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Abstract

The adhesion molecule lymphocyte function-associated antigen 3 (LFA-3), the 

major ligand of the T lymphocyte receptor CD2, is involved in cellular adhesion, 

activation and functional modulation. However, the role of LFA-3 and regulation 

of LFA-3 expression in oral mucosal and other diseases is poorly understood.

The role of LFA-3 was investigated in the inflammatory disease oral lichen planus 

(OLP). Expression <of LFA-3 was found to be up-regulated in OLP lesions 

compared with heallthy oral tissues. Two distinct expression patterns were 

identified in OLP lesiions - intracellular LFA-3 was localised within a population of 

infiltrating cells, andl a ‘soluble’ form of LFA-3 (sLFA-3) was apparent within 

affected tissues. In 'contrast with the increased lesional expression of LFA-3, 

systemic sLFA-3 levels were not significantly altered in the sera of OLP patients 

compared with control subjects.

RT-PCR of mRNA from OLP, other oral mucosal diseases and healthy oral 

mucosa revealed LFA-3 mRNA isoform expression to be neither tissue- nor 

disease-specific. However, a novel in vivo isoform of LFA-3 mRNA was 

detected. This mRNA isoform was cloned, sequenced and identified as LFA-3 

AD2.

Possible mechanisms for LFA-3 regulation and sLFA-3 generation in vivo were 

investigated in vitro. An intracellular pool of LFA-3 was demonstrated to be 

present within a range of cell lines. Although both surface and intracellular LFA-3 

expression were relatively unaffected by inflammatory cytokines, the release of 

sLFA-3 from these cells was susceptible to cytokine-mediated modulation.
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Differential susceptibility to cleavage of surface LFA-3 by a phospholipase C 

(PLC) was demonstrated. PLC-mediated LFA-3 cleavage, a possible mechanism 

of sLFA-3 generation, was found to be associated with an increase in intracellular 

LFA-3 followed by replacement of LFA-3 at the cell surface.

Finally, the in vivo role of LFA-3 in OLP was examined by adaptation of the 

Stamper-Woodruff adhesion assay. The results of these antibody blockade studies 

suggest that LFA-3 may be of equivalent importance to intercellular adhesion 

molecule 1 (ICAM-1) for lymphocyte adhesion within the OLP inflammatory 

infiltrate, and may be a potential therapeutic target for the control of OLP.
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Chapter I Background

Introduction

This thesis concerns the function and regulation of the adhesion molecule 

lymphocyte function-associated antigen 3 (LFA-3, CDS8). This molecule is the 

natural ligand for the T lymphocyte receptor CD2 (LFA-2) and can modulate 

cellular functions, as further detailed below. However, the role and importance of 

this adhesion molecule within the immune system in vivo perhaps remains unclear.

Oral lichen planus (OLP) is a common chronic inflammatory disease. OLP lesions 

are histopathologically characterized by a profound T lymphocyte infiltration 

within the connective tissue which appears to mediate an inflammatory response 

giving rise to damage to the basal epithelium. The OLP immune response involves 

large numbers of CD2+ T lymphocytes interacting with a range of accessory cells, 

including epithelial cells, fibroblasts, endothelium and antigen-presenting cells 

such as Langerhans cells. Thus, in view of the large numbers of CD2-expressing 

T cells which dominate the lesions, OLP may represent a disorder in which LFA-3 

plays a substantial pathogenic role.

The following reviews outline current knowledge of both LFA-3 and OLP. The 

role of LFA-3 in vivo is assessed, mainly from in vitro data, with regard to 

functional activity and the ‘unique’ attributes of this important adhesion molecule. 

Current opinion of the immunopathological processes occurring within OLP 

lesions, and the role of LFA-3 within this response, are also considered.
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LFA-3 - an overview

(i)  Introduction

Lymphocyte function-associated antigen 3 (LFA-3; CD58) mediates intercellular 

adhesion and T cell activation via ligation with its receptor, CD2. Furthermore, 

LFA-3 is not merely a static ligand, since it is involved in signal-transduction in a 

range of systems and associates with kinase activity. However, the role of LFA-3 

in vivo remains unclear, although tissue expression patterns and in vitro functional 

data suggest that it may relate to immunoregulation and steady-state 

immunosurveillance.

This section reviews current knowledge of the biology and role of LFA-3 in 

immune systems.

( i i)  Molecular biology of LFA-3

Sanchez-Madrid and co-workers identified three LFA antigens which blocked T 

lymphocyte-mediated cytolysis (Sanchez-Madrid et al 1982). The binding partner 

for LFA-3 was conclusively identified as the T lymphocyte surface receptor CD2 

(LFA-2) in 1987 (Selvaraj et al 1987) and, along with that of intercellular 

adhesion molecule 1 (ICAM-1) and its ligand LFA-1, the interaction of LFA-3 

with CD2, was shown to be an antigen-independent pathway of T cell activation 

(Hunig et al 1987, Shaw and Luce 1987).
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Two independent groups published mRNA sequences encoding two distinct 

isoforms of LFA-3 in 1987. These isoforms - a transmembrane (TM) form with a 

short cytoplasmic tail (Wallner et al. 1987) and a glycosyl phosphatidylinositol 

(GPI)-linked membrane-bound form (Seed 1987) - both exhibit two extracellular 

Ig-like domains (Fig. I.A.l). A third mRNA isoform has been shown to exist in 

vitro (LFA-3 AD2) (GenBank Acc. No. D28586), although the protein product 

remains to be isolated.

LFA-3 mRNA exhibits closest homology to that of CD2 (Seed 1987); both 

molecules being members of the immunoglobulin superfamily (IgSF) (Sewell et 

al 1988) and both genes occur on chromosome 1 (Barbosa et al. 1986, Brown et 

al. 1987). The precise locus of the LFA-3 gene is band lpl3 (Sewell et al. 1988), 

physically linked to within 250 kb of the CD2 gene (Kingsmore et al. 1989), 

suggesting that both genes may have arisen as a result of duplication of a single 

precursor.

The structure of the LFA-3 gene (Wallich et al. 1998) demonstrates a 1.2 kb 

coding sequence spread across 65 kb of genomic DNA with 6 exons (Fig. I.A. 1). 

The exon structure of the gene contains at least two splice acceptor sites and 

suggests generation of the various mRNA transcripts through alternative splicing. 

However, although the LFA-3 promoter has been sequenced and putative 

transcription factor binding sites identified, specific factors capable of controlling 

LFA-3 expression have yet to be demonstrated.

LFA-3 also occurs both in vivo and in vitro as a soluble form (sLFA-3) (Hollander 

et al. 1988) that has been characterized in a range of human body fluids 

(Hoffmann et al. 1993). Although the mechanism of production of sLFA-3 is not 

understood, no separate sLFA-3-specific mRNA has been identified, suggesting
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that enzymatic cleavage of membrane-associated LFA-3 is most likely to be 

responsible for its generation.

( i i i)  Constitutive expression of LFA-3

LFA-3 is exhibited constitutively by many varied tissue and cell types, from 

erythrocytes and T lymphocytes to thymic epithelium and vascular endothelium 

(Smith and Thomas 1990, Springer et al 1987) (Tab. I.A.l). Constitutive 

expression may infer that LFA-3 is not up-regulated in disease states and hence 

that LFA-3 may not be primarily involved in many inflammatory responses.

Tissue/Cell Type________ LFA-3 expression ICAM-1 Expression

Skin epithelium ++ -

Buccal mucosal epithelium ++ -

Tonsilar epithelium ++ +
Colonic epithelium + -

Thymic cortex -
_ *

Thymic medulla + +
Arterioles + ++
Capillaries + ++
High endothelial venules + ++
Langerhans cells + -

Kupfer cells + ±
Hepatocytes ± _ *

Smooth muscle + -

Tab. I.A.l Constitutive expression of LFA-3 and ICAM-1 in a range 

of normal tissues and cell types. The distribution of LFA-3 and ICAM-1 in 

uninflamed tissues may relate to their role in vivo. Expression is graded from (-) 

negative to (++) strongly positive.

^Denotes expression on a minority of cells within a population. (Adapted from 

Smith and Thomas, 1990)
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Conversely, constitutive expression may also suggest that LFA-3 may be highly 

involved in steady-state immunoregulation - a role that has yet to be thoroughly 

investigated.

Regulation of LFA-3 expression appears to be cytokine-independent in the 

majority of systems studied, thereby reducing its apparent importance in many 

immune processes. Despite such data, a wide range of conditions exist under 

which modulation of LFA-3 expression has been demonstrated (discussed below). 

In light of the important immunological functions associated with the LFA-3/CD2 

pathway, and the apparent invariability of LFA-3 expression levels, it may be that 

when LFA-3 is up-regulated its role may be more important than that of other 

inflammatory pathways, such as ICAM-l/LFA-1.

( iv )  Functional interactions with CD2: T cell adhesion

CD2/LFA-3 binding facilitates both intercellular adhesion and signal transduction, 

resulting in varied regulatory consequences upon T cell function (Barbosa et al. 

1986, Krensky et al 1984, Mentzer et al 1987, Shaw et al 1986), in an antigen- 

independent manner (Shaw and Luce 1987, Shaw et al 1986). The use of anti- 

CD2 mAbs demonstrated the signalling capabilities of CD2 in T cell proliferation 

(Meuer et al. 1984) and cytotoxicity (Siliciano et al. 1985), suggesting that LFA-3 

binding may mediate these signals in an ‘alternative pathway’ of antigen- 

independent T cell activation (Hunig et al 1987) as well as in antigen-dependent 

interactions (Bierer et al 1988, Yang et al 1986). The use of purified LFA-3 has 

confirmed these observations (Denning et al. 1988), with CD2 acting in a co

stimulatory manner to facilitate T cell activation. The structural relationship of 

LFA-3 and CD2 has been well studied at the molecular level (Davis and van der
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Merwe 1996) and their binding characteristics delineated (van der Merwe et al 

1994).

CD2/LFA-3-mediated adhesion contributes a major fraction of the adhesive bond 

strength involved in T lymphocyte-target cell binding. The relevance of this 

adhesion to T cell function has been examined using blocking mAbs, 

demonstrating that both CD2/LFA-3 and ICAM-l/LFA-1 adhesive interactions 

establish antigen-independent cell-cell binding and play a critical role in T cell 

recognition (Shaw et al 1986). The physical association of CD2 with the T cell 

receptor (TcR)/CD3 complex (Brown et al 1989) means that CD2/LFA-3 binding 

may generate a ‘zone of close contact’ at the cell membrane (Dustin et al 1996), 

giving an intercellular distance which facilitates MHC-peptide/TcR binding (Fig. 

I.A.2).

The in vivo role of LFA-3 must relate to its distribution and expression. The 

relatively ubiquitous distribution and constitutive expression of LFA-3, compared, 

for example, with the generally cytokine-mediated expression of ICAM-1, 

suggests a role for LFA-3-mediated adhesion in immune surveillance, or 

‘screening’, of antigen-presenting cells (APC) by T lymphocytes. LFA-3 

expression may allow cells such as keratinocytes and epithelial cells to act as APCs 

and initiate immune responses in situations where molecules such as ICAM-1 and 

the pi integrins are not constitutively expressed and remain to be induced. Such a 

role has been demonstrated in vitro for LFA-3, but not for ICAM-1, ICAM-2, 

VLA-4 or CD28, as LFA-3 mediates resting CD8+ cell activation by endothelial 

cells, non-classical APCs (Epperson and Pober 1994). This may be particularly 

relevant to the generation of graft-vs-host responses. Furthermore, Moingeon and 

co-workers suggest that CD2/LFA-3 adhesion and subsequent TcR stimulation 

may promote ICAM-l/LFA-1 adhesion, with the two pathways sharing comple

mentary rather than overlapping or redundant functions (Moingeon et al 1991).
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Fig. I.A.l Schematic representation of LFA-3 structure at the (a) 

gene, (b) translated mRNA and (c) protein level for each isoform .

The LFA-3 gene (a) comprises 6 exons spread over 65 kb encoding (I) the signal 

peptide, (II) extracellular domain Dl, (III) extracellular domain D2 (TV) TM 

region, (V) cytoplasmic tail of TM isoform and GPI anchor and (VI) 3' 

untranslated region for all isoforms.
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Antigen-Presenting Cell

TM LFA-3

GPI LFA-3

MHC/peptide

TcR/CD3 complexCD45

CD2

T Lymphocyte

Fig. I.A.2. The ‘zone of close contact’ model of T cell triggering.

CD2/LFA-3 binding leads to multiple contact zones between the T cell and the APC, 

optimizing intercellular distance for TcR complex interaction with peptide/MHC and 

extending the contact period to facilitate complete signal transduction. In addition, 

the exclusion of CD45 and other, larger molecules may have beneficial consequences 

for TcR-generated second messengers.

(Adapted from Davis and van der Merwe, 1996)
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(y )  Functional interactions with CD2: Co-stimulation

CD2/LFA-3 binding has co-stimulatory effects upon T cell function; for example, 

generating a cytokine profile distinct from that of B7/CD28 in CD4+ T helper (TH) 

cells (Parra et al 1994). A similar distinction in cytokine profiles is observed 

when purified LFA-3 is used to co-stimulate ‘memory’ and ‘naive’ CD4+ cells 

(Semnani et al. 1994). This effect is even more pronounced in superantigen- 

stimulated CD8+ cells, where LFA-3 co-stimulation induces high levels of IFN-y 

production, as opposed to the IL-2 and TNF-a production associated with 

B7/CD28 co-stimulation (Parra et al 1997). This effect on IFN-y production 

suggests LFA-3 involvement in generating responses against viruses and 

intracellular pathogens; co-stimulation with LFA-3 is sufficient to generate 

cytolytic activity in these CD8+ cells (Parra et al 1997). Furthermore, LFA-3, but 

not B7, augments cytotoxicity in virus-specific CD8+ CTLs independent of 

ICAM-l/LFA-1 (de Waal Malefyt et al. 1993). Co-stimulatory effects of LFA-3- 

mediated adhesion are also implicated, for example, in augmentation of TcR 

stimulation and regulation of TcR signalling, possibly through a distinct 

messenger pathway (Kanner et al. 1992), interactions and responses of mucosal 

lymphocytes (Targan et al. 1995), and functional characteristics of memory T 

lymphocytes (Sanders et al. 1988).

Thus, there is a range of evidence for apparently ‘unique’ cellular consequences 

associated with CD2/LFA-3 adhesion and co-stimulation. LFA-3 appears to be 

involved in steady-state immunoregulation and its co-stimulatory properties may 

regulate the functional status of T cells, and the initiation of both antigen-specific 

and non-specific inflammatory responses.
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(v i)  LFA-3 and T lymphocyte cytokine regulation

Numerous in vitro studies have defined the profiles of cytokine production 

induced by CD2 ligation (Holter et al. 1996). As discussed, co-stimulatory effects 

mediated via CD2/LFA-3 may aid the generation of anti-viral responses in CD8+ 

cells by inducing IFN-y production. CD2 ligation on peripheral blood 

mononuclear cells (PBMC) also induces IFN-y production, as well as IL-4 and IL- 

1B; concurrent stimulation of CD2+CD28 is more efficient than even CD2+CD3 

(Holter et al. 1992, Schwarz et al. 1995).

CD2 stimulation of T lymphocytes extracted from the intestinal mucosa 

demonstrates that these cells exhibit a preference for activation via CD2 (Targan et 

al. 1995), exhibiting enhanced cytokine production (IL-2, IL-4, TNF-a and IFN- 

y) after CD2 ligation compared with CD3-mediated activation (Targan et al 1995). 

Furthermore, LFA-3 appears to be necessary for an optimal IFN-y response by 

memory CD4+ cells to superantigen-presenting APCs and facilitates stimulation at 

low antigen levels (Gjorloff et al. 1992).

CD2/LFA-3 mediates the responsiveness of T lymphocytes to a specific cytokine. 

The ability of T cells to respond to IL-12 is down-regulated when the CD2/LFA-3 

pathway is blocked; indeed, activated T cells are dependent on the CD2/LFA-3 

pathway (and not B7/CD28) for IL-12 responsiveness (Gollob et al. 1995). 

Conversely, CD2 ligation synergizes with IL-12 to induce T cell proliferation and 

cytokine production (Gollob et al. 1995), defining the magnitude of the T cell 

response to IL-12. Although an in vitro study, the evidence strongly suggests that 

LFA-3 expression can determine the characteristics of a T lymphocyte response, 

possibly with LFA-3 expressed by APCs capable of IL-12 production, such as 

macrophages (Chehimi and Trinchieri 1994).
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Thus the CD2/LFA-3 interaction directly influences functional abilities of T 

lymphocytes and the responses of T cells to cytokine stimulus. Furthermore, the 

CD2/LFA-3 pathway may be particularly important in certain specific cellular 

environments, with this having been clearly demonstrated for T cells of the gut 

lamina propria. The precise mechanism Unking accessory cell LFA-3 expression 

and T cell responsiveness to IL-12 remains to be defined. However, as IL-12 

plays a critical role in the regulation of cellular immunity, (inducing IFN-y 

production, T lymphocyte proliferation and cytolytic activity), LFA-3 is further 

impHcated as a key mediator of immune surveillance against intracellular 

pathogens, perhaps via APCs and ‘memory’ T lymphocytes.

(v ii)  LFA-3 as target cell effector molecule

LFA-3 is not a static ligand. The TM isoform of LFA-3 has a short (20 amino 

acid) cytoplasmic tail (Wallner et al 1987), the function of which is unclear, and 

GPI-linked proteins are capable of mediating signalling. It has recently been 

demonstrated that not only the GPI isoform, but also the TM isoform of LFA-3 

associate with protein kinase activity and protein kinase substrates (Itzhaky et al 

1998). Furthermore, the observed associated kinase profile was common to both 

LFA-3 isoforms, although it remains to be shown that this association is 

responsible for LFA-3-mediated responses. However, reports of the direct 

influence of LFA-3 at the ‘target’ cell level are rare and the mechanism of influence 

only hypothesized.

Binding of LFA-3 on thymic epithehal ceUs influences IL-1 production by these 

cells (Le et al 1990). Furthermore, binding of LFA-3 on monocytes is necessary 

for contact-dependent induction of IL-16 mRNA by T cells (McAllister and EUis 

1996), suggesting that LFA-3 may have an effect at the ‘target’ level. This concurs
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with an earlier report that anti-LFA-3 mAbs induce monocyte TNF-a and IL-16 

release (Webb et al 1990).

LFA-3 is also directly involved in T lymphocyte-mediated help for B cells (Emilie 

et a l 1988) and, moreover, in B lymphocyte isotype switching and IgE production 

at the level of both DNA recombination events and transcription/translation (Diaz- 

Sanchez et al 1994). B cell LFA-3 provides an IL-4 dependent, CD40 and IFN-y 

independent, signal for productive e transcript and mature IgE generation. 

Furthermore, IL-4 can up-regulate the expression of LFA-3 on B cell lines in vitro 

(Rousset et al 1989). CD2/LFA-3 interactions between T and B lymphocytes may 

be important at mucosal surfaces, where the main T lymphocyte population is 

CD45RO+ ‘memory’ cells. These cells express enhanced levels of CD2 compared 

with ‘naive’ cells (Sanders et al 1988) and the TcR activation pathway in the gut 

is apparently ‘modified’, favouring CD2/LFA-3 interactions (Qiao et al 1996, 

Targan et al 1995).

Future studies may more specifically investigate any potential signalling 

capabilities associated with either of the LFA-3 isoforms. The current data appear 

to suggest LFA-3 to be a powerful immunomodulatory molecule, particularly in 

the generation and expansion of an APC or B-cell response, where direct cell-cell 

contact and non-T cell cytokine production are important, for example at mucosal 

surfaces.

