argon laser and filter settings for FLl 

(FITC (530nm)), FL2 (PE (585nm)), or FL3 (Pecp/Cy5) emitting in the deep red (650nm)) 

was used.

2.6.1 Cell trypsinisation

Trypsinisation

Trypsin-EDTA ( IX)  
5-10 minutes

Collagen ase 
1:40, 1:20, 1:10 
30-40 minutes

Collagenase + cell 
dissociation solution 1:1 

15-20 minutes

2.6.2 Antibody titration

To determine the optimism mAh concentration to use, titrations were performed. For 

cytokeratin mAh titration, at least 2x10^ ChWK cells were incubated with 5pi mAh at 

following dilutions: 1:250, 1:500, 1:1000. For the HLA-DR mAh titration, at least 2x10̂  ̂B 

cell line cells (J-Y) were incubated with 5pi mAh at following dilutions: 1:20, 1:50, 1:100, 

1:500. The maximum expression of saturation of mAh binding was quantitated by flow
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cytometry. The final concentration of mAh demonstrating maximum expression was used 

routinely for the subsequent experiments.

2.6.3 Surface staining

For flow cytometry, the cells were washed with Ca^  ̂and free HBSS and detached by 

collagenase and cell dissociation solution (1:1 v/v), and the cells were centrifuged at 

1200rpm for 10 minutes. The cells were stained in suspension with 5 pi each of anti-ICAM- 

1̂ ,̂ anti-HLA-DR,-DP,-DQ^^^^, anti-CD80^^^ and anti-CD86^^ mAbs for 30 minutes on ice 

before washing twice. Cells were finally resuspended in 500pl FACS flow and acquired by 

flow cytometry.

2.6.4 Intracellular staining for conjunctival epithelial cells

The cells were washed with Ca^  ̂-, Mg^^- free HBSS and detached by collagenase and cell 

dissociation solution as previously described, and the cells were centrifuged at 1200rpm for 

10 minutes as before. The cultured conjunctival epithelial cells were characterized by 

staining for cytokeratins. Anti-cytokeratin mAbs were used to define the cytokeratin pattern 

of primary cultures. Resuspended in 100 pi of Cytofix/Cytoperm, and incubated at 4°C for 

20 minutes to fix and permeabilize the cell membranes for cytokine staining then washed 

with PBS twice. 1 ml of IX Permwash (lOX Permwash diluted 1:10 with distilled water 

(dHzO)) was then added, then 50pl (1:100 in PBS) anti-pan cytokeratin antibody for 30 

minutes on ice in dark. Cells were washed with PBS and finally resuspended in 500pl 

FACS flow and acquired by flow cytometry (Figure 2.2).

76



Figure 2.2. Cell culture, dissociation, surface staining, fixation, and intracellular staining

Human conjunctival epithelial cells were placed in medium-199

i
8-10 days

i
Collagenase + Cell Dissociation Solution (1:1) 15-20 min, 37°C

i
Surface staining

i
Fixation (Permfix)

I
intracellular staining

i
FACS

2.6.5 Intracellular staining for T cells

T cells were centrifuged at 1200rpm for 10 minutes, PMA [SOng/ml] with ionomycin 

[Ipg/ml] were added to 2 x 10  ̂ T cells, incubated at 37°C for 2 hours, and then BFA 

[lOpg/ml] was added. After 4 hours’ incubation, cells were centrifuged for 4000rpm for 3 

minutes. For surface staining, anti-CDŜ "̂̂ ^̂  antibody was added for 30 minutes incubation 

on ice, cell pellets were then resuspended in 100 pi of Cytofix/Cytoperm, and incubated at 

4°C for 20 minutes to fix and permeabilize the cell membranes for cytokine staining, and 

then washed with PBS twice. 1 ml of IX permwash was added, then 50pl of IL-4^^ (1:250), 

IFN-y (1:50) anti-cytokine antibodies were added for 30 minutes on ice in dark. Cells 

were washed and finally resuspended in 500pl FACS flow and acquired by flow cytometry.
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2.6.6 FACS data analysis

FACS analyses were performed using a Becton Dickinson FACScan and analysis performed 

using CellQuest analysis software. All of the analyses shown were carried out on a 

population of cells gated by forward and side scatter characteristics to include the live 

epithelial cell population. At least 2000 events were acquired and the mean ± SD (SEM) 

percentages of positive cells within the live cell region expressing each mAh were 

determined as compared with cells stained with control mAh.

2.7 Immunocytochemistry and Confocal Scanning Laser Microscopy

Epithelial cells (2xl0^/ml, 150ml) were grown on 20-mm^ Permanox chamber slide systems 

(Lab-Tek, UK), and maintained until reaching confluence for 3-5 days, prior to use. Upon 

reaching confluence, cells were cultured with or without IFN-y as described above. The cell 

monolayers were fixed with cold methanol at -20°C for 5 minutes, and cultured in PBS with 

10% goat serum for 30 minutes at room temperature to block non-specific binding of mAbs. 

Cells were then incubated with the following dilutions of primary mAbs for 1 hour at room 

temperature: mouse anti-human HLA-DR and mouse anti-human cytokeratin mAbs, diluted 

1:50 in PBS; mouse anti-human ICAM-1 mAh, diluted 1:20 in PBS. After 3 washes in PBS, 

cells were incubated with fluorescein isothiocyanate-conjugated secondary antibody:goat 

anti-mouse IgG^^^^(at a dilution 1:200 in PBS) for 1 hour at room temperature. Coverslips 

were washed 3 times in PBS and mounted. Negative controls consisted of substituting the 

primary antibody with PBS. FITC and FITC/phycoerythrin immunostaining were examined 

using a Zeiss LSM510 confocal microscope operating in single and multitrack 

configurations respectively. In both cases projections were made from galleries of serial 

sections O.l-fim thick.
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2.8 Ultrastructure (Electron Microscopy and Immunogold Staining)

ChWK cells were washed three times with PBS, and fixed with 4% PFA for 1 hour and 

rinsed three times with PBS, then cultured in PBS with 10% goat serum for 30 minutes at 

room temperature to block non-specific binding of mAbs. Cells were then incubated with 

primary mouse anti-human ICAM-1 mAh, diluted 1:20 in PBS, for 1 hour at room 

temperature. After 3 washes in PBS, cells were incubated with 5nm gold-conjugated goat 

anti-mouse IgG (1:10 dilution in 1% BSA/PBS) for 2 hours at room temperature. Following 

6 minutes silver intensification, gold labeled cells were osmicated, dehydrated in ascending 

alcohols (5 minutes 50%, 70%, 90% and 3x100%) and embedded in araldite resin. 

Following ultrathin sectioning with a Leica ultracut S microtome, sections were stained 

sequentially with uranyl acetate and lead citrate and examined in a JEOL EM I010 

transmission electron microscope (TEM) and scanning electron microscope (SEM).

2.9 MLR

The conjunctival epithelial cell line ChWK cells and B cells were used as stimulator cells 

after being irradiated (1200 or 2400 y-Rads; ^̂ ^Cs source). ChWK cells were plated at 

various concentrations (1x10^- 1x10^) in triplicate in flat-bottomed 96-well plates. 

Responder cells were human T cells derived fi*om normal PBMC, with lO^T cells added per 

well in a total volume of 200 /xl. Wells were pulsed with O.SpCi methyl-^H-thymidine 

(37MBq/ml; Amersham) for the last 18 hours of a 5-day culture prior to harvesting on a cell 

harvester (Dynatech), and counted on a liquid scintillation counter. Lymphocyte 

proliferation was calculated as mean cpm ± SD (SEM) from triplicate wells of ̂ H-thymidine
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incorporation. Controls were ChWK cell alone, T cells alone, and T cells stimulated with 

the mitogen PHA (Ipg/ml).

2.10 Statistical Analysis

Results were calculated as mean ± SD (SEM), and Students’ T tests were used to determine 

the levels of significance, with p< 0.05 regarded as significant.
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CHAPTER 3 Characterisation of Conjunctival Epithelial Cells
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3.1 Introduction

Our primary purpose in this study was to develop a method by which we could simply and 

reproducibly isolate and subculture conjunctival epithelial cells from biopsies, which would 

exhibit morphological and immunological markers indicative of epithelial cells in vivo and 

retain these markers after subcultivation.

One potential technique to enhance primary conjunctival epithelial cell growth involves 

extracellular matrix (ECM) proteins, such as collagen or ftbronectin, as a more hospitable 

environment for cellular growth. ECM occupies the intercellular space and binds cells and 

tissues together. ECM proteins not only provide structural support to cells but also function 

as signalling molecules. The major structural protein of the ECM is collagen. There are at 

least 19 different collagens, and type I collagen is one of the fibril-forming collagens. 

Fibronectin is the prototype of adhesion proteins, which are responsible for linking the 

matrix to the surfaces of cells and to themselves. Fibronectin is a multifunctional 

extracellular matrix glycoprotein for promoting the attachment of cells to culture substrates.

The epithelial barrier in the conjunctiva has two distinct surfaces, the apical (luminal) and 

the basolateral (serosal) surfaces. The apical surface is exposed to the environment directly 

whereas the basolateral surface is protected from the environment through the existence of 

TJ. TJ facilitate selective transport of materials across the epithelial barrier and dictate 

sequestration of proteins made by epithelia to either the apical or the basolateral 

compartment. Conjunctival epithelial cells are recognized as the major source of ocular 

mucin on the cell surface and have consequently been widely studied.
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Keratins are cell-specific components of intermediate filaments in epithelial cells. Defined 

subsets of individual keratin are characteristically expressed in cells, and are tissue-specific 

and differentiation dependent. For example, it has been reported that keratins 4, 7, 8, 13 and 

19 are expressed in normal conjunctival epithelium (Krenzer and Freddo, 1997). 

Cytokeratin 13 has been reported to be the most sensitive marker for conjunctival epithelial 

differentiation on the ocular surface (Dota et al., 2001).

Cell surface adhesion molecules are important to immune responses, as they facilitate many 

cell-to-cell interactions in inflammatory conditions. A principal adhesion molecule, ICAM- 

1, is a cell-surface glycoprotein belonging to the IgG superfamily. ICAM-1 may participate 

in the recruitment of inflammatory cells during allergic inflammation, and it has been shown 

to be an important marker for inflammation in the conjunctiva (Canonica et al., 1995). 

Conjunctival epithelial cells have many important functions, which are not yet completely 

understood. For example, it remains unresolved as to where and how the conjunctival 

epithelial cell expresses ICAM-1 ultrastructurally.

In this chapter, SEM and TEM were used to study the surface distribution of ICAM-1 

labeling on conjunctival epithelial cells. In addition using immunocytochemistry techniques 

and flow cytometry, I have compared ChWK cell line cells with primary conjunctival 

epithelial cells in terms of their morphology, expression of cytokeratins, SEM, TEM and 

immunogold labelling to localize ICAM-1 molecules.
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3.2 Results

3.2.1 Different ECM and culture conditions for primary conjunctival epithelial cells

The epithelial cells grew initially from the outer edge of the tissue explants, forming a 

circular pattern. Eventually by day 2 cells failed to adhere to Fibronectin-coated plate but 

adhered to type I collagen and uncoated plastic. Primary conjunctival epithelial cells on the 

collagen-coated and uncoated wells with Medium BEGM, Medium LHC-9 containing USG 

and EGF grew well and similar to culture in Medium-199 containing USG and EGF. 

However, we didn’t get primary conjunctival epithelial cells to grow on fibronectin- or 

Poly-L-Lysine-coated plastic or in Medium 199 containing FCS and EGF. We have used 

biopsies from three individuals and repeated three times using different ECM and different 

medium. Therefore, we are confident that culture conditions were optimized to the best of 

my abilities. The conditions following cell growth were subsequently used throughout the 

study using Medium-199 containing USG and EGF on collagen-coated plate since BEGM 

and Medium LHC-9 both are very expensive as compared with Medium-199 (Table 3.1).
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Table 3.1 The assessments of primary conjunctival epithelial cell growth

Collagen Fibronectin Poly-L-Lysine Uncoated

BEGM ++ +/- +/- ++

Medium LHC-9 +USG +EGF + +/- +/- +

Medium 199 +FCS +EGF - - - -

Medium 199 +USG +EGF ++ - - +

3.2.2 Morphology of epithelial cells in culture

Within 4 to 5 days of culture, the cells were clearly observed displaying cobblestone 

morphology. Within 7 to 9 days of culture, epithelial cells were visible, forming a circular 

pattern around the plug of conjunctival tissue. After reaching confluence, the cultures were 

trypsinized and replated. Primary cultures of human conjunctival epithelial cells grew as 

contact-inhibited monolayers and exhibited cohesive, cobblestone epithelial monolayers. At 

high cell density they formed cobblestone monolayers with bulging hemicystic domes. Not 

every explant grew successfully, but cells could frequently be passaged three times without 

losing their morphological integrity. Under the inverted phase-contrast microscope, primary 

conjunctival epithelial cells displayed a polygonal morphology upon reaching confluence 

(Figure 3.1). However, primary culture of human conjunctival epithelial cells from 

impression cytology was not continued because of the lack of source.

3.2.2 Flow cytometry analysis and immunocytochemistry of conjunctival epithelial 

cells for cytokeratin and ICAM-1

All cells of epithelial origin express cytokeratins, a characteristic marker of the epithelial 

cell lineage. A FITC-conjugated monoclonal anti-pan cytokeratin antibody (clone C-11,
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recognizing cytokeratins 4, 5, 6, 8, 10, 13, 18) was used to stain epithelial cells. We used 

both flow cytometry and immunocytochemistry to identify and subsequently purify 

conjunctival epithelial cells. Cytokeratin expression was detected by flow cytometry where 

>97 % of gated primary conjunctival epithelial cells (n=10) and >96% ChWK cells (n=10) 

were cytokeratin positive (Figure. 3.2). Similar levels of cytokeratin expression were also 

detected by immunocytochemistry, to demonstrate epithelial morphology (Figure. 3.3-4).

3.2.3 The ultrastructure of ChWK by SEM and TEM

Cellular morphology was characterized by light microscopy. The ultrastructure of the 

epithelial cells was studied by growing ChWK cells to confluence on chamber slides. The 

localization of ICAM-1 was examined using immunogold with 5 nm gold particle single

labeling techniques for electron microscopy. By SEM, ultrastructurally, microvilli were 

found on the apical surface of ChWK cells and were dense on the ChWK surface. After 

IFN-y [5OU 24 hours] stimulation, ICAM-1 was restricted to the sides of most microvilli 

containing bulbous structures from the base to the tip, and tended to form clusters of three or 

four molecules on the ChWK apical surface. Immunogold staining with ICAM-1 

demonstrated that the gold particles were widely distributed over the cell surface, 

particularly microvilli (Figure. 3.5 -  3.10).
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3.3 Discussion

Our primary purpose in this study was to develop a method by which we could simply 

isolate and subculture conjunctival epithelial cells, which would exhibit morphologic, 

immunocytochemical, and biochemical markers indicative of epithelial cells in vivo and 

retain these markers after subcultivation. Previous reports for culturing conjunctival 

epithelial cells in vitro are limited. Epithelial cells derived from intestine, airway and cornea 

have been in use for years. By comparison, the development of systems to culture 

conjunctival epithelial cells is still in its infancy.

One approach for studying the interactions between conjunctival epithelial cells and T cells 

is to isolate and purify human conjunctival epithelial cells from biopsies. There are several 

techniques to evaluate the characteristics of conjunctival epithelial cells at the cellular level. 

They include impression cytology, brush cytology and confocal microscopy. Previous 

studies have used impression cytology for exploring superficial conjunctival epithelial cells 

by flow cytometry and immunocytochemistry, and from conjunctival biopsies for culturing 

for immunocytochemical studies. The impression cytology technique (Krenzer et a i  1997; 

Baudouin et a l, 1992, 1997) can only pick up the superficial epithelial cells. It is a simple, 

quick and easy way for exploring the superficial conjunctival layer, but this method cannot 

point to the eventual involvement of inflammatory phenomena. The brush cytology 

(Fujihara et a l, 1997; Fujishima et a l  1997) technique can gather not only superficial cells 

but also basal cells of the conjunctival epithelium. Previous studies have reported that it is 

possible to identify and quantitate cellular surface antigens on human conjunctival epithelial 

cells through the use of brush cytology in combination with flow cytometry. Human
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conjunctival epithelial cells (each > 95%) were also obtained by enzymatic digestion of 

conjunctival tissue (Cook et aA1998).

ECM influences a variety of cellular functions, including survival and adhesion molecule 

expression; therefore, we observed that conjunctival epithelial cell survival is not necessary 

dependent on ECM, such as fibronectin or Poly-L-Lysine. However, we did not test the 

signals of effects from ECM, since it has been reported that the giant papillae are composed 

of ECM proteins such as fibronectin and collagen types I and III using histological analysis 

in CAED (Leonardi et al., 1995; 2000b). Therefore, the interaction between ECM and 

epithelial cells survival signals would be interesting area to be studied in the future.

This study has developed methods to obtain highly purified human epithelial cells from 

conjunctival tissue. Previous studies have demonstrated that primary conjunctival epithelial 

cells could be cultured in supplemented DMEM/F-12 serum-containing culture medium 

(Diebold et al., 1997, 1999; Tsai et al., 1994; Tsubota et al., 1999) and MCDB medium 

under serum-ffee culture condition (Risse Marsh et al., 2002). However, in this study, we 

compared BEGM, Medium LHC-9 with Medium-199 with growth factor supplements; they 

have similar results for conjunctival epithelial cell survive. Therefore, we have developed a 

modified explant culture system and shown that the cells can be grown and propagated on 

uncoated plastic and maintained in culture with a basic culture medium supplemented only 

with serum substitutes and EGF. Similar levels of expression of cytokeratin were detected 

by confocal microscopy and flow cytometry. We believe these methods give us the
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opportunity to study the molecular mechanisms of epithelial cells in vitro as a model of 

ocular allergy and inflammation.

ICAM-1 is one of the accessory molecules essential for communication between 

lymphocytes and other cells (e.g., epithelial cells) and for control of leukocyte migration and 

adhesion to different target tissues in inflammatory processes. Epithelial cells express 

ICAM-1 constitutively and can be upregulated to express high levels by inflammatory 

stimuli (Papon et al., 2002; Paolieri et al., 1997). ICAM-1 is essential for stable adhesion 

and transmigration of leukocytes in nearly all types of inflammatory responses (Springer, 

1994). Conjunctival epithelial cells are actively involved in inflammatory processes due to 

their expression of cell adhesion molecules.

Microvilli are closely associated with cell migration through adhesion molecules that 

establish a route for migration. Studies have reported that microvilli of the mésothélial cell 

play a significant role in leukocyte migration in the peritoneal cavity, by providing ICAM-1 

and VCAM-1 (Liang and Sasaki, 2000) and another study suggested that the choroid plexus 

epithelial cells expressed ICAM-1 along the microvilli and may contribute to the process of 

leukocyte migration (Endo et a l, 1998). In this study, ICAM-1 was restricted to microvilli 

and tended to form clusters of three or four molecules. This is consistent with previous 

report in endothelial cells (Thompson et al., 2002). Therefore, microvilli might mediate 

CD4^ lymphocyte cell migration in the conjunctiva and CD4^ lymphocytes might not crawl 

on the cell surface, but move to and from microvilli. Therefore, microvilli of the 

conjunctival epithelial cell could play a significant role in CD4^ lymphocyte infiltration in
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the subepithelial layer in CAED. HLA-DR and ICAM-1 molecule expression were found to 

be closely correlated with each other (Pisella et a l, 2000), unfortunately, we did not detect 

clustering of these molecules on microvilli, whether ICAM-1 co-localise to the same cell- 

surface regions as HLA-DR is need to be done in the future.
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Figure 3.1 Phase contrast micrograph showing a representative explant monolayer culture 

of primary conjunctival cells at day 7 of confluence. 400X magnification.
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Figure 3.2 A: Primary conjunctival epithelial cells were gated on live cell population. B: The 

black line represents a negative control, the red line represents cytokeratin expression; 97% of 

these cells showed cytokeratin positive (Ml).
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Figure 3.3 Confocal microscopy showing immunocylœhemical staining of conllueni 

monolayers of primary conjunctival epithelial cells. Confocal microscopy of intracellular 

staining with anti-cytokeratin mAh (cytokeratin 18). Scale bar, 20pm.
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Figure 3.4 Confocal microscopy showing immunocytochemical staining of conllucnt 

monolayers of primaiy conjunctival epithelial cells from VKC. Confocal microscopy of 

intracellular staining with anti-cytokeratin mAh (cytokeratin 18). Scale bar, 2pm (A); lOpm 

(B).
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Figure 3.5 SEM image of microvilli of ChWK, X 5()(K).
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Figure 3.6 A: Secondary SEM image showing surface distribution of microvilli on ChWK 

cells B: Backseat ter SEM image showing 5nm gold labeled ICAM-1 ultrastucture localization 

(IFN-y 5()U/ml, 24 hours stimulation). xl5,(K)(); scale bar = 1 M-m.
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Figure 3.7 A: Secondary SEM image showing surface distribution of microvilli on ChWK 

cells B: Backscatter SEM image showing 5nm gold labeled ICAM-1 ultrastucture 

localization (IFN-y 50U/ml, 24 hours stimulation). x25,000; scale bar = 1 Km.
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Figure 3.8 A: Secondary SEM image showing surface distribution of microvilli on ChWK 

cells B: Backscatter SEM image showing 5nm gold labeled ICAM-1 ultrastucture 

localization (IFN-y 50U/ml, 24 hours stimulation). x25,000; scale bar = 1 \xm.
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Figure. 3.9 Transmission electron micrograph of ChWK (IFN-y 50U/ml, 24 hours 

stimulation). Detection of ICAM-1 (black dots) expression was restricted to the sides of 

microvilli. Two or three molecules assembled in some places as clusters (arrowheads), x 

20,000; scale bar = 0.1 pm.
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Figure 3.10 Transmission electron micrograph of ChWK (IFN-y 50U/ml, 24 hours 

stimulation). Detection of ICAM-1 (black dots) expression was restricted to the sides of 

microvilli and the bulbous structures. Two or three molecules assembled in some places as 

clusters (arrowheads), x 40,000; scale bar = 0.2 pm.
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CHAPTER 4 Expression of HLA-DR and ICAM-1 on Conjunctival Epithelial Cells
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4.1 Introduction

The aim of this chapter is to investigate the effects of IFN-y on both the conjunctival 

epithelial cell line, ChWK, and on the primary conjunctival epithelial cells. Thus, both cell 

types were treated IFN-y, and the expression of MHC class II and ICAM-1 determined using 

flow cytometry and immunocytochemistry. We did not study MHC class I expression 

because we were principally interested in MHC class II- (HLA-DR) restricted interactions, 

since CD4^ and not CD8  ̂ T cells are the main T cells infiltrating the conjunctiva during 

CAED (Metz et al., 1996). Due to the limited numbers of cells available, we focused on the 

effects of IFN-y on HLA-DR expression in these cells.

The intracellular pathways leading to the generation of peptides, their binding to MHC 

molecules, and presentation on the cell surface are called antigen processing and 

presentation. CD8^ and CD4^ T lymphocytes recognise peptides stably bound to class I or 

class II MHC molecules respectively. The "endogenous" pathway provides peptides to MHC 

class I molecules for presentation to CD8^ T cells. These peptides are derived from proteins 

synthesized or residing in the cytoplasm or nucleus, and the process involves proteasomes 

and the ubiquitin pathway of protein degradation, as well as a specific peptide transporter 

(TAP). The exogenous pathway provides peptides to MHC class II molecules for 

presentation to CD4^ T cells. These peptides are derived from extracellular antigens taken 

up by endocytosis and degraded in the endosomal/lysosomal pathway. (Monaco, 1995; 

Watts and Fowls, 1999). (Figure 4.1)
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Figure 4.1 Antigen processing and presentation in association with MHC molecules. (From 

http://rheumb.bham.ac.uk/teaching/clinimmunol/ci_chap6.htm)

Antigen-presentation to CD4^ T cells of peptides, derived from proteins taken up by a cell, 

is mainly in association with MHC class II molecules and involves pinocytosis of antigen by 

APC. Enzymes within the antigen-processing compartment are activated and ingested 

proteins are broken down to peptides. These peptides are loaded into the antigen-presenting 

grooves of the MHC class II molecules and the complexes are transported to the cell 

surface. Although little is known of the MHC class II associated antigen processing 

machinery in lEC, it is clear that lEC may process soluble antigens for presentation to T 

cells (Bland, 1998). A few features relating to antigen uptake by lEC have been well studied 

(Hershberg and Mayer. 2000). However, little information is available regarding the antigen 

processing in conjunctival epithelial cells.
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HLA-DR molecules play a crucial role in the initiation of immune responses. Several cell 

types known as “professional APC” such as DC, B cells, and macrophages express high 

levels of HLA-DR. Additionally; various other cell types including epithelial cells express 

HLA-DR and have been reported to be capable of presenting antigen to T cells. This 

expression by epithelial cells may enable them to act as APC and to interact with T 

lymphocytes in immune processes. Respiratory tract epithelial cells have also been reported 

to express HLA-DR and to induce T-cell proliferation (Kalb et al., 1991). HLA-DR 

expression has been observed on various types of epithelial cells involved in chronic allergic 

diseases (Kraft et al., 1998; Nonaka M, et al. 1996), including chronic allergic conjunctivitis 

(Baudouin, 2000).

ICAM-1 is an adhesion/costimulatory molecule and considered a marker of allergic 

inflammation (Canonica et al., 1995) and one of several costimulatory molecules involved 

in immune responses mediated by HLA-DR. ICAM-1 expression was found to be 

extensively upregulated in bronchial biopsies from asthma patients (Bentley et al., 1993), 

and in nasal mucosal biopsies from allergic rhinitis patients (Montefort et al., 1992).

Many inflammatory cytokines are involved in ocular surface diseases; IFN-y plays a crucial 

role in vivo in many different types of immune responses, such as delayed-type 

hypersensitivity and inflammation (Boehm et al., 1997; Sen and Ransohoff, 1993). It is well 

known that the expression of HLA-DR requires prior stimulation with IFN-y (Griffiths et 

al., 1989; Abu El-Asrar et al., 1989a, 1991). IFN-y was the only cytokine that effectively 

upregulated HLA-DR expression in ChWK (Tsubota et al., 1999). It has been reported that
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IFN-y and TNF-a induced both dose- and time-dependent increases in ICAM-1 expression 

on primary human comeal epithelial cells, as measured by flow cytometry and a cell-based 

ELISA (Yannariello-brown et a l, 1998).

In CAED, immunohistochemical studies demonstrated that there was no expression of 

ICAM-1 or HLA-DR in the normal conjunctival epithelial cells, but both antigens were 

induced on conjunctival epithelial cells in the allergic tissue, and there was greater 

expression in AKC and VKC compared with GPC (Hingorani et al., 1998b). Strong ICAM- 

1 expression was induced on the basal epithelial cells in all VKC specimens using 

immunohistochemical staining (Abu el-Asrar et al., 1997).

In order to understand how these two molecules are expressed during CAED, I have 

investigated their expression on primary conjunctival epithelial cells from normal non

inflamed conjunctival tissue and on cells of the ChWK cell line both before and after IFN-y 

stimulation. Firstly, I have investigated HLA-DR and ICAM-1 expression on both cells after 

stimulation with different concentrations of IFN-y using flow cytometry. Secondly, 

immunocytochemistry was used to confirm the flow cytometry results. Our study found that 

both primary conjunctival epithelial cells and ChWK express high levels of ICAM-1 

compared with HLA-DR expression after IFN-y stimulation.
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4.2 Results

4.2.1 The expression of HLA-DR on B ceils

In order to test HLA-DR mAb, we demonstrated HLA-DR expression on a positive control cell 

line (a human B cell hybridoma (Palmer et al. 1997)) using flow cytometry. As seen in Figure 4.2, 

99% of the gated B cells were HLA-DR positive.

4.2.2 The expression of HLA-DR and ICAM-1 by flow cytometry

ChWK cells were stimulated with IFN-y [0, 50, 250 and 500U/ml] and both HLA-DR and 

ICAM-1 expression were upregulated in a dose- and time-dependent manner. The maximum 

significant increase in HLA-DR expression was observed after 48 hours stimulation with 

IFN-y [500U/ml] (Figure 4.3), whereas 24 hour-stimulation with IFN-y [5OU to 500U/ml] 

induced a significant increase in the level of ICAM-1 expression (Figure 4.4).

The expression of HLA-DR and ICAM-1 on both primary conjunctival epithelial cells 

(Figure 4.5) and ChWK cell line cells (Figure 4.6) before and/or after stimulation with IFN-y 

was compared by flow cytometry. Both primary conjunctival epithelial cells and ChWK had 

a low basal expression of HLA-DR (less than 10% of unstimulated) but expressed 

significant levels of HLA-DR after 48 hours’ stimulation with IFN-y [500U/ml] (primary 

epithelial cells 22%±3.6, p<0.01, ChWK 39.6%±2.5, p<0.001. Figure 4.7). Both cell types 

expressed ICAM-1 constitutively which was upregulated after 24 hours’ culture in the 

presence of IFN-y [50U/ml] (primary epithelial cells 75.6%±5.9, p<0.001, ChWK 

84.1%±4.3, p<0.001. Figure 4.8). Both cell types expressed high levels of ICAM-1
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compared with HLA-DR expression after IFN-y treatment. A significantly higher level of 

ICAM-1 was expressed by both cell types, which strongly correlated with HLA-DR 

expression. In addition, ICAM-1 expression became very high on ChWK even without 

stimulation after more than fifteen passages (Figure 4.9). However, the expression of HLA- 

DR molecules was not upregulated in primary conjunctival epithelial cells derived from a 

tarsal biopsy from GPC patient after IFN-y treatment (Figure 4.10). This finding has not 

been repeated so far.

4.2.3 The expression of HLA-DR and ICAM-1 by immunocytochemistry

Slides were examined under a confocal microscope and the expression of ICAM-1 on 

ChWK was observed to be higher when compared with HLA-DR expression (Figure 4.11) 

and levels of expression of both molecules before and after IFN-y stimulation were 

comparable with those measured by flow cytometry. Therefore, the levels of expression of 

HLA-DR and ICAM-1 were confirmed by immunocytochemistry, and flow cytometry was 

the chosen technique for the remainder of this study.
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4.3 Discussion

In this chapter, we compared the expression of HLA-DR and ICAM-1 on both primary 

conjunctival epithelial cells and ChWK. From our data, the expression of HLA-DR and 

ICAM-1 on ChWK was upregulated by the IFN-y in a dose- and time-dependent manner. 

Similar studies on ChWK using different doses and time course of IFN-y treatment have 

reported that HLA-DR was negative at a basal level and IFN-y stimulated HLA-DR and 

ICAM-1 expression in a dose- and time-dependent manner on ChWK (De Saint Jean et al, 

1999). Therefore, our first conclusion was that ChWK cells might have similar immune 

properties and may be used to represent conjunctival epithelial cells in vitro studies. Another 

important conclusion is that the number of cell passages performed should be carefully 

monitored as we have notice ICAM-1 expression becomes very high, even without 

stimulation, after more than fifteen passages.

Our study examined the expression of ICAM-1 and HLA-DR in primary conjunctival 

epithelial cells and ChWK cells. Our results demonstrated that both cell types express low 

basal level of HLA-DR and ICAM-1 and were upregulated by IFN-y. This finding is in 

agreement with reports that constitutive expression of ICAM-1 and HLA-DR in primary 

cultures and ChWK has been found using immunocytochemical techniques (Diebold et a l, 

1998). And normal eyes showed lowest expression of HLA-DR whereas in pathological 

eyes there were high levels as measured by flow cytometry of impression cytology. 

(Brignole et a l, 1998). In agreement with our data. De Saint-Jean et al detected similar 

levels of IFN-y-induced HLA-DR expression on ChWK using flow cytometry (De Saint- 

Jean et al. 1999). In our studies of conjunctival epithelial cells from one active GPC sample.
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the expression of HLA-DR was not upregulated after IFN-y treatment, suggesting that these 

conjunctival epithelial cells were already activated in disease.

The expression of HLA-DR in conjunctival epithelial cells has been consistently shown to 

be associated with conjunctival inflammatory reactions (Baudouin et al., 1992; Mabey et al., 

1991; Pisella et al., 2000). HLA-DR expressing epithelial cells after stimulation by 

inflammatory cytokines could participate in immune reactions and/or recruitment of 

inflammatory cells (Tsubota et al., 1999). Increased expression of HLA-DR molecules by 

epithelial cells may indicate the increased ability of epithelial cells to present antigens to T 

lymphocytes, thereby supporting inflammatory responses to a variety of exogenous antigens. 

It is well known that the expression of these two molecules by non-lymphoid cells does not 

necessarily guarantee APC function, although the presence of both molecules in 

conjunctival epithelial cells might suggest a potential role as APC. However, IFN-y- 

stimulated epithelial cells do not induce proliferation of allospecific CD4^ T lymphocytes, 

and may even induce a state of anergy or nonresponsiveness in vitro (Marelli-Berg and 

Lechler, 1999). Recently another study also suggested that an epithelial cell line can 

stimulate alloproliferation of resting CD4^ T cells, but not after IFN-y stimulation (Lawson 

et al, 2000). Therefore, further understanding of the importance role of conjunctival 

epithelial cells will he the next step to be investigated (Chapter 6).

We have focused on the costimulatory role of ICAM-1 rather than on its role in adhesion 

and migration. Assays to quantitate of T cells to ChWK cells adhesion and migration need 

to be done in the future. Furthermore, IFN-y may not play a major role in the
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pathophysiology of VKC since it has been suggested that TNF-a and IL-ip rather than IFN- 

y are the more significant immune associated inflammatory mediators in VKC (Abu el-Asrar 

et a l, 1997). We, therefore, have examined the effect of Thl and Th2 cytokines on immune 

molecules expression (Chapter 7).
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Figure 4.2 A: Titration of HLA-DR antibody. B: Flow cytometric histogram for 

HLA-DR expression on untreated B cells. The solid peak indicates background 

staining with a negative control; the open peak indicates HLA-DR expression, with 

99% of gated B cells being HLA-DR positive.
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HLA-DR expression on ChWK cells
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Figure 4.3 Dose- and time-dependent increase in HLA-DR expression induced by 

IFN-y on ChWK cells. Bars represent mean ± SD from three separate experiments. 

48h IFN-y (500U) vs 24h IFN-y (50U) *p<0.01; 48h IFN-y (500U) vs 24h IFN-y 

(500U) *p<0.05.
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ICAM-1 Expression on ChWK cells
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Figure 4.4 Dose- and time-dependent increase in ICAM-1 expression induced by 

IFN-y on ChWK cells. Bars represent mean ± SD from three separate experiments. 

*p<0.05 IFN-y stimulated (50U/ml) vs unstimulated .
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Figure 4.5 Two color flow cytometric analysis of HLA-DR and ICAM-1 expressions 

on primary conjunctival epithelial cells, live-gated epithelial cells (Rl) obtained from 

normal biopsies (A). Dot plots show the expression of HLA-DR and ICAM-1 (B). 

The expression of HLA-DR and ICAM-1 was upregulated by IFN-y (C) (500U/ml, 

48 hours).
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Figure 4.6 Two color flow cytometric detection of HLA-DR and ICAM-1 

expressions on ChWK. Dot plots show the constitutive expression of HLA-DR and 

ICAM-1 on unstimulated cells (A). The expression of HLA-DR and ICAM-1 was 

upregulated by IFN-y (B) (500U/ml, 48 hours).
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Figure 4.7 HLA-DR expression by primary conjunctival epithelial cells and ChWK. 

HLA-DR was expressed at a low level in unstimulated cells (pink bar), 48 hours of 

treatment with 500U/ml IFN-y induced a small but significant increase in HLA-DR 

expression (green bar) in both primary and ChWK cells. Results are calculated as 

mean ± SEM % expression from five separate experiments for primary epithelial cells 

and four separate experiments for ChWK. ** p<0.01 and *** p<0.001 comparing 

unstimulated and IFN-y stimulated cells.
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Figure 4.8 ICAM-1 expressed by primary conjunctival epithelial cells and ChWK. 

lCAM-1 was constitutively expressed in unstimulated cells (red bar) by both primary 

epithelial cells and ChWK. There was a significant increase after 24 hours of 

treatment with 50U/ml IFN-y (blue bar). Results are calculated as mean ± SEM % 

expression from nine separate experiments for primary epithelial cells and four 

separate experiments for ChWK. *** p<0.001 comparing unstimulated and IFN-y 

stimulated cells.
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Figure 4.9 Two color flow cytometric analysis of HLA-DR and ICAM-1 expressions 

on ChWK. Dot plots show the expression of HLA-DR and ICAM-1 on live-gated 

epithelial cells. After passage more than fifteen times, unstimulated ChWK cells 

expressed increased levels of ICAM-1 (A) and upregulated by IFN-y (B) (500U/ml, 

48 hours).
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Figure 4.10 Two color flow cytometric analysis of HLA-DR and ICAM-1 

expressions on conjunctival epithelial cells from GPC. Dot plots show the expression 

of HLA-DR and ICAM-1 on live-gated epithelial cells obtained from GPC biopsies 

(A). The upregulation by IFN-y (500U/ml, 48 hours) on ICAM-1 expression (B) was 

much less comparing with both ChWK and primary cells from normal biopsies 

(Figure 4.4). HLA-DR expression was not upregulated.
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Figure 4.11 Confocal microscopy showing immunocytochemical staining of confluent 

monolayers of ChWK cells. A. HLA-DR expression following treatment with IFN-y 

[500U/ml] for 48 hours, B. ICAM-1 expression following treatment with IFN-y [50U/ml] 

for 24 hours. Scale bar, 20pm.
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CHAPTER 5 Expression of Costimulatory Molecules on Conjunctival Epithelial Cells
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5.1 Introduction

The aim of this Chapter is to determine whether there was constitutive CD80, CD86 and 

CD40 expression, and whether IFN-y could increase this expression in both primary 

conjunctival epithelial cells and the ChWK cell line.

CD4^ T lymphocytes play a central role in the induction and in the maintenance of 

conjunctival inflammation in CAED. Many molecules have been identified as an accessory 

or costimulatory function in T cell activation (Table 5.1). Activation of T lymphocytes 

requires antigen-independent costimulatory signals. T cell stimulation in the absence of a 

second costimulatory signal can lead to anergy or the induction of cell death (Reiser and 

Stadecker, 1996). A major co-stimulus is provided by B7-1 (CD80) and/or B7-2 (CD86) on 

APC, which interact on the cell surface membrane of a T lymphocyte with CD28 

(constitutively expressed) or CTLA-4 (which is up-regulated upon T cell activation and 

sends negative feedback signals). However, there is growing evidence that T-cell activation 

may also occur through an alternative pathway involving CD40-CD40L stimulation (Guo et 

a l, 1996). Therefore, the expression of costimulatory molecules would determine whether 

these cells are potentially capable of inducing T-cell activation.
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Table 5.1 Costimulatory molecule function. From Watts and DeBenedette. (1999)

Receptor
(family!

CD28
(CD28 subfamily 
of Ig suporfamlly)

Signal 2 for 
naïve T cells?

Yes

Ligands
(family)

B7-1 and B7-2 
(Ig superfamily)

Function and features

Induces higfn level (L*2 production and survival 
of T cells: prevents death/anergy 
Effects on CD4+ > CD8+ T colls

ICOS
(CD28 subfamily)

LFA-1 (G DI 1 a/CD 18) 
(integrin family)

SLAM fCDwlSO) 
(GD2 subfamily of Ig 
&u;bérfàiWily)

Unknown receptor 
on  T cells

4-1BB (G D I37) 
(TNFR family)

0 X 4 0  (CD 134) 
(TNFR family)

CD27
(TNFR family)

No

No

No

No

Yes'*

No

Unknown

ICAM-1, -2. 3 
(Ig superfamily)

SLAM

HSA (CD24)

4-1BBL 
(IN F  family)

No

OX40L 
(TNF family)

CD 70 (CD27L) 
(TNF family)

On activated T cells only 
Increases IL-10 but not IL-2 
Expressed in germinal centres

Adhesion and cytoskolotal reorganization 
during T cell activation 
Incrca&oo signal 1 
Inhibits Th2 response?