(viii)R egulation  of LFA-3 expression

The dynamics of LFA-3 expression demonstrate that surface LFA-3 has a long 

half-life (50 hours), both major isoforms have similar regeneration kinetics and 

cell surface LFA-3 is not internalized (Hollander 1992). LFA-3 expression is
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widely accepted to be ‘constitutive’ and unaffected by pathological or 

inflammatory circumstances. However, the genetic mechanisms determining the 

constitutive expression of this antigen have not been determined. Moreover, a 

range of data demonstrate the differential nature of LFA-3 regulation in different 

cell types.

Differentiation of T cells from naive CD45RA+ cells to CD45RO+ memory cells 

induces an 8-fold increase in surface LFA-3 expression (Sanders et al 1988). 

Furthermore, surface adhesion molecule expression associated with the memory T 

cell phenotype relates to functional abilities associated with these cells, including 

cytokine production and response to antigen (Sanders et al 1988). The up- 

regulation of LFA-3 correlates with ICAM-1, CD25 and CD45RO up-regulation 

and CD45RA down-regulation on previously resting CD45RA+ T lymphocytes 

after stimulation with PHA (Wallace and Beverley 1990). Hence the increased 

expression of surface antigens associated with the memory phenotype, including 

that of LFA-3, is a result of activation. T cell activation by cross-linking anti-CD3 

mAbs has the same resulting increase in LFA-3 expression (Brod et al 1990). 

Similarly, the natural killer (NK) cell population is uniformly LFA-3+ and up- 

regulates LFA-3 by around 4-6-fold, along with other adhesion molecules, in a 

specific manner upon incubation with IL-2 (Robertson et al 1990). However, the 

mechanisms via which T lymphocyte activation modulates LFA-3 expression have 

not been delineated.

In vivo, hepatitis C virus (HCV) infection up-regulates local levels of LFA-3 

expression within the liver in correlation with the degree of inflammation 

(Autschbach eta l 1991, Mosnier etal. 1994). Furthermore, there is substantial in 

vitro data demonstrating that viral infection can directly affect the expression of 

LFA-3. Non-Epstein-Barr virus (EBV)-infected Burkitt’s lymphoma (BL) cell 

lines may constitutively express low levels of LFA-3 (Billaud et a l 1990). In
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vitro immortalization of BL cell lines with EBV results in up-regulation of surface 

LFA-3 and LFA-3 mRNA (Calender et al. 1990). This specific modulatory effect 

is associated only with immortalizing EBV variants and does not appear to be 

related to B cell oncogene (c-myc or c-fgr) activity, although transfection of c-myc 

into EBV+ BL lines can modulate LFA-3 expression (Cutrona et al 1995). LFA- 

3- EBV+ BL lines can be induced to express LFA-3 by IL-4, but not by IL-1, IL- 

2, IL-3, TNF-a, IFN-a or IFN-y (Rousset et al. 1989). Viral modulation of LFA- 

3 expression may be the immunodominant event in determining host cell survival 

against immune attack since EBV+ BL cells expressing ICAM-1 but not LFA-3 

only become susceptible to EBV-specific CTL-mediated cytolysis after LFA-3 up- 

regulation (Billaud et al. 1990).

Modulation of LFA-3 expression by viral infection has also been demonstrated in 

monocytes infected with HIV-1 (Dhawan et al. 1995) and in epithelial cells 

infected with respiratory synctial virus (Arnold et al 1995) or cytomegalovirus 

infection (Craigen and Grundy 1996). Furthermore, the Taxi gene of human T 

lymphocyte leukaemia virus type 1 induces LFA-3 expression in T cell lines 

(Tanaka et al 1995). Thus, a range of models are available, notably that of EBV 

infection with immortalizing or non-immortalizing strains, which may permit 

effective study of LFA-3 regulation at the gene level and provide invaluable 

information regarding the role of LFA-3 in clinical disease.

( ix )  Soluble LFA-3 as an immunomodulatory molecule

A soluble form of LFA-3 (sLFA-3) was first described in 1988 to be secreted by 

wild type B lymphoblastoid cell line JY (Hollander et al 1988). In vitro, use of 

recombinant sLFA-3 has demonstrated that sLFA-3 can mediate CD2 ligation and 

activation, and has increased potency in a multimeric form (Pepinsky et al. 1991)
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(LFA-3 may spontaneously form octamers when solubilized (Dustin et al 1989). 

That recombinant sLFA-3 blocks T cell adhesion and activates T cells via CD2 

(Albert-Wolf et al 1991) suggests that sLFA-3 may act as an immunomodulatory 

molecule - an ability which has been clearly demonstrated in vitro (Albert-Wolf et 

al 1992).

A range of melanoma lines release sLFA-3 in vitro, and this release may be 

inhibited in some cases by IFN-y (Scheibenbogen et al 1993) and up-regulated by 

TNF-a (Hoffmann et al 1993). The mechanism of sLFA-3 release may involve 

either enzymatic cleavage of surface LFA-3 or direct release of intracellular LFA-3 

(Fig. I.A.3). GPI-PLC treatment of cell lines reduces susceptibility of these cells 

to NK-mediated lysis (Une et al 1991). However, although no mRNA isoform 

encoding sLFA-3 has been identified and intracellular LFA-3 has been reported in 

vivo (Autschbach et al 1991, Smith and Thomas 1990), no conclusive evidence 

defining the origin of sLFA-3 is currently available.

Release of sLFA-3 may allow melanoma cells to evade the immune system by 

inhibiting T cell-mediated cytotoxicity. Indeed, of two melanoma lines from the 

same patient, one, generated from a regressing tumour, was responsive to IFN-y- 

mediated suppression of sLFA-3 production. The second was not IFN-y 

responsive and was generated from a later brain metastasis of the original tumour, 

suggesting a role for sLFA-3 regulation in facilitating immune evasion 

(Scheibenbogen et al 1993). Not only does this raise the possibility of future 

therapy mediated by reducing melanoma sLFA-3 production, but also that, in 

certain instances, surface LFA-3 may be considered crucial to anti-tumour 

immunosurveillance mechanisms.
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(x )  LFA-3 in vivo

As discussed previously, LFA-3 expression is up-regulated under certain 

pathological conditions in vivo, such as in HCV infection (Mosnier et al 1994). 

Chronic hepatitis virus infection and other cirrhotic pathologies, including 

hepatocellular carcinoma, are also associated with increased serum sLFA-3 

(Hoffmann et al 1996a, Hoffmann et a l 1993). Indeed, modulation - both up and 

down - of (s)LFA-3 expression appears to be closely linked with in vivo 

malignancies.

LFA-3 is expressed by a majority of melanomas (Altomonte et al 1993) and 

myelomas (Barker et al 1992, Eichelmann et al 1992) investigated. Moreover, 

anti-LFA-3 mAbs block allogenic NK, LAK and, importantly, tumour-infiltrating 

lymphocyte-mediated tumour cell lysis (Altomonte et al 1993). Thus, loss of 

LFA-3 expression would be beneficial to tumour survival in vivo and may be 

associated with increased malignancy (Barker et al 1992). For example, 

nasopharyngeal carcinomas (NPCs) are typically EBV-associated tumours 

expressing high levels of ICAM-1 and very low levels of LFA-3 (Busson et al

1992) - the inverse is observed in normal nasal epithelial cells. Moreover, despite 

heavy T lymphocyte infiltration, NPC cells appear to escape EBV-antigen directed 

immune surveillance, perhaps as a consequence of LFA-3 down-regulation.

Tumorigenesis may also affect levels of sLFA-3 production (e.g. in hepatocellular 

carcinoma) as has been commonly observed amongst cell lines in vitro. sLFA-3 

levels have been examined in the pleural effusions of patients with inflammatory 

lung pathologies and patients with malignant lung conditions. The results 

demonstrate that sLFA-3 is elevated only in the pleural effusions of patients with a 

malignancy (Hoffmann et al 1996d).
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PROTEASE

(GPI)
PLC/D

▼
Fig. I.A.3 Putative mechanisms of sLFA-3 generation. GPI LFA-3 

may exist as an intracellular pool (1) which may be directly secreted (2), or which 

may be utilized for the rapid replacement of surface GPI LFA-3 (3) after (GPI- 

specific) phospholipase cleavage (4). Alternatively, both TM and GPI LFA-3 may 

be cleaved by protease (5) to form sLFA-3 (6).

(a) GPI LFA-3; (b) TM LFA-3; (c) sLFA-3
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Modulation of (s)LFA-3 expression is also associated with a range of non- 

malignant pathologies. In psoriasis there can be down-regulation, and often 

complete loss, of GPI-anchored protein expression, including LFA-3 (Kellner et 

al 1991, Venneker et a l 1994). Significantly decreased levels of sLFA-3 are 

found in the sera and synovial fluid of rheumatoid arthritis patients (Hoffmann et 

al 1996b, Hoffmann et a l 1996e) and in the sera of individuals suffering frequent 

common colds (Becker et a l  1992) and inflammatory bowel disease (Hoffmann et 

al 1996c). LFA-3 expression may be involved in granuloma formation in Crohn’s 

disease (Mishra et al 1993), and is down-regulated on CD4+ lymphocytes in HIV 

infection (Ng et al 1995). In influenza infection, however, the immune response 

is skewed to favour CD2/LFA-3 interactions between APCs and T lymphocytes 

(van Kemenade et al 1993). These data are observational and little has been 

postulated about the relevance of LFA-3 modulation to these disease processes. 

Elevated serum sLFA-3 may have little or no systemic consequence, but may 

indicate important localized changes with implications for both T cell and ‘target’ 

cell functions, as has been described above.

The CD2/LFA-3 pathway may be a useful immunomodulatory pathway in 

prevention of T lymphocyte-mediated inflammation and graft rejection. An LFA- 

3/IgGl fusion protein (LFA-3TIP) blocks normal human T cell functions (Miller et 

al 1993) and, in in vivo baboon cardiac allograft trials, significantly extends graft 

survival periods and reduces associated endothelial inflammation (Kaplon et al 

1996). Furthermore, in a recent mouse-human chimera skin graft model both anti- 

LFA-3 mAb and LFA-3 fusion protein prolonged graft survival and protected graft 

cells from T-cell-mediated damage (Sultan et a l 1997). Such preliminary studies 

suggest a major role for LFA-3 in the future of immunomodulatory therapies - a 

role which must relate, once again, to its importance in vivo.
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I.B Oral lichen planus: an overview

( i)  Introduction

Oral lichen planus (OLP) is a chronic inflammatory disorder (Scully et a l 1998) 

that occurs in around 2% of the general population (Axell 1976), mostly affecting 

the middle-aged and elderly, with a femaleimale ratio of 2:1 (Sklavounou and 

Laskaris 1983a). Clinically, OLP commonly presents as bilateral lesions of 

varying patterns and forms (e.g. reticular, ulcerative and erosive OLP) typically 

affecting the buccal mucosa, dorsum of tongue and gingivae. Lesions may result 

in soreness and/or pain and once diagnosed, OLP is generally treated with topical 

corticosteroids and/or systemic immunosuppressants, which alleviate the 

symptoms and improve clinical signs, although complete resolution is rare.

In recent years there has been concern that OLP is a premalignant condition, due to 

occasional epithelial dysplasia observed within OLP lesions (Holmstrup and 

Pindborg 1979) and retrospective studies of OLP-affected groups of patients 

(Barnard e ta l  1993). However, results of studies in this area remain contentious 

(Holmstrup et a l 1988).

Although OLP may also be associated with a range of systemic diseases (e.g. 

diabetes mellitus, chronic hepatic disease), there are many factors which may 

result in OLP-like lesions, giving rise to coincidental associations. Lichenoid 

reactions may be induced by, amongst others, drugs (including non-steroidal anti

inflammatory drugs, beta-blockers, quinine, and IFN-a) (Potts et a l 1987, Van 

Dis and Parks 1995), amalgam and other dental restorative materials, and the 

distinction between OLP and lichenoid lesions may become difficult (McCartan 

and McCreary 1997).
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Fig. I.B.2. Histological features of reticular oral lichen planus 

lesion. The typical features of lichen planus are visible at low power (a), 

including epithelial atrophy and the band-like lymphocytic infiltrate (I). Higher 

magnification (b) reveals the presence of histiocytes (H) and basal cell liquefaction 

degeneration is clearly visible (arrowed). Haematoxylin and Eosin stain. Original 

magnifications (a) x65 and (b) x250
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( i i )  A etio logy

The possible aetiologies of OLP have recently been reviewed in detail (Scully et al 

1998). This section will thus only consider the most pertinent parts of this area.

Genetic factors

A genetic aetiology for, or genetic susceptibility to OLP has been postulated as a 

result of studies of the frequencies of certain human leukocyte antigens (HLA) in 

non-related patients with OLP. However, as with cutaneous LP, the results have 

been equivocal. Frequencies of HLA-DRw9, -DR3, -DR9 -B27, -B51, -Bw57, - 

DQwl, -DQ1, -B27 and Bw57 have all been reported as significantly raised. 

However, other studies of patients with oral and cutaneous LP have shown no 

significantly altered frequencies of HLA antigens (Porter et al 1997).

Contact hypersensitivity

A range of dental materials have been proposed as aetiopathogenic agents in OLP. 

Despite the fact that most OLP lesions have no evidence of association with dental 

materials (Hietanen et al 1987), some lichenoid reactions may be due to allergic or 

toxic responses to, for example, amalgam (Bolewska et al 1990a). Lesions may 

also respond to the removal of amalgam (Bolewska et al. 1990a, Bolewska et al 

1990b, Ibbotson et al 1996, Smart et al 1995). OLP patients may also have a 

higher sensitivity to mercuric salts (Finne et al 1982, Ostman et a l 1994) 

although this may not be relevant to onset of OLP.

An ever-increasing list of drugs is linked with the onset of OLP. However, these 

reactions may be regarded as “lichenoid” rather than OLP and there are problems 

arising regarding drugs as causal agents of OLP: the same drug may cause several 

differing clinical manifestations; chemically different drugs result in coincidental
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clinical side-effects and some drugs known to give a lichenoid reaction may be 

used to treat OLP (Eisen 1993).

Infectious agents

No study has shown an association between OLP and a specific infectious agent, 

although plaque control is beneficial to gingival OLP (Erpenstein 1985, Holmstrup 

et al 1990). Candidiasis may be coincidental with OLP, and anti-fimgal therapy 

may occasionally reduce clinical severity.

Viral agents have recently been suggested as initiators of OLP and, although OLP 

may be seen in HIV infection (Ficarra et a l 1993) and human papillomaviruses 

have been identified in OLP lesions (Jontell et al 1990), any causal role for these 

agents remains speculative. Keratinocytes in OLP lesions express up-regulated 

levels of CD21 (Walsh et al 1990a), a receptor for Epstein-Barr virus (EBV), 

perhaps suggesting that persistent or low-level infection with herpesviruses may 

be of aetiopathogenic importance. However, despite humoral responses to EBV 

being apparently altered in OLP patients (Pedersen 1996), little supportive 

evidence for this theory is available.

Recently it has been reported that OLP may be closely associated with infection by 

hepatitis viruses (and perhaps also chronic liver disease).

Hepatitis C virus infection

Associations between lichen planus and chronic liver disease have been reported, 

notably with chronic active hepatitis or primary biliary cirrhosis, although in the 

latter case the association is mostly due to the drug used to treat the condition, 

penicillamine (Powell et al 1982). A specific link between OLP and infection with 

hepatitis viruses B or C has been suggested for over 20 years. A number of 

epidemiologic studies have confirmed that HCV infection is more frequent in
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patients with lichen planus than in the normal healthy population, particularly in 

unselected groups of lichen planus patients in Southern Europe (esp. Italian (del 

Olmo et al 1989, Gandolfo et a l 1994) and Spanish populations (Sanchez-Perez 

e ta l  1996)) and Japan (Nagao e ta l  1995). In contrast, British, Scandinavian and 

North American populations have not shown such a link (el-Kabir et al 1993, 

Mobacken et a l 1984, Powell et a l 1983).

The basis for this association remains unclear - HCV-associated OLP and the 

idiopathic form share the same histological features and may also share the same 

pathogenesis (Lodi and Porter 1997b). HCV antigens remain to be identified in 

HCV-associated OLP lesional tissues, although a cell-mediated response to an 

epitope shared by HCV and damaged OLP keratinocytes has been suggested as a 

possible pathologic mechanism (Rebora 1994)

The common treatment for HCV infection is interferon alpha (IFN-a) - which has 

also been reported to have an effect on the OLP status of recipient patients. IFN-a 

has been observed to both induce (Dupin et al 1994) and exacerbate (Protzer et al

1993) OLP, as well as having a beneficial effect on OLP lesions in other patients 

(Doutre et a l 1992). Thus some HCV-associated OLP patients may suffer from a 

drug-induced lichenoid reaction.

Autoimmunity and impaired immune responses

A role for an autoimmune or impaired immune response in the pathogenesis of 

OLP has been investigated. Studies of peripheral blood T lymphocytes have 

shown depressed levels of certain subsets (CD4+ and CD45+) (Voltz 1989a) and 

reduced levels of spontaneous proliferation in these cells (Voltz 1989a). A number 

of reports have suggested an association between LP and defects in T cell function 

(e.g. thyoma) (Tan 1974) although this is uncommon.
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OLP has been associated, albeit tenuously, with a number of autoimmune 

conditions although no increase in HLA-types commonly seen in autoimmune 

disease has been observed in OLP (Porter et al 1993). Furthermore, studies 

comparing LP patients with control subjects have shown no increased prevalence 

of autoimmune disease in the former group (Shuttleworth et al 1986).

Circulating auto-antibodies have been described in OLP (Lodi et a l 1996), 

although there are no consistent alterations in serum immunoglobulin levels - 

decreased levels of IgM (Cottoni et a l 1988) and IgA (Sklavounou et al 1983b) 

have been observed, as have increased levels of IgA and IgG and varied levels of 

IgA, IgG, IgM, IgE and IgE (Scully 1982, Sklavounou et a l 1983b).

( i i i )  Im m unopathogenesis

Current opinion suggests that the pathogenesis of LP is T lymphocyte mediated, 

and a substantial body of evidence appears to uphold this view, presented in Fig 

I.B.l. The major histological features of OLP lesions are degenerative changes to 

cells of the basal layer and a band-like infiltrate of lymphocytes and histiocytes 

(macrophages) present in the subepithelial connective tissue (Fig. I.B.2). OLP 

lesional tissue exhibits massive local infiltration of activated T lymphocytes, with 

accompanying increases in localized cytokines and expression of adhesion 

molecules. Patients with chronic graft-versus-host disease may present with oral 

and cutaneous lesions with histopathological similarities to OLP lesions (Mattsson 

et al 1992). Furthermore, the injection of autoreactive T cells into mouse footpads 

induces a model response which is histopathologically indistinguishable from that 

observed in OLP (Saito et al 1986). Finally, OLP patients treated with 

immunosuppressives that affect the cell-mediated response (e.g. cyclosporin,
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etretinate) show a reduction in the lymphocytic infiltrate and a clinical improvement 

in their lesions (Mozzanica et al. 1991, Simon 1990a).

Infiltrating lymphocytes

The T lymphocytic infiltrate observed in OLP lesions principally comprises both 

CD4+ and CD8+ cells (Akasu et al. 1993, Eversole et al. 1994, Ishii 1987, 

Walsh et al. 1990b), while B Lymphocytes may be present in low numbers and 

the presence of NK cells is rare (Akasu et al. 1993, Eversole et al. 1994). The 

ratio of CD4:CD8 expressing cells is apparently highly variable, with reports 

giving ratios from approximately 0.5:1 (Takeuchi et al. 1988) up to 5:1 (Mattsson 

et al. 1992) although a ratio of between 2:1 and 3:1 is probably more accurate. 

There may be a gradual increase in the proportion of CD8+ cells present as the 

lesion progresses (Scully and el-Kom 1985) and CD8+ cells are observed in 

greater numbers in the superficial rather than deep lamina propria, with the 

majority of intra-epithelial lymphocytes being CD8+ (Kilpi 1987).

The majority of T lymphocytes both within the infiltrate and the epithelium express

the ap  TcR and are CD45RO+ ‘memory’ T cells (Walsh et al. 1990b). Only a

small proportion of intra-epithelial T cells express the TcR (Walsh et al. 1990b), 

and, since they represent such a small proportion of infiltrating cells, it may be that 

they were previously resident and not part of the disease process. Studies of TcRs 

on lymphocytes extracted from OLP lesions show an increased frequency of 

Va2/VB3, a clonal enhancement suggesting a response to a superantigen (Simark- 

Mattsson et al. 1994), although there has been no further evidence to support such 

a theory.

T lymphocytes extracted from OLP lesions have been clonaly expanded using 

cycles of stimulation and rest in culture with phytohaemagglutinin (PHA) and IL- 

2, respectively. These studies have resulted in the generation of a range of clones, 

the vast majority of which were CD8+ and expressed the afi TcR (Gadenne et al.
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1994, Sugerman etal. 1993, Sugerman etal. 1994), although several clones have 

been described as CD4+aB+ and two clones have been described as CD3+CD4- 

CD8-y5+ (Sugerman et al. 1993). In comparison with in situ studies, the ratio of 

CD4+:CD8+ lines is highly altered, perhaps as a result of the cloning technique. 

Any results of phenotypic and functional studies on these cloned OLP lymphocyte 

lines must take this into account, as well as accepting the potential artificiality of 

the lines due to selectivity of the procedure and any physical effect of the cloning 

itself on lymphocyte function. However, results obtained from such clones have 

proved interesting, demonstrating suppresser activity in the majority of CD8+ 

clones and helper activity in a y5+ clone (Gadenne et al. 1994, Sugerman et al 

1994). These results have suggested that the balance of suppressonhelper activity 

may be fundamental in the immune response in OLP lesions, with a defective 

suppressive arm of the response leading to clinical activity in the disease. Indeed, 

some studies of peripheral blood lymphocytes in OLP patients have supported this 

view (see below).

T lymphocytes extracted from OLP lesions have been shown to express various 

cytokines including IL-2, TNF-B and IFN-a (Yamamoto and Osaki 1995, 

Yamamoto et al. 1994a). In vitro, T lymphocytes extracted from LP tissues 

generate increased levels of IL-6 and granulocyte-macrophage colony-stimulating 

factor (GM-CSF) and can be stimulated to produce increased levels of TNF-a (by 

IL-1B, IL-6 and GM-CSF), IL-6 (by EL-1B and GM-CSF), and GM-CSF (by IL- 

16 and IL-6) than can peripheral blood mononuclear cells (PBMC) (Yamamoto et 

al. 1994a), suggesting that local cytokine production may be important in the 

perpetuation of LP.

Peripheral blood lymphocytes

The relevance of in vitro data concerning PBMCs to the situation at the OLP lesion 

is debatable. However, some studies have provided evidence which appears to
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support the known lesional immunology, particularly with regard to possible 

immunosuppressive deficiencies in OLP. PBMC from OLP patients have been 

described with reduced numbers of circulating CD4+CD45RA+ ‘naive’ cells and 

an increased CD4+CD45RO+CD29+ putative ‘memory’ population (Sugerman et 

al 1992b). This may explain reduced levels of both spontaneous and mitogen- 

stimulated lymphocyte proliferation often observed in OLP patients (Sugerman et 

al 1992a, Sugerman e ta l 1992b, Yamamoto et al 1990). Furthermore, cytokine 

release (IL-2- or mitogen-stimulated) from these cells may be reduced (e.g. for 

TNF-a, IL-18, IL-2, IFN-a, IFN-y and IL-6) (Karagouni et al 1994, Yamamoto 

et a l 1990); restoration of normal levels of cytokine production by PHA+PMA 

(but not PMA+IL-2) indicates T lymphocyte hyporesponsiveness rather than a 

reduction in numbers, or depletion, of a particular subset (Walsh et al 1990b).

Keratinocytes and dendritic cells

Keratinocytes, and particularly basal layer cells, are the focus of the 

immunopathologic response in OLP. They are often activated, expressing MHC 

class II antigens (Farthing and Crutchley 1989, Takeuchi et al 1988), and are 

probably a major source of inflammatory cytokines and therefore centrally 

involved in the lesional pathogenesis through up-regulated production of these 

factors. Keratinocytes from OLP lesions produce 10-20 times more IL-18, IL-4, 

IL-6, TNF-a, GM-CSF and granulocyte-colony stimulating factor (G-CSF) than 

do keratinocytes from healthy samples (Yamamoto and Osaki 1995, Yamamoto et 

al 1994a). Furthermore, in vitro studies have shown that OLP keratinocytes can 

produce much more IFN-y, IL-6 and TNF-a in response to IL-18, LPS and PMA 

(Yamamoto and Osaki 1995, Yamamoto et al 1994a). These keratinocytes thus 

have the potential to produce large amounts of cytokines capable of activating 

infiltrating T cells as well as driving other inflammatory responses. For example, 

keratinocyte GM-CSF production may be responsible for the early infiltration of 

monocytes and macrophages to the lesion, although it is highly likely that a
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number of other chemotactic agents are involved in the recruitment of immune cells 

to the lesion.

The precise role of Langerhans cells in OLP remains unclear, although there is 

much evidence for their involvement in the immunopathology. The numbers of 

Langerhans cells present in lesional tissues may be normal (Farthing et al 1990, 

Sloberg et al 1984) or increased (Pitigala-Arachchi et a l 1989), and their 

morphology has been observed to be more dendritic, suggesting increased surface 

antigen expression (Farthing et a l 1990). This observation has been confirmed by 

immunohistochemistry studies showing Langerhans cell expression of MHC class 

II (Farthing et al 1990) and other adhesion molecules (described below). The 

distribution of Langerhans cells in OLP lesions differs greatly from that in normal 

mucosa. Langerhans cells are often observed to accumulate in groups of several 

cells close to the basal cell layer. Moreover, Langerhans cells may cross the 

basement membrane in areas of damage and appear to be in intimate contact with 

infiltrating cells (Hirota and Osaki 1992). This evidence suggests that Langerhans 

cells may be highly involved in the presentation of antigen, as yet unidentified, to 

infiltrating T lymphocytes not only within the epithelium but also within the 

established infiltrates.

Adhesion molecules

The modulation of adhesion molecule expression is a crucial element in many 

immune responses, with adhesion molecules being involved in cell binding, 

migration, activation and many functional features of the involved cell populations.

Several studies have investigated the expression of intercellular adhesion molecule 

1 (ICAM-1; CD54) in OLP (Eversole et al 1994, Konter et a l 1990, Simon and 

Hunyadi 1990b, Verdickt et al 1992, Walsh et al 1990a, Walton et al 1994). 

ICAM-1 is a member of the immunoglobulin superfamily of adhesion molecules

48



and is the ligand for lymphocyte function-associated antigen 1 (LFA-1, 

CDlla/CD18, present on all circulating lymphocytes) and MAC-1 (CDllb/CD18) 

on myeloid cells and some lymphoid cells. Functionally, it is important in the 

binding and trans-endothelial emigration of leukocytes towards sites of 

inflammation, as well as activating lymphocytes. In both normal and OLP mucosa 

ICAM-1 is present on endothelial cells, although in OLP ICAM-1 is also 

expressed by some basal and parabasal keratinocytes, intraepithelial Langerhans 

cells, macrophages and both CD4+ and CD8+ lymphocytes within the lamina 

propria. Keratinocyte expression of this antigen may be patchy or absent (Verdickt 

et al. 1992, Walsh et a l 1990a), although it may also correlate with sites of T cell 

infiltration into the epithelium (Konter et al. 1990) and is inducible by IFN-y or 

TNF-a. Lymphocyte LFA-1 expression is up-regulated in OLP (Ohta et al. 1992), 

particularly on cells which may be migrating into the epithelium. The ICAM- 

l/LFA-1 pathway is likely to be partially responsible for the accumulation of 

lymphocytes in OLP lesions.

The expression of LFA-3 is also altered in oral LP (Crawford 1992, Konter et al. 

1990) where it is expressed by LC and other cells. LFA-3 is a ligand for CD2, 

which is expressed only by T lymphocytes, and mediates cell-cell adhesion and T 

cell activation. However, prior to the current studies, the expression and function 

of LFA-3 in OLP has received little attention.

Vascular Cell Adhesion Molecule -1 (VCAM-1; CD106) is another member of the 

immunoglobulin superfamily and a ligand for VLA-4. Increased endothelial 

expression of VCAM-1 may occur inconsistently in OLP, with VCAM-1 positive 

blood vessels being adjacent to, rather than within the inflammatory infiltrate 

(Walton etal. 1994). VCAM-1 is also expressed by some Langerhans cells in OLP 

(Walton etal. 1994), demonstrating their activation and possible role in antigen 

presentation via interaction with VLA-4 (CD49d) on memory T lymphocytes.
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Indeed, the expression of several of the 61 family of integrins (very late activation 

(VLA) antigens) appears to be altered in OLP tissues compared with controls: 

VLA-1 and VLA-2 expression may be induced on infiltrating lymphocytes (Konter 

et a l 1990); VLA-3 has been reported to be induced (Konter et al 1990), again on 

infiltrating lymphocytes; VLA-4 expression appears particularly high on 

lymphocytes, including those infiltrating the epithelium, and may also be 

expressed by some intra-epithelial dendritic cells (Walton et al 1994); VLA-6 may 

be present on some lymphocytes in some cases (Konter et a l 1990).

The endothelium-associated adhesion molecule endothelial leukocyte adhesion 

molecule 1 (ELAM-1) is up-regulated in OLP lesions and its probable functional 

relevance to ongoing lymphocyte recruitment in OLP is shown by the expression 

of its ligand, L-selectin, on T cells within the infiltrate.

Other localized changes

The keratins of OLP keratinocytes do not appear to be consistently altered in the 

disease state (Maeda et al 1994), although the expression of other surface antigens 

may change (see above), suggesting an as yet unspecified role in the pathology.

Studies have indicated that the extracellular matrix components laminin and types 

IV and VII collagen are significantly increased at the basement membrane zone 

(Eversole et a l 1994), and thus may be involved in the migration of lymphocytes 

into the epithelium via their interactions with cell surface integrins. In addition, 

fibrinogen deposits may sometimes be observed in this area, although there is little 

expression of the fibrinogen-binding integrins (CD 11c and CD61) (Eversole et al

1994).
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Humoral immunity

There is little or no evidence of a role for the humoral immune response in the 

pathogenesis of the OLP lesion. No consistent patterns of deposition have been 

observed for immunoglobulins, fibrinogen or complement components. 

Autoantibodies, detected using both direct and indirect immunofluorescence, are 

occasionally found (Lin et al. 1992, Lodi et al 1997a) although the aetiological 

and/or pathological significance of these antibodies is doubtful.

( iv )  Summary

OLP remains a disease for which there is no clear candidate for an aetiopathogenic 

agent. There appear to be no predisposing genetic factors, no infectious agent and 

no consistent association with another disease.

There is, however, a considerable volume of information indicating that the 

pathology of OLP is driven by T lymphocytes, despite the fact that even in this 

area there remains much to be resolved. The precise, and relative, roles of a 

number adhesion molecules and cytokines involved in the disease process are not 

understood. For example, the range of cytokines present at the lesion has only 

started to be investigated. These factors in turn affect the expression of adhesion 

molecules and both cytokines and adhesion molecules may affect the movement 

and function of a number of cell populations. However, some important 

mechanisms for the accumulation and activation of lymphocytes in OLP lesions, 

such as the up-regulation of ICAM-1 and LFA-3, have been characterized.

The possible role of both keratinocytes and epithelial dendritic (Langerhans) cells 

in presenting antigen to T cells is very interesting and, at the same time, far from 

clear. Even the mechanism of pathological damage to the basement membrane and
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basal layer keratinocytes, assumed to be mediated by cytotoxic T cells, remains to 

be ‘proven’ in OLP.

Humoral immunity is likely to play a minor role in the development and 

perpetuation of some cases of OLP, although the occasional presence of anti- 

epithelial antibodies (particularly in patients with drug-induced or HCV-related 

OLP) suggests that humoral mechanisms may trigger LP reactions, but are 

unlikely to be of long-term pathological significance.
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I.C A im s

The role of LFA-3 in the immunopathology of OLP is not yet known.

The aims of this study were therefore:

•  to compare the expression of LFA-3 and other adhesion molecules in the oral 

mucosa of control and OLP patients,

•  to examine the possible relationship between the localized lesional expression 

of LFA-3 and systemic (serum) sLFA-3 levels,

•  to determine whether lesional modulations of LFA-3 expression are associated 

with changes in lesional LFA-3 mRNA expression,

•  to use in vitro systems to examine possible mechanisms which may regulate 

LFA-3 expression in vivo, and

•  to determine whether increased expression of LFA-3 is of functional 

significance in OLP using a binding assay representative of the in vivo 

situation.
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Chapter II M aterials and methods 
♦

II.A  Im m unohistochem istry of cryostat sections

By the application of monoclonal antibodies to sections of frozen tissue and their 

subsequent enzymatic visualization, immunohistochemistry facilitates the 

identification and localization of specific antigens within tissue sections. This 

technique has been used to examine the expression patterns of adhesion molecules 

within OLP lesional mucosa compared with those in healthy control samples.

(i) Origin of tissue sam ples

Samples of oral tissues were obtained as follows:

Lesional OLP mucosa

Biopsies of oral mucosa were obtained from patients attending the Oral Medicine 

clinics at the Eastman Dental Institute and Hospital for Oral Health Care Sciences 

where necessary, following accepted clinical guidelines for this procedure. These 

biopsies were taken under local anaesthetic and immediately placed into normal 

growth medium (see page 75) in order to retain tissue integrity. In general, 

specimens were taken from the buccal mucosae of affected patients.

Normal buccal mucosa and normal gingiva

Samples of clinically healthy buccal mucosa and gingiva were obtained from 

patients undergoing routine surgery for the removal of third molars. These 

biopsies were taken under general anaesthetic and immediately placed into 

transport medium in order to retain tissue integrity and phenotype.
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( i i )  Sample preparation and cryosectioning

Tissues for immunohistochemical analysis were appropriately orientated, mounted 

in OCT mounting medium (Bright Ltd.) on a cork disc (Fig. ELA.1) and snap 

frozen by immersion in liquid nitrogen. Samples were then stored in airtight 

containers at -70°C to ensure good cryopreservation.

Cork disc-mounted tissue samples were placed in the cryostat (Bright OTF, Bright 

Ltd.) and allowed to equilibrate to the working temperature of -22 to -25°C. Once 

equilibrated, samples were further mounted onto a chuck using OCT and placed 

into the microtome head for sectioning. Samples were trimmed to present a good 

working face to the knife and several sections cut at 6-10 pm. These were 

mounted onto a glass slide and stained with Giemsa solution (Merck Ltd.) to allow 

a general evaluation of the tissue morphology and orientation. This procedure was 

repeated until satisfactory sections were obtained.

For immunohistochemistry, sections were cut at 5-7 pm and mounted on 

Superfrost slides (Merck Ltd.) with either 1 or 2 sections per slide. Sections were 

allowed to air-dry for at least 2 h, and up to overnight, before use. Sections not for 

immediate use were placed in racks within airtight containers and stored at -70°C 

until needed. Sections were able to be stored in this way for up to 3 months.

( i i i )  H orse-radish peroxidase technique

General procedure

Cryostat sections of each biopsy tissue specimen were prepared and equilibrated to 

room temperature if necessary. A hydrophobic barrier was drawn around each 

section using a Dakopen (Dako Ltd.), both to retain reagents on the section and to
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minimize reagent volumes. Slides were then fixed in ice-cold 100% acetone for 10 

min and rinsed briefly in PBS.

-•W/-

Fig. II.A .l Tissue orientation and mounting for cryosectioning.

Representations of top and side elevations of correctly mounted tissue, showing 

cork disk (1), OCT compound (2) and tissue sample with connective tissue (3) and 

epithelium (4)
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To block non-specific protein binding all sections were layered with 20% normal 

goat serum (NGS) in phosphate buffered saline (PBS) (NGS/PBS) and incubated 

at room temperature for 30 min to 1 h in a humid chamber.

All subsequent incubations were carried out at room temperature in a humid 

chamber unless specifically stated otherwise.

Blocking solution was removed, by gentle tapping of slides onto absorbent tissue, 

and primary antibodies were applied as appropriate for a 1 h incubation. All 

primary antibodies were diluted in NGS/PBS unless specifically stated otherwise. 

Primary antibody solutions were removed by tapping and the sections were 

washed thoroughly in several changes of PBS. The secondary antibody, goat anti

mouse immunoglobulins conjugated to horse-radish peroxidase (Dako Ltd.), was 

diluted as appropriate in NGS/PBS and incubated on the sections for 1 h. 

Secondary antibody solutions were removed by tapping and the sections were 

washed thoroughly in several changes of PBS.

Labelled antigens were visualized using diamino-benzidine (DAB) as the 

peroxidase substrate, as prepared from the SigmaFast DAB Peroxidase Substrate 

Set (Sigma; Poole, U. K.) with an incubation generally of 5-10 min and resulting 

in a dark brown insoluble product. The reaction was terminated by washing the 

sections in PBS.

Counterstaining of sections was carried out using Mayer’s haematoxylin (Merck 

Ltd.) followed by bluing in running tap-water for 10 min. Sections were then 

dehydrated through ascending concentrations of alcohol (70% to 100%) before 

mounting in DePeX (Merck Ltd.).
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Isotype matched irrelevant mouse Igs (Dako Ltd.) were used as negative controls 

for primary antibodies. If necessary, other negative controls included were 

omission of primary antibody and omission of secondary antibody.

Adaptation: Biotin/streptavidin amplification

The use of biotin/streptavidin conjugated reagents facilitated the detection of 

minimal antigen expression within samples through the amplification of the 

primary level to several-fold more than obtained using directly conjugated HRP. 

Appropriate controls were included in each case. The following modifications 

were necessary:

Biotinylated goat anti-mouse Igs (Dako) was used as the secondary antibody. 

After washing, the sections were incubated for 45 min with streptavidin 

conjugated to HRP (Sigma) and diluted as necessary. Sections were then washed, 

counterstained and mounted as described above.

II.B  ELISA for soluble LFA-3

The enzyme-linked immunosorbent assay (ELISA) technique is used to quantify 

the amount of a specific antigen within a solution (of antigens). This technique has 

been applied to quantify soluble LFA-3 within human serum and also in tissue 

culture supernatants from in vitro studies, where specific modulations of soluble 

LFA-3 production may be characterized.

This protocol is an adaptation of a method kindly provided by Dr. Paula 

Hochmann of Biogen Corp., Boston, U.S.A..
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( i )  General procedure

Immulon II ELISA plates (Dynatech) were coated with mouse anti-human LFA-3 

clone 1E6 at 15 pg/ml in coating buffer (50 mM Sodium Carbonate/Bicarbonate 

buffer, pH 9.6) at 50 pl/well and incubated overnight at 4°C.

All subsequent incubations were carried out at room temperature.

Antibody was removed from the wells by ‘banging’ plates onto absorbent tissue 

followed by washing x6 with distilled H20. Wells were blocked by incubation for 

1 h with 300 pl/well of blocking buffer (5% FCS in PBS) and washed once with 

distilled H20. When required, samples to be tested were pre-diluted as appropriate 

in blocking buffer.

LFA-3 TIP (Biogen Corp.) was used as an LFA-3 standard and diluted in 

blocking buffer as appropriate to give a standard curve in the range 1 to 20 ng/ml.