Enhances IFN-y production
Directs memory T cells toward ThO/ThI response
Enhances proliforahon of memory T cells

Required in C D 2 8 - - mice for generation of memory 
and anti-KLH response

Effects on CDS* cefi proliferation > C 0 4 *  cells 
Sustains C D 4* T cell response 
Enhftngee CD8+ T &eH response in vivo 
Promotes IFN-y production by CDS* and CD 4*
T cells can replace C D 28  in co-stimulating a Th2 
response to allogervoic B cells

Promotas Th2 response
Sustains proliferation of Thl and Th2 effectors
Enhances IL-2 and Th2 cytokine production
tjpregulatArj nn CFM * T rellm 
during autoimmune episodes

Functions in T-cell-B-celI and T-cell-T-cell interactions 
Role in expansion of T cells after C D 20 co-atimulat»on

Recently, the expression of the costimulatory molecules has been extensively studied on 

epithelial cells. Nasal epithelial cells (NEC) and AEG expressed the costimulatory molecules 

CD80 and CD86 as determined by flow cytometry, Reverse transcription polymerase chain 

reaction (RT-PCR), and immunohistochemistry, and T-cell proliferation could be blocked 

by treating NEC and AEG with anti-CD80 and anti-CD86 antibodies (Salik et al, 1999).
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However, the expression of the costimulatory molecules CD80 and CD86 was not observed 

in normal or activated RPE cells (Rezai et al., 1997; Kanuga et a l, 2002), suggesting that 

the source of the epithelial cells will determine the expression patterns. The expression of 

CD80 and CD86 on conjunctival epithelial cells has not been reported.

CD40 is expressed on a wide variety of cells including cells from the monocyte-macrophage 

lineage, DC, fibroblasts, endothelial and epithelial cells (Galy and Spits, 1992; Van Kooten 

et al., 1997; Faure et al., 1997). CD40 upregulation has been observed in inflammatory 

conditions in various tissues and cell systems, such as skin kératinocytes, RPE, CEC, 

conjunctival epithelial cells or thyroid fibroblasts (Gaspari et al., 1996; Willermain et al., 

2000; Iwata et al., 2002; Brignole et al., 2000; Metcalfe et al, 1998). It still remains unclear 

whether CD80, CD86 and CD40 molecules are constitutively expressed on conjunctival 

epithelial cells. In this chapter I have focused on these costimulatory molecules and 

investigated whether they were expressed in conjunctival epithelial cells, and the effects of 

IFN-y. The results suggest that both cells constitutively express CD80, CD86 and CD40, 

and that these molecules are upregulated by IFN-y.
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5.2 Results

5.2.1 The expression of CD80 and CD86 on B ceils

To examine CD80 and CD86 molecules expression, we firstly checked the mAbs by flow 

cytometry using the B cells as positive control cells, stained with either anti-CD80 or anti- 

CD86 mAbs. Both CD80 and CD86 expression could be observed in B cells at 99% for 

CD80 and 78% for CD86, in agreement with previously published data (Figure 5.1).

5.2.2 CD80 and CD86 molecules are constitutively expressed on ChWK and primary 

conjunctival epithelial cells

We investigated whether CD80 and CD86 molecules were constitutively expressed on the 

surface of both cell types by using flow cytometry. As seen in Figures 5.2-5.5, CD80 and 

CD86 were expressed constitutively at low levels in both cell types.

5.2.3 The expression of CD80 and CD86 is upregulated on ChWK and primary 

conjunctival epithelial cells

To investigate whether the expression of CD80 and CD86 could be upregulated on both cell 

types, cells were treated with IFN-y [500U/ml] for 48 hours. ChWK cells (Figure 5.2 and 

Figure 5.3) had a higher constitutive expression of CD80 and CD86 than that observed for 

primary conjunctival epithelial cells and was induced to a higher level of expression 

following IFN-y treatment than was observed for the primary epithelial cells (Figure 5.4 and 

Figure 5.5). The percentage of ChWK cells positive for CD80 and CD86 were 35.7± 5.41 

(n=6, p<0.05) and 33.5+11.97 (n=5) after 48 hours IFN-y stimulation while in primary
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conjunctival epithelial cells the percentage of cells positive for CD80 and CD86 were 26.04 

± 13.91 (n=4) and 36.69 ± 16.55 (n=5) after 48 hours IFN-y stimulation (Table 5.2).

5.2.4 The expression of CD40 on ChWK and primary conjunctival epithelial cells

The expression of CD40 molecules was quantitated by flow cytometric analysis on ChWK 

cells and primary conjunctival epithelial cells. There was constitutive expression of CD40 

molecules at the surface of both cell types. CD40 expression was weakly upregulated by 48 

hours’ stimulation in both cell types with IFN-y (Figure5.6 and Figure 5.7).
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5.3 Discussion

In the present chapter, our results demonstrated that both cell types constitutively expressed 

low basal levels of CD80 and CD86, and ChWK had a higher constitutive expression of 

CD80 and CD86 than that observed for primary conjunctival epithelial cells. When the MFI 

was compared, both CD80 and CD86 expression were found to be up-regulated following 

IFN-y stimulation. These results are in agreement with other epithelial cell types, such as 

alveolar (Zissel et al., 2000), thymic (Reiser and Schneeberger. 1994), renal and colon 

(Nakazawa e/a/., 1999).

It was unclear whether T cell activation involved both CD80 and CD86 costimulation and 

whether the contribution of one molecule predominated over that of the other. One study 

reported B7-2 expression to be higher than B7-1 on human gastric epithelial cell lines and 

freshly isolated epithelial cells from gastric biopsies in situ, at both protein and mRNA 

levels (Ye et al., 1997). In our study both CD80 and CD86 were expressed at low levels 

and it raises the question of whether either molecule alone was sufficient to elicit a 

CO stimulatory response. Other studies using a mouse model also reported that B7-1 and B7-2 

might have complementary roles in mediating the development of allergic pulmonary 

inflammation (Mark et al., 2000). B7-1 and B7-2 molecules can substitute for each other 

duringTh2 differentiation (Levine et al, 1995; Vasilevko et al., 2002).

Our results demonstrated that CD80 expression following IFN-y treatment was a 

significantly increased compared with unstimulated ChWK cells. They may also indirectly 

hypothesize that CD80 would seem more relevant to a Thl immune response. However as
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CHWK cells are an immortalized cell line, this hypothesis needs to be confirmed in primary 

conjunctival epithelial cells. It is currently controversial whether the signals provided to the 

T cells upon interaction of CD80 and CD86 with CD28 are qualitatively different, and lead 

to the development of functionally distinct types of T cells in vitro (Tan et al., 1993; 

Boussiotis et al., 1993; Thompson, 1995) and in vivo (Linsley et al., 1992; Corry et al., 

1994). Some studies have suggested that B7/CD28-CTLA-4 interactions may not only be 

important in T cell activation, but may also play a role in T cell differentiation with B7-1 

favoring development of Thl cells and B7-2 favoring lL-4 production and Th2 immune 

responses (Kuchroo et al., 1995; Freeman et al., 1995; Ranger et al., 1996). There is 

accumulating evidence to suggest that CD86, rather than CD80, is involved in allergic 

responses (Tsuyuki et a l, 1997; Larche et a l, 1998; Hofer et a l, 1998). In VKC specimens, 

the numbers of mononuclear cells expressing CD86 were significantly higher than the 

numbers of mononuclear cells expressing CD80 and suggested the interaction of CD86 with 

CD28 may mediate the development of the Th2 immune response in VKC (Abu-El-Asrar et 

al, 2001b). CD86 expression was significantly higher in conjunctival tissue of patients with 

active ocular cicatricial pemphigoid (OCP), another inflammatory conjunctival condition, in 

the conjunctival substantia propria as compared with normal conjunctiva (Tesavibul et a l, 

1998). However the role of these costimulatory molecules in the pathogenesis of CAED is 

unclear. In chapter 7, we compare the effects of Thl and Th2 cytokines on costimulatory 

molecule expressions on ChWK.

Using impression cytology, one study has found ChWK constitutively expressed CD40 

which was significantly increased after 24 hours of IFN-y exposure and after 48 hours'
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exposure to TNF-a (Bourcier et al., 2000). Our results in this study suggested that CD40 

was upregulated by IFN-y at 48 hours’. The reason for these conflicting data could be due 

to the different cytokines and culture conditions used by the two groups. The finding of 

constitutively expressed CD40 in normal biopsies are in agreement with another study, 

which has reported that in the normal conjunctiva, basal epithelial cells and vascular 

endothelial cells in the upper substantia propria have shown a constitutively weak 

immunoreactivity for CD40 using immunohistochemical techniques, whereas CD40 

immunoreactivity both in epithelial cells and vascular endothelial cells was stronger in VKC 

specimens (Abu El-Asrar et al., 2001a).

In conclusion, this study demonstrates that conjunctival epithelial cells constitutively 

express CD80, CD86 and CD40 and this expression could be upregulated by IFN-y. These 

findings have important implications in supporting the hypothesis that conjunctival 

epithelial cells may support T cell responses via costimulatory pathway. In the next Chapter 

(6), I will present functional data that supports this hypothesis. In Chapter 4 and Chapter 5, a 

human B cell line, used as a source of feeder cells in our lab, was found to express HLA- 

DR, CD80 and CD86 without stimulation in agreement with a previous study which 

reported that this B cell line can provide costimulation for expansion of CD4^ T cells as 

accessory cells (Palmer and van Seventer, 1997). Therefore, we will use these cells as a 

positive control for costimulation to compare with conjunctival epithelial cells.
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Figure 5.1 Flow cytometric histogram for CD80 and CD86 expression on untreated B cells. 

The solid peak indicates background staining with a negative control; the open peak 

indicates CD80 and CD86 expression, with 99% of B cells being CD80 positive (A) and 

78% CD86 positive (B).
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Figure 5.2 CD80 expression on ChWK cells as illustrated by a flow cytometric histogram. 

Solid red represented the isotype-matched Ig control. Having subtracted the background 

staining, 21% unstimulated cells (blue line) constitutively expressed CD80, and 47% were 

CD80 positive after 48 hours IFN-y [500U/ml] stimulation (green line). This is a 

representative from six separate experiments.
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Figure 5.3 CD86 expression on ChWK cells as illustrated by a flow cytometric histogram. 

Solid red represented the isotype-matched Ig control. Having subtracted the background 

staining, 10% unstimulated cells (blue line) constitutively expressed CD86, and 20% were 

CD86 positive after 48 hours IFN-y [500U/ml] stimulation (green line). This is a 

representative from five separate experiments.

132



00

CD80 CY5

Figure 5.4 CD80 expression on primary conjunctival epithelial cells from normal biopsy 

tissues, illustrated by a flow cytometric histogram. Solid red represents the isotype-matched 

Ig control. Having subtracted the background staining, 10% unstimulated cells (blue line) 

constitutively expressed CD80 and 12% were CD80 positive after 48 hours IFN-y 

[500U/ml] stimulation (green line). This is a representative from four separate experiments.
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Figure 5.5 CD86 expression on primary conjunctival epithelial cells from normal biopsy 

tissues, illustrated by a flow cytometric histogram. Solid red represented the isotype- 

matched Ig control. Having subtracted the background staining, 26% unstimulated cells 

(blue line) constitutively expressed CD86 and 21% were CD86 positive after 48 hours IFN-y 

[500U/ml] stimulation (green line). This is a representative from five separate experiments.
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Table 5.2 CD80 and CD86 expression by imstimulated and IFN-y treated ChW K and

primary conjunctival epithelial cells

ChWK Primary Conjunctival Epithelial Cells

- IFN-y + IFN-y - IFN-y + IFN-y

% Positive % Positive % Positive % Positive

CD80 16.58±2.76 35.07±5.41* (n=6) 22.75113.86 26.04113.91 (n=4)

CD86 20.39±4.87 33.5111.97 (n=5) 27.7816.79 36.69116.55 (n=5)

Flow cytometric analysis o f  the CD80 and CD86 expression on ChWK and primary conjunctival epithelial 
cells. The percentage o f  positive cells for the indicated molecules are shown. Cells were untreated or treated

with 500U/ml IFN-y for 48 hours.* p<0.05
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Figure 5.6 CD40 expression on ChWK measured by flow cytometric histogram. The solid 

red represents the isotype-matched control. Having subtracted the background staining, 12% 

unstimulated cells (blue line) constitutively expressed CD40 and 18% were CD40 positive 

after 48 hours IFN-y [500U/ml] stimulation (green line).
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Figure 5.7 CD40 expression on primary conjunctival epithelial cells from normal biopsy 

tissues, illustrated by a flow cytometric histogram. Solid red represented the Ig isotype- 

matched control. Having subtracted the background staining, 11% unstimulated cells (blue 

line) constitutively expressed CD40 and 16% were CD40 positive after 48 hours IFN-y 

[500U/ml] stimulation (green line).
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CHAPTER 6 Mixed Lymphycyte Reactions (MLR)
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6.1 Introduction

The aim of this Chapter is to detect whether conjunctival epithelial cells can support T cell 

proliferation in MLR. Since it was not possible to generate sufficent T cells and epithelial 

cells from blood and conjunctival biopsy from the same individual, we investigated 

alloproliferative assays using ChWK and PBMC cells from healthy donors.

Two signals are required to produce a T cell response: the first is recognition of antigenic 

peptide by the TCR presented in the context of MHC. The second, 'co-stimulatory' signal is 

conferred either by cell surface molecules on ARC which interact with their corresponding T 

cell co-receptors or by soluble mediators released by the APC. The primary conjunctival 

epithelial cells and ChWK cell line cells may support T cell proliferation, since we have 

demonstrated that these cells express HLA-DR, costimulatory molecules and adhesion 

molecules in previous chapters.

During MLR, cells from two HLA-mismatched individuals are cultured together and a T 

proliferative response is generally observed, as the result of reactions of T cells from one 

individual against MHC antigens on the other individual's cells. This can be monitored by 

an in vitro MLR assay, which analyzes the ability of T cells to recognize allogeneic cells as 

"non-self and proliferate in response to the presence of the allogeneic cells. In a one-way 

MLR, the dying cells are called the targets or stimulators, the live T cells are the responders, 

and the response measures cell division and incorporation of ̂ H-thymidine into DNA. If the 

"stimulator" cells aren't killed and they contain T cells, then both populations respond to 

each other, which is called a two-way MLR. The MLR has been assumed to occur via direct 

presentation of alloantigens by allogeneic cells to responder T cells. The MLR has proven to 

be a more sensitive assay for T cell responsiveness than T cell proliferative responses to
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mitogens. The one way MLR used in this chapter may determine if, during alloresponse by 

T cells, the conjunctival epithelial cells act as supportive or downregulatory cells. Since 

RPE cells in one way MLR are downregulatory (Kanuga et al., 2002), presumably due to 

inhibitory cytokines or a lack of costimulatory molecules, we wanted to find out if 

conjunctival epithelial cells behaved similarly or are capable of supporting T cell 

proliferation.

AEC and lEC have been found to stimulate peripheral blood T-lymphocyte proliferation in 

MLR cultures (Kalb et al., 1991; Rossi et al., 1990; Paine et al., 1992). Also human CEC 

could activate allogeneic T cells by an HLA-class Il-dependent mechanism (Iwata et al. 

1994). However, another study found that IFN-y-stimulated epithelial cells did not induce 

proliferation of allospecific CD4^ T lymphocytes, and may even induce a state of anergy or 

nonresponsiveness in vitro (Marelli-Berg et al., 1997; Lawson et al., 2000). So far the 

capacity of conjunctival epithelial cells to stimulate T cell proliferation has not been 

reported.

The ability of normal B cells to serve as APC is well documented: activated B cells are able 

to activate naïve T lymphocytes (Ding and Shevach, 1996). Therefore, in this chapter, the 

proliferation of allogeneic T cells in one-way MLR is used as a functional assay for a 

proinflammatory role of conjunctival epithelial cells; we also used B cell line cells 

cocultured with T cells as a positive control. We found that ChWK cell line cells were able 

to support T cell proliferation in MLR, similar to the level induced by B cell line cells.
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6.2 Results

6.2.1 Comparison of different levels of irradiation on ChWK cells in MLR

Allogeneic stimulation is known to require live metabolically active responder cell-cell 

contact between the responders and sublethally irradiated stimulatory allogeneic cell 

populations. Stimulator cells were irradiated to reduce uptake of [^H] thymidine before 

incubating with healthy control PBMC cells, so that the [^H] thymidine would only be 

incorporated by responding T cells not by the stimulator cells. Therefore, it was very 

important to optimize which level of irradiation should be required to allow for stimulatory 

activity. Once cells are irradiated, they will slowly die during the coculture period, then the 

incorporation of ^H-thymodine will only occur in responder cells as a true correlation of 

proliferation. We compared the effects of 1200 Rads or 2400 Rads of ChWK cells on T cell 

proliferation in MLR. Treatment with 1200 Rads (Figure 6.1 A) or 2400 Rads (Figure 6.IB) 

produced similar levels of T cell proliferation. However the background cpm of epithelial 

cells alone produced lower variation at the higher dose of irradiation. Therefore, a dose of 

2400 Rads was used throughout the study.

6.2.2 Comparison of the ability of ChWK and B ceils to induce T cell proliferation in 

MLR

Since both primary conjunctival epithelial cells and ChWK have been found to express both 

HLA-DR and costimulatory molecules, it was of interest to determine whether these 

epithelial cells could support T cell proliferation. Due to the low cell numbers obtained from 

primary conjunctival epithelial cell cultures, MLRs were set up by culturing irradiated 

ChWK with T cells. These cells were cocultured for 5 days. T cell proliferation was assessed
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after the addition of 1 jLtCi/well [^H]-thymidine for the final 18 hours. [^H]-thymidine 

incorporation was measured by liquid scintillation counting. All measurements were 

performed in triplicate and results expressed as the mean cpm ± SD for each experiment. 

MLRs were performed at several stimulator-to-responder ratios. Controls were ChWK cell 

alone, T cells alone, and T cells stimulated with the mitogen PHA. Having subtracted the T 

cell alone, in the presence of irradiated allogeneic epithelial cells, T cells proliferated at least 

3-fold greater than background from three separate experiments whereas, in the presence of 

irradiated B cells, T cells proliferated 2-fold above background from one representative 

experiment (Figure 6.2). In the MLR, the levels of proliferation were significant with at 

least 1x10^ epithelial cells per well. At least 5x10^ B cells per well were required to induce a 

significant response. Irradiated ChWK cells were able to induce proliferation of allogeneic 

T cells to a higher level of significance than when irradiated B cells were used.
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6.3 Discussion

In our previous chapters, we have detected the expression of various costimulatory 

molecules by the conjunctival epithelial cells and based on these findings we aimed to 

define whether conjunctival epithelial cells could support T cell proliferation. In this 

chapter, the capacity of conjunctival epithelial cells to stimulate T-lymphocytes was 

assessed by one-way MLR, using irradiated conjunctival epithelial cells as the stimulator 

cells.

In the absence of HLA-DR-matched conjunctival epithelial cells for T cell proliferation 

assays, the MLR was chosen to assay alloreactive T cell responses. Irradiated conjunctival 

epithelial cells cocultured with alloreactive T lymphocytes resulted in significantly higher 

level of T cell proliferation than that induced by irradiated B cells, which were used as 

positive controls. The level of cpms in the MLR assay is very low and it is possible that 

ChWK cells in basal conditions have a very weak constitutive expression of CD80, CD86 

and HLA-DR. However, ChWK and B cells could induce comparable proliferation. The 

ability of ChWK to induce T cell responses in MLR assays supports our hypothesis that 

conjunctival epithelial cells may act as upregulators of T cell responses and not inhibitors of 

T cell function. However, the costimulatory pathways necessary for this proliferation need 

to be identified by using functionally blocking antibodies to directly block specific 

molecules during the MLR assays.