Standards and test samples were added to the plate at 50 pl/well and incubated for 

1 h. Plates were then washed x6 with distilled HzO. Rabbit anti-human LFA-3 

(Biogen Corp.) was added to the wells at 50 pl/well at a dilution of 1:5000 in 

blocking buffer and incubated for 1 h. Plates were washed x4 with PBS 

containing 0.05% Tween 20 (Merck Ltd.) (PBS-T). 50 pi of HRP-conjugated 

goat anti-rabbit Igs (Dako) was added to each well at a dilution of 1:2000 in 

blocking buffer and incubated for 1 h. Plates were washed x6 with PBS-T and 50 

pi/well substrate added. Substrate was prepared by adding 0.1 ml of 42 mM TMB 

(ICN) in DMSO (Sigma) to every 10 ml substrate buffer (0.1 M Sodium acetate 

adjusted to pH 4.9 with citric acid) with the addition of 3 pi 30% hydrogen 

peroxide (Sigma) immediately before use. Freshly prepared substrate was used in 

all experiments.
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The reaction was allowed to proceed for 5 to 10 min (until sufficient colour had 

developed, as judged visually) before being terminated with the addition of 50 

(ll/well of 2 M sulphuric acid (Merck Ltd.).

The optical densities of each well were determined by measurement at 450 nm 

using a Titertek Multiskan II ELISA plate reader (ICN Flow Ltd.).

( i i )  Adaptation for lower detection limit

Where the level of LFA-3 in samples was determined to be lower than 2.5 ng/ml a 

second ELISA was performed utilizing biotin/streptavidin amplification to increase 

the sensitivity of the ELISA. This protocol was as above, with the following 

modifications:

Samples were applied as appropriate with the standard curve prepared in the range 

0.125 ng/ml-2.5 ng/ml.

Rabbit anti-human LFA-3 was applied as described above. After washing x4 with 

PBS-T biotinylated goat anti-rabbit Igs (Dako) was added to the wells at 50 pl/well 

at a dilution of 1:2000 in blocking buffer and incubated for 1 h. Plates were 

washed x4 in PBS-T and Extravidin-HRP (Sigma) added at 50 pl/well at a dilution 

of 1:5000 in blocking buffer and incubated for 1 h.

Plates were washed x6 in PBS-T and developed as described above.
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II.C  Reverse-transcription polymerase chain reaction  

and associated techniques

The polymerase chain reaction (PCR) facilitates the characterization of cells or 

tissues based on their mRNA expression patterns. PCR is a powerful technique, 

based upon the amplification of specific cDNAs, which can confirm the presence 

of specific mRNA isoforms within the original sample. The technique may be 

adapted to give a semi-quantitative comparison of specific mRNA levels in 

different samples. Thus, PCR techniques have been used to assess the expression 

of LFA-3 mRNA isoforms both in vivo and in vitro.

( i)  RNA extraction and quantification

To minimize RNase contamination during RT-PCR procedures, guaranteed 

RNase-free products were used where possible. In addition, sterilized 

micropipettes and protective gloves were employed at all times.

In all instances total RNA was extracted using a commercial guanadinium 

isothiocyanate/phenol-chloroform based kit (Stratagene). However, the protocol 

varied slightly according to the source material. For example, where only small 

amounts of source material were available the RNA was precipitated along with 

glycogen (200 pg/ml; Stratagene) as a carrier.

Following extraction, all washed, dried RNA pellets were resuspended in a 

volume of DEPC-treated H20  equal to 1/4 of the original lysis volume and stored 

at -70°C until required.
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RNA extraction from fresh tissue samples

Tissues were obtained as described on page 54, and suitable amounts (5-50 mg) 

were snap frozen in liquid nitrogen as soon as possible after surgical excision. 

Samples were weighed and transferred to a sterile Eppendorf tube for RNA 

extraction according to the manufacturer's instructions. Where possible, the tissue 

was cut into small fragments to facilitate the extraction process, and in all cases the 

tissue was ground into the lysis solution using a sterile plastic micropestle.

RNA extraction from cultured cells

Cells were cultured as required according to the methods outlined on pages 76-77. 

In general between lxlO6 and 5xl06 cells were used.

For suspension cells a cell count was performed to determine the total cell number 

and the cells washed by centrifugation, transferred to a micro-centrifuge tube and 

re-pelleted. The pellet was then treated with the lysis solution for RNA extraction 

according to the manufacturer’s instructions.

Adherent cells were first trypsinized according to the protocol below (see page 

77), washed and counted, transferred to a micro-centrifuge tube and re-pelleted. 

The pellet was then treated with the lysis solution for RNA extraction according to 

the manufacturers instructions.

RNA extraction from frozen tissue samples

Where samples were uncommon, or had previously been frozen for cryostat 

sectioning and immunohistochemistry, RNA was extracted from frozen sections to 

conserve as much tissue as possible. An advantage of this technique was that lysis 

was complete in many cases due to the sectioning.
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Dependent on the area of the tissue sample, 100-500 |im of tissue was taken in 10- 

20 pm sections. These sections were immediately transferred to lysis solution for 

RNA extraction according to the manufacturers instructions.

RNA quantification

RNA quantification was carried out in a microcuvette with a total volume of 50 (il, 

thus conserving original product and allowing a lower dilution of RNA to be used, 

giving greater accuracy. RNA was diluted as necessary in DEPC-treated H20  

(commonly 1:10) and the absorbance of the solution measured at 260 nm and 280 

nm on an UltroSpec 2000 spectrophotometer (Pharmacia Biotech). The equation 

for RNA concentration is as follows;

Absorbance260nm x Dilution x Conversion (0.04) = RNA concentration
factor factor (fig/pl)

The conversion factor for RNA is 0.04 pg per pi per OD260 unit.

The ratio of O D ^ iOD^q was calculated to determine the level of any DNA/protein 

contamination in the sample. Ratios between 1.8 and 2.0 were expected for a very 

pure sample, and samples with ratios below 1.8 were treated with caution as 

DNA/protein contamination was possible.

( i i )  Reverse-transcription polymerase chain reaction  

Reverse transcription (RT)

Reverse transcriptase (HT Biotechnology, Cambridge, U.K.) was used in 

conjunction with the appropriate buffer, resulting in the following final reaction 

solution;
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25 mM Tris-HCl, pH 8.3 

50 mM KC1

2 mM DTT (dithiothrietol)

5 mM MgC^

Between 1-10 pg of total RNA was used in each reaction, brought, if necessary, 

to a final volume of 38 pi with DEPC-treated H20 . 3 pi of oligo dT primers (15- 

18mers) at 100 ng/pl was added to the RNA. These oligo dT primers specifically 

prime mRNA due to its poly-A tail. The RNA and primers were heated to 65 °C for 

5 min and cooled slowly to room temperature to allow annealing of primers to 

mRNA.

The following components were added to the cooled reaction mixture in the stated 

order:

(1) lOx Buffer 5 pi

(2) RNase inhibitor 1 pi (40U)

(3) dNTPs (100 mM) 2 pi

(4) Reverse transcriptase 1 pi (20U)

The reaction was mixed gently and incubated at 42°C for 40 min. To inactivate the 

transcriptase the reaction was heated to 90°C for 5 min, after which the reactions 

were stored at -70°C until required.

Controls for RT-PCR

A control mRNA (Stratagene) was used in place of test RNA and treated 

identically to test samples in the above reactions. The resulting cDNA was used as 

template in a PCR reaction using control primers (Stratagene) and the expected 

product size confirmed by agarose gel electrophoresis.
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Polymerase chain reaction

Polymerase chain reaction (PCR) was carried out using RedHot Taq polymerase 

(Advanced Biotechnologies, London) according to the protocol detailed below. A 

standard reaction volume of 100 \i\ was typically used, although volumes of 50 |il 

and 25 fil were also used with the appropriate changes to other component 

volumes.

PCR protocol:

Completed reaction mixtures were mixed gently and amplified in a thermal cycler 

(model PTC 100, MJ Research Inc.; GRI Ltd., Essex, UK). In all cases a heated 

lid was used in conjunction with the thermal cycler, thus avoiding the need to layer 

samples with mineral oil to prevent evaporation. Amplification protocols were 

designed according to the primers used and the product expected, and in general 

consisted of the following steps:

(1) Initial denaturation

(2) Amplification cycles

Annealing

Extension

Denaturation

(3) Final annealing

(4) Final extension (and poly-A tailing)

lOx Buffer 10 pi 

1-5 pi

2 pi (100 ng/pl) total 

0.8 pi (100 mM)

0.5 pi (5 U/Ml)

To final volume of 100 pi

Template (c)DNA 

Primers

dNTPs

Taq polymerase 

Sterile F^O
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Completed reactions were placed on ice or stored at -70°C until needed. Reaction 

products were analysed by agarose or polyacrylamide gel electrophoresis, stained 

with ethidium bromide and visualized under UV light, as detailed below. The 

volume of product analysed was commonly 10-20% of the reaction volume, 

dependent on the expected product, protocol and further necessary studies of the 

sample.

Control cDNA, from control mRNA used in the RT procedure, was amplified 

using control primers (Stratagene) and an appropriate PCR protocol and the 

product analysed by gel electrophoresis to confirm the effectiveness and accuracy 

of the PCR procedure.

Semi-quantitative PCR

A semi-quantitative PCR (SQ-PCR) technique was used when it was necessary to 

obtain an estimate of the relative levels of specific mRNAs within (different) 

samples.

To ensure accuracy and reproducibility a block test was performed to ensure 

uniform amplification across all wells used. Briefly, X phage DNA (1 ng/reaction) 

was used as template in a PCR reaction using primers designed to amplify a 500 

bp fragment. Amplifications were carried out, from an identical master PCR mix, 

in all wells to be tested using the appropriate protocol. Equal volumes of the 

completed reactions were analysed by gel electrophoresis to confirm the uniformity 

of the PCR block. Once the uniformity of the block had been established no 

further block tests were necessary, assuming that the tested block was used for all 

subsequent SQ-PCR reactions.

For the SQ-PCR reactions RNA was extracted and quantified as described above. 

From this RNA a volume equivalent to 1 pg was used in the RT protocol using a
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25 fil reaction volume. This was then diluted with 75 (ll sterile H20  to obtain the 

working concentration of template for SQ-PCR. All SQ-PCR reactions were 

carried out in a volume of 25 pi and used 5 pi of template at working dilution. Taq 

polymerase was used at 1 U/reaction and all primers were used at 25 pM of each 

primer per reaction (50 pM per primer pair; each primer at 50 pM/pl and 0.5 pi per 

reaction). To further ensure reproducibility and accuracy, all SQ-PCR reaction 

mixes were prepared in bulk as required and aliquoted into reaction tubes before 

cDNA was added.

Reaction products were analysed by acrylamide gel electrophoresis for enhanced 

accuracy and better visualization due to sharper electrophoretic focusing. Equal 

volumes were analysed in all cases and quantification was carried out using image 

capture technique, as detailed below.

Control reactions were run with every set of test reactions to detect the levels of 

control ‘housekeeping’ genes (GAPDH and B-actin). All control products were 

analysed exactly as test products in order that any differences in original RNA 

levels could be equalized at this stage.

( i i i )  A garose gel electrophoresis

The procedures for agarose gel electrophoresis were based on those described in 

x Molecular Cloning, chapter 6 (Sambrook et a l, eds.).

Briefly, gel solutions were prepared by dissolving agarose (Gibco) in an 

appropriate volume of lx tris-borate-EDTA (TBE) buffer by heating gently in a 

microwave oven until completely dissolved. The liquid gel was cooled to around 

60°C and Ethidium Bromide (EtBr) was added to a final concentration of 0.5
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p.g/ml. The gel was poured in an appropriate submarine gel electrophoresis tank 

(e.g. tank for 10x10 cm gel, Stratagene; tank for 5x10 cm gel, Gibco) according to 

the manufacturer’s recommendations, allowed to set and the tank filled with 

lxTBE as electrophoresis buffer.

Samples were prepared by mixing the desired volumes of reaction product and gel- 

loading buffer (0.25% bromophenol blue, 0.25% xylene cyanol FF, 30% glycerol 

in water) in the ratio 5:1 and carefully loaded into the gel.

Gels were run at a voltage of 1-5 V/cm until migration was sufficient for the 

analysis desired. DNA was then visualized under UV illumination and the gel 

photographed if necessary using a Polaroid camera (GelCam System, Sigma).

( iv )  Polyacrylam ide gel electrophoresis

Polyacrylamide gels were used where higher resolution was required, in particular 

for the products of SQ-PCR reactions. As with agarose gels, the higher the 

concentration of polyacrylamide, the lower the effective size range of separation. 

Commonly 6% to 10% (50-1000 bp) polyacrylamide gels were used, again in 

TBE.

The procedures for agarose gel electrophoresis were based on those described in 

Molecular Cloning, chapter 6 (Sambrook et a l , eds.).

Prepared gel mixtures were cast in the Mini Protean II system (BioRad) according 

to the manufacturer’s instructions, allowed to set and covered with lx TBE as 

appropriate.
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Gel components (per 10 ml for an 8% gel):

lOxTBE 1 ml

30% Polyacrylamide 2.7 ml

Water 6.2 ml

TEMED 5pl

10% Ammonium persulphate 0.1ml

Samples were diluted 5:1 in gel-loading buffer and loaded into the gel, run at 1 to 

6 V/cm until sufficiently migrated and stained by immersion of the gel in 0.5 fig/ml 

EtBr in lxTBE for 10-20 min. Stained gels were rinsed and then visualized as 

described above.

(v )  Image analysis

Where quantification of PCR products was required gel images were digitally 

captured using the ImageStore 5000 capture system (UVP Limited, Cambridge 

U.K.) and imported into NIH Image software for quantification of band intensity.

Within each gel test bands were analysed alongside control bands and the local 

background intensity of the gel subtracted. It was then possible to compare, for 

example, LFA-3 mRNA levels in two cell lines, by equalizing the values relative to 

their respective control mRNA levels.

II.D  Cloning of PCR products

Cloning of a specific PCR product generates enough of a single mRNA/cDNA 

sequence to allow the complete characterization of that clone to the nucleotide
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sequence level, thus providing an uneqivocal identification of a particular mRNA 

derived from an original tissue or cell sample. This technique has been applied to 

the identification of putative novel in vivo isoforms of LFA-3 mRNA.

( i )  L igation and electroporation

Complete purification of PCR products, including removal of excess primers, 

template and reaction components, was not necessary for this method of cloning. 

All inserts were in the form of standard PCR reaction products which had been 

poly-A tailed by including a final extension step into the PCR protocol, as 

described above.

The pCRU (TA) vector (Invitrogen) was used for cloning according to the 

manufacturers instructions.

Ligation reaction components:

pCRII vector 2 pi

PCR product 3 pi

Sterile 3 |il

lOx ligation buffer 1 Ml

Ligase 1 |0l

The ligation mix was incubated at 12°C overnight (12-16 h). At the end of the 

incubation period 20 JJ.1 of sterile H20  was added, the reaction was mixed well by 

pipetting and incubated at 65 °C for 10 min to inactivate the ligase. Completed 

ligation reactions were stored at -20°C until needed.
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Electrocompetent TOPIOF' E. coli were obtained from Invitrogen. The cells were

stored at -70 C until needed and thawed on ice immediately before use. Cells were 

not allowed to warm up prior to electroporation.

3 pi of heat-killed ligation reaction was added to 30 pi of cells and the entire mix 

transferred to a sterile electroporation cuvette and immediately electroporated 

according to the manufacturer’s (Invitrogen) instructions for E. coli. Directly after 

electroporation, the mixture was transferred from the cuvette into 1 ml pre-warmed 

(37°C) Luria broth in a bijou tube and incubated with rolling at 37°C for 1 h to 

allow the cells to recover. Two LB agar plates, containing 80 pg/ml methicillin/20 

pg/ml ampicillin and XGal IPTG, were then inoculated with 100 pi of 

electroporated cell broth and incubated for 24 h at 37°C.

Colonies containing vector were selected by the ampicillin resistance conferred by 

the presence of vector within the bacteria. Due to the interruption of the plasmid 

lacZ gene, which converts XGal into a blue substrate, only those colonies whose 

vectors also contained an inserted fragment appeared white on the XGal IPTG 

medium. Thus, several white, plasmid plus insert-containing colonies were 

selected for screening. These colonies were carefully and individually inoculated 

onto another LB agar plate and numbered. This plate was incubated for 24 h at 

37°C and then stored at 4°C until needed for screening.

( i i )  Screening of putative clones

Selected white colonies (i.e. containing pCRU vector with an insert) were screened 

by mini PCR. Using sterile cocktail sticks a small sample of each colony was 

placed in 15 pi sterile H20  and heated for 10-15 min at 70°C. This treatment lysed

71



the cells and released both the genomic and plasmid DNA into solution. These 

samples were used as templates in the mini PCR reactions.

Mini PCR screening

A bulk master PCR mix was prepared using the necessary primers according to the 

protocol detailed above, but omitting template DNA. 1 pi of prepared colony 

sample was added to 25 pi master mix and the reactions amplified as appropriate. 

Due to the probable homogeneity of the sample DNA, only 20 or 25 cycles may be 

required.

PCR products were analysed by agarose gel electrophoresis, as described above, 

and from these results colonies containing the desired insert were identified.

( i i i )  A m plification and purification of plasm id DNA

A colony containing the desired insert was identified on the numbered LB plate 

and a small amount was used as innoculum for 200 ml of Luria broth containing 

80 pg/ml methicillin/20 pg/ml ampicillin in a sterile flask. The flask was then 

incubated overnight at 37 °C with 200 rpm shaking to ensure good aeration of the 

broth to encourage cell growth.

The cells were then pelleted by centrifugation at 7000 rpm in a Sorvall high speed 

centrifuge and the supernatant removed as completely as possible. The plasmid 

DNA was extracted from the resulting cell pellet using a commercial kit (Maxi- 

Prep kit; Quiagen, Crawley, UK) according to the manufacturer’s instructions. 

Briefly, cells were chemically lysed and all protein and genomic DNA precipitated 

and removed by centrifugation. Plasmid DNA was isolated by on a solid phase 

anion exchange column (Maxi-Prep kit; Quiagen), washed, eluted and finally
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precipitated with isopropanol using glycogen as a carrier if necessary. The DNA 

was washed with 70% ethanol, dried and resuspended in an appropriate volume of 

TE buffer.

( iv )  Characterization of insert

A sample of plasmid DNA was analysed by agarose gel electrophoresis to confirm 

the homogeneity of the sample (i.e. that DNA from only one original colony was 

amplified) and estimate its concentration. The concentration was then confirmed by 

UV spectrophotometry, as described above.

Restriction digest analysis

Restriction digestion analysis was undertaken to confirm the insert size. The 

location of the plasmid restriction sites were known, therefore the expected size of 

an excised fragment may be calculated.

A sample of plasmid DNA was digested with restriction enzymes EcoRV and Hind 

HI (New England Biolabs, Hitchin, UK) at 37°C for 1 h. Controls included 

digests with only one enzyme or neither enzyme present.

Restriction Digest Components:

Plasmid DNA 1 pg (1-16 pi)

lOx Enzyme Buffer 2 pi

Restriction enzymes 40U Total (2 pi @ 20,000 U/ml)

Sterile 0-15 pi (to total reaction volume of 20 pi)
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Digestion products were analysed by agarose gel electrophoresis alongside size 

markers to identify the length of the inserted fragments.

DNA sequencing of plasmid inserts

Plasmid DNA was prepared for sequencing of the insert by precipitation with 0.1 

volumes 5M NaCl and 0.7 volumes isopropanol followed by centrifugation at 

12,000 rpm for 10 min. The resulting pellet was washed twice with 70% ethanol 

and dried.

Sequencing of both strands was carried out by a commercial sequencing company 

(The Rayne Institute, Kings College, London) using an ABI automatic sequencer, 

with plasmid-directed primers.

A full insert sequence was derived from the opposing strand sequences, allowing 

the amino acid sequence to be predicted. Identified novel sequences were 

submitted to GenBank.

II.E  Tissue culture techniques

In vitro tissue culture techniques facilitate the evaluation of cellular responses to 

specific conditions under controlled circumstances. The conclusions drawn from 

such experiments allow the basic understanding of an in vivo system to be 

developed. These techniques have been used to examine the responses of a variety 

of cell types to certain conditions and mediators with regard to their LFA-3 

expression. For example, the role of inflammatory cytokines in regulating surface 

LFA-3 expression may be examined and subsequently observed and quantified.
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( i)  General procedures

All tissue culture was performed in a Class II Flow Cabinet (MAT Ltd., 

Manchester, UK) unless specifically stated otherwise.

The cell lines used throughout these studies were:

A431 Epidermoid carcinoma line, derived from skin

COLO Colorectal adenocarcinoma, epithelioid cell line

HF Human oral fibroblasts, non-transformed, derived from

primary cultures of oral buccal mucosa (see page 76) 

HEp2 Epidermoid carcinoma cell line, derived from larynx

HepG2 Hepatocellular carcinoma cell line

HOS Osteogenic sarcoma cell line

Jurkat Acute T lymphocytic leukaemia cell line

MG63 Osteosarcoma cell line

U937 Histiocytic lymphoma, monocyte-like cell line

The cell types used in the majority of experiments were A431, HF, HEp2, HepG2 

and Jurkat.

Normal growth medium (NGM)

The following media were used with the appropriate cell lines to facilitate normal 

growth and division of the cells:

NGM-A: Dulbecco’s Modification of Eagle’s Medium (DMEM) containing

10% foetal calf serum (FCS), 2 mM L-glutamine, 100 U/ml 

penicillin and 100 U/ml streptomycin.
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NGM-B: RPM I1640 medium containing 10% FCS 2 mM L-glutamine,

100 U/ml penicillin and 100 U/ml streptomycin.

Generation of primary cultures of HF

Tissue samples of buccal mucosa were obtained both from control patients and 

OLP patients as detailed previously (see page 54). In all subsequent assays no 

qualitative differences were observed between HF originating from healthy tissue 

compared with HF from OLP tissue.

A small biopsy sample was placed in a sterile petri dish and washed in several 

changes of transport medium (NGM-A containing 1% Fungizone (Gibco)) to 

remove excess blood and ensure the sterility of the sample as much as possible. 

The tissue was then bathed in a small volume (2-3 ml) of fresh NGM-A and 

sectioned into small fragments (1-2 mm2) using sterile forceps and scalpel. The 

fragments and medium were transferred to a 25 cm2 tissue culture flask (Gibco) 

and incubated at 37°C and 5% C 02 in air. Small volumes of medium were used to 

ensure adhesion of tissue fragments to the flask.

If more than 5 fragments were obtained, further volumes of NGM-A were added 

to the petri dish and the fragments split equally between an appropriate number of 

25 cm2 flasks.

Typically, the medium of the primary cultures was allowed to remain unchanged 

for 7-14 days, at such time as sufficient cell growth was visible. The original 

medium was replaced with fresh NGM-A (5 ml) and growth allowed to progress 

until cell numbers were sufficient to allow safe passaging of cells. At this stage, 

any remaining tissue fragments in the cultures were removed.
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Passage of adherent cells

All medium was removed from a culture to be passaged and the adherent cells 

washed twice with PBS. An appropriate volume of pre-warmed trypsin/EDTA 

was added to the flask and incubated with the cells at 37°C for 5-10 min. Once 

adherent cells had detached and rounded-up (checked by microscopy) the trypsin 

was inhibited by adding an equal volume of fresh NGM-A. The cell suspension 

was then washed by centrifugation and the resulting cell pellet was resuspended in 

fresh NGM-A and a cell count undertaken. Cells were reseeded in a fresh tissue 

culture flask at an appropriate density as necessary and returned to incubation.

Passage of non-adherent cells

Non-adherent cells were harvested from culture, centrifuged and resuspended in 

fresh NGM-B. A cell count was undertaken and the cell concentration adjusted as 

necessary in NGM-B and returned to a culture flask for incubation.

Cell freezing and thawing

Freezing

Cells were frozen at concentrations of between lxlO6 and 2xl07 cells/ml. A 

known number of cells were washed in the appropriate growth medium by 

centrifugation and resuspended in pre-chilled freezing medium (90% FCS, 10% 

sterile DMSO (Sigma)) at the appropriate concentration. Cells were then aliquoted 

into 0.5 ml or 1 ml labelled cryovials (Nalgene) and placed into a ‘Mr Frosty’ 

(Nalgene) freezing vessel and left at -70°C for 4-24 h. The cryovials were then 

placed in liquid nitrogen for long-term storage.

Thawing

Prior to the vials being thawed, full medium (NGM-A or NGM-B, according to 

cell type) was prewarmed to 37°C. Vials of frozen cells were removed from
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storage and either placed in a water bath at 37 °C or warmed by vigorous rubbing 

between gloved, warm hands. Once almost thawed, the vials were wiped with 

alcohol, transferred to the flow cabinet, opened carefully and the contents added to 

10 ml of appropriate warmed growth medium in a centrifuge tube. Cells were then 

washed gently by centrifugation and resuspended in fresh growth medium. 

Finally, the washed cells were seeded at an appropriate density to ensure good 

initial growth.

( i i )  Assay for cytokine effects

All experiments were carried out at least twice, and all tests were done in triplicate 

for each concentration. Control wells were included on every plate.

To achieve an appropriate dose response curve, a range of concentrations of 

cytokines were used. These concentrations were based on previously determined 

ranges of activity for each cytokine. In addition, to determine synergistic effects, 

each cytokine was used at a median concentration.

Concentrations of cytokines:

Interleukin 1-8 (Boehringer Mannheim, Lewes, UK): 0.125, 0.25, 0.5, 1.0, 2.5 

and 5.0 ng/ml; median: 1 ng/ml.

Interleukin 10 (ImmunoKontact, AMS Ltd., Whitney, UK): 0.25, 0.5, 1.0, 2.5, 

5.0, 10.0 and 20.0 ng/ml; median: 10 ng/ml.

Interleukin 12 (ImmunoKontact): 0.03125, 0.0625, 0.125, 0.25, 0.5, 1.0 and 2.0 

ng/ml; median: 0.25 ng/ml.

Interleukin 15 (Immunex Corp., Seattle, WA. USA): 25, 50, 100, 175, 250 and 

500 ng/ml; median: 100 ng/ml.
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Interferon gamma (Boehringer Mannheim): 25, 50, 100, 175, 250 and 500 ng/ml; 

median: 100 ng/ml.

Tumour necrosis factor alpha (ImmunoKontact): 0.25, 0.5, 1.0, 2.5, 5.0 and 10.0 

ng/ml; median: 2.5 ng/ml

Adherent cells: A431, HEp2, HepG2 and HF

Cells were harvested by trypsinization and washed by centrifugation. Cells were 

diluted for plating out in 24-well tissue culture plates at concentrations of 5xl04 

cells/ml for A431, HEp2 and HepG2, and at 2xl04 cells/ml for HF.

Wells were seeded with 1 ml of cell suspension and incubated until cells attained 

confluence (generally 48 h).

Once confluent, medium was removed and each well washed twice with sterile 

PBS. 0.5 ml of cytokine, diluted as appropriate in growth medium, was added to 

each well. Control wells were incubated with growth medium only. The plates 

were then incubated for 3 days.

At the end of the incubation period 0.25 ml of supernatant was harvested from 

each well, spun at 13,000 rpm for 5 min to remove any cell debris and stored at - 

70°C until required for further analysis.

Non-adherent cells: Jurkat

Cells in suspension were harvested from culture by centrifugation, resuspended in 

fresh growth medium and counted. Cells were required at a final concentration of 

lxlO5 cells/well in a final volume of 0.5 ml in 24-well tissue culture plates.
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Each cytokine, diluted as appropriate in growth medium, was added to each well. 

Control wells were incubated with growth medium only. The plates were then 

incubated for 3 days.

At the end of the incubation period 0.25 ml of supernatant was harvested from 

each well, spun at 13,000 rpm for 5 min to remove any cell debris and stored at - 

70°C until required for further analysis.

( i i i )  Assay for enzyme and enzyme inhibitor effects

Enzymes and enzyme inhibitors were used at the final concentrations listed below 

to give appropriate dose response curves. Concentrations used were based on 

previously determined ranges of activity for each inhibitor.

Phosphatidylinositol (PI)-specific phospholipase C (PLC) (B. cereus; Sigma): 

Dose response; 0.0039, 0.0078, 0.0156, 0.03125, 0.0625, 0.125 and 0.25 U/ml. 

Time response; 0.0625 U/ml PI-PLC and samples harvested from triplicate wells 

after 15, 30, 45, 60, 90, 120, 180 and 240 min.

Phospholipase D (crude; Sigma): 0.039, 0.078, 0.156, 0.3125, 0.625, 1.25 and 

2.5 U/ml

1,10-Phenanthroline (Calbiochem Ltd., Nottingham, UK): 0.03125, 0.0625, 

0.125, 0.25, 0.5 and 1.0 mM

Leupeptin (Calbiochem): 0.3125, 0.625, 1.25, 2.5, 5.0, 10.0 and 20.0 (ig/ml 

ET-I8-OCH3 (Calbiochem): 2.5, 5.0, 10, 20, 40 and 80 |iM
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Adherent cells

Cells were plated into 24-well plates and allowed to reach confluence as described 

above. Wells were washed x3 with sterile PBS and 0.25 ml/well test reagent (e.g. 

PI-PLC) added, having been diluted as appropriate in growth medium.

In the dose-response assays plates were incubated for 4 h at 37°C, 5% C 0 2, after 

which 0.2 ml supernatant from each well was harvested and stored as described 

above.

For time response assays plates were incubated and 0.2 ml supernatant was taken 

from the appropriate wells at each time point.

Control wells were incubated with growth medium only. All experiments were 

carried out at least twice. All tests were done in triplicate for each concentration. 

Control wells were included on every plate.

Non-adherent cells

To maximize the amount of sLFA-3 in short-term cultures, these cells were plated 

out in 24-well plates at 5x10s cells/well (0.125 ml @ 4xl06 cells/ml).

Test reagents were prepared at 2x final concentration in growth medium and 0.125 

ml added per well as appropriate, to give a final test volume of 0.25 ml/well. 

Plates were incubated, and supernatants harvested, as detailed above. Control 

wells were incubated with growth medium only. All experiments were carried out 

at least twice. All tests were done in triplicate for each concentration. Control wells 

were included on every plate.
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( iv )  Preparation o f cells for fluorescence activated cell 

scanning (FACS) analysis

Adherent cells

Cells were seeded into 12-well tissue culture plates at the concentrations used 

above. 2 ml cell suspension was used per well and the cells allowed to reach 

confluence. The confluent cell layers were washed twice with sterile PBS and 

fresh growth medium added containing cytokines as appropriate. All cytokines 

were used at the median concentrations described above. In all cases 1.5 ml 

medium was added per well and cells incubated at 37°C, 5% C 0 2, for 3 days. 

Control wells were incubated with growth medium only.

At the end of the incubation cells were harvested for FACS analysis as described 

below.

Suspension cells

Cells were seeded in 12-well plates at 2x10s cells/well in 1 ml of NGM-B. To this 

was added 1 ml of cytokine at 2x final concentration, to give the appropriate 

median cytokine concentration and a final cell concentration of 1x10s cells/ml. All 

cytokines were applied at the median concentrations described above and all 

cultures were incubated for 3 days. Control wells were incubated with growth 

medium only.

At the end of the incubation cells were harvested for FACS analysis as described 

in section ILF (below).
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II .F  FACS techniques

FACS analysis may be used to determine the level of expression of a specific 

antigen by each cell in a large population of cells through the application of 

fluorescein-labelled specific antibodies. Thus, the level of LFA-3 may be 

compared between, for example, a control population and a cell population treated 

with an inflammatory mediator. The large numbers of cells analysed by this 

technique ensures that the results are of statistical relevance.

( i )  Cell preparation and labelling

For each cell culture, in addition to test antibodies, aliquots of cells were stained 

with (i) no primary antibody (wash buffer alone) and (ii) irrelevant isotype- 

matched antibody as controls.

Fixed cells, stained or unstained, may be stored in the dark at 4°C in wash buffer 

(PBS + 2% FCS) containing 0.05% azide until required for staining or 

acquisition.

Adherent cells

Cells were treated as necessary, as described (see page 82). At the end of the 

required incubation period, medium was removed and the cells washed 3 times 

with PBS. Cells were detached, non-enzymatically, by incubation with 20 mM 

EDTA in PBS, pH 7.2, for 10 min at 37°C followed by scraping if necessary with 

a ‘rubber policeman’. After washing in PBS, cells were resuspended in fixative 

(1% paraformaldehyde (PFA) in PBS) for 30 min at room temperature. After 

fixing, cells were washed in wash buffer, counted and aliquoted (into 96 well U- 

bottom plates) at 105 cells per well for each antigen to be assessed.
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Primary antibodies were added at the appropriate dilution in wash buffer and 

incubated for 1 hour at room temperature. Cells were then washed 3 times and 

FTTC-conjugated secondary antibody added, again at the appropriate dilution in 

wash buffer, followed by incubation for 1 hour at room temperature. After a 

further 3 washes, the cells were resuspended in wash buffer (up to 500 pi final 

volume), ready for data acquisition.

To facilitate the detection of both cell surface-associated and intracellular antigen 

cellular permeabilization is required. This is carried out by the addition of saponin 

to the wash buffer to a final concentration of 0.1%. When cellular permeabilization 

is required, wash buffer containing saponin must be used at all stages of the 

staining procedure.

Suspension cells

Cells were prepared as described in section II.E (see page 82). Aliquots of 105 

cells per well (in 96 well U-bottom plates) were prepared for each antigen to be 

assessed. These cell preparations were consequently treated as for adherent cells, 

as described above.

( i i )  Data acquisition and analysis

The FACScan cytometer (Becton Dickinson, Oxford, UK) is prepared according 

to the manufacturer’s recommendations and used in conjunction with CellQuest 

data acquisition and analysis software (Becton Dickinson).
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Fig. II.F .l Representative FACS analysis plots. (Top) Jurkat cells are 

gated (i.e. an area corresponding to the size and granularity of an homogenous cell 

population is defined; (Rl)). (Bottom) Mean AFI values of cells within gated 

regions are determined by statistical analysis using the CellQuest software. In this 

example the AFI for LFA-3 would be 37.29 (LFA-3) - 24.87 (-ve) = 12.42
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An aliquot of cells was used for calibration the machine and determined the 

cytometer settings for that cell type with reference to size, granularity and 

fluorescence. These settings were stored in the computer and used for later 

acquisitions of the same cell type.

Data analysis

Each data sample, and each set of cell tests (e.g. IL-15 treated HEp2 cells assessed 

for LFA-3, ICAM-1 and controls), was treated identically:

Initially, a dot-plot of cellular size against cellular granularity was produced for 

control cells. From this plot a population was identified corresponding to single 

cells and excluding debris and cell clumps (Fig. II.F.l). The area of the plot 

corresponding to this population was gated and all subsequent analysis referred 

only to events falling within this gated area.

For each test a histogram plot of the gated population was drawn displaying 

absolute fluorescence intensity (AFI) (a measure of the amount of antigen detected 

per cell) against counts (number of cells with each AFI value), as described in Fig. 

n .F .l. The histogram data was statistically analysed within the CellQuest software 

to give mean, median and standard deviation values for each AFI.

Levels of antigen expression were determined by subtraction of negative control 

AFI values for each test from test (antibody labelled) AFI values. This final value 

was also expressed as an AFI. Comparison of mean AFI values allowed the 

determination of any changes in AFI values for a particular antigen under any of 

the test conditions.
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II.G Stam per-W oodruff lym phocyte adherence assay

The Stamper-Woodruff assay is employed to examine the binding of exogenous 

lymphocytes to sections of frozen tissue, and is representative of the in vivo 

situation for that tissue sample. Furthermore, the assay facilitates the evaluation of 

the functional role of specific antigens, in particular adhesion molecules, in any 

observed cell-cell binding by antibody blockade. Thus, the role of LFA-3 in 

binding of lymphocytes within OLP lesional tissues may be examined and 

quantified in comparison to other adhesion molecules.

The methodology for this assay was adapted from the standard Stamper-Woodruff 

assay (Stamper and Woodruff 1976, Stamper and Woodruff 1977, Vora et al. 

1995), more usually applied to lymphocyte-endothelium binding.

( i )  Lym phocyte isolation and activation

At day one of the procedure 60 ml peripheral blood was collected from healthy 

volunteer subjects by venepuncture into heparinized tubes and transferred to a 

tissue culture flow cabinet. The blood was diluted 1:1 with sterile PBS in 50 ml 

Falcon tubes before use. 10-15 ml of Lymphoprep (Nycomed, Oslo, Norway), 

pre-warmed to room temperature, was aliquoted into an appropriate number of 

additional 50 ml Falcon tubes and 25-30 ml of blood/PBS carefully layered onto 

the Lymphoprep. These tubes were centrifuged at 800xg for 20-30 min at room 

temperature, after which the cells were harvested from the interface layer, 

transferred into fresh tubes, washed with a large volume (20-30 ml) of PBS and 

collected by centrifugation.
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Washed lymphocytes were resuspended in 5 ml NGM-B and placed in a culture 

flask and incubated at 37°C/5% C 02 for 2 h. This procedure allowed adherent 

cells, such as B cells and monocytes, to bind to the plastic, removing them from 

the culture and resulting in a relative increase in T cell concentration. The unbound 

cells were harvested, counted and centrifuged before resuspension in activation 

medium at lxlO6 cells/ml.

Activation medium was prepared by adding 1 ml lOOx Concanavalin A (Sigma) 

stock solution (1 mg/ml; final working concentration 10 |ig/ml) and 1 ml lOOx 6- 

ME (Sigma) stock solution (5xl0'3M; final working concentration 5xl0'5M) to 

each 100 ml of NGM-B required. All stock solutions were prepared under sterile 

conditions and ActM was prepared fresh as necessary.

The cells were then incubated in an upright tissue culture flask - to increase cell 

density - at 37°C/5% C 02 for 7 days. At the end of this incubation period the, now 

activated, lymphocytes were ready for use in the adhesion assay.

Activated lymphocytes were harvested from culture and washed by centrifugation, 

resuspended in 10 ml NGM-B and counted. Cells were then washed again and 

resuspended at the working concentration of 2.5x107 cells/ml in NGM-B for use 

in the assay.

( i i )  Tissue section preparation

Tissue sections were cut on the morning of the assay to ensure maximum 

structural preservation and adhesion characteristics.
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To ensure adequate quality of the tissue, a section of each sample to be used was 

assessed visually after Giemsa staining before use in the assay. An appropriate 

number of 10 fim sections were cut and mounted onto Superfrost slides. The 

sections were allowed to air-dry for 2 hours prior to use in the assay.

( i i i )  Adherence assay

The prepared cryostat sections were placed on a rotating tray set at 35 cycles/min 

in a cold room (4°C). The activated lymphocytes at working concentration(2.5xl07 

cells/ml) were overlaid onto the sections (100 gl/section) and incubated for 30 

min.

At the end of the incubation period excess cells were gently tapped off and the 

sections are washed gently three times in PBS to remove non-specifically bound 

cells. Slides were then placed in 2% gluteraldehyde in PBS for 10 min at 4°C in 

order to fix the adherent cells to the sections, and finally washed in PBS ready for 

staining and counterstaining.