Much work has been done to better understand another epithelial cell type in the eye- the 

RPE cells. Previous studies reported that RPE cells could up-regulate their MHC class II 

molecule expression when exposed to IFN-y and may present antigen and thereby activate T
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cells (Liversidge et a l, 1988; Percopo et al., 1990; Osusky et a l, 1997). However, other 

studies have been demonstrated that RPE cells suppressed the activation of CD4^ and CD8  ̂

T cells in vitro (Liversidge et a l, 1993; Farrokh-Siar et al., 1999; Willermain et al., 2002), 

and did not support alloresponses in MLR (Kanuga et al., 2002). It would be interesting to 

know whether in the eye both epithelial cells, such as conjunctival epithelial cells and RPE 

cells, may play different roles in the induction and maintenance of immune privilege of the 

eye, such as the RPE cells are likely to be downregulatory in immune privilege sites 

whereas in the conjunctiva, epithelial cells appear to be proinflammatory.

There are two main reasons as to why we have not yet been able to test the ability of 

primary conjunctival epithelial cells to support T cell proliferation in the MLR. Firstly, the 

numbers of primary biopsies are limited and the cells obtained were initially used for 

immuno-phenotyping. Secondly, the yield of epithelial cells obtained from each biopsy was 

low, and only rarely did we obtain enough cell numbers to perform a MLR, In the future we 

hope to concentrate on the effect of using primary conjunctival epithelial cells in the MLR, 

and preferably T cell-antigen proliferation assays if we succeed in growing both T cells and 

epithelial cells from the same biopsy or from the blood. In those experiments, T cell 

response to antigens, such as tetanus toxoid (TT) or purified protein derivative (PPD) could 

be assayed using conjunctival epithelial cells as potential APC.

In conclusion, we have the tested the hypothesis that conjunctival epithelial cells may 

support T cell proliferation in CAED. To address the question of whether conjunctival 

epithelial cells’ surface molecules or protein synthesis are involved in the regulation of T 

cell proliferation and whether human conjunctival epithelial cells support T cell
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proliferation through the costimulatory pathway, MLR using primary conjunctival epithelial 

cells and antibody blockade assays need to be done in the future.
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Figure 6.1 A. Irradiated ChWK cells (1200 Rads) were plated at various concentrations 

(1x10^ - 1x10^) in triplicate in flat-bottomed 96-well plates. 10̂  human T cells were added 

per well, incubated for 5 days, and then pulsed with ^H-thymidine for the last 18 hours. T 

cells proliferated (solid bar) 2-fold above background (open bar) at the highest numbers of 

ChWK cells. Results in the presence of irradiated ChWK cells are from one representative 

experiment. ** p<0.01
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Figure 6.1 B. Irradiated ChWK cells (2400 Rads) were plated at various concentrations 

(1x10^ - 1x10^) in triplicate in flat-bottomed 96-well plates. 10̂  human T cells were added 

per well, incubated for 5 days, and then pulsed with ^H-thymidine for the last 18 hours. T 

cells proliferated (solid bar) 4-fold above background (open bar) at the highest numbers of 

ChWK cells. Results in the presence of irradiated ChWK cells are from one representative 

experiment. ** p<0.01
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Figure 6.2 Irradiated ChWK cells were plated at various concentrations (1x10^ - 1x10^) in 

triplicate in flat-bottomed 96-well plates. 10̂  human T cells were added per well, incubated 

for 5 days, and then pulsed with ^H-thymidine for the last 18 hours. Having subtracted the T 

cell alone, in the presence of irradiated allogeneic ChWK cells, T cells proliferated (red bar) 

at least 3-fold greater than background (open bar), whereas, in the presence of irradiated B 

cells, T cells proliferated (blue bar) 2-fold above background (green bar). Results in the 

presence of irradiated ChWK cells are from three separate experiments. Results in the 

presence of irradiated B cells are from one representative experiment. The positive control of 

T cells with PHA (hatched bar) is on the right. ** p<0.01 *** p<0.001
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CHAPTER 7 The Effects of Different Cytokines on Costimulatory Molecule

Expressions of ChWK
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7.1 Introduction

The aim of this Chapter is to compare Thl and Th2 inflammatory cytokine effects on 

costimulatory molecule expression using flow cytometry, since the allergic reaction in 

CAED is associated with a Th2 and Thl cytokine response.

Allergic conjunctivitis can be classified into the milder forms of SAC and PAC, both of 

which involve predominantly mast cell infiltration and are readily treatable with mast cell 

stabilizers and anti-histamines. In contrast, in CAED, T cells and eosinophils are the main 

cell types infiltrating the conjunctival layers and these forms of disease often require 

steroids and cyclosporin therapy in severe cases. The relative contributions of the different 

cell types to the inflammatory response within the conjunctiva are not yet clear but some 

interesting differences in their cytokine profiles have been identified. For example, recent 

work has demonstrated mast cell numbers on the ocular surface are increased in all forms of 

allergic conjunctivitis, and IL-4 and TNF-a are produced and released by conjunctival mast 

cells (Leonardi et a l, 2002a). Eosinophils have also been shown to be able to produce a 

range of cytokines and are thought to be involved in the conjunctival allergic response 

(Hingorani et aL, 1998a).

CD4^ lymphocytes are divided into three subsets, according to the type of produced 

cytokines. Thl produce IL-2 and IFN-y and Th2 produce IL-4, IL-5 and IL-13. Th2 

cytokines, such as IL-4 and IL-13, play a key role in activating and recruiting a variety of 

cells, such as mast cells, eosinophils to allergic inflammatory sites. The role of the different 

cytokines known to be present during CAED is less well understood.
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Studies have demonstrated different patterns of conjunctival-derived cytokine profiles in 

each disease. It has been found that in GPC, VKC and AKC there was a significant 

expression of the Th2 cytokines IL-3, IL-4 and IL-5 (Metz et aL, 1997). However in AKC, 

there was also a significant increase in IFN-y expression that co-localised to the CD3^T cells 

(Metz et aL, 1997). In AKC, conjunctival T-cell lines produced increased levels of IFN-y, 

IL-10 and IL-13, with lower levels IL-4 and IL-5 (Calder et aL, 1999). In VKC, conjunctival 

T-cell lines produced increased levels of IL-5 and IL-13. Summarising these different 

studies, it appears that there are Th2 cytokine-producing cells in the subepithelial layer of 

the conjunctiva in GPC, VKC and AKC, as well as IFN-y-producing T cells in AKC (Metz 

et aL, 1997; Calder et aL, 1999).

Chronic inflammatory diseases of the conjunctiva are frequently associated with mixed (Th2 

and Thl) cytokine responses. How Thl and Th2 cytokines affect each other and the resident 

cells in the conjunctiva is an unresolved question. It was originally that Th2 and Thl 

responses would antagonize and thereby ameliorate each other’s pathological consequences, 

but only if they were produced simultaneously which is unlikely in a chronic disease. It is 

much more likely that there is an initial Th2 allergic response, which due to unknown 

causes, becomes chronic and involves both Thl and Th2 cytokines. Thl responses, when 

present together with Th2 responses, have been shown to induce considerable inflammation 

in the lung (Hansen et aL, 1999; Randolph et aL, 1999).
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Little is known of the mechanisms controlling costimulatory molecule regulation in the 

conjunctival epithelium. IL-4 and IL-13 have been found to induce CD86 expression but not 

CD80 on B cells (Hofer et aL, 1998). In addition, several cytokines are present at sites of 

allergic inflammation in a variety of tissues and have been implicated in ICAM-1 regulation. 

ICAM-1 expression on the conjunctival epithelium can also be modulated after topical 

allergen provocation in allergic human subjects (Canonica et aL, 1995; Ciprandi et aL, 

1993) and by proinflammatory cytokines in vitro (Paolieri et aL, 1997).

In this chapter, the regulation of costimulatory molecules expression on ChWK by Thl and 

Th2 cytokines has been investigated, and we found that IFN-y treated ChWK cells 

significantly upregulated CD80 expression and IL-4 treated ChWK cells significantly 

upregulated the expression of CD86.
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7.2 Results

To compare the effect of various cytokines on expression of these immune molecules, we 

performed flow cytometric analysis of ChWK cells treated with and without IL-4, IL-13, 

IFN-y, TNF-a, IL-13 + TNF-a and IL-4 + TNF-a.

7.2.1 The Effects of T hl and Th2 cytokines on costimulatory molecule expressions by 

ChWK

CD80 was preferentially upregulated by IFN-y, When IL-4 + TNF-a or IL-13 + TNF-a 

were used together, IL-4 and IL-13 potently inhibited TNF-a-stimulation. The percentage of 

positive IFN-y treated ChWK cells significantly upregulated CD80 expression (p<0.05) 

while IL-4 treated ChWK cells significantly upregulated the expression of CD86 (p<0.05) 

(Figure. 7.1). All cytokines showed a stimulatory effect on ICAM-1 expression, which was 

maximally upregulated with IFN-y (Figure. 7.2).

7.2.2 T cells from VKC biopsy tissue

Explants from VKC biopsy tissue were cultured in epithelial cell medium for overnight and 

non-adherent T cells grew out from the explants. The non-adherent T cells were harvested, 

placed in T cell culture medium with 10% human IL-2 and allowed to expand. On day 9, the 

cells were harvested, washed and stained for intracellular cytokines by flow cytometry. IFN- 

y production was seen in 29.57% and IL-4 expression was seen in 14.90% of CD4^ T cells
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(Figure. 7.3). Therefore, a mixed Thl and Th2 cytokine profile was obtained from the T 

cells from this VKC tissue.
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7.3 Discussion

CAED is a chronic inflammatory disease of the conjunctiva. The immunological 

abnormalities associated with CAED include increased serum IgE level, eosinophil, mast 

cell and CD4^ T cell infiltration of the conjunctival epithelial layer. In this chapter, we 

examine whether pro-inflammatory and immunoregulatory cytokines modulate the 

expression of costimulatory molecules on ChWK cells.

IL-4 is a key Th2 cytokine, which is involved in the development of many allergic 

responses. In this study the modulatory effects of IL-4 on the expression of costimulatory 

molecules by conjunctival epithelial cells have been investigated. ICAM-1 was upregulated 

by IL-4, although to a much lesser degree than with IFN-y. This result agrees with another 

study in which IL-4 was found to upregulate human bronchial epithelial cell ICAM-1 

expression (Striz et aL, 1999). In contrast, IL-4 has been considered to be a negative 

immunomodulator of ICAM-1 expression (Schlaak et aL, 1995) and no effect on ICAM-1 

expression in intestinal epithelial cells (Colgan et aL, 1994). The expression of CD86, but 

not CD80, was upregulated by IL-4 to a greater level than with the other cytokines. To our 

knowledge this has not been previously demonstrated for conjunctival epithelial cells, 

although a similar effect has been reported for B cells in allergic bronchopulmonary 

aspergilliosis (Khan et aL 2000). The expression of CD80 and CD86 in conjunctival 

biopsies from patients with active VKC and normal controls have been studied using 

immunohistochemical techniques and CD 8 6 was found to be more widely and prominently 

expressed by LC when compared with CD80 (Abu-El-Asrar et aL 2001b). Tesavibul et al 

have also found CD86 expression was significantly higher in the conjunctival substantia
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propria in OCP when compared with normal conjunctiva by immunohistochemistry 

(Tesavibul etal. 1998).

In the general introduction, we have mentioned that IL-4 and IL-13 are structurally and 

functionally related cytokines, which have overlapping but also distinct biological activities. 

However, in this Chapter, we were not able to demonstrate whether these two cytokines may 

have a different effect on CD80 and CD86 expression of conjunctival epithelial cells. 

Surprisely, IL-13 or IL-4 in combination with TNF-a downregulated both CD80 and CD86, 

although it was not statistically significant. Another study reported that TNF-a synergizes 

with either IL-4 or IL-13 in inducing the IL-13Ra2 chain (which binds only IL-13 with high 

affinity and not IL-4 and has a negative influence on IL-13 signal transduction (Kawakami 

et aL, 2001)) at both the mRNA and protein levels in the HaCaT human keratinocyte cell 

line (David et al, 2003). It would he interesting to study the transcription factors involved in 

this cytokine combination.

ICAM-1 is believed to play a crucial role in eosinophil recruitment, attachment and 

degranulation during allergic inflammation, and hence may contribute to CAED. Not all of 

the pro-inflammatory cytokines examined modulated ICAM-1 expression in the 

conjunctiva. TNF-a and IFN-y are known to up-regulate ICAM-1 in a variety of epithelia 

such as human bronchial epithelial cells (Bloemen et aL, 1993) and human kératinocytes 

(Dustin et aL, 1988). It has been reported that Th2 cytokines can induce or regulate the 

expression of ICAM-1 on epithelial cells and this may lead to increased adhesion of 

inflammatory cells in the allergy response (Striz et aL, 1999; Berger et aL, 2002). ICAM-1
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was maximally upregulated with IFN-y, in agreement with others (Paolieri et aL, 1997). It 

has been previously observed in vitro that there is a significant increase in ICAM-1 

expression within the conjunctiva during CAED, which correlated with the degree of 

granulocyte and lymphocytic infiltration using immunohistochemical analysis (Bacon et aL, 

1998). In addition, it has been found that allergic subjects have a marked ICAM-1 

expression on conjunctival epithelial cells after allergen challenge (Ciprandi et aL, 1993). 

The role of ICAM-1 in eosinophil-conjunctival epithelial cell interactions during CAED 

requires further clarification. Our observations of ICAM-1 up-regulation in cytokine- 

stimulated ChWK suggest new avenues of investigation regarding the mechanisms of 

eosinophil infiltration and retention in the conjunctival epithelium and may provide the basis 

for the development of new treatment strategies.

TNF-a treatment of the conjunctival epithelial cells resulted in an upregulation of ICAM-1 

expression and strong upregulation of CD80 expression. Cook et al have reported ICAM-1 

upregulation could be completely blocked with anti-TNF-a on human conjunctival 

epithelial cells in vitro, suggesting an important role for this cytokine on costimulatory 

molecule expression (Cook et aL, 1998; 2001). IL-4 and TNF-a can interact co-operatively 

to further increase ICAM-1 expression (Striz et aL, 1999).

However, the correlation of Th2 antagonism with Thl function in vivo is unclear. It has 

been reported that Thl and Th2 cytokines have distinct activities on lung epithelial cells; 

lung epithelial barrier function and wound healing were decreased by IL-4 and IL-13 but 

enhanced by IFN-y (Ahdieh et aL, 2001). There may often be a mixed population of 

lymphocytes that produces both Thl and Th2 cytokines as we have found in the one biopsy
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of VKC obtained in this study. However, these two cytokines may expressed by the separate 

cells since we did not see a double positive (IL-4 and IFN-y) in this intracellular staining 

study. Previous studies suggest Th2 cells predominate in the conjunctiva and tears in VKC 

(Calder et aL, 1999; Leonardi et aL, 1999). Recently other studies also reported that human 

Th2 cells seem to be less stable and can be switch into IFN-y-secreting ThO types (Aarvak et 

aL, 1999; 2000). Originally it was believed that Th2 and Thl responses would antagonize 

and thereby ameliorate each other’s pathological consequences. In the future, another 

approach for this regulation study would be interesting to use blocking antibodies against 

costimulatory molecules or cytokines to determine the relevance of individual signalling 

pathways in the expression of Th-1 and Th-2 cytokines as cell adhesion and co-stimulatory 

molecules.

However, how Thl and Th2 responses affect each other in the CAED is an unresolved 

question. These data all lead to the conclusion that, since both Thl and Th2 cytokines are 

found in the conjunctiva during CAED, our study supports the hypothesis that the 

immunoregulatory changes might be attainable in CAED or possible the findings for 

conjunctival epithelial cells may be relevant for future clinical therapy since successful 

allergen immunotherapy was associated with increased (Majori et aL, 2000) or decreased 

Thl responses (O’Brien et aL, 2000).
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Figure 7.1 Flow cytometric analysis of the effects of cytokines on the expression of CD80 

and CD86 molecules on ChWK. Having substracted the background staining from each 

experiment, the cells constitutively expressed low levels of CD80 and CD86 on ChWK. 

Data represent % expression (mean ± SEM) from at least four experiments. CD80 

expression (IFN-y stimulated vs unstimulated) p=0.043; CD86 expression (IL-4 stimulated 

vs unstimulated) p= 0.039. *p<0.05
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staining using anti-CDS^ '̂^^  ̂ antibody and intracellular staining by IL-4*"̂ , IFN-y^'^^ 

antibodies. IFN-y production was seen in 29.57% and IL-4 expression was seen in 14.90% 

of the CD4^T cells.
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CHAPTER 8 General Discussion
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8.1 Characterization of primary conjunctival epithelial cells and ChWK

In this thesis, we have isolated and characterized primary conjunctival epithelial cells from 

biopsies, and performed several comparisons between primary conjunctival epithelial cells 

and ChWK cell line cells. I was interested in developing the technique of culturing primary 

conjunctival epithelial cells from biopsies in different culture conditions and to optimize the 

conditions in comparison with ChWK cultures. The differences between primary 

conjunctival epithelial cells and ChWK cell cultures were that ChWK cells could grow very 

well in serum medium but primary cells grew well in serum substrate medium. Also we 

have found that primary cells grew particularly well either on type I collagen or uncoated. 

Both cell types showed similar morphology, with typical epithelial marker (cytokeratin) 

expression and immune markers in response to proinflammatory stimulation. Although we 

did not see other cell morphology, the question remains, is there any other cell type such as 

fibroblasts contaminating the primary conjunctival cell cultures? Unfortunately we did not 

carry out further experiments to test this. Another limitation of this study was not being able 

to investigate ultrastructural details such as microvilli on both cell types by TEM and SEM 

because of a lacking of biopsies.

8.2 Conjunctival epithelial cells support T cell proliferation

We demonstrate that conjunctival epithelial cells can express low basal levels of MHC class 

II and costimulatory molecules and can be upregulated by proinflammatory cytokines. 

These experiments raise interesting questions as to whether conjunctival epithelial cells can 

support T cell proliferation using the costimulatory pathway. However because of the lack 

of primary conjunctival epithelial cells, in order to answer this question, the ability of
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ChWK to support T cell proliferation in MLR has been tested. Our results were able to 

provide data to support the hypothesis that human conjunctival epithelial cells are able to 

support T cell in MLR. However, the limitation of this functional study was not being able 

to obtain blood samples from those patients who underwent conjunctival biopsies so that 

antigen-specific T cell proliferation assays could be done using circulating T cells from the 

same individual.

8.3 The regulation of different cytokines on costimulatory molecule expression of 

conjunctival epithelial cells

Although the effects of different cytokines on costimulatory molecule expression of 

conjunctival epithelial cells have been examined, there were a few shortcomings of this 

study. Since it was difficult to obtain enough numbers of primary conjunctival epithelial 

cells from conjunctival explants and the lack of biopsies, we were not able to use the whole 

explant to assess the expression of costimulatory molecules in the epithelium in the absence 

and presence of different cytokines using immunohistochemistry. It would have been very 

interesting to explore a large number of different molecules within the conjunctival 

epithelium in response to different cytokines and also to assay the responses in vitro. The 

mechanisms of this effect are not understood at this time, especially the regulation by IL-4 

or IL-13 alone or in combine with TNF-a. We have demonstrated that conjunctival 

epithelial cells-T cell interactions are bi-directional, to influence the immune response. 

However, there are still many questions we cannot answer with respect to the pathogenesis 

of CAED.
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8.4 Models of CAED

In order to assess the therapeutic value of anti-allergic drugs and to study the 

pathophysiology of CAED, it will be necessary to develop experimental animal models 

which mimic the human allergic conjunctivitis. There are a few animal model studies for 

allergic conjunctivitis in the mouse (Merayo-Lloves et aL, 1996; Magone et aL, 1998) and 

guinea pig (Merayo-Lloves et aL, 1995;). Guinea pig conjunctiva is more similar to that of 

the human than is rat or mouse conjunctiva (Latkovic, 1979). Animal models could provide 

a useful means for studying the pathogenesis and future treatments of allergic conjunctivitis. 