Each test was carried out in duplicate for each tissue sample.

( iv )  Periodic acid-Schiff/M ethyl green-th ionin  stain ing

Fixed, washed sections were immersed in 1% aqueous periodic acid for 10 min. 

After a quick dip in distilled H20  the sections were immersed in Schiffs’ reagent 

(Merck) for 2-3 min until the sections showed a light magenta colour. This colour 

was intensified by washing the slides in running tap water for 10 min.
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Sections were counter-stained with methyl green/thionin. Aqueous solutions of 

2% methyl green and 0.6% thionin were prepared in distilled H20 . An acetate 

buffer solution was also prepared, using 50 mM sodium acetate adjusted to pH 4.8 

with acetic acid. The methyl green/thionin was prepared by adding 10 ml 2% 

methyl green and 17.5 ml 0.6% thionin to 250 ml H20 . A working staining 

solution was then prepared by mixing equal volumes of methyl green/thionin and 

acetate buffer. Sections were stained in the working solution for 10 min and 

tapped to remove excess stain. The sections were then dehydrated through graded 

alcohols and mounted in DePeX.

This staining procedure results in a deep magenta colouring of the basement 

membrane, blood vessels etc., with the rest of the section being medium blue and 

adherent lymphocytes appearing blue-black.

(v )  Adaptation: B locking studies

The functional role of specific antigens in the binding of lymphocytes to the tissue 

sections may be assessed by determining whether antibodies directed against these 

antigens can inhibit lymphocyte binding. In these antibody blockade studies both 

the exogenous lymphocytes and the tissue sections were pre-treated with antibody.

Sections

Sections were incubated with the appropriate mAb(s) diluted to 50 |ig/ml in NGM- 

B at room temperature for 45 min. Sections were then rinsed briefly with PBS 

before the immediate application of mAb pre-treated lymphocytes, as required.
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Activated lymphocytes

Aliquots of cells were prepared as necessary for each mAb to be used and the mAb 

was added to give a final concentration of 25 |ig/106 cells (equivalent to 625 pg/ml 

@ 2.5x 107 cells/ml).

The cells are then incubated with the mAb at room temperature for 45 min. Each 

test was carried out in duplicate for each tissue sample. Control sections and slides 

were treated with non-specific isotype-matched mAb at the same final 

concentrations in each case.

( v i )  Result acquisition  and analysis

For each section, the number of adherent lymphocytes was determined in at least 

10 fields at a magnification of xlOO (final magnification xlOOO) using a Zeiss 

Axioskop (Zeiss Ltd., London, UK). This high magnification was found to be 

necessary to ensure that only adherent cells were counted due to the large numbers 

of resident lymphocytes, and that counts were accurate due to high numbers of 

adherent cells on some sections. At least 200 adherent cells (mean 395) were 

counted per control sample in order to ensure that the results were statistically 

valid.

For each tissue sample the equivalent areas of the section were scored. In all cases 

the areas examined corresponded to areas of lymphocyte infiltration, since in all 

cases adherent cells were virtually absent from all other areas examined (e.g. deep 

connective tissue, epithelium etc.).
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C hapter III Im m unohistochem ical analyses

Introduction

HistopathologicaUy, OLP is characterized by an alteration in the distribution of 

Langerhans cells within the epithelium (Farthing et al. 1992, Pitigala-Arachchi et 

al. 1989) and the presence of a well-defined band of leukocytes, consisting mainly 

of T lymphocytes, below the basal cell layer. Damage to basal epithelial cells and 

adjacent keratinocytes is associated with this infiltration, T lymphocytes being 

suggested as the primary immunopathologic mediators of the damage (Walsh et al. 

1990b).

Interactions between T lymphocytes and other cells, including antigen-presenting 

cells such as Langerhans cells, are mediated through a variety of cellular adhesion 

pathways, including those of CD2/LFA-3, ICAM-l/LFA-1 and those involving

the p i integrins. In OLP, ICAM-1 and p i integrins are upregulated, and LFA-1 is

expressed on more than 95% of infiltrating T lymphocytes (Eversole et al. 1994, 

Konter etal. 1990, Walton et al. 1994). However, other experiments have shown 

that whilst LFA-1 is readily detected on T lymphocytes in OLP, a majority of the 

same cases expressed little or no ICAM-1 staining of keratinocytes (Verdickt et al. 

1992). These observations indicate that ICAM-l/LFA-1 mediated cell recognition 

may not be of critical importance in the immunopathogenesis of OLP, and 

therefore that other adhesion molecules may be involved in the accumulation, 

activation and retention of the lymphocytic infiltrate in this disease.

Interactions between LFA-3 and CD2 are responsible for cytolytic conjugate 

formation and T cell activation, and can greatly enhance the immune response of 

activated T lymphocytes (Springer 1990). It has recently been suggested that 

CD2/LFA-3 binding may be of importance in the immunopathogenesis of adult
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periodontitis (Crawford 1992), in which it may function in conjunction with 

elevated local expression of MHC class II (HLA-DR) antigen. HLA-DR is also 

markedly upregulated in OLP; more than 90% of infiltrating lymphocytes being 

HLA-DR positive, as are Langerhans cells and some keratinocytes (Farthing et al 

1990, Mattsson et a l 1992). This increase in HLA-DR expression may also 

augment CD2/LFA-3 interactions within the infiltrate in OLP lesions.

Little is known about LFA-3 expression in OLP, and any up-regulation of this 

adhesion molecule in certain resident and infiltrating cell populations may be 

closely associated with the immunopathology of this disorder. The aim of this 

section of the work was therefore to examine the expression of LFA-3 in OLP 

lesions compared with healthy control tissue and, furthermore, to contrast the 

expression of LFA-3 with that of other, more ‘classical’ adhesion molecules such 

as ICAM-1.

111. A Com parison o f idiopathic OLP and 

norm al buccal m ucosa

35 samples of idiopathic OLP lesional mucosa and 25 samples of healthy buccal 

mucosa were obtained and prepared for immunohistochemical analysis as 

described in n.A (see page 54), above. Sections (7 |im) were stained according to 

the general procedure for HRP staining (see page 55). All staining was carried out 

in duplicate, with appropriate controls. The tissues were examined for the 

expression of LFA-3, and other adhesion molecules of possible relevance to the 

chronic inflammation associated with OLP, using the panel of mAbs detailed in
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Tab. III.A.1, below. Furthermore, mAbs directed against phenotypic markers, 

for identification of specific cell populations, were also included in the study.

A ntigen
sp e c ific ity

Antibody
C lone

M ain cellular 
distribution

Source W orking 
Dilution or 
Concentration

VLA-1
(CD49a)

VLA-2
(CD49b)

VLA-3
(CD49c)

VLA-4
(CD49d)

VLA-6
(CD49f)

ICAM-1
(CD54)

LFA-3
(CD58)

CDla

TS2/7

HAS-4

11G5

B-5G10

4F10

RR1/1.1.1

TS2/9

NA1/34

CD3 UCHT1

CD14 UCHM1

CD20 L26

Endothelial cells, 
activated T cells

Endothelial cells,
T and B lymphocytes

B lymphocytes

Lymphocytes,
monocytes

Lymphocytes,
monocytes

Endothelial cells, 
wide range of 
activated cells

Widely expressed, 
including T cells, 
endothelial cells, 
and keratinocytes

Langerhans cells, 
cortical thymocytes

T lymphocytes

Monocytes, macro
phages

B lymphocytes

Serotec Ltd., Oxford, 2 pg/ml
U.K.

Dr. F. M. Watt 1:10
ICRF, London, U.K.

Cymbus Bioscience, 1:10
Southampton, U.K.

Cymbus Bioscience 1:100

Cymbus Bioscience 1:10

Dr. R. Rothlein 5 pg/ml
Boehringer Ingelheim,
U.S.A.

Hybridoma HB205, 5 pg/ml
ATCC

DakoLtd., 1:200
High Wycombe, UK.

Dako Ltd. 1:200

Serotec Ltd. 1:10

DakoLtd. 1:200

Tab. III.A.1 Monoclonal antibodies used in immunohistochemical 

studies.

94



Serial sections were stained with mAbs against phenotypic cell markers and 

adhesion molecules. Comparison of such serially-stained sections facilitated the 

attribution of adhesion molecule expression to specific cell populations, such as T 

lymphocytes, Langerhans cells, macrophages etc. Combined with microscopical, 

histological and morphological analysis, reliable information was obtained 

regarding specific cell types expressing each of the adhesion molecules.

The distribution of each cell phenotype within the tissue was noted and the staining 

patterns for each adhesion molecule assessed visually over the whole of each 

section. Furthermore, for several immunologically important cell types, the 

intensity of each staining pattern was subjectively graded from negative (-) to 

strongly positive (+++), giving an estimation of the relative amounts of each 

antigen expressed. The results of the immunohistochemical analyses were 

combined for all the tissues of each test group, giving a mean grade obtained for 

each cell type, as shown in Tab. III.A.2, below.

( i )  Phenotypic distributions in idiopathic OLP

The distributions of specific cell populations in OLP have been fairly well 

documented using both histopathological and immunohistochemical techniques. 

The primary purpose of staining for cell phenotypes in this study was to allow the 

accurate identification and localization of those populations which may be difficult 

to identify morphologically using simple microscopy. The results also confirm the 

identity of more obvious populations as well as giving a good picture of the overall 

cellular immunological profile of each tissue sample.

Dendritic epithelial cells, Langerhans cells (LC), express the surface antigen CD la  

and have been implicated in the immunopathology of OLP (Farthing et a l 1990).

95



In normal buccal mucosa these cells were observed to be present only within the 

epithelium, and their distribution was relatively uniform throughout, as seen in 

Fig. III.A.1.

The distribution of CDla+ cells in OLP tissues differed markedly from that of the 

control samples, despite the results indicating that there were no discernible 

differences in the overall numbers of these cells between any of the sample 

groups. In OLP lesional tissues the numbers of CDla+ cells in the epithelium 

adjacent to dense areas of inflammatory infiltrate were often several-fold greater 

than in non-involved epithelium of the same tissue section, or compared with 

lesions displaying only a sparse sub-epithelial infiltrate. Furthermore, in areas 

where damage to the basement membrane was apparent and the infiltrate most 

dense, as shown in Fig. III.A.1, it was noted that LC were frequently detected 

below the epithelial basal layer and were present within the inflammatory infiltrate. 

In these cases the LC appeared to have crossed the basement membrane and were 

in close association with inflammatory cells.

The distributions of CD2+/CD3+ lymphocytes, and of CD14+/CD68+ 

macrophages were as expected for both normal and OLP mucosal samples (Fig. 

III.A.2; Fig. III.A.3).

See Appendix for details of phenotypic distributions.
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Fig. III.A.1. Expression of C D la in (a) norm al buccal mucosa and 

(b) OLP lesional mucosa. C D la+ve Langerhans cells (lc), in OLP samples, 

appear to cross the basement membrane and contact infiltrating T lymphocytes (T). 

DAB stain. Original magnifications xlOO.
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Fig. III.A .2. Expression of CD3 in (a) norm al buccal mucosa and

(b) OLP lesional mucosa. T lymphocytes (T) appear relatively infrequent in 

NBM. In contrast, the large inflammatory infiltrate of OLP lesional mucosa 

comprises mainly T cells. DAB stain. Original magnifications xlOO.

98



Fig. III.A .3. Expression of CD68 in (a) normal buccal mucosa and 

(b) OLP lesional m ucosa. Note the significant increase in macrophage 

numbers within the OLP inflammatory infiltrate. DAB stain. Original 

magnifications xlOO.
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( i i )  E xpression  o f B l-in tegrins in id iopathic OLP

The surface antigen CD29 is the 61 integrin sub-unit common to all members of 

the very late activation (VLA) family of surface adhesion molecules. There are six

VLA antigens, heterodimers differing in the a  integrin subunit expressed with the

61 common subunit. CD29 was found to be similarly expressed in both OLP and 

normal tissues, as shown in Tab. III.A.2. MAbs were then used to detect the 

expression of specific VLA antigens to define any differences in their expression 

associated with the disease state.

The VLA-1 integrin is a receptor for the extracellular matrix component laminin 

and in normal mucosal samples was detected only on endothelium. OLP tissues 

also expressed endothelial VLA-1, and in addition the antigen was weakly detected 

on a population of T lymphocytes which were restricted mainly to the epithelium 

and comprised less than approximately 5% of the total number of infiltrating T 

cells.

VLA-2 is a collagen receptor whose normal buccal mucosal distribution was 

observed to be epithelial and endothelial only. OLP mucosa again shared this 

normal distribution, with VLA-2 also being expressed by around half of the 

infiltrating lymphocytes (Fig. HI.A.4).

In addition to collagen, VLA-3 also binds fibronectin and laminin, and its normal 

pattern of expression was very similar to that of VLA-2. However, there appeared 

to be no alteration of VLA-3 expression or distribution in the OLP tissues. VLA-3 

was not observed on infiltrating cells.
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Fig. III.A.4. Expression of VLA-2 in (a) norm al buccal mucosa and 

(b) OLP lesional mucosa. VLA-2 is expressed by basal layer keratinocytes 

(be) and, weakly, by endothelium (ec) in both NBM (a) and OLP (b), and also by 

a number of infiltrating lymphocytes (T) in OLP. DAB stain. Original 

magnifications xlOO.
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Fig. III.A.5. Expression of VLA-4 in (a) norm al buccal mucosa and 

(b) OLP lesional mucosa. VLA-4 is only weakly expressed by endothelium

(ec) in NBM (a), compared with the high levels observed in OLP (b), particularly 

on T cells (T) and some Langerhans cells (LC). DAB stain. Original 

magnifications (a) xlOO and (b) x200.
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Fig. III.A .6. Expression of ICAM-1 in (a) normal buccal mucosa

and (b) OLP lesional mucosa. Only endothelium (ec) expresses ICAM-1 in 

NBM. In OLP tissues ICAM-1 is also expressed by T lymphocytes (T) and other 

cells within the infiltrate, Langerhans cells (lc) and some keratinocytes (kc). Note 

the lack of expression outside the area of the infiltrate. DAB stain. Original 

magnifications xl(X).
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VLA-4 is a receptor for both vascular cell adhesion molecule-1 (VCAM-1) and 

fibronectin, and was only weakly expressed by basal layer keratinocytes and 

endothelial cells in normal mucosa. There was also infrequent expression of this 

antigen by LC in a minority of normal samples. OLP mucosal expression of VLA- 

4 appeared to be slightly up-regulated on endothelium, although basal cell 

expression remained very weak or absent. Furthermore, T lymphocytes both in the 

infiltrate and the epithelium stained relatively strongly for VLA-4 and expression 

of this antigen by LC appeared to be both slightly up-regulated and more 

frequently observed than in controls (Fig. III.A.5).

VLA-6, a laminin receptor, was distributed in a similar fashion to both VLA-2 and 

VLA-3 on keratinocytes and endothelial cells of controls, with almost no changes 

observed in the disease samples. It was noted, however, that there was a low level 

of VLA-6 expression on some infiltrating T lymphocytes in 15 of the OLP 

samples.

( i i i )  Expression of ICAM-1 in idiopathic OLP

ICAM-1 is a member of the IgSF and its expression during the disease process is 

often related to the inflammatory response since it may be induced by a range of 

cytokines. In control samples ICAM-1 was expressed solely by endothelial cells, 

although the level of their ICAM-1 expression was high (Fig. III.A.6).

Substantial alterations in both the distribution and levels of expression of ICAM-1 

were observed in OLP lesional mucosa (Fig. III.A.6). In addition to endothelial 

cell expression, keratinocyte and basal cell ICAM-1 expression in the OLP tissues 

was observed. In the majority of cases keratinocyte ICAM-1 staining occurred in
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CD29 VLA-1 VLA-2 VLA-3 VLA-4 VLA-6 LFA-3 ICAM-1

LC _ _ _ - a _ + .

KC + - + +/- +/- ++ ++ -
BC +++ - +++ +++ - +++ +++ -
Fibroblasts + - - - - - - -
EC +++ ++ ++ +++ +/- +++ +++ +++
T Cells - - - - - - - -
Macrophages +/- - “ - -

(a) Normal buccal mucosa. Positive (+) in 3 of 8 samples

CD29 VLA-1 VLA-2 VLA-3 VLA-4 VLA-6 LFA-3 ICAM-1

LC - - - - ++b - + +
KC ++ - ++ + - +++ ++ ++
BC +++ - +++ +++ - +++ ++ +++
Fibroblasts + - - - - - - +/-
EC +++ +++ ++ +++ + +++ ++ +++
T Cells ++ +a + - ++ c +++ +++
Macrophages ++ “ “

"

+ +

(b) OLP lesional buccal mucosa. a<10% of total T cells, ^Positive in 5 of 7
/*

samples, Positive in 3 of 7 samples

Tab. III.A.2 Immunohistochemical staining patterns observed in 

oral mucosae. LC, Langerhans cells; KC, suprabasal keratinocytes; BC, basal 

layer cells; EC, endothelial cells.

patches, with the strongest staining often coinciding with the most dense areas of 

sub-epithelial inflammatory infiltrate, whilst uninvolved epithelium within the 

same specimens was consistently negative for ICAM-1 expression. Moreover, 

fibroblasts within the band of infiltration were observed to be weakly positive for 

ICAM-1 expression, whereas fibroblasts in the deeper connective tissue of OLP 

samples appeared to be ICAM-1 negative. A similar pattern of expression was
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also observed for macrophages (CD14+/CD68+ cell population), which were 

ICAM-1 positive and densely localized within the inflammatory infiltrate, 

compared with their lack of ICAM-1 expression and sparse distribution in the 

deeper tissue. Within the epithelium ICAM-1 expression by dendritic cells was not 

commonly observed, although it may have been somewhat masked by the staining 

of ICAM-1 on keratinocytes.

( iv )  Expression of LFA-3 in idiopathic OLP

The distribution and levels of LFA-3 expression in normal buccal mucosa (Fig. 

ffl.A.7) were similar to those observed for VLA-6. In all of the normal samples 

most keratinocytes exhibited LFA-3 staining at the cell surface, although whilst the 

antigen was strongly expressed by basal layer keratinocytes, expression appeared 

to be lost as the cells differentiate through to the superficial layers of the 

epithelium, which had little, if any, LFA-3 staining. Langerhans cells within the 

epithelium appeared to express surface-associated LFA-3.

In control samples endothelial cells, both near the epithelium and in the deeper 

underlying connective tissue, were LFA-3 positive. Finally, surface LFA-3 

staining was apparent only on a small minority of connective tissue macrophages, 

particularly those associated with the basement membrane.

As observed for ICAM-1, considerable differences were noted in LFA-3 

expression in the disease state (Fig. III.A.7), although not for all phenotypes. 

Endothelial cells and keratinocytes within OLP tissues expressed LFA-3 at the cell 

surface and the distribution and intensity of staining matched that observed in the 

healthy controls. Similarly for epithelial dendritic cells, as in healthy tissue LFA-3 

was readily detectable on these cells.
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However, cell-surface LFA-3 staining was seen to be associated with 

macrophages within the infiltrate far more frequently than observed in control 

tissues and the level of expression appeared to be higher. Furthermore, a small 

number of cells within the infiltrate, which had the appearance of macrophages, 

were observed to stain for LFA-3 in a pattern which was limited entirely to the 

cytoplasm - virtually no antigen was detectable at the cell surface, as clearly shown 

in Figure III. A. 8. Such cytoplasmic LFA-3 positive macrophages were present 

both close to the basal layer and within the infiltrate. Although this staining pattern 

was apparent in only a minority of infiltrating macrophages, they were positively 

identified in a number of OLP samples. However, due to the dense nature of both 

the infiltrate and the LFA-3 staining pattern in OLP samples, it was not possible to 

assess precisely the proportion of cytoplasmically-stained macrophages.