However, these models are not good mimics of the human disease as there are only a few T 

cells and very little comeal damage in the experimental models so far available. This is a 

major limitation to the use of animal models for testing therapy. However, cytokine studies 

can be done using cytokine knockout animals. One study demonstrated that lL-12 knockout 

mice and anti-lL-12 monoclonal antibody-treated wild-type mice failed to show 

conjunctival inflammatory infiltration, whereas the IFN-y knockout mice had a significantly 

stronger immediate hypersensitivity responses and longer cellular infiltration into the 

conjunctiva after ragweed challenge when compared with control animals (Magone et aL,

2000). These data suggest that although lL-12 is a Thl inducing cytokine, it is important for 

the regulation of the late-phase response, and that IFN-y may be a limiting factor for the 

late-phase response and for the prevention of chronic allergic disease. However using an 

animal model for the study of CAED still needs to be carefully considered, because of 

functional and stmctural differences between species. Therefore, human conjunctival 

epithelial cell culture could be a valuable model for the investigation of the mechanisms of 

the disease. Using primary cells by culturing conjunctival tissue from surgical resection
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provide an in vitro model using cells similar to normal human conjunctival epithelium. The 

conjunctiva tends to be a relatively fragile tissue to work with, particularly in small pieces. 

However, the isolation of cells from biopsies and culture in vitro is the best approach 

available so far. Tissue biopsy is difficult to obtain from the human eye, but human cell 

lines are easy to maintain in culture. However, an important point to consider is that it is a 

possible that these cells may not truly reflect either primary cells or the environment within 

the tissues. Recently another spontaneously immortalized conjunctival epithelial cell line 

has been established which has been made available to us for comparison with the other 

epithelial cells used in this study. This novel line is thought to be more closely related to 

primary conjunctival epithelial cells, both by immunophenotyping and by other assays 

(Diebold et al., 2002).

8.5 The therapy of chronic allergic eye diseases

The therapy of chronic allergic eye diseases is based on three main principles: removal of 

the allergen responsible for disease, symptomatic drug therapy and immunotherapy. The 

possibility of non-allergen-specific immunotherapeutic regimens designed to target Th2 

cells or Th2-dependent effector molecules, such as Th2-speciflc transcription factors, IL-4, 

IL-5, IL-9, IL-13, and/or their receptors, or IgE, are being considered. Biological agents or 

drugs targeting some of these molecules are already in clinical trials, with promising 

preliminary results (Barnes, 2000; Friedlaender, 2001). One study recently has found that 

the cytosine phosphate guanosine (CpG) oligonucleotide therapy in a mouse model of acute 

conjunctivitis could effectively downregulate the inflammation due to inhibition of mast 

cells, eosinophils and induction of regulatory B cells (Ono et al., personal communication).
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It has also been shown that CpG inhibits T cells in vitro, so ideally it would be interesting in 

the future to test its effects in a new model of chronic CAED in which T cells are involved. 

In addition, the knowledge of chemoattractant receptors on leukocytes involved in allergic 

inflammation also promises to translate into innovative therapeutics for allergic disorders. In 

one approach, the cytokine pathways are targeted at the level of cytokine gene transcription, 

targeting upstream components. One example of this could be using NF-A:B, since its 

activation is crucial during cytokine gene activation. NF-A:B, a ubiquitous rapid response 

transcription factor in cells involved in immune and inflammatory reactions, is thought to 

control the transcriptional initiation of inflammatory genes (Lee and Burckart, 1998). In 

most cells trans-activating NF-A:B induces many inflammatory proteins. A recent study has 

shown that inhibition of NF- kB prevented the expression of transcription factor GATA-3 

which plays a critical role in Th2 differentiation and allergic inflammation (Das et aL,

2001). Therefore, an interesting approach for targeting intracellular cytokine signaling 

pathways by inhibition of NF- kB could be a potential future treatment for CAED. As more 

immunotherapy is developed, further studies will be required to address these questions.

8.6 Future work

There are many directions and levels in which this exciting project can be taken, from 

further in vitro work right through to patients. We have tried to grow cells on uncoated, 

collagen or fibronectin coated flasks. We found that cells can grow on both uncoated and 

collagen coated flasks, but did not grow on fibronectin. We know that fibronectins comprise 

a group of extracellular matrix proteins that mediate cell adhesion, migration, proliferation.
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and differentiation (Hynes, 1990), and therefore, a study of these should be done in the 

future.

Although the levels of HLA-DR and costimulatory molecules on both cell types are not 

highly expressed (Chapters 4 and 5), they still provide a mechanism by which conjunctival 

epithelial cells may be able to activate T cells in CAED. Although ChWK cells have been 

demonstrated as supporting T cell proliferation in the MLR in this study, the MLR may not 

truly reflect the response on primary conjunctival epithelial cells. Because of the limitation 

of cell numbers, we did not test the function of primary conjunctival epithelial cells in MLR 

and therefore it would be important to confirm in further studies using primary conjunctival 

epithelial cells. Conjunctival epithelial cells could also be treated with blocking anti-CD80 

or anti-CD86 antibodies, to investigate whether CD80 and CD86 molecules provide similar 

CO stimulatory signals for T cell proliferation.

Regulatory roles of cytokines on primary conjunctival epithelial cells costimulatory 

molecules expression may provide strong evidence for an unrecognized mechanism in 

CAED. However, how Thl and Th2 responses affect each other in the CAED is an 

unresolved question, since it has been reported that CD4^CD25^ T cells down-regulated the 

expression of CD80 and CD86 on DC. The steady-state level of CD80 mRNA was also 

decreased, while CD86 mRNA was not, suggesting that distinct mechanisms regulate the 

expression of these molecules (Cederbom et aL, 2000). However, B7 costimulation has been 

shown to affect the production of both Thl and Th2 cytokines (Schweitzer and Sharpe,
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1998). Further elucidation of the functional interactions between epithelial cells and T cells 

would be of importance in the understanding of the immune responses in CAED.

It has been suggested that conjunctival epithelial cells and fibroblasts communicate through 

active cytokine and growth factor production, thereby regulating cellular processes such as 

epithelial differentiation, wound healing, and angiogenesis (Li et a/., 1995). Further studies 

are necessary to investigate the potential role of these cell types in CAED.

In summary, there are several immune aspects that need to be investigated. The conjunctival 

epithelium is both directly and indirectly involved in the development of conjunctival 

inflammation. When stimulated, epithelial cells can express and produce several cytokines, 

chemokines, and adhesion molecules that can affect chronic inflammation. The cellular 

interaction between epithelial cells and T cells may affect the T cells’ ability to infiltrate and 

migrate, another future study that will be useful needs to focus on investigating the ability of 

the epithelial cells to support T cell migration and identify which cytokines and chemokines 

are involved. Migration studies should be carried out after pre-treatment of the conjunctival 

epithelial cells with proinflammatory cytokines. The transendothelial movement of T cells 

has been well-defined and depends on the coordinated expression of cell adhesion molecules 

and CC chemokines that interact with corresponding receptors on the lymphocyte surface 

(Butcher and Picker, 1996). However, there are critical differences between epithelial and 

endothelial cell adhesion and transmigration. The basis of T cell movement into and through 

the epithelium is poorly defined since immune cell recruitment through endothelium and 

epithelium generally occur in opposite directions. A system for monitoring T cell adhesion 

and transmigration through a conjunctival epithelial model in apical-to-basal and basal-to-
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apical directions needs to be developed (Taguchi et aL, 1998; Kidney and Proud, 2000; 

Miller and Butcher. 1998). It has been found that presentation of ICAM-1 along the cell 

surface and specific apical expression of RANTES may serve to mediate the level and 

directionality of T cell traffic through human tracheobronchial epithelium (Taguchi et aL, 

1998). The molecular mechanisms remain unclear for the regulation of T cells 

transepithelial movement. Another study in airway epithelial cells found that engagement of 

epithelial CD40 induces a significant increase in the expression of the chemokines 

RANTES, MCP-1, IL-8 and the adhesion molecule ICAM-1 (Propst et aL, 2000). This 

suggests that this approach may help to understand the interactions of cellular and molecular 

regulation of T cell traffic through the conjunctival epithelium. Also in order to elucidate the 

role of chemokines in the migration of T cells in CAED, chemokine-blocking migration 

assays need to be performed. Future research should take into consideration that a better 

understanding of these processes, and development of in vitro models to evaluate them, is 

essential for novel therapeutic interventions to be devised.

In conclusion, this study has investigated the role of conjunctival epithelial cells in the 

mechanism of CD4^ T cells, eosinophil and mast cell recruitment into the conjunctiva. From 

our results conjunctival epithelial cells should be considered important in the generation of 

CAED inflammation and this work can be taken in many further directions. An improved 

understanding of the function of conjunctival epithelial cells may lead to better treatment of 

chronic inflammatory in CAED. These studies provide useful information for in vitro 

studies and for new directions in the therapy of immune-mediated pathologies. Therapies 

targeted at chemokines and chemokine receptors may also provide future opportunities for
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controlling CAED. It has been reported that IL-1 receptor antagonist can effectively treat 

allergic eye disease by decreasing the expression of chemokines essential for the recruitment 

of allergy-inducing inflammatory cells, including eosinophils. (Keane-Myers et al., 1999). 

Potential targets for the development of novel therapies for allergic disease include IgE, Th2 

lymphocyte, and Th2 cytokines (Broide, 2001). Because so many cytokines are involved in 

CAED, drugs that inhibit the synthesis of multiple cytokines may prove to be more useful. 

Hopeful this study may help to offer new therapeutic approaches for the treatment of CAED 

in the future.
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The Im m unom odulatory Role o f Human Conjunctival 
Epithelial Cells

Hong Zhan,^ Hamish M. A. T. Towler^ and Virginia L  Calder^

P u r p o s e .  To characterize phenotypically the primary epithelial 
cells obtained from normal bulbar conjunctival biopsy speci
mens and a human conjunctival epithelial cell line (Wong- 
Kilboume derivative o f Chang conjunctiva; ChWK) with regard 
to their immunostimulatory function.
M e t h o d s .  The effects on expression o f HLA-DR and costimula
tory m olecules (CD80, CD8 6 , ICAM-1, and CD40) on normal 
conjunctival epithelial cells and ChWK treated w ith various 
cytokines (IFN-7 , TNF-a, IL-4, and IL-I3) w ere determined 
using flow  cytometry and confocal microscopy.
R e s u l t s .  Epithelial cells w ere successfully grown from conjunc
tival explants and cultures passaged three times, w hile retain
ing their cell surface markers. At least 97% o f primary epithelial 
cells (n  =  10) and more than 96% o f ChWK cells (n  =  10) w ere 
cytokeratin positive by flow cytometry and immunocytochem- 
istry and demonstrated epithelial cell morphology. Both pri
mary conjunctival epithelial cells and ChWK had a low  basal 
expression o f HLA-DR and ICAM-I, and both w ere upregulated 
by IFN-7 . For ChWK cells, CD80 and CD8 6  w ere constitutively 
expressed at low  levels. CD80 was significantly upregulated 
after IFN- 7  treatment (JP =  0.043), whereas lL-4 induced a 
significant upregulation o f CD8 6  (JP =  0.039). Treatment with  
IL-I3  and TNF-a did not induce significant effects.
C o n c l u s i o n s .  The ability o f conjunctival epithelial cells to ex
press costimulatory molecules suggests a proinflammatory role 
for conjunctival epithelial cells. (Invest O phthalm ol Vis Sci. 
2003;44:3906-3910) D O I:I0.Il67/iovs.02-0665

There are at least three forms o f chronic allergic eye disease 
(CAED) in w hich T cells infiltrate the conjunctiva: vernal 

keratoconjunctivitis (VKQ, atopic keratoconjunctivitis (AKQ, 
and giant papillary conjunctivitis (GPC). VKC and AKC are 
both severe forms o f CAED and cause significant visual impair
ment due to com eal damage. Histologically, studies have dem
onstrated that activated CD4^ T cells infiltrate the subepithelial 
layer o f the conjunctiva during all three forms o f the disease.' 
The localization of the inflammatory cells to the subepithelial 
layers suggests a role for conjunctival epithelial cells in the 
localized inflammatory response. In addition, there is no inter
cellular adhesion m olecule (ICAM>I and HLA-DR expression in 
normal conjunctival tissue whereas in CAED, there is an up
regulation o f ICAM-I and HLA-DR expression, w hich  is local
ized to the subepithelial cells.^ The upregulation o f these
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m olecules raises the question o f w hether conjunctival epithe
lial cells can support T-cell responses. It has also been demon
strated by in situ hybridization that there is expression o f 
interleukin (IL>3, IL-4, and IL-5 in all three forms o f disease, 
w ith an enhanced expression o f IL-2 and human recombinant 
interferon (IFN> 7  by the CD3^ T cells in AKC.^ This pattern of 
cytokines is likely to affect the local tissue-resident cells at the 
site o f inflammation, including the conjunctival epithelial cells. 
Other localized epithelial cell types, including intestinal epi
thelial cells"' and bronchial epithelial cells,^ express the neces
sary costimulatory m olecules and have been suggested to func
tion in a limited context as so-called “nonprofessional” antigen- 
presenting cells (APCs).

Studies have also demonstrated different patterns o f con
junctival T-cell-derived cytokine profiles in each disease: in 
AKC, conjunctival T-cell lines produce increased levels of  
IFN-7 , IL-IO, and IL-I3, but little IL-4 and IL-5.  ̂ In VKC, con
junctival T-cell lines produce increased levels o f IL-5 and IL-I3. 
Summarizing these different studies, it appears that there are 
Th2 cytokine-producing cells in the subepithelial layer o f the 
conjunctiva in GPC, VKC, and AKC, as w ell as IFN-7 -producing  
T cells in AKC. The effects o f these cytokines on resident 
conjunctival tissue cells, including epithelial cells, are as yet 
unclear.

T-cell cytokines are known to be potent inducers o f immu
nologic m olecules in several cell types,^''“ and these cytokines 
are thought to play a central role in allergic disease.""'^ The 
purpose o f this study therefore was to investigate the expres
sion o f HLA-DR and costimulatory molecules in normal primary 
epithelial cells in comparison w ith a well-characterized immor
talized conjunctival epithelial cell line (ChWK). The effects of 
T-cell cytoWnes on conjunctival epithelial cell surface expres
sion w ere compared.

M a t e r ia l s  a n d  M e t h o d s

M edium -199, heat-inactivated fetal ca lf serum  (FCS), trypsin-EDTA, 
HEPES-buffered RPMI 1640 , L-glutamine, 2-m ercaptoethanol, hum an  
AB^ serum , trypsin-EDTA so lu tion  co llagen ase, ce ll d issocia tion  so lu 
tion , co llagen  typ e  I, ep iderm al grow th  factor (EOF) and a serum  
substitu te  (U ltroser G; USG) w e r e  all pu rchased  from  Sigma-Aldrich 
(P oo le , UK).

H um an recom b inant in terferon (IFN >7, IL-4, IL-13, and tu m or n e 
crosis factor (T N F>a w e re  ob ta in ed  from  PeproT ech  (L ondon, UK). 
M ouse anti-hum an HLA-DR'^^^ (c lo n e  TÜ39) and m ou se  anti-hum an  
ICAM-l*’̂  (c lo n e  H A 58) m Abs w e r e  b o th  from  BD PharM ingen (O x 
ford, UK). M ouse anti-hum an C D 80“ ’̂ ^  (c lo n e  MEM-233) and m ou se  
anti-hum an C D 86'’® (c lo n e  B U 63) w e r e  from  Serotec (O xford , UK). 
M ouse anti-hum an cytokeratin  mAb"^^^ (c lo n e  C -11, recogn izin g  cyto- 
keratins 4, 5, 6 , 8 , 10, 13, 18) and m ou se  anti-hum an C D 40 mAb'^'^^ 
(c lo n e  5C 3) w e r e  pu rch ased  from  BD PharM ingen. An irrelevant iso- 
typ e-m atched  m Ah m o u se  IgG l n egative  control"^^ (c lo n e  F 8 - 11-13) 
w a s u sed  th rou gh ou t as a n egative con tro l (S erotec).

For con foca l m icroscop y , th e  fo llo w in g  reagents w e re  used: m ou se  
anti-hum an HLA-DR mAh (D ako, G lostrup, Denmark; c lo n e  C R 3/43); 
m ou se  anti-hum an ICAM-1 m Ah (R&D System s Europe Ltd., O xford, 
UK; c lo n e  BBIG-Il [11C 81]); m o u se  anti-hum an cytokeratin  m Ah (N o- 
vocastra, N ew castle-up on-T yne, UK; c lo n e  5D 3) and goat anti-m ouse  
IgG"^^ (Jackson Im m unoR esearch Laboratories, Inc., W est G rove, PA).
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Cell Culture
P rim ary H um an  C on junctiva l E p ith elia l C ells. Norm al 

conju nctival tissu es  w e re  obta ined  from  non inflam ed ey es  undergoing  
vitrectom y. T h e local e th ic s  com m ittee  app roved  all proced u res, and  
all p atien ts gave  th eir  in form ed  c o n sen t at th e  tim e th e  b iop sy  w as  
perform ed , in  accord an ce  w ith  th e  D eclaration  o f  H elsinki. T issue w as  
transferred to  m ediu m -199  con ta in in g  10% FCS im m ed iately  and kept  
at 4°C  b efore  preparation  for cu lture w ith in  24 hours. U sing a d issec
tion  m icr o sc o p e , th e  subm u cosa l layers w e re  rem oved  and th e  ep ith e
lial layer w a s  cu t into  1- to  2-mm^ p ie c e s  w ith  a sterile scalpel. 
Individual e x p la n ts  w e re  p laced  u p sid e d o w n  o n  a collagen-coated  
96-w ell p late. E xplants w e r e  cultu red  in  m ediu m -199 conta in ing  EOF 
(5  ng/m L), USG (2%), 2 mM L-glutamine, and pen icillin -strep tom ycin  
(1 0 0  U /m L and 100  p,g/mL), and th e  ep ith elia l cells  w e r e  a llow ed  to  
g ro w  o u t from  th e  exp lan ts. Culture m ediu m  w as rep laced  every  3 to  
4  days. T he c e lls  g r ew  as m on olayers and w e re  cultu red  for at least 7  
days b efore  im m im ostain ing. After 5 days, exp lan ts co u ld  b e  rep lated  
in to  n e w  w e lls  at least th ree tim es w h ile  m aintaining c e ll grow th . T he  
s ize  o f  th e  con ju n ctiva l sh ee t is 3 00  mm^. A total o f  20  prim ary hum an  
conju nctival b io p sy  sp ec im en s w ere  u sed  in th ese  studies. C ells from  
each  b io p sy  sp e c im en  w e r e  u sed  in in d ep en d en t exp erim en ts  and n o t  
p o o led .

C on ju n ctiva l C ell L ine ChWK. A hum an conju nctival cell  
line (W on g-K ilb ou m e derivative o f  C hang conjunctiva , ChWK; c lo n e  
l-5c-4; ECACC, Idm iston , UK ) w as cultured  under standard con d ition s  
(5% C O j, 95% hum id ified  air, 37°C ) in m ediu m -199 su p p lem en ted  w ith  
10% heat-inactivated  FCS, 2 mM L-glutamine, and pen icillin -strep tom y
c in  (1 0 0  U /m L and 100 /xg/mL). C ells w e re  rep lated  at a d en sity  o f  
10 ,000  c e l ls /w e ll in  24-w ell plates (Falcon; BD B io sc ien ces) for imm u- 
n ostain ing by f lo w  cytom etry.

C ytok in e T reatm en t o f  E p ith elia l C ells. C onfluent m on o
layers o f  ep ith elia l cells  w e re  cultured  as prev iously  d escr ib ed  in th e  
p re se n c e  or a b se n ce  o f  IFN-y (5 0  or 5 0 0  U /m L), lL-4 (2 0  ng/m L), IL-13 
(2 0  ng/m L), TNF-a (2 0  ng/m L), IL-4 w ith  TNF-a or IL-13 w ith  TNF-a for  
24 hours or 4 8  hou rs in cu ltu re m ediu m  b efore  n on en zym atic  rem oval 
o f  cells.

Flow Cytometry
For tw o-co lor  im m im o flu o rescen ce  staining, th e  ce lls  w e r e  w ash ed  
w ith  Ca^^- and Mg^^-free H anks’ balan ced  salt so lu tion  (HBSS) and  
d eta ch ed  w ith  co llagen ase  and cell d issocia tion  so lu tion  (1:1 vo l/v o l) . 
T h e c e lls  w ere  sta ined  in su sp en sio n  w ith  5 jxL ea ch  o f  anti-ICAM- 
l™ and anti-HLA-DR"^^^ or anti-CDSO^^, anti-CD86^^ and anti- 
CD40*^^*^ mAbs for 30  m in utes o n  ic e  b efore w ash in g  tw ic e  and  
acquiring for f lo w  cytom etry  (Facscan; BD PharM ingen). An isotype-  
m atch ed  con tro l m Ab w a s  u sed  to determ in e  th e  leve l o f  background  
staining. For intracellular staining w ith  anti-cytokeratin mAbs, 100 jxL 
flxation /p erm eab ilization  so lu tion  (C ytoflx /C ytoperm ; BD PharMin
g e n ) w a s  added for  20  m in utes at room  tem perature to  fix  th e  cells  
b efore  w ash in g  w ith  IX  P erm w ash, an aqu eou s so lu tion  contain ing  
form ald eh yde and sap on in  (BD Pharm ingen), and add ing anti-cytokera- 
tin*^^^ mAbs for 30  m in utes o n  ice . F low  cytom etric  analyses w ere  
perform ed  using th e  system  softw are (C ellQ uest; BD PharM ingen). All 
th e  analyses sh o w n  w e re  perform ed  o n  a pop u la tion  o f  live  cells  gated  
b y  forw ard  and sid e  scatter to  in c lu d e  th e  conju nctival ep ith elia l cell 
pop u la tion . At least 10 ,000  ev en ts  w e r e  acquired, and th e  p ercen tages  
o f  p o s itiv e  cells  w e r e  ca lculated  after subtracting th e  background  
staining.

Immunocytochemistry
Epithelial cells w e r e  grow n  o n  cham b er slides (Laboratory-Tek; Nalge 
N u n c International Corp., Hereford, UK ) and, after reach ing  conflu 
en c e , c e lls  w ere  cultured  w ith  or w ith o u t IFN-y, as d escr ib ed  earlier. 
T he c e ll m onolayers w e r e  fixed  w ith  co ld  m eth anol at — 20°C  for 5 
m in u tes and cu ltu red  in PBS w ith  10% goat serum  for 30  m in utes at 
room  tem perature to  b lock  n on sp ec ific  b in d ing o f  th e  mAb. Cells w ere

th en  incub ated  w ith  th e  fo llo w in g  d ilu tion s o f  prim ary m Abs for 1 hour  
at room  tem perature: m o u se  anti-hum an HLA-DR and m ou se  anti
hum an cytokeratin , d iluted  1:50 in  PBS, and m ou se  anti-hum an ICAM-1 
diluted  1:20. After cells  w e r e  w a sh ed  th ree tim es w ith  PBS, goat 
anti-m ouse IgG*^^^ (1 :2 0 0 ) w as add ed  and c e lls  w e r e  in cu b ated  for 1 
hour at room  tem perature. C ells w e r e  w a sh ed  a further th ree  tim es in  
PBS and m ou nted . N egative  con tro ls  c o n s isted  o f  substitu ting th e  
prim ary m Ab w ith  PBS. Im m im ostain ing w a s  exam in ed  b y  co n fo ca l 
m icro sco p e  (Carl Z eiss M ed itec , Ltd., W elw y n  Garden City, UK), and  
serial 0.7-jxm th ick  Z -sections w e r e  c o lle c ted  through th e  th ick n ess o f  
th e  ChW K m on olayer and co m b in ed  to  g ive  a sing le  projection .

Statistical Analysis
Results w e r e  calcu lated  as th e  m ean  ±  SEM (or  SD), and S tudent’s f-test 
w as u sed  to  d eterm ine th e  leve ls  o f  s ign ifican ce, w ith  P  <  0 .05  
regarded as significant. All ex p erim en ts  in th is study w e r e  perform ed  
at least th ree tim es.

R e su lt s

Flow Cytometry and Immunocytochemical 
Characterization
As early as 2 hours after establishment o f the culture, adherent 
cells w ere visible at the outer edges o f the tissue. Within 4 to 
5 days o f culture, cells w ere visibly growing outward from the 
conjunctival tissue. On reaching confluence, the cultures w ere  
trypsinized and replated. Not every explant grew successfully, 
but frequently cells could be passaged three times w ithout 
losing their morphologic integrity. Primary cultures o f human 
conjunctival epithelial cells grew as contact-inhibited monolay
ers and exhibited a typical cobblestone epithelial morphology 
(Fig. lA).

All cells o f epithelial origin express cytokeratin, a charac
teristic marker o f the epithelial phenotype. Cytokeratin expres
sion was detected by flow  cytometry w hich show ed more than 
97% o f gated primary conjunctival epithelial cells (n =  10) and 
more than 96% o f ChWK cells (n  =  10) to be cytokeratin 
positive (Figs. IB, IQ .

Expression of Imm une Markers on ChWK and 
Primary Epithelial Cells after Cytokine Treatment
The expression o f HLA-DR and costimulatory m olecules on  
both epithelial cell types was compared. Both primary con
junctival epithelial cells and ChWK had a low  basal expression  
of HLA-DR but expressed significant levels o f HLA-DR after 48  
hours’ stimulation with IFN-y (500 U/mL; primary epithelial 
cells 22% ±  3.6%, P  =  0.005, ChWK 39.6% ±  2.5%, P  =  
0.0002, Fig. 2). Both cell types expressed ICAM-1 constitu
tively, w hich was upregulated after 24 hours’ culture in the 
presence o f IFN-y (50 U/mL; primary epithelial cells 75.6% ±  
5.9%, P  =  0 .00005, ChWK 84.1% ±  4.3%, P  =  0.00002, Fig. 3). 
These data w ere also confirmed by immunocytochemistry, as 
illustrated for ChWK (Fig. 4).

To compare the effect o f different cytokines on expression  
of these immune m olecules, w e  performed flow  cytometric 
analysis o f ChWK cells treated w ith and without IFN-y, IL-4, 
IL-13, TNF-a, IL-4+TNF-a, and IL-13+TNF-a (Fig. 5). CD80 was 
significantly upregulated after IFN-y treatment (JP =  0.043), 
whereas IL-4 induced a significant upregulation o f CD86 (P  =  
0.039). Treatment w ith IL-13 and TNF-a did not induce statis
tically significant effects. CD40 expression was detected con
stitutively at very low  levels, and after 48 hours’ IFN-y treat
ment, there was a slight increase that did not reach significance 
(data not shown).
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F i g u r e  1. (A) P hase-con tras t m ic ro g rap h  sh o w in g  a re p re sen ta tiv e
e x p ia n t m o n o lay e r c u ltu re  o f  p rim ary  co n ju n c tiv a l cells  at day  7 o f  
co n flu en ce . M agnification , X 400. (B ) F low  c y to m e try  o f  p rim ary  c o n 
junc tiva l ep ith e lia l cells. T h e  live cells w e re  g a ted  b a sed  o n  fo rw ard  
an d  side  sca tte r. (C ) F low  cy to m e tric  h is to g ram  d e m o n s tra tin g  in tra 
c e llu la r cy to k e ra tin  ex p re ss io n . D otted  trace, b a c k g ro u n d  stain ing  
(n eg a tiv e  co n tro l) ; bold  line, cy to k era tin  e x p re ss io n , w ith  97% o f  th ese  
cells  b e in g  cy to k e ra tin  positive .

D i s c u s s io n

In p r e v io u s  s tu d ie s ,  in v e s t ig a to r s  h a v e  u s e d  im p r e s s io n  c y to l
o g y  fo r  e x p lo r in g  s u p e r f ic ia l c o n ju n c t iv a l e p ith e l ia l  c e l l s  b y  
f lo w  c y t o m e t r y ‘s * a n d  im m u n o c y t o c h e m is t r y * ‘  ̂ an d  in  
c o n ju n c t iv a l b io p s y  s p e c im e n s  fo r  c u ltu r in g  fo r  im m u n o c y to 
c h e m ic a l  s t u d i e s . T h e  p u r p o s e  o f  th is  s tu d y  w a s  to  e x a m 
in e  th e  d e e p e r  la y ers  o f  c o n ju n c t iv a l e p ith e l ia l  c e l l s  fr o m  b i
o p s y  t is s u e s . W e  h a v e  d e v e lo p e d  a m o d if ie d  e x p la n t  c u ltu r e  
s y s te m  an d  h a v e  s h o w n  th a t th e  c e l l s  c a n  b e  g r o w n  an d  
p r o p a g a te d  o n  c o l la g e n -c o a te d  p la s t ic  a n d  m a in ta in e d  in  c u l
tu re  w it h  a b a s ic  c u ltu r e  m e d iu m  s u p p le m e n te d  o n ly  w ith  
s e r u m  s u b s t itu te s  a n d  EOF. S im ilar le v e ls  o f  e x p r e s s io n  o f  
c y to k e r a t in , ICAM -1, a n d  HLA-DR w e r e  d e te c te d  b y  b o th  c o n -
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F ig u r e  2 .  HLA-DR e x p re ss io n  by  n o rm al h u m an  p rim ary  co n ju n c tiv a l 
ep ithe lia l cells  an d  C hW K  cells. Cells w e re  s ta ined  w ith  anti-HLA- 
DR(-DP, mAb. HLA-DR w as  e x p re ss e d  at a lo w  level in u n 
tre a te d  cells. Forty-eight h o u rs  o f  tre a tm e n t w ith  500  U /m L IFN-y 
in d u ce d  a sm all b u t s ignificant in c rea se  in HLA-DR e x p re ss io n  in b o th  
p rim ary  an d  C hW K  cells. R esults a re  ca lcu la ted  as p e rc e n ta g e  e x p re s 
s ion  (m ean  ±  SEM). **P < 0 .0 1  a n d  < 0 .0 0 1  c o m p arin g  u n tre a te d  
and  IF N -y -trea ted  cells.

fo c a l m ic r o s c o p y  a n d  f lo w  c y to m e tr y  o n  p r im ary  c o n ju n c t iv a l  
e p ith e l ia l  c e l l s  a n d  C h W K , a n d  th e r e fo r e  f lo w  c y to m e tr y  w a s  
u s e d  th r o u g h o u t  to  q u a n tita te  th e  d if fe ren tia l e f f e c t s  o n  th e  
C hW K  in  r e s p o n s e  to  v a r io u s  c y to k in e s .

HLA-DR e x p r e s s io n  h a s  b e e n  o b s e r v e d  o n  v a r io u s  ty p e s  o f  
e p ith e l ia l  c e l l s  in v o lv e d  in  c h r o n ic  a lle r g ic  d i s e a s e s , i n c l u d 
in g  c h r o n ic  a lle r g ic  co n ju n c tiv it is .^ ^  In a g r e e m e n t  w ith  o u r  
d ata . D e  Sain t-Jean e t  al.^** d e t e c t e d  s im ila r  le v e ls  o f  IFN y- 
in d u c e d  HLA-DR e x p r e s s io n  o n  C h W K  u s in g  f lo w  c y to m e tr y .  
lCAM-1 w a s  m a x im a lly  u p r e g u la te d  w ith  IFN-y, in  a g r e e m e n t  
w ith  o t h e r s . I t  h a s  b e e n  o b s e r v e d  in  v itr o  th a t th e r e  is  a 
s ig n if ic a n t in c r e a s e  in  lCAM -1 e x p r e s s io n  w ith in  th e  c o n ju n c 
tiva  d u r in g  C A ED , w h ic h  c o r r e la te s  w ith  th e  d e g r e e  o f  g r a n u 
lo c y te  a n d  ly m p h o c y t ic  in filtr a tio n  d e t e c t e d  b y  im m u n o h is to -  
c h e m ic a l  a n a l y s i s . I n  a d d it io n , it h a s  b e e n  fo u n d  th a t a lle r g ic  
s u b je c ts  h a v e  a m a rk ed  ICAM-1 e x p r e s s io n  o n  c o n ju n c t iv a l  
e p ith e l ia l  c e l ls  a fter  a lle r g e n  c h a lle n g e .

IL-4 is a k e y  T h 2  c y to k in e  th a t is  in v o lv e d  in  th e  d e v e lo p 
m e n t  o f  m a n y  a lle i^ ic  r e s p o n s e s .  In th is  s tu d y , th e  m o d u la to r y  
e f fe c ts  o f  IL-4 o n  th e  e x p r e s s io n  o f  c o s t im u la to r y  m o le c u le s  b y

100
90

S 80
i s  70
X  H I 60
^ 3  50
O Ê  40  

^  30

20 
10

□ Untreated 

■ IFN-y 24h50U

Primary (n=9) ChWK (n=4)

F ig u r e  3 .  lCAM-1 e x p re ss io n  by no rm al h u m an  p rim ary  co n ju n c tiv a l 
ep ithe lia l cells an d  C hW K  cells. B oth  cell types w e re  s ta in ed  w ith  
anti-ICAM-l**^ mAh. ICAM-1 w as  c o n stitu tiv e ly  ex p re sse d  in u n tre a te d  
cells by  b o th  p rim ary  ep ith e lia l an d  C hW K  cells. T h e re  w as a signifi
can t inc re a se  a fte r 24 h o u rs  o f  tre a tm e n t w ith  50 U /m L IFN-y. R esults 
a re  c a lcu la ted  as p e rc e n t e x p re ss io n  (m e an  ±  SEM). *P <  0 .001 
co m p arin g  u n tre a te d  and  IF N -y -trea ted  cells.
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F i g u r e  4 . Confocal m icroscopy  w as 
u sed  fo r im m u n o cy to ch em ica l s ta in 
ing o f confluen t m onolayers o f ChW K 
cells. (A ) C onfocal m ic ro sc o p y  o f  in
trace llu la r s tain ing  w ith  anti-cytoker- 
a tin  m Ah (AE-18). (B ) HLA-DR e x 
p re s s io n  a fte r tre a tm e n t w ith  IFN-y 
(5 0 0  U /m L) fo r 48  hou rs . (C ) Phase- 
c o n tra s t m ic ro g rap h  o f  co n ju n c tiv a l 
ep ith e lia l cell m onolayer. (D ) ICAM-1 
exp ression  after trea tm en t w ith  IFN-y 
(50  U /m L ) fo r 24 hou rs . T h e  ChW K  
cell im m u n o sta in in g  p ro files  re p re 
sen t o n e  o f  th re e  sep a ra te  e x p e r i
m en ts. Scale bar: (A) 2 p m ; (B -D )  
20 p m .

C h W K  h a v e  b e e n  in v e s t ig a te d . lL-4 d id  n o t in d u c e  e x p r e s s io n  
o f  HLA-DR an d  K A .M -1 . T h e  e x p r e s s io n  o f  C D 8 6 , b u t n o t  o f  
C D 8 0 , w a s  u p r e g u la te d  b y  IL-4 to  a g r e a te r  le v e l  th a n  w ith  th e  
o th e r  c y to k in e s .  T o  o u r  k n o w le d g e  th is  h a s  n o t  b e e n  d e m o n 
str a te d  fo r  c o n ju n c t iv a l e p ith e l ia l  c e l ls ,  a lth o u g h  a s im ila r  e f f e c t  
h a s b e e n  r e p o r te d  fo r  B c e l ls  in  a lle r g ic  b r o n c h o p u lm o n a r y  
aspergillosis.^** Abu-El-A srar e t  al.^^ u s e d  im m u n o h is t o c h e m ic a l

IL-13 + TNF-u I 

IL-4 + TNF- a  i

TNF-a I

■  CD86 

□  CO80

IFN -f j 

IL-13 I 

IL-4 I 

U ntreated I
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F i g u r e  5. Flow  c y to m e tric  analysis o f  th e  e ffec ts  o f cy to k in es  on  th e  
ex p re ss io n  o f  C D 80 an d  C D 86 m o lecu les  o n  ChW K  cells. A fter sub 
tra c tio n  o f  th e  b ack g ro u n d  s tain ing  from  ea c h  e x p e r im e n t, th e  cells 
c o n stitu tiv e ly  e x p re sse d  lo w  levels o f  C D 80 an d  C D 86 o n  C hW K  cells. 
D ata re p re s e n t p e rc e n t e x p re ss io n  (m ea n  ±  SEM) in a t least fo u r 
e x p e r im e n ts . CD 80 e x p re ss io n  (IF N -y -trea ted  versus u n tre a te d )  P = 
0 .043 ; C D 86 e x p re ss io n  QL-4 tre a te d  v e rsu s  u n tre a te d )  P  =  0 .039 . 'P  <
0.05.

t e c h n iq u e s  to  s tu d y  th e  e x p r e s s io n  o f  C D 8 0  a n d  C D 8 6  in  
c o n ju n c t iv a l b io p s y  s p e c im e n s  fr o m  p a t ie n ts  w ith  a c t iv e  V K C  
a n d  n o rm a l c o n tr o l  s u b je c ts  a n d  fo u n d  th at C D 8 6  is m o r e  
w id e ly  a n d  p r o m in e n t ly  e x p r e s s e d  b y  L a n g erh a n s’ c e l l s  th a n  is 
C D 8 0 . T e s a v ib u l e t  al.^" u s e d  im m u n o h is to c h e m is tr y  a s w e l l  
a n d  a ls o  fo u n d  C D 8 6  e x p r e s s io n  to  b e  s ig n if ic a n tly  h ig h e r  in  
o c u la r  c ic a tr ic ia l p e m p h ig o id  (O C P ) c o n ju n c t iv a l su b s ta n t ia  
p ro p r ia  th a n  in  n o rm a l c o n ju n c t iv a .

P re lim in a ry  d ata  in  th is  s tu d y  s u g g e s t  th a t th e  e x p r e s s io n  o f  
C D 4 0  o n  C h W K  c e l l s  is s lig h t ly  u p r e g u la te d  b y  IF N -y at 4 8  
h o u rs  b u t n o t  b y  a n y  o f  th e  o t h e r  c y to k in e s  in v e s t ig a te d  in  th is  
stu d y , in c lu d in g  T N F -a . H o w e v e r ,  B o u r c ier  e t  al.^ ' fo u n d  th a t  
C hW K  c e l ls  c o n s t itu t iv e ly  e x p r e s s e s  C D 4 0  w h ic h  w a s  s ig n if i
c a n tly  in c r e a s e d  a fter  2 4  h o u r s  o f  IF N -y e x p o s u r e  a n d  a fter  4 8  
h o u r s ’ e x p o s u r e  to  T N F -a . T h e  r e a s o n  fo r  th e s e  c o n f l ic t in g  data  
c o u ld  b e  th e  d if fe r e n t  c y to k in e s  a n d  c u ltu r e  c o n d it io n s  u s e d  b y  
th e  tw o  g r o u p s . T h e  e x p r e s s io n  o f  C D 4 0  a n d  C D 40L  h a v e  b e e n  
d e t e c t e d  b y  im m u n o h is t o c h e m is t r y  in  c o n ju n c t iv a  o f  p a t ie n ts  
w ith  a c t iv e  V K C , a n d  C D 4 0  im m u n o r e a c t iv ity  b y  e p ith e l ia l  
c e l ls  is  s tr o n g e r  in  V K C  s p e c im e n s  th a n  in  n o n in fla m m a to r y  
c o n ju n c t iv a l t is s u e s .