LFA-3 was apparently expressed by the entire T lymphocytes population present 

in the tissues, and it was apparent that LFA-3 was expressed more strongly on 

these cells than any other population identified within the OLP lesion.

In addition to the apparent intracellular localization of LFA-3, a notable feature of 

the OLP sections was the presence of readily detectable antigen which appeared to 

be non-cell associated (Fig. III.A.8). No cell membranes could be defined by the 

staining pattern, which was diffuse and present throughout the band of infiltration, 

in both dense and sparse areas. This ‘matrix-associated’ LFA-3 staining was not 

observed in non-involved regions of OLP mucosa and was most evident in regions 

of the infiltrate close to the basal layer.
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Fig. III.A .7. Expression of LFA-3 in (a) normal buccal mucosa and 

(b) OLP lesional mucosa. In NBM (a) LFA-3 was observed at the surface of 

endothelium (ec) and epithelium (kc). Within OLP tissues (b) LFA-3 was also 

strongly expressed by infiltrating cells, including T lymphocytes (T) which can be 

seen to have crossed the basement membrane (arrowed). High levels of antigen are 

associated with the inflammatory infiltrate, but are not found in uninflamed 

connective tissue (ct). DAB stain. Original magnifications xlOO.
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Fig. III.A .8. Expression of (a) intracellular and (b) non-cell 

associated LFA-3 OLP lesional mucosa. At higher magnification LFA-3 

may be observed (a) within the cytoplasm of an infiltrating cell, most likely a 

macrophage (arrowed). In comparison with proximal keratinocytes (kc) there is an 

apparent absence of surface antigen. LFA-3 is also observed to occur (b) in a 

diffuse staining pattern which may indicate non cell-associated antigen. DAB stain. 

Original magnifications xlOOO.
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III.B Immunohistochemical analyses: Discussion

These immunohistochemical studies have utilized a panel of mAbs to determine the 

expression of a range of cell-surface antigens in differing oral conditions. The 

primary aim of the analysis, however, was to examine the possible role of one 

particular adhesion molecule, LFA-3, in the immunopathology of OLP, and to 

learn more about the OLP-specific role of LFA-3.

Recent studies of OLP (Eversole et al 1994), and previous work on cutaneous 

lichen planus (Shiohara et al 1988, Shiohara et al 1986), have strengthened the 

view that this is a T cell-mediated disorder (Walsh et al 1990b). Adhesion 

molecules and components of the extracellular matrix undoubtedly play a major 

part in the immunological processes associated with OLP pathology. These 

antigens facilitate the extravasation of lymphocytes and other cells into the oral 

mucosa and their subsequent homing into the epithelium, as well as activating and 

regulating the functional characteristics of these cells, in conjunction with soluble 

mediators such as cytokines, within the mucosal micro-environment. For example, 

the up-regulation of ICAM-1 expression is considered to be intrinsically linked to 

the progression of certain inflammatory events. A number of previous studies have 

shown that ICAM-1 is upregulated on cells such as keratinocytes in OLP, although 

there has also been a report that ICAM-1 is not detectable on keratinocytes in a 

substantial number of OLP cases examined (Verdickt et al 1992) despite the 

presence of T lymphocytes expressing CD 11a (LFA-1), the counter-structure for 

ICAM-1. This finding suggests that although certain antigens have been heavily 

implicated in OLP pathology, there remains much to be resolved regarding their 

roles in OLP. Furthermore, adhesion pathways other than ICAM-l/LFA-1 remain 

to be fully investigated and would be expected to have important roles in certain 

aspects of the disease process, including the migration of lymphocytes into the 

epithelium and lymphocyte activation leading to cytolytic activity. The LFA-3
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ligand participates in the second major antigen-independent pathway for T cell 

binding and, importantly, is also a major signal-transducing molecule for T cell 

activation, via the CD2 receptor. The present study has therefore examined the 

expression of LFA-3 in OLP and has demonstrated, for the first time, that cells 

expressing this adhesion molecule are readily detected in OLP infiltrates, 

suggesting that this antigen may play an important role in T cell-mediated 

immunopathological processes in this disease.

In addition to LFA-3, the roles of other adhesion molecules in OLP are also not 

clearly defined. This and previous investigations have shown the presence of 

certain 61 integrins, such as VLA-1, -2, -3, -4 and -6, on infiltrating lymphocytes 

in OLP lesions (Konter et al 1990). These antigens may facilitate the homing of 

lymphocytes to extravascular sites of inflammation (Kishimoto et al 1989, 

Springer 1990). Thus the presence of such cells within the OLP lesion may reflect 

the role of these integrins in lymphocytic penetration of the epithelium and 

retention within the lamina propria (Konter et al 1990). However, the profile of 

VLA-2 expression in OLP has not been reported previously, and the lack of T 

lymphocyte VLA-3 expression observed in this study differs from a previous 

report (Konter et al 1990), but is consistent with other reports that VLA-3 is more 

commonly associated with B lymphocytes (Hemler 1990). T lymphocytes 

expressing VLA-4, both a fibronectin receptor and the natural ligand for VCAM-1, 

were observed to be mainly intra-epithelial, suggesting the possibility that VLA-4 

could facilitate T lymphocyte interactions with VCAM-1-expressing Langerhans 

cells in OLP. Such antigen-presenting cell (APC)/T cell interactions may be due to 

an OLP-specific immune response, consistent with previous reports that 

infiltrating T lymphocytes in OLP are mainly of the memory phenotype 

(CD29/CD45RO-positive) (Voltz et al 1989b, Walsh et al 1989). Thus, these 

activated T cells may have already been primed with ‘OLP-specific’ antigen and 

may be re-exposed within the lesion. However, the precise role of intra-epithelial
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T lymphocytes in OLP remains to be clearly defined and as yet there is no firm 

evidence of an ‘OLP-specific’ antigen. Evidence of a prominent role for APCs in 

the pathogenesis of OLP does appear to be present in the distribution of CD la- 

positive Langerhans cells in lesional tissue. In idiopathic OLP tissues these cells 

were accumulated in areas of the epithelium adjacent to the inflammatory infiltrate. 

In addition, in areas of severe basement membrane damage, CD la-positive cells 

were localized within the inflammatory infiltrate, where they were apparently in 

direct contact with inflammatory cells. This distribution has been noted previously 

(Hirota and Osaki 1992) and strongly suggests that highly activated Langerhans 

cells present in OLP lesions (Farthing et a l 1990) may play a major part in the 

immune pathology of OLP by presenting antigen to, and activating, putative ‘OLP 

antigen’-specific T lymphocytes. These cells also express VCAM-1 and ICAM-1 

(Walton et al 1994), and, in vitro, are capable of presenting antigen to memory 

(CD45RO) T cells, the predominant phenotype in OLP lesions (Voltz 1989a, 

Walsh et a l 1990b, Walsh et al 1989).

( i)  LFA-3 expression in idiopathic OLP

In the sub-epithelial connective tissue of OLP specimens two consistent patterns of 

staining were observed which were not cell membrane-associated and which may have 

relevance to the immunopathology of this disease. Firstly, cells morphologically 

identified as infiltrating macrophages expressed very little, or no, detectable 

surface antigen, but had readily detectable LFA-3 staining within the cytoplasm. 

Secondly, LFA-3 staining, which did not appear to be cell-associated, was also 

found throughout the region of the inflammatory infiltrate in OLP lesions.

LFA-3 has been reported and sequenced as three different mRNA forms (Seed 

1987, Wallner et a l 1987), including one in vitro isoform (LFA-3 AD2; GenBank
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Acc. No, D28586) , which may be produced by alternative mRNA splicing and 

each containing a functional extracellular domain. GPI-LFA-3 is bound within the 

membrane, TM-LFA-3 has a transmembrane domain and a cytoplasmic tail and 

LFA-3 AD2 has yet to be identified at the protein level. The cytoplasmic staining 

we have observed in macrophages in OLP lesions, using a mAb which detects an 

epitope of the extracellular domain, is not consistent with any of these forms. 

Cytoplasmic LFA-3 has previously been noted in hepatocytes of inflamed liver 

tissue (Autschbach et a l 1991) and in Sertoli cells of the testis (Smith and Thomas 

1990) both with and without surface LFA-3 expression, respectively. In each case 

the nature of the cytoplasmic LFA-3 remains to be determined. One possible 

explanation for these findings may be that such cells may produce a ‘novel’ 

isoform of LFA-3, perhaps having an altered membrane insertion domain or signal 

sequence, since the extracellular domain is apparently retained within the 

cytoplasm. The possible role such an isoform of LFA-3 may have is not yet 

known, though it would self-evidently be ineffective as a surface adhesion 

molecule. However, a lack of surface LFA-3 would be expected to moderate, 

though not completely remove, the role of this macrophage population as antigen- 

presenting cells in OLP lesions, since these cells could still utilize the ICAM- 

1/LFA-l pathway for cellular adhesion interactions.

An alternate explanation for the presence of cytoplasmic staining would be that, in 

OLP lesions, macrophages are internalizing extracellular LFA-3 from a number of 

possible sources (for example, degenerating keratinocytes). The results of ongoing 

immunogold electron microscopy studies will establish unequivocally the precise 

(sub-) cellular distribution of the antigen in these cells and help define a possible 

role for LFA-3 in this environment

LFA-3 staining in OLP lesions appeared to be associated with non-cellular 

components as well as on the surface of keratinocytes, T lymphocytes and other
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cells. The presence of LFA-3 possibly associated with the extracellular matrix was 

evident throughout the inflammatory infiltrate, although the deeper tissue and 

tissue distal to the lesion stained only with the same expression pattern seen in 

healthy samples. The source and nature of this probable ‘matrix-bound’ LFA-3 

remain to be defined, although a ‘soluble’ form of the molecule (sLFA-3) has 

previously been described in vivo (Hoffmann et al. 1993). Moreover, the 

shedding of LFA-3 from fibroblasts has been reported in vitro (Shi-Wen et al 

1994) and it is possible that enzymatic clipping of cell surface-associated LFA-3 in 

OLP is responsible for the presence of the antigen in the extracellular matrix. In 

this context it may be notable that there is no surface staining of connective tissue 

fibroblasts for LFA-3 in any of the OLP specimens. However, at this stage the 

possibility certainly exists that other cells, such as keratinocytes or T lymphocytes, 

could be the source of non-cell associated LFA-3 within the OLP lesion.

Although the molecular characteristics of this 'soluble' form of LFA-3 are not yet 

known, the mAb used to localize LFA-3 recognizes the functional (CD2-binding) 

extracellular D2 domain of the molecule. Thus, sLFA-3 would be expected to 

retain some of the binding and functional activities of the membrane-associated 

antigen, acting both to accumulate T cells and to promote T cell activation. 

Moreover, despite the possibility that matrix-associated LFA-3 might compete with 

the surface antigen and thereby reduce the level of cell-cell reactions of T 

lymphocytes within the lesion, it may also act as a support for the accumulation of 

T cells and also serve as a mechanism for continued lymphocyte activation. 

‘Soluble’ forms of certain other adhesion molecules have been shown to be 

associated with a number of inflammatory diseases and are likely to be important 

modulators of the immune response (Gearing and Newman 1993). It is possible 

that 'sLFA-3' in OLP lesional tissue may act to modulate the local inflammatory 

reaction and thereby contribute to the chronic pathology of the disease.
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In addition to these potentially novel expression patterns for LFA-3 in OLP, this 

antigen is also expressed in large amounts at the surface of the major cell 

phenotypes involved in OLP pathology. Infiltrating memory T cells express 

several-fold more LFA-3 and CD2 than would their naive counterparts, facilitating 

T-T cell interactions via CD2/LFA-3. Moreover, OLP is considered to be T 

lymphocyte driven and these CD2+ T cells may interact with any LFA-3- 

expressing cell, possibly mediating immunopathologically relevant functions such 

as T cell activation, antigen presentation and cytotoxicity. For example, the 

expression of LFA-3 on LC may be an important aspect of disease development, 

since in OLP lesions Langerhans cells are highly activated. LFA-3 expression by 

LC would further facilitate antigen presentation and interactions with activated T 

lymphocytes, and it is notable that Langerhans cells accumulate at foci of T cell 

infiltration in the OLP epithelium, where there is disruption of the basal layer. It is 

also feasible that CD2/LFA-3 interactions may be involved in T cell-mediated 

damage to basal layer keratinocytes.

Thus, the immunohistochemical evidence of this study suggests that LFA-3 may 

have important functions in the progression of OLP pathology.
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Chapter IV Soluble LFA-3 in vivo

Introduction

Examination of OLP lesional tissues has not only identified an up-regulation of 

LFA-3 within OLP lesions, but also the presence of apparently ‘soluble’ LFA-3 

within the inflammatory infiltrate. These observations may suggest the possible 

release and accumulation of sLFA-3 within lesional tissues and indicate the 

potential importance of this ligand in the pathogenesis of OLP.

During the progression of a chronic inflammatory response locally observed 

changes in the expression of adhesion molecules and cytokines can sometimes be 

detected at, and may have consequences at, the systemic level. Circulating levels 

of ‘soluble’ adhesion molecules, such as ICAM-1, have previously been 

considered as a useful measure of inflammatory reactions in a number of immune 

pathologies (Gearing and Newman 1993). However, little is known about the 

presence of these ‘soluble’ forms in OLP and other oral inflammatory diseases. 

Recent studies have described the up-regulation of serum IL-2 receptor levels and 

sICAM-1 in patients with OLP (Yamamoto et al 1994b). Moreover, an 

association has been made between the lesional expression of TNF-a receptors 

and serum levels of soluble TNF-a receptors in lichen planus (Simon and 

Gruschwitz 1997). Thus, the association of a systemic elevation of particular 

immunological factors with specific inflammatory conditions may be extremely 

useful as markers for assessing the condition of this disease, a role which has been 

suggested for sICAM-1 in chronic active hepatitis (Nouriaria et al 1995).

The soluble form of LFA-3, sLFA-3, has previously been demonstrated in normal 

human serum (Hoffmann et al 1993), and several studies have shown that a 

modulation of serum levels of sLFA-3 levels is associated with a number of 

chronic inflammatory conditions (Hoffmann et al 1996c, Hoffmann et al. 1996d,
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Hoffmann et al. 1996e), including a significant elevation in the sera of patients 

with hepatitis (Hoffmann etal. 1993).

Having previously determined an elevated in situ expression pattern of LFA-3 

within OLP lesions, this study has investigated whether this up-regulated 

expression of cell surface LFA-3, and ‘soluble’ LFA-3 is accompanied by a 

corresponding systemic change in the serum levels of sLFA-3 in OLP patients.

IV .A  Soluble adhesion molecules in OLP

Sera from a group of 40 healthy control patients were compared with those from 

groups of 17 OLP, and, as a positive control group, 11 HCV-infected patients, for 

levels of circulating sLFA-3. All samples were collected prior to the patients 

commencing any form of therapy for their respective mucosal conditions.

In addition to analysis of sLFA-3 levels, 20 randomly selected control sera and 

those of the OLP and HCV groups were assessed for the serum levels of 

circulating soluble ICAM-1 (sICAM-1) as a comparison with sLFA-3 levels. 

Modulations in serum sICAM-1 levels have previously been shown to correlate 

with the onset or progression of certain diseases (Gearing and Newman 1993), 

thus we may observe whether levels of circulating sICAM-1 is altered in these oral 

conditions and whether sLFA-3 is modulated in a similar fashion to sICAM-1.

The sICAM-1 in the serum samples was measured using a Cytoscreen 

immunoassay kit for human ICAM-1, kindly provided by Dr. R. Rothlein, 

Boehringer Ingelheim, Ridgefield, CN., U.S.A. The assay was carried out 

according to the manufacturers instructions and each serum sample was tested in 

duplicate.
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After preliminary trials a serum dilution of 1:10 was utilized throughout for both 

ELISA assays. The significance of the results for each group versus control values 

was analysed statistically by the Student’s t-test. Values of p<0.05 and p<0.01 

were considered statistically significant and highly significant, respectively.

( i)  Serum sLFA-3 levels

The results in Tab. IV. A. 1 and Fig. IV. A. 1 show that control sera were found to 

contain sLFA-3 at concentrations ranging from 67.5-161.6 ng/ml (mean 115.1 

ng/ml).

Patient Group n Mean sLFA-3 
(ng/ml)

Range
(ng/ml)

Significance (p) 
versus Control

Significance 
(p)versus OLP

Control 40 118.2 67.5 - 162 N/A —

OLP 17 107.8 62.9 - 220 p=0.72 —

HCV 11 157.2 108 - 241 p=0.015* 0.037*

(a) Serum sLFA-3 levels

Patient Group n Mean sICAM- Range Significance (p) Significance (p)
1 (ng/ml) (ng/ml) versus Control versus OLP

Control 20 10.3 6.4 - 14.7 — —

OLP 17 14.1 7.3 - 19.1 0.003** —

HCV 11 27.9 17.2 - 48.5 0.0003** 0.002**

(b) Serum sICAM-1 levels
[a

Table IV.A.l Serum levels of sLFA-3 and sICAM-1. Levels of

circulating sLFA-3 and sICAM-1 in the sera of OLP patients compared with 

healthy subjects and a positive control group.
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As is apparent from Fig. IV.A.1, both OLP and HCV groups exhibited extended 

ranges of serum sLFA-3 levels compared with the large control group. However, 

there were few significant differences in sLFA-3 values overall.

Mean serum sLFA-3 levels in those patients with OLP did not differ significantly 

from those measured in the healthy control group. However, the mean serum 

sLFA-3 level in the HCV group was clearly elevated compared with both the OLP 

and control groups, and statistical analysis showed that these differences were 

significant (Fig. IV.A.1, Tab. IV.A.1).

( i i)  Serum sICAM-1 levels

The results in Tab. IV.A.1 and Fig. IV.A.2 show that control sera were found to 

contain sICAM-1 at concentrations ranging from 6.4 - 14.7 ng/ml (Mean 10.3 

ng/ml).

Compared with these control values, the mean sICAM-1 levels in both of the test 

groups were significantly elevated. Furthermore, the levels observed in the HCV- 

positive patient group was significantly elevated with comparison to the OLP 

group. This group also exhibited the highest sICAM-1 levels, with a mean serum 

sICAM-1 concentration almost three times that of the healthy control group.

IV .B Soluble LFA-3 in vivo: Discussion

The idiopathic form of OLP has been found to be exhibit highly elevated levels of 

LFA-3 expression within the affected tissues, including apparently non cell- 

associated LFA-3. sLFA-3 levels have thus been examined in the sera from oral
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disease patients compared with control sera to determine whether the localized 

inflammation associated with OLP results in an accompanying increase in serum 

sLFA-3.

The results of this study indicate that elevated LFA-3 expression in OLP is not 

associated with a correlating change in circulating systemic sLFA-3. It was found 

that serum levels of sLFA-3 in OLP patients did not differ significantly from those 

detected in healthy control individuals, suggesting that the ‘soluble’ LFA-3 

observed at the lesion is produced locally and remains within the inflamed tissue. 

Furthermore, progression of OLP would not appear to involve any systemic 

increase in sLFA-3 levels.

In contrast to the OLP groups, patients with HCV infection alone demonstrated 

significantly elevated levels of sLFA-3 compared to both control and idiopathic 

OLP groups. In chronic active hepatitis, the up-regulation of LFA-3 which is 

observed in affected tissues (Autschbach et al 1991, Mosnier et a l 1994) is 

accompanied by an increase in the level of circulating sLFA-3 (Hoffmann et al 

1996a, Hoffmann et al 1993), possibly due to chronic inflammation of the liver 

leading to cytokine-induced shedding of LFA-3 (Hoffmann et al 1993). These 

results may therefore indicate that the observed modulation of serum LFA-3 levels 

is a characteristic feature of disease pathogenesis in patients with HCV infection.