T h e  e p ith e l ia l  la y e r  o f  th e  c o n ju n c t iv a  h a s  t w o  d is t in c t  
su r fa c es , th e  a p ic a l a n d  th e  b a so la te r a l. T h e  a p ic a l s u r fa c e  is 
e x p o s e d  to  th e  e n v ir o n m e n t  d ir e c t ly ,  w h e r e a s  th e  b a so la ter a l 
su r fa c e  a p p e a r s  to  b e  th e  s ite  o f  r e c r u itm e n t  o f  CD4"*" T  c e l ls ,  
a lth o u g h  th e  m e c h a n is m s  in v o lv e d  in  T -cell m ig r a tio n  to  th is  
s ite  are p o o r ly  u n d e r s to o d . T h e r e fo r e , fu tu re  w o r k  s h o u ld  b e  
fo c u s e d  o n  in v e s t ig a t in g  th e  a b ility  o f  th e  e p ith e l ia l  c e l l s  to  
s u p p o r t  T -ce ll m ig r a tio n  a n d  id e n t ify in g  th e  c y to k in e s  an d  
c h e m o k in e s  th a t a re  in v o lv e d .
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Abstract

Chronic allergic eye disease compasses several disorders but it is vernal 

keratoconjunctivitis (VKC) and atopic keratoconjunctivitis (AKC) which have sight 

threatening sequelae. T-cells, eosinophils and mast cells are all found in the conjunctiva 

and are thought to play a role in disease pathogenesis. Recently the conjunctival 

epithelium has also been considered to play a key role. New and effective therapeutic 

strategies for the future for these patients depend on achieving a greater understanding of 

the roles and interactions of these cell populations in these sight threatening disorders.
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Introduction

The clinical spectrum of atopy includes asthma, eczema, rhinitis and conjunctivitis. The 

type of eye involvement in allergy depends on the type of allergy -  whether it is seasonal 

(seasonal allergic conjunctivitis SAC) or perennial (perennial allergic conjunctivitis 

PAC) and whether it is associated with sight threatening complications or not. Allergic 

conjunctivitis is one of the most common ocular surface diseases. Seasonal and perennial 

conjunctivitis are not sight threatening and are thought to be predominately mast cell- 

mediated. In these conditions the allergen is usually known with pollen being the 

commonest cause of SAC and house dust mite of PAC. The more chronic disorders in 

which the allergen is often not known are vernal conjunctivitis (VKC) and atopic 

keratoconjucticitis (AKC) and these can both have sight-threatening sequelae. In both of 

these conditions, T-cells are thought to play a major role in pathogenesis and this report 

focuses on these two disorders. Giant papillary conjunctivitis (GPC) resembles VKC in 

clinical appearance of the conjunctiva (in that there are giant papillae on the upper tarsal 

conjunctiva) and on histological examination of these papillae and for this reason is 

considered as part of this group of disorders. However, it is not associated with atopy and 

is not sight threatening.

Chronic allergic eye disease (CAED)

The three forms of chronic conjunctivitis to be considered are VKC, AKC and GPC.

VKC is a recurrent or chronic ocular allergic disease (CAED) that primarily affects 

children and young adults. The disease is characterised by recurrent symptoms of severe 

itching, photophobia, lacrimation, and discharge. It is a severe form of ocular allergy and 

may cause visual impairment from comeal damage. The histopathology of VKC is
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characterised by infiltration of the conjunctiva by eosinophils, basophils, mast cells, CD4^

T lymphocytes, monocytes/macrophages, dendritic cells, plasma cells, and B 

lymphocytes organised as small lymphoid follicles. VKC is a Th2 lymphocyte-mediated 

disease. Mast cells, eosinophils and their mediators play major roles in the clinical 

manifestations of VKC. In addition to typical Th2-derived cytokines, IL-4, IL-5 and IL- 

13, other cytokines, chemokines, growth factors and enzymes are over-expressed in the 

conjunctiva of VKC patients [1,2].

AKC is a chronic disorder occurring in adults with systemic atopic disease such as atopic 

dermatitis or asthma. Conjunctival scarring, papillae formation and punctate keratopathy 

may develop. It may also cause visual impairment when there is severe comeal damage.

In AKC, the evidence suggests that both type I and type IV delayed hypersensitivity 

responses may be involved. Conjunctival biopsies have been examined with 

immunohistochemical staining techniques and activated CD4^ T cells, mast cells and 

eosinophils have been demonstrated to be the main cytokine-producing cell-types 

infiltrating the conjunctiva in AKC [3].

GPC is characterized by the presence of abnormally large papillae on the upper tarsal 

conjunctiva, conjunctival hyperemia, excess mucus secretion, and foreign body sensation 

or pmritus. GPC invariably resolves when the cause is removed (eg ocular prothesis, 

protmding sutures, contact lenses) and keratopathy is rare. Histopathologically, 

similarities exist between GPC and VKC. The increased T cell count is similar to that of 

VKC, which clinically it resembles [1].

Despite the different clinical features, in all three forms of disease, activated CD4^ T 

cells, mast cells and eosinophils cells are the main cells infiltrating the conjunctiva.
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Interactions between these cells are thought to play an important immunopathogenic role 

in CAED.

T cells play a major role in immune responses having both regulatory and direct effector 

functions. T cells can be divided into two major phenotypically distinct subsets 

depending on whether they express the cell surface marker CD4 or CDS. CD4^ T cells 

recognize antigen in association with MHC class II molecules and are thought to play an 

effector role in the immune response, providing help for antibody production by B cells 

and coordinating events that lead to delayed-type hypersensitivity. CDS^ T cells 

recognize antigen in association with MHC class I molecules and are thought to be 

responsible for cytotoxicity and immunological surveillance.

Naive CD4^ T cells differentiate into at least two distinct subsets, Thl and Th2, with 

different cytokine secretion profiles. The Thl cells secrete mainly IL-2, IFN-y, and TNF- 

a  and promote cellular immune responses, whereas Th2 cells synthesize IL-4, IL-5 and 

IL-13 and promote humoral immune responses, especially those mediated by IgE [4]. 

Therefore Th2 cytokines are commonly found in association with allergic responses. T 

cells expressing cytokines of both patterns have been called ThO [5]; cells producing high 

amounts of transforming growth factor p (TGF-P) have been termed Th3 [6]. Recently 

described regulatory T cells are a subset characterized by their unique profile of cytokine 

production. One of the best-characterized subsets of regulatory CD4^ T cells is defined by 

its constitutive expression of the a-chain of IL-2R (CD25). T cell responsiveness is 

regulated by the local cytokine microenvironment, the nature of the antigen and the type 

of antigen presenting cell, with its expression of costimulatory molecules. For example, 

IFN-y inhibits the differentiation and proliferation of Th2 cells [5]. On the other hand, IL-
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4 and IL-10 prevent the differentiation and activation of Thl cells [7]. The stimulus 

controlling T cell differentiation during an in vivo immune response is less clear.

Tears in CAED

Tears constantly bathe the ocular surface where the allergic responses are taking place in 

the conjunctiva. They therefore may reflect more accurately the local immune processes 

than the responses seen in the peripheral blood which more likely reflect the atopic status 

of the individual rather than what is going on in the conjunctival tissues. Tear IgE levels 

are higher in patients with allergic conjunctivitis, as compared to other types of 

conjunctivitis and dry eye disorders [8] and HLA-DR expression by epithelial cells is 

negatively correlated with tear IgE. In addition tear IL-4 levels in tears from patients with 

AKC were significantly higher than those in VKC as measured by ELISA [9]. It is 

therefore thought that Th2-like cytokines play an important pathophysiological role in 

severe ocular allergic conditions such as AKC and VKC and that the tear level of IL-5 

may be a candidate marker to evaluate the clinical status of ocular allergy.

The percentage of Th2 lymphocytes was significantly correlated with the severity of 

VKC using cytokine flow cytometry of tear and blood from patients with VKC [10]. In 

AKC the percentages of T cells, activated B cells, and T-helper/T-suppressor cell ratios 

were higher in the tears than in normal controls [11]. A decreased T-suppressor cell 

concentration in tears may enhance immunoglobulin-E production by B cells, and 

augment production of inflammatory mediators liberated by the increased mast cell 

degranulation.
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T cell findings in chronic allergic eye disease

T cells are known to play a role in the inflammatory reactions in IgE- mediated allergy, 

due to their production of cytokines in allergic diseases. Activated CD4^T cells, mast 

cells and eosinophils are the main cytokine-producing cell-types infiltrating the 

conjunctiva during chronic allergic eye diseases. Interactions between these cells are 

thought to play an important immunopathogenic role in CAED.

Using immunohistochemical analysis and in situ hybridization techniques, cytokine 

immunoreactivity was localized to T cells in the subepithelial layers of the conjunctiva 

[12]. Allergic conjunctiva expressed increased levels of mRNA for IL-3, IL-4, and IL-5 

when compared with normal tissue, with a Th2 T-cell cytokine array in subjects with 

VKC and GPC but a shift in cytokine profile toward a Thl-like pattern in subjects with 

AKC.

Using conjunctival-derived T-cell lines from patients with CAED [13], a range of T-cell 

cytokine profiles in different types of CAED were seen. In AKC, conjunctival T-cell 

lines produced increased levels of IFN-y, IL-10 and IL-13, with little or no IL-4 or IL-5.

In VKC, conjunctival T-cell lines produced increased Th2-type cytokines such as IL-5 

and IL-13. In GPC, a low-level, non-polarized cytokine production was seen (Figure 1) 

Therefore, a Th2-like profile was seen in VKC and a shift towards a Thl-like profile in 

AKC.

Using immunohistochemical techniques, CXCR3 was demonstrated to be expressed 

abundantly on T lymphocytes in the conjunctiva of patients with active VKC [14]. This 

data suggests a potential role for CXCR3 receptors in the regulation of lymphocyte
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recruitment within conjunctiva of VKC patients. New therapeutic strategies that block 

CXCR3 may inhibit T lymphocyte recruitment and thereby suppress the chronic 

inflammatory response.

Contribution of Conjunctival resident cells

Immune cell migration into and through mucosal barrier sites in the conjunctiva is a 

critical feature of immune and inflammatory responses, but molecules involved in trans

epithelial immune cell traffic are poorly defined. How T-cells migrate into local 

inflammatory sites, and the role of cytokines, other types of mediators and cell-cell 

interactions is unclear.

Recent evidence [15, 16] suggests that mucosal epithelial cells are capable of actively 

participating in immune reactions via expression of surface antigens, such as adhesion 

molecules and synthesis of cytokines. The conjunctival epithelium is both directly and 

indirectly involved in the development of conjunctival inflammation. When stimulated, 

epithelial cells can express and produce several cytokines, chemokines, and adhesion 

molecules that can affect chronic inflammation.

Normal conjunctival epithelial cells do not express ICAM-1 or HLA-DR [17], but both 

antigens were induced on conjunctival epithelial cells from allergic conjunctiva with 

increased expression in AKC and VKC as compared to GPC. IL-6, IL-8, RANTES and 

TNF-a localised to normal conjunctival epithelial cells. RANTES was upregulated in all 

the allergic disorders and IL-8 was particularly increased in GPC. IL-3 and GM-CSF 

were not expressed in normal conjunctival epithelial cells but was detected in allergic 

conjuctiva with increased amounts in AKC when compared with GPC and VKC. IL-3
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was expressed only in AKC and VKC epithelial cells but not those in GPC suggesting 

that conjunctival epithelial cells play an important pro-inflammatory role in CAEDs [17]. 

Recently, we have examined the deeper layers of conjunctival epithelial cells from 

tissues using explant cultures. Using flow-cytometry, HLA-DR and ICAM-1 expression 

were found to be significant increased in these conjunctival epithelial cells (Figure 2) 

after 48 hours of treatment in vitro with IFN-y [18] but those derived from GPC did not 

show this upregulation. This suggests that the epithelium behaves differently in different 

types of CAED and has different influences on the local immune response. Although 

comeal tissue damage in allergic ocular diseases is thought to be induced by 

inflammatory cells that infiltrate from conjunctival tissue, the mechanisms of recmiting 

these cells remain unclear. Human conjunctival epithelial cells were shown to be capable 

of producing RANTES in response to inflammatory stimuli such as TNF-a and may play 

a role in recmiting inflammatory cells such as eosinophils and T lymphocytes toward the 

ocular surface [19].

An increase in the expression of RANTES, eotaxin, MCP-1, and MCP-3 was also found 

in the conjunctiva of patients with VKC compared with control subjects [20]. Co

localisation studies revealed that the majority of inflammatory cells expressing 

chemokines were CD68 positive monocytes/macrophages. In VKC specimens 

inflammatory cells expressing pulmonary and activation regulated chemokine (PARC), 

macrophage derived chemokine (MDC), and 1-309 (the MDC receptor CCR4) were 

identified, suggesting a potential role for these chemokines in attracting T lymphocytes 

into the conjunctiva in VKC [21].
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Therapeutic strategies

The successful treatment of CAED is limited at the present time and requires a better 

understanding of the spectrum of clinical disorders involving various components of the 

immune system, and of interactions at the conjunctival surface. The immune response 

focuses primarily on the different levels of activity of Th2 lymphocytes together with 

other immune cells associated with allergic disorders including mast cells, eosinophils, 

fibroblasts, and epithelial and endothelial cells. The in vivo pathophysiology of CAED is 

not well understood. Mast cell and eosinophil effector mechanisms are important in all 

the ocular allergies, but T cell inflammation is prominent in VKC, AKC and GPC. 

Treatment options have largely focused in the past on symptomatic relief of symptoms 

and downregulation of the inflammation using topical steroids where necessary.

Cyclosporin (cyclosporin A, CsA) is a selective immunosuppressant that inhibits T-cell 

activation. In a randomized double masked clinical trial in patients with severe AKC, 

topical CsA was found to improve clinical symptoms and signs and to allow topical 

steroid dose reduction. Using conjunctival biopsies from treated and control patients pre 

and post treatment, these in vivo effects were paralleled by reduced numbers of total and 

activated T-cells, a normalization of the CD4-CD8 ratio and reduced T-cell cytokine 

expression, especially IL-2 and IFN-y [22]. CsA has additional effects on eosinophils 

and perhaps mast cells so the interplay of several cell types is affected by its use. 

Modulation of cytokine production by activated cells in CAED and subsequent 

downregulation of the inflammatory response is a promising therapeutic approach for the 

future.
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Comeal ulcer is among the most severe and treatment-resistant complications associated 

with ocular allergic diseases such as AKC [3] and VKC. Eosinophils and eosinophil 

cationic protein (ECP) have been found in conjunctival tissue and in the tears of patients 

with active AKC and VKC [23, 24]. CC chemokines, such as eotaxin [25] and RANTES 

[26], are important in recmiting eosinophils into tissue in the allergic response. RANTES 

has been found in the tears of patients with allergic conjunctivitis [27] and can be 

produced by both conjunctival [28] and comeal cells [29]. Inhibition of eosinophil 

chemotaxis can be demonstrated by using anti-CCR-1 and -3 Abs [30] in severely 

allergic patients. As anti-CCR-3 Ab was more effective than anti-CCR-1 Ab, inhibition 

of CCR-3 by this antibody on eosinophils may be a potential treatment for comeal ulcer 

in patients with ocular allergy. Other new potential therapeutic approaches include the 

use of immunostimulatory DNA sequences oligonucleotide (ISS-ODN), which is a novel 

anti-inflammatory and immunomodulatory agent that significantly inhibits the allergic 

response [31]. Surgical removal of inflammatory cells combined with 

immunosuppressive therapy has also been suggested as a method of treatment [32].

Conclusion

A greater understanding of the in vivo interaction between the cells found in the 

conjunctiva in the CAED, the important proteins and cytokines they secrete and ways in 

which these can be down-regulated or inhibited, will provide novel and more effective 

therapeutic approaches for the future.

10
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Atopic keratoconjunctivitis (AKC) is an ocular m anifestation o f  atopy, 
first reported in 1952 in association with atopic derm atitis.' In contrast to 
seasonal allergic conjunctivitis (SAC), perennial allergic conjunctivitis 
(PAC), and giant papillary conjunctivitis, AKC is a chronic inflammatory 
process o f  the conjunctiva that can have sight-threatening sequelae from  
corneal involvem ent. A family history o f  diseases, such as eczem a, asthma, 
atopic derm atitis, or hay fever, is com m on, with m ore than 95% o f AKC 
patients having eczem a and 87% having a history o f  asthma.^ In patients 
with atopic dermatitis, ocular involvem ent occurs in around 25 to 42%.^^ 
O ther familial atopies reported in association with AKC are allergic rhi- 
noconjunctivitis, food hypersensitivity, and urticaria.'’ In contrast to those 
o f  vernal keratoconjunctivitis (VKC), the symptoms o f  AKC typically begin  
in the late teens or early twenties and can persist until the fourth or fifth 
decade o f  life. T he peak incidence o f  AKC occurs between the ages o f  30 
and 50 years' and, as with VKC, typically affects m ales m ore than fem ales.

In contrast to SAC and PAC, in which mast cells are thought to play a 
major role, in AKC and VKC, T lym phocytes and eosinophils are thought 
to be key players. In AKC in particular, mast cell stabilizers are not effec
tive, and topical steroids are often required to control the inflamm atory 
process. In recent years, the conjunctival ep ithelium  itself is also thought 
to be actively rather than passively involved in the pathogenesis. It is not 
clear w hether the same im m une m echanism s are involved in the conjunc-
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tival disease and in the associated atopic disease and what exacdy causes 
the corneal disease.

In this chapter, we detail the clinical features and summarize the 
current know ledge of the im m une findings in AKC and how this under
standing can lead to m ore effective therapeutic strategies for the future.

■ Clinical Features

The com m on presenting symptoms o f AKC are bilateral ocular itch
ing, burning, and tearing, which are present all year. Som e patients ex
perience seasonal exacerbations, which tend to be m ore marked in the 
winter or sum m er months,^ and som e patients report exacerbations fol
lowing exposure to dust or certain foods. P hotophobia and blurred vision  
are often reported, and a m ucous stringy discharge d ue to the accum u
lation o f  cells and m ucin may be present.

Eyelids

The eyelids tend to be thickened, indurated, eiythem atous, fissured, 
and frequently swollen due to the eczem a, which is often associated with 
chronic blepharitis and staphylococcal infection (Fig 1).^’® Chronic in
flam m ation can lead to upper lid ptosis. The eczem a usually involves the 
periorbital skin and cheeks, and severe edem a o f  the infraorbital skin can 
p rod u ce a D ennie-M organ  lin e (sin g le or d o u b le  in fraorbital skin  
creases). In severe forms o f lid disease and m ore com m only in older  
patients, there is absence o f  the lateral eyebrow (de H ertogh e’s sign), 
which in conjunction with the developm ent o f fissures at the lateral can- 
thus is thought to be due to intense eye rubbing.^

Conjunctiva

Chronic changes occur in the conjunctiva, causing hyperaem ia and 
chem osis predom inantly affecting the inferior forniceal and palpebral

Figure 1. The eyelids in atopic 
keratoconjunctivitis, showing 
eczematous involvement.
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conjunctiva. Papillary hypertrophy affecting the upper and (m ore com 
m only) the lower tarsal conjunctiva is evident. Cicatrising conjunctivitis 
with suhepitnelial hbrosis and sym blepharon has also been  reported,® and  
the fornices, especially the inferior fornix, may shrink as a result o f  this 
scarring. T h e precorneal tear film is reduced in volum e and, as a result, 
the bulbar conjunctiva may show changes similar to those seen in kerato
conjunctivitis sicca.

Limbus

The conjunctival papillary reaction may also involve the perilim bal 
area and produce a “gelatinous” type o f  hyperplasia.^ Trantas’ dots, origi
nally considered  pathognom onic for VKC, can often  be seen within and 
beside these lesions. T he limbus becom es involved in the process o f  cor
neal sclerosis (see later).

Cornea

Corneal com plications are com m on in AKC and can develop during  
or after repeated exacerbations o f blepharoconjunctivitis. An early sign o f  
corneal epithelial involvem ent is punctate keratitis, and recurrent inflam 
m ation can lead to the developm ent o f  persistent epithelial defects. These 
often are con fluent (Fig 2), and plaque form ation (Fig 3) can occur. 
Corneal ulceration, induced by superim posed m icrobial infection, may 
also develop. Recurrent severe herpes sim plex keratitis,’® which can be 
bilateral, is also seen and can be very difficult to m anage, especially if 
chronic topical steroid therapy is required. Primary corneal ectasias, such  
as keratoconus and pellucid marginal degeneration , are fairly com m only  
seen in patients with AKC. Over time, the m ore chronic cases can develop  
lipid deposition  within the cornea itself, which may com prom ise the visual 
acuity if centrally located. Following repeated attacks o f  in flam m ation /

Figure 2. Confluent comeal 
epithelial defect (arrow); also 
pannus formation and abnormal 
mucus strand.
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Figure 3. Comeal plaque 
formation in atopic 
keratoconjunctivitis.

infection, severe keratopathy with corneal neovascularization (progressive 
corneal sclerosis) may develop along with pannus form ation affecting the 
superior third o f  the cornea (Fig 4). This is usually associated with thin
ning o f  the cornea, which can induce marked astigmatic changes; severe 
and perm anent visual im pairm ent can result.

Cataract

Cataract is a com m on occurrence that contributes to visual deterio
ration in affected patients.^ These are predom inantly “atopic” type cata
racts (anterior subscapsular) (see Fig 4) but may be posterior subcapsular 
in location and accelerate rapidly, especially if prolonged  topical cortico
steroid usage is or has been required.

Other Manifestations

O ther com plications include retinal d eta ch m en t." ’’  ̂ This may be 
caused by repeated eye rubbing and degeneration  o f  the vitreous. The

Figure 4. Progressive comeal 
sclerosis in atopic 
keratoconjunctivitis.
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eczem a around  the eyelids can also affect the rest o f  the body, in  particu
lar the flexor surfaces o f  the arms and legs and the skin over the forehead  
and is p ron e to secondary in fection . Psychoneurosis may also be associ
ated with AKC® and can be associated with severe m ood  swings, m ech an i
cal trauma from  persistent scratching, and generally  p oor com p lian ce  
with m ed ication  and attendance for review.

■ A ssessm ent of Severity of AKC

T h e overall m an agem en t o f  AKC involves a m ultid isciplinary ap
proach  to each  patient, as it is im portant to con sid er the o th er system ic 
m anifestations o f  atopy in these individuals. T h e aim  o f  treatm ent for AKC 
is to alleviate the sym ptom s associated with the disease and to m aintain  
visual acuity.

T h e clin ical assessm ent b egins with the naked-eye observation o f  ec
zem a affecting the skin o f  the head and neck, in clu d in g  the eyelids. T he  
p atien t’s reaction  to this, as m anifested  for exam ple by constant rubbing, 
is an im portant indication  o f  severity. T h e slit lam p shows the lid m argins 
in m ore detail. T h ick en in g  o f  the m argins, rou n d in g  o f  their posterior  
m argins, and the signs o f  anterior and posterior m arginal b lepharitis 
sh ould  be n o ted , as these aspects will usually require therapeutic atten
tion.

T h e d egree o f  activity as well as severity o f  the ocular surface involve
m en t in the atopic disease process is shown by the am oun t o f  conjunctival 
hyperaem ia and infiltration that is present. Further indications are the 
nature and severity o f  the exudation  (often  a tenacious, stringy m ucus) 
and the d egree o f  ep ithelia l d isruption, especially in respect to the cornea, 
w here such  vital stains as fluorescein  and rose bengal will assist in  exam i
nation . A  full assessm ent o f  the ocular surface involves eversion o f  the lids, 
w hich in turn will dem onstrate any conjunctival cicatrization that may be 
present. In addition  to the exam ination  o f  the ad nexae and the ocular 
surface, the ocular exam ination  will in clu d e the m ed ia  and fun di and a 
m easu rem ent o f  the intraocular tension , especially w hen  steroid  m edica
tion is in use.

■ Treatment

General Measures

Identification  o f  a llergens eith er by skin or b lood  testing is useful to 
allow  avoidance o f  the precip itating factor by the individual wherever  
possible. C old com presses may provide re lie f from  irritation, and regular 
lubrication m ay also provide sym ptom atic relief. Periocular inflam m ation
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m ust be assessed, and the p atient sh ou ld  be advised to try to refrain from  
eye rubbing. M ore aggressive m easures, such as desensitisation  therapy  
and plasm apheresis, can be used  for patients with very h igh  IgE levels.

M anagem ent o f Blepharitis

Blepharitis sh ou ld  be con tro lled  by regular lid  hygiene and, in severe 
cases, long-term  antib iotic treatm ent, b oth  topical and system ic, is re
quired  to attem pt to im prove m eib om ian  gland dysfunction, to k eep  in
flam m ation  u n d er control, and to im prove the quality o f  the tear film .

Systemic Antihistamines

Systemic antihistam ines can be used  to suppress w idespread inflam 
m ation  and to redu ce itching.® T h e earlier antihistam ines, such  as pro
m ethazine and ch lorph en iram in e, ten d ed  to cause sedation  and drowsi
ness, but the H I receptor antagonists, such  as fexofen ad in e and cetirizine, 
are less p ron e to p rod uce these unw anted effects.

Tear Suppiements

Tear su p p lem en ts in clu d e h yprom ellose and hyaluronic acid and  
sh ou ld  be used  (preferably preservative-free) w hen signs o f  tear d eficien cy  
are p resent and stain ing o f  the bulbar conjunctiva and corneal changes  
occur, to im prove the aq ueous d eficien cy  and to redu ce sym ptom s. T h ese  
agents are also th ou gh t to aid the d irect rem oval and d ilu tion  o f  allergens  
that may com e in to  contact with the eye and to dilute the vasoactive 
products p rod uced  by the allergic reaction. Such o in tm en ts as sim ple  
(un m edicated ) o in tm en t provide re lie f at n ight and reduce the friction  
caused by ocular surface drying w hen  the p atient is asleep.

Topicai M ast Ceii Stabiiizers

Sodium  crom oglycate may be useful for the long-term  control o f  itch
in g  and inflam m ation . Its m echan ism  o f  action is to prevent m ast cell 
d egran u lation  and m ed iator release with con seq u en tia l inflam m atory  
dam age; in AKC, it has the im portant role o f  redu cing adjunctive steroid  
usage. L od oxam ide 0.1%^“̂ and ned ocrom il sod ium  2% can be useful in  
the sam e way. N ot yet available in the U n ited  K ingdom , o lop atad in e is a 
m ast cell stabilizer with additional antihistam inic properties.^®

Nonsteroidai Antiinfiam m atory Drugs

N onsteroidal antiinflam m atory drugs (NSAIDS) can be u sed  topically  
in  the form  o f  ketorolac trom etam ol and are effective in  p reventin g
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recurrent episodes o f  ocular inflam m ation by inhibiting prostaglandin pro
duction.^® T hey are useful as an adjunctive therapy in  b oth  acute and  
chron ic in flam m ation, and they reduce vasodilation and itch ing. Som e  
patients m ay have an im provem en t in  sym ptom s with NSAIDs, b ut in  
others, it has b een  observed that w orsening o f  the sym ptom s and signs 
occurs.

Topical Corticosteroids

T opical corticosteroids are extrem ely effective in relieving sym ptom s, 
especially w hen  o ther form s o f  topical treatm ent have n o t b een  successful. 
B rief p eriods o f  intensive topical steroids may be necessary to control the  
inflam m atory process. How ever, p ro lon ged  use o f  topical steroids can be 
associated with ocular com plications, such  as herpes sim p lex  and other  
bacterial in fection s, cataract, and raised intraocular pressure lead in g  to 
steroid-induced  glaucom a. Such m edication  m ust, therefore, be u sed  with 
caution  and u n d er op hthalm ic supervision.

■ Cyclosporin
C yclosporin has b een  given system ically in severe cases o f  AKC to 

attem pt to redu ce the im m u n e response in AKC, and topical preparations 
have also b een  successfully used.^^ Topical cyclosporin  was foun d  to lessen  
sym ptom s and signs o f  patients with stero id -d ep en d en t AKC and to allow  
significant reduction  or stoppage o f  topical steroids w hile the inflam m a
tory process rem ained  controlled.^® As it is lip op hilic, it has to be dissolved  
in an a lcohol-oil base, w hich  can cause tearing, erythem a, and irritation  
that is u naccep table to som e patients. An o in tm en t preparation  that has 
also b een  used  is usually better tolerated.

Penetrating Keratoplasty

In severe cases o f  AKC w here visual acuity has b een  com p rom ised  due  
to corneal scar form ation, vascularization, or corneal perforation , a cor
neal transplant may be con sid ered  for the restoration  o f  v i s i o n . H o w 
ever, in  severely atopic individuals, especially (but n o t  exclusively) those  
with h igh  serum  and tear levels o f  IgE, severe sclerokeratitis can occur in 
the early postoperative p eriod  and cause lysis o f  the h ost cornea with  
cheese-w iring o f  the sutures, lead in g  to transplant failure.^® For this rea
son, system ic im m u n osup pression  with p red n iso lon e and cyclosporin is 
recom m en d ed , b eg in n in g  2 to 3 w eeks before surgery and con tin u in g  
until the d anger o f  such in flam m ation  is past.
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■ Current Understanding of the Immunopathogenesis 
of AKC

Immune Abnormalities in Peripheral Blood

Patients with AKC are atopic, and it is n o t clear w hether the b lood  
accurately reflects what is occurring w ithin the conjunctiva or sim ply what 
is occurring as part o f  the system ic disease. N evertheless, som e findings  
from  the peripheral b lood  suggest that there are AKC-associated differ
ences. For exam p le, in the serum  o f  patients with AKC, levels o f  eo s in o 
p h il cation ic p rotein , eosin op h il n eu rotoxin , and in terleukin-2 receptor  
were significantly increased  as com pared  with norm als, but this d id  n o t  
correlate with the severity o f  the ocular symptoms.^^ A n other study fou n d  
that patients w ho d evelop ed  atopic cataracts w ere m ore likely to have 
increased  serum  levels o f  IgE.^

Tears

T h e conjunctival surface is bathed  with a thin  layer o f  tear film  that 
contains a variety o f  im m u n e m olecu les, in clu d ing  IgA, IgG, IgM, IgE, and  
histam ine. R ecen t flow cytom etric (FACS) studies have revealed increased  
num bers o f  T  cells, b oth  o f  the naïve-Th (CD 4/45R A ^) and m em ory-Th  
(C D 4/29^ ) type, in the b lood  and tear sam ples o f  patients with AKC.^^ 
T h e percen tages o f  T  cells, activated B cells, and T -h elp er/T -su pp ressor  
cell ratios w ere foun d  to be h igh  in the tears o f  patients with AKC, and the  
decreased  T-suppressor cell con centration  in tears was th ou gh t to en 
hance IgE p rod uction  by B cells.^® A nother study dem onstrated  h igh  
levels o f  IL-4 and IL-5 in  tears in AKC and tear IL-4 levels in AKC patients, 
w hich correlated  with the severity o f  the atopic d isease, w hereas the IL-5 
levels were th ou gh t to reflect the severity o f  the ocu lar disease.^^ Eotaxin, 
a ch em ok in e that attracts eosinop hils, has b een  d etec ted  in raised levels in  
tears o f  patients with a progressive form  o f  AKC in  w hich  there is severe 
corneal d a m a g e ,a l t h o u g h  the cellu lar source o f  eotaxin  rem ains un
clear.

Cell Types in the Conjunctiva in AKC

To understand the im m u n e processes involved in  AKC, m any studies 
have investigated the conjunctival tissue. T h e conjunctiva is com p osed  o f  
two layers: the ep itheliu m  and the substantia propria. T h e ocular ep ith e
lium  d oes n o t  norm ally contain  any resident inflam m atory cells, such  as 
m ast cells, eosinop hils, or lym phocytes, but these are com m only  fou n d  in  
the substantia propria.

C onjunctival b iopsies taken from  patients with active AKC have b een  
exam in ed  w ith im m u n oh istoch em ica l stain ing, and activated C D 4^ T
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cells, m ast cells, and eosinop hils have b een  dem onstrated  to be the m ain  
cytokine-producing cell types infiltrating the conjunctiva.^® Interactions  
betw een  these cells are thou ght to play an im portant im m u n op ath ogen ic  
role.

Adhesion Molecules, Chemokines, and Cytokines In AKC

Conjunctival eosinop hils, ep ithelia l cells, and m ast cells have b een  
recogn ized  as im portant sources o f  a variety o f  cytokines and ch em ok in es  
and thus are capable o f  b ein g  directly involved in  allergic inflam m ation. 
In the ocular ep itheliu m , cell ad hesion  m olecu les appear to play a role in  
ocular hypersensitivity responses; for exam ple, ICAM-1 expression  by the 
conjunctival ep ithelia l cells occurs as an early event, appearing w ithin  30 
m inutes after stim ulation, co in cid in g  with inflam m atory cell infiltration.^^ 
Cell ad hesion  m olecu les, such  as ICAM-1, play a critical role in h om in g  
and m igration o f  various p olym orph onu clear cells that are involved in the 
inflam m atory reaction. Cytoldnes IL-6 , IL-8 , RANTES, and tum or necrosis  
factor a lp ha (TN F-a) are loca lized  to norm al conjunctival ep ith elia l 
cells.^® In AKC, the cytokines IL-4, IL-8 , and GM-CSF were expressed  at 
increased  levels in  conjunctival tissue sections.^® IL-4 is well known for its 
role in allergic inflam m ation  by p rom otin g  T-cell growth, the in d u ction  o f  
IgE prod uction  from  B cells, the upregu lation  o f  ICAM-1, and regulation  
o f  the T h2 subset d ifferentiation. A nother recently reported  role for IL-4 
is in the in du ction  o f  eotaxin  secretion , w hich prom otes eosin op h il re
cruitm ent from  corneal keratocytes.^® RANTES is an oth er p o ten t ch em o
attractant for eosinop hils, m onocytes, m acrophages, basophils, and CD4  ̂
m em ory T  lym phocytes, and RANTES was fou n d  to be u pregu lated  in  
AKC.̂ ^

M ast Cells and Eosinophils In AKC

In AKC, there is a n oticeab le increase in  m ucosa-type m ast cells in the 
ep ithelia l layer.^^ Mast cells are known to store, release, and synthesize a 
large num ber o f  cytokines, such  as IL-4, IL-5, IL-6 , IL-8 , IL-13, and TNF- 
a . E osinophils, the hallm ark o f  allergic disease, are also p resen t in in 
creased num bers in AKC conjunctival layers. H owever, it was fou n d  that 
the ex ten t o f  eosin op h il activation (ICAM-1, CD4, IL-2R, and HLA-DR) 
correlated m ore closely with disease severity than with total eo sin op h il 
numbers.^®

T Cells In AKC

It was dem onstrated  in  conjunctival tissues from  AKC that there is an 
u pregu lation  o f  IL-3, IL-4, and IL-5 m RNA as com pared  with norm als, 
u sing in situ hybridization histochem istry with riboprobes specific for lym-
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phokine mRNA.^^ Interestingly, IL-2 mRNA was also significantly upregu
lated in AKC (Fig 5A), and there was an enhanced  expression o f  IFN- 7  by 
the C D 3  ̂ T cells. These results suggested that autoim m une T hl-type  
m echanism s were involved in AKC, perhaps due to the increased severity 
and chronicity. In agreem ent with these findings, conjunctival T-cell lines 
from AKC produced  selective increases in both T h l (IFN-7 ) and Th2  
(IL-10 and IL-13) c y t o k i n e s . I n  a ran d om ized  m asked p laceb o-  
controlled  clinical trial o f  topical cyclosporin A (CsA) in which 8  AKC 
patients received topical CsA 2% in m aize oil (n = 12) or vehicle (n = 9) 
four tim es daily for 3 m onths, CsA was effective as a steroid-sparing  
th e ra p y .Im m u n o h is to ch em istry  o f  conjunctival biopsies before and af
ter topical CsA treatm ent revealed significant reductions in CD3^ T cells

j s ë
' '

g

Figure 5 (A) In silu hybridization o f an atopic keratoconjunctivitis tarsal conjunctival tissue
section. Arrows indicate IL-2 mRNA expressing cells in the subepithelial layer (se), beneath the 
epithelium (e). (y.400) (B) Immunohistochemical staining o f an atopic keratoconjunctivitis tarsal 
conjunctival tissue section with anti-CD 1 a monoclonal antibody to demonstrate the presence o f  
Langerhans’ cells within the epithelial layer, as indicated by arrows. (x400) (C) 
Immunohistochemical staining o f an atopic keratoconjunctivitis tarsal conjunctival tissue section 
with anti-HLA-DR monocbnal antibody, demonstrating a diffuse H IJ\-D R expression throughout 
the AKC  tarsal conjunctival tissue section. Arrows indicate intense staining o f inflammatory cells. 
(x400) (D) Immunofluorescence o f primary epithelial cell monolayer from  atopic keratoconjunctivitis 
conjunctival biop.sy, stained with anti-CD54 (ICAM-1) antibody, (y.200)
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(both  C D 4 and C D 8), CD 20 (B cells), neutrophils, and m acrophages and  
a decrease in  the CD 4 : CDS ratio (p = 0.03).^^ In addition , there was a 
decrease in  H LA-D R expression , in num bers o f  ILr2 receptor-expressing  
(i.e ., activated) cells, and in  the num bers o f  T  cells expressing IL-2 and  
IFN-7 . Interestingly, there were n o  changes in IL-4 expression  or in  the  
num bers o f  m ast cells and eosinop hils. T h ese findings further support an 
im portant role for T  cells in  m ed iating  AKC.

Langerhans’ Cells

L angerhans’ cells (LC) are involved in exogen ou s an tigen  recogn i
tion, an tigen  processing, and activation o f  T  lym phocytes and have n u 
m erous cell-surface receptors for a variety o f  m olecu les, in clu d in g  such  
cytokines as IL-2. A  recent study has suggested  that the LC o f  atopic  
individuals have excessive expression  o f  receptors for IgE, w hich on  b ind
in g  to allergen  cou ld  result in increased  T-lym phocyte proliferation.^® In 
the conjunctiva o f  patients with atopic disease (A D ), there were signifi
cantly m ore LC in their conjunctival ep itheliu m  than those w ithout AD  
(see Fig 5B).^® LC are h o n e m arrow -derived, and the m echan ism  by 
w hich they h o m e to ep ithelia  is n o t yet understood .

Conjunctival Epithelial Cells In AKC

R ecen t ev idence suggests that m ucosal ep ithelia l cells are capable o f  
actively participating in  im m u n e reactions via expression  o f  surface anti
gen s, such  as ad hesion  m olecu les, and via synthesis o f  cytokines. T h e  
ep ithelia l cytokines are known to prom ote eosin op h ilic  in flam m ation. In 
a recen t study, there was n o  expression  o f  ICAM-1 or HLA-DR in  norm al 
conjunctival ep ithelia l cells, but b oth  m olecu les w ere expressed  by con 
junctival ep ithelia l cells in  allergic eye disease,®^ with increased  expression  
in AKC (see Fig 5C ). In vitro studies have dem onstrated  that b oth  HLA- 
DR and ICAM-1 expression  by conjunctival ep ithelia l cells w ere upregu
lated in  resp onse to cytokines (see Fig 5D).^ T h e p resen ce o f  HLA-DR  
raises the q uestion  o f  w heth er conjunctival ep ithelia l cells can p resent 
an tigen  to CD4^ T cells.

T here are several reports supporting a role for ep ithelia l cells in  regu
lating T-cell fun ction  in  allergic d isease. For exam ple, h um an nasal and  
bronchial ep ithelia l cells are capable o f  expressing ad hesion  m olecu les, 
HLA-DR m olecu les, and a range o f  proinflam m atory cytokines, in clu d ing  
IL-1, IL-6 , IL-8 , GM-CSF, TNF-a, and chem ok ines RANTES and MCP-1. 
Thus, ep ithelia l cells are th ou gh t to be involved in con tro llin g  m igration  
in to  and through  m ucosal barriers and in  an tigen  p resentation  to T  cells. 
Intestinal ep ithelia l cells expressing HLA-DR m olecu les have also b een  
shown to be capable o f  presen tin g  antigen  to T  cells in  vitro.®®’̂ ®
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■ Summary

In this chapter, we have ou tlin ed  the clinical features, m anagem ent, 
and im m u n e find ings in patients with AKC. It rem ains a d ifficult prob lem  
to treat, and all current therapies have side effects, w hich can lim it their  
use. By trying to understand further the im m u n e m echanism s underlying  
the disease, it is likely that new  therapeutic approaches can be devised. 
T he recen t success o f  anti-TNF-a im m unotherapy in rheum atoid  arthritis 
raises the possibility o f  using antibodies to b lock  key cytokines involved in  
the disease process in  AKC and cou ld  provide a future therapeutic ap
proach that is n o t reliant on  steroids.
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