Soluble ICAM-1 levels were, somewhat surprisingly considering the sLFA-3 

results, observed to be significantly elevated compared with controls in those 

patients with OLP. However, the difference in sICAM-1 levels between the 

idiopathic OLP group and HCV-infected patients were also highly significant. 

These observations correlate quite closely with the sLFA-3 results, in that the 

HCV patient group again exhibited the highest levels of soluble adhesion 

molecule. Moreover, there was no correlation between individual patient levels of

122



sICAM-1 and sLFA-3 in any of the groups tested, demonstrating that their 

mechanisms of regulation in HCV infection appear to be independent.

In conclusion, it has been observed that in idiopathic OLP the observed lesional 

up-regulation of the adhesion molecule LFA-3 is not accompanied by a 

corresponding change in serum sLFA-3. However, idiopathic OLP patients appear 

to have significantly elevated serum sICAM-1. Within these study groups 

individual increased sLFA-3 levels did not correlate with increased sICAM-1 

levels.

The results suggest that significant modulation of circulating adhesion molecules is 

associated with HCV infection as a result of hepatic inflammation. Therefore, the 

principal involvement of LFA-3 and other adhesion molecules in OLP appears to 

be limited to the oral lesions.
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Chapter V Expression of LFA-3 mRNA in vivo 

and in vitro

Introduction

Immunohistochemical analyses, described in Chapter III, above, have detailed the 

increased expression of cell-associated LFA-3 within OLP lesional tissues. 

Furthermore, sLFA-3, or non-cell-associated LFA-3, appears to be present within 

OLP inflammatory infiltrates, perhaps due to localized events mediated as part of 

the immune response.

The upregulation of adhesion molecule expression may be associated with 

increases in the appropriate mRNA within affected cells, such as is the case for 

ICAM-1 expression in cells treated with cytokines (Kvale and Brandtzaeg 1993). 

LFA-3 expression may be considered as unresponsive to cytokine treatment, but 

other pathologic conditions may induce modulations in LFA-3 mRNA levels, 

including infection of T lymphocytes with T cell leukaemia virus-1 (Imai et al. 

1993). However, the expression of LFA-3 is commonly constitutive (Smith and 

Thomas 1990,Springer 1990), suggesting that some LFA-3 mRNA expression 

may also be constitutive. Moreover, LFA-3 exists as at least two major isoforms 

both at the protein and mRNA levels in vivo (Seed 1987, Wallner et al. 1987), 

with no specific mRNA for sLFA-3 having currently been identified. Thus, 

modulations of LFA-3 protein expression may not only relate to the amount of 

mRNA expressed, but also to the amount of mRNA present for each of the 

isoforms within the affected cells/tissues.

The present study has therefore examined the expression of LFA-3 mRNA in a 

range of cell lines, to examine any relationship between LFA-3 protein and mRNA 

isoform expression. Moreover, studies of control and inflamed oral tissues have 

been carried out to examine whether any consistent pattern of LFA-3 mRNA
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isoform expression is present under either healthy or disease conditions and 

whether any quantitative modulations are associated with any particular condition.

V .A  LFA-3 mRNA expression in vivo

Total RNA was extracted from tissue samples as described in n.C (see page 61). 

The range of samples examined included healthy buccal mucosa (n=7), healthy 

gingiva (n=5), lesional OLP tissue (n=5) and periodontally inflamed gingival 

tissue (n=2). In each case between 10 and 50 mg of tissue was used and the RNA 

extracted into an appropriate volume of denaturing solution. Precipitated RNA was 

washed, dried and resuspended in DEPC-treated H20  as necessary. Quantification 

of RNA samples was carried out and, for reverse transcription (RT), 

approximately 5 |ig of total RNA was used per reaction. Oligo-dT (17-mer) 

primers were used to specifically transcribe poly-A tailed mRNA. All RT reactions 

were carried out in a final volume of 50 pi.

Polymerase chain reaction (PCR) amplification of LFA-3 mRNA transcripts, as 

well as of the control (GAPDH), was carried out as detailed above (see page 63) 

using the specific primers described in Tab. V.A.l. PCR products were analysed 

by agarose and acrylamide gel electrophoresis, typically using 2% and 12% gels, 

respectively, since these concentration gave a good separation from 300-800 bp. 

Product bands were identified by their size as predicted from mRNA/cDNA 

sequences (Tab. V.A.1).
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(a) Primer_____ Orientation Sequence x x m

LFA-3 S 5'-3'

LFA-3A 5'-3'

LFA-3B 5'-3'

LFA-3E 5'-3' Inverse

GAPDH F 5'-3'

GAPDH R 5'-3' Inverse

cgacgagccatggttgctgg 66

tgtttttcccaacaaatatggtgtt 66

ggtgttgtgtatgggaatgt 64

tggagttggttctgtctg 54

tctagacgccaggtcaggtecacc 73

ccacccatggcaaattecatggca 78

(b) Primer

pair

LFA-3S/3E 

LFA-3A/3E 

LFA-3B/3E 

(GAPDH F/R

Predicted product size (bp) 

TM-LFA-3 GPI-LFA-3 LFA-3 AD2

757

666

646

600)

792

701

681

492

402

381

Tab. V .A .l Oligonucleotide primers used in PCR studies of LFA-3 

mRNA isoform expression, (a) PCR oligonucleotide primers used in LFA-3 

mRNA isoform analysis and (b) predicted sizes of PCR products using each 

primer pair.
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GFI

TM
AD2

GPI

TM

(c)

Fig. V.A.l RT-PCR analysis of LFA-3 mRNA expression in oral 

tissues and in cell lines. Gel (a) is a 10% polyacrylamide gel of LFA-3 RT- 

PCR products from (lanes 1-4) normal oral mucosal tissues and (lanes 5-8) OLP 

lesional tissues. Products corresponding to each isoform are visible, although no 

common expression pattern is apparent. Gel (b) is an 8% polyacrylamide gel of 

semi-quantitative LFA-3 RT-PCR products from: lane 1, U937; 2, MG63; 3, 

HEp2; 4, COLO; 5, HOS; 6, HF1; 7, A431; and 8, HepG2. Gel (c) is an 8% 

polyacrylamide gel of semi-quantitative GAPDFI RT-PCR products from the 

samples used in gel (b). M, DNA size markers.

(a)

(b)

1 2 3 M 4 5 6 7 8 M

M 1 2 3 4  5 6  7 8  M
■|fM
:?:;C
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Sample Relative LFA-3 Isoform Levels Dominant
Isoform

TM GPI AD2

OLP1 + + ± None
OLP2 + + ± None
OLP3 +++ + ± TM
OLP4 +++ + - TM
OLP5 +++ 4- ± TM

NBM1 ± ± ± None
NBM2 ++ + ± TM
NBM3 + + +++ AD2
NBM4 ++ ± + TM
NBM5 + ± ± TM
NBM6 + ++ ± GPI
NBM7 + ± ± TM

NG1 + + ± None
NG2 + ± ± TM
NG3 +++ + + TM
NG4 ++ ++ + None
NG5 ++ + ± TM

PD1 ± ± _ None
PD2 +++ + ± TM

Tab. V.A.2 Relative levels of LFA-3 PCR products in vivo. LFA-3 

mRNA isoform expression in oral tissues, as estimated by non-quantitative PCR. 

OLP, oral lichen planus; NBM, normal buccal mucosa; NG, normal gingiva; PD, 

periodontally inflamed gingiva.

For each cDNA sample the success of the RT-PCR was confirmed by the presence 

of GAPDH-specific product. The presence of mRNA for each major LFA-3 

isoform was then examined and noted for each sample. Within each sample, the 

relative product levels of TM isoform and GPI isoform were estimated visually 

from product band intensities to allow simple comparisons to be made between 

samples. These estimations were not intended to be semi-quantitative. Note was 

also taken of bands possibly representing other LFA-3 mRNA isoforms present
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within the samples. The relative level of these putative LFA-3 products were

noted.

It must be noted that one LFA-3 product band not corresponding to either of the 

major mRNA isoforms was consistently, although not ubiquitously, present 

within the LFA-3-specific products. Later investigations confirmed the identity of 

this band as LFA-3 AD2 mRNA, as described in Chapter VI, below. In the 

following results LFA-3 AD2 mRNA is accepted as a third mRNA isoform of 

LFA-3.

The estimated relative levels of each LFA-3 isoform, within individual tissue 

samples only, are shown in Tab. V.A.2. An example of the RT-PCR products 

generated from a range of the tissue samples is shown in Fig. V.A.l, 

demonstrating that there was no common pattern to the expression of LFA-3 

mRNA isoforms with regard to their relative intensities. Furthermore, there was 

no apparent pattern of LFA-3 mRNA expression common to either control or 

inflamed tissues belonging to any of the patient groups. Indeed, that the TM 

isoform was dominant (i.e. most abundant) in 3 of 5 OLP samples seems to 

simply reflect the TM dominance within the NBM (4 of 7), NG (3 of 5) and PD (1 

of 2) samples.

When examined without grouping based on clinical data, the tissue samples 

demonstrate that the mRNA for the TM isoform of LFA-3 was most frequently 

present in the greatest amount within a particular sample (11/19), with the GPI 

mRNA dominating in only 1/19 cases and a further 6/19 samples demonstrating 

relatively equal amounts of each of these major isoforms.

LFA-3 AD2 mRNA dominated in only 1 sample. This isoform had a product 

length of 383 bp and was identified as described in detail in Chapter VI, below.
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This LFA-3 AD2 mRNA transcript was observed to be present in 17 of the 19 

samples, although commonly as the least abundant of the products.

V .B LFA-3 mRNA expression in vitro

RNA extraction was carried out as described in II.C (see page 61), from 4 oral 

fibroblast ‘lines’ (HF1-4) and from the human cell lines A431, COLO, HOS, 

HepG2, HEp2, Jurkat, MG63 and U937. In each case l-5xl06 cells were used 

and the RNA extracted into an appropriate volume of denaturing solution. 

Precipitated RNA was washed, dried and resuspended in DEPC-treated H20  as 

necessary. Quantification of RNA samples was carried out and approximately 5 jig 

of total RNA was used per RT reaction. Oligo-dT primers were used to 

specifically transcribe poly-A tailed mRNA. All RT reactions were carried out in a 

final volume of 50 pi.

PCR amplifications of LFA-3 and GAPDH mRNA transcripts were carried out as 

outlined above (see page 63), using the specific primers described in Tab. V.A.l. 

PCR products were analysed by agarose and acrylamide gel electrophoresis, as 

necessary, and specific product bands identified by their size as predicted from 

mRNA/cDNA sequences (Tab. V.A.1).

For each cDNA sample the success of the RT-PCR was confirmed by the presence 

of GAPDH-specific product. The presence of mRNA for each major LFA-3 

isoform was then examined and noted for each sample. Within each sample, the 

relative product levels of TM isoform and GPI isoform were estimated visually 

from product band intensities to allow simple comparisons to be made between 

samples. These estimations were not intended to be semi-quantitative. Note was 

also taken of bands possibly representing other LFA-3 mRNA isoforms present



within the samples. The relative level of these putative LFA-3 products were

noted.

Sample Relative LFA-3 Isoform Levels Dominant
Isoform

TM GPI AD2

A431 +++ + ±
COLO + ± - TM
HEp2 ++ ++ + None
HepG2 ++ + ± TM
Jurkat +++ + ± TM
MG63 +++ + ± TM
U937 +++ ++ - TM

HF 1 ++ ++ + None
HF 2 ± ++ - GPI
HF 3 ++ + ++ None
HF 4 + + - None

Tab. V.B.l Relative levels of LFA-3 PCR products in v itro . Relative

LFA-3 mRNA isoform expression in cell lines, as estimated by non-quantitative 

PCR.

Examples of the range of LFA-3 mRNA isoform expression in these cell lines are 

shown in Fig. V.A.I. There was no common pattern to the expression of LFA-3 

mRNA isoforms in these cell lines with regard to their relative intensities, as 

shown in Tab. V.B.l.

It was apparent that the TM mRNA isoform was generally most prominent within 

these cell lines. LFA-3 AD2 mRNA was observable in a majority of cases. In none 

of the cell lines did the LFA-3 AD2 product occur as the major isoform. There 

were neither apparent similarities nor differences in the LFA-3 mRNA isoform
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distributions of the cell lines and those of the fibroblast cultures, although more 

accurate and comparable data may be obtained through the application of semi- 

quantitative RT-PCR techniques.

V.C Semi-quantitative RT-PCR of LFA-3

mRNA expression

Semi quantitative (SQ) RT-PCR was carried out as described (see page 66). RNA 

samples were carefully quantified to determine their concentration and 1 pg RNA 

used for RT in a final reaction volume of 25 pi. After reverse transcription, each 

cDNA sample was diluted with 75 pi dH20  to a final working volume of 100 pi, 

of which 5 pi was used as template in each SQ PCR reaction.

SQ RT-PCR was carried out on RNA samples from 4 oral fibroblast ‘lines’ (HF 

1-4) and the cell lines A431, COLO, HEp2, HepG2, HOS, Jurkat, MG63, 

U937). From each PCR reaction an equal volume of product (20 pi) was analysed 

by acrylamide gel electrophoresis.

The results were semi-quantified using the graphic analysis package NIH Image 

by standardization to GAPDH product levels for each sample. By this analysis 

method it was not possibly to accurately distinguish between TM and GPI 

isoforms of LFA-3, therefore the gross level of TM+GPI LFA-3 PCR products 

was determined and expressed as a ratio versus GAPDH, as shown in Tab.

V.C.l.
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Cell line Description Ratio GAPDH:LFA-3

HF 1 Oral fibroblast (OLP) 1.18
HF 2 Oral fibroblast (OLP) 1.43
HF 3 Oral fibroblast (Healthy) 0.92
HF 4 Oral fibroblast (Healthy) 1.49

A431 Epidermoid carcinoma 1.08
COLO Colorectal carcinoma 2.05
HepG2 Hepatocellular carcinoma 0 .38
HEp2 Epidermoid (larynx) carcinoma 1.27
HOS Osteogenic sarcoma 1.76
Jurkat Acute T cell leukaemia 0.89
MG63 Osteosarcoma 1.06
U937 Histiocytic lymphoma 0.89

Tab. V.C.l Semi-quantitative assessment of LFA-3 PCR products.

Ratios of GAPDH:LFA-3 mRNA expression were quantified by SQ RT-PCR 

analysis. The lowest ratio, 0.38 for HepG2 (highlighted), suggests an LFA-3 

mRNA level of more than double that of any other line analysed. Mean ratio 1.11

It can be seen from the ratios that LFA-3 mRNA expression does not appear to 

vary considerably between cell lines. Only HepG2 cells demonstrated what may be 

considered as a relatively high level of LFA-3 mRNA, being approximately double 

that of the other lines. COLO cells expressed the lowest LFA-3 mRNA levels 

(highest ratio) of the cell lines analysed.
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V .D  LFA-3 mRNA isoform expression in vivo

and in vitro: Discussion

Analysis of LFA-3 isoforms has been carried out in cell lines from various sources 

and oral tissues belonging to specific healthy and disease patient groups in order to 

determine whether the expression of a particular isoform, or combination of 

isoforms, is associated with either a basal, healthy or disease state. The current 

results indicate that there is no distinct pattern of LFA-3 isoform expression 

common to basal cell growth, healthy tissue or diseased tissue.

A constitutive pattern of LFA-3 gene expression similar to that observed for MHC 

class I molecules has previously been suggested (Barbosa et al. 1986), and initial 

studies demonstrated LFA-3 mRNA expression in varied tissues and cell types 

(Seed 1987, Wallner et al. 1987). The results of the current studies are in 

agreement with these previous findings, in that LFA-3 mRNA was detectable in 

every sample analysed. However, the reason for such constitutive expression is 

not yet understood. LFA-3 shares its chromosomal locus with CD2 (Sewell et al 

1988), the molecule with which it is also shares most homology (Seed 1987). 

Despite this homology, and the indications that both genes have arisen from 

| duplication of a single precursor gene, the regulatory mechanisms of these two
i
! molecules are obviously quite distinct.

At the protein level, LFA-3 occurs as two major isoforms, to each of which has 

been attributed a distinct mRNA (Seed 1987, Wallner et al. 1987). Recent studies 

of the LFA-3 gene (Wallich et al 1998) have demonstrated the presence of splice 

acceptor sequences within the LFA-3 gene sequence. This provides evidence to 

support the theory that LFA-3 mRNA isoforms are produced as a result of 

alternative splicing of a full-length LFA-3 transcript. However, the regulation of
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this alternative splicing, i.e. how much of each mRNA isoform is produced, 

remains to be delineated.

Previous studies have utilized techniques such as Northern blotting to examine the 

expression of LFA-3 mRNA. The quantitative advantages of this technique are 

offset by the inability to distinguish between LFA-3 mRNA isoforms. Thus, the 

current studies are the first to utilize specific PCR products in order to identify the 

expression of the distinct LFA-3 mRNA isoforms. The predicted size difference of 

the PCR products for the two major isoforms has facilitated the identification and 

relative quantification of each isoform. In addition, the primers employed have 

apparently identified a third mRNA isoform of LFA-3, LFA-3 AD2, the 

assessment of which is discussed in Chapter VI, below.

The expression of both TM and GPI mRNAs was observed in all samples. 

Moreover, there appeared to be significant sample-to-sample variations in the 

relative levels of TM and GPI mRNA expression which did not correlate with any 

particular cell type, tissue or inflammatory condition. However, throughout the 

samples the TM mRNA was found to be most commonly expressed, being the 

major isoform in a majority of cases. These results may suggest that the TM 

isoform is also the dominant isoform at the protein level, although it is likely that 

LFA-3 protein expression is controlled post-transcriptionally and therefore mRNA 

levels may not directly correlate with observed protein levels. Previous studies on 

the effect of cytokines on LFA-3 mRNA and protein expression further support 

this lack of correlation (Hoffmann et al 1993, Wallich et al. 1998), and provide 

data that LFA-3 expression may be differentially controlled in different cell types 

(Hoffmann et al 1993). The current studies have also provided evidence of the 

post-transcriptional regulation of LFA-3 expression. Many of the cell lines 

examined in this study are known to express widely varying basal levels of 

surface-associated LFA-3, as determined for the Leukocyte Differentiation Antigen
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Database (Shaw 1993) and in the current studies (Chapter VII, below). However, 

their relative levels of constitutively-expressed LFA-3 mRNA were, except for that 

of HepG2 cells, approximately equal. Moreover, HepG2 cells express far less 

surface LFA-3 than do, for example, HEp2 or A431 cells, despite apparently 

having a higher basal level of LFA-3 mRNA expression. Post-transcriptional 

regulation of LFA-3 expression may relate directly to the mRNA sequences (Day 

and Tuite 1998), therefore further sequence analysis of LFA-3 mRNAs may be of 

benefit in deducing, for example, the stability of the mRNAs. No data regarding 

the half-life of LFA-3 mRNA, nor of the basal LFA-3 mRNA synthesis rate, is 

currently available. In future studies, the PCR-based technique for LFA-3 mRNA 

isoform identification used in this study may be further applied to examine the 

regulation of LFA-3 mRNA isoform production.

In addition to the general observation that LFA-3 mRNA expression does not 

regulate protein expression, so evidence is also present to suggest that the 

expression of LFA-3 mRNA isoforms does not necessitate the expression of that 

isoform at the protein level. Preliminary FACS studies suggest that the GPI 

isoform of LFA-3 may not be expressed by OLP fibroblasts in vitro, despite their 

GPI mRNA levels being relatively equivalent to their TM mRNA levels. 

Furthermore, the third identified mRNA isoform, that of LFA-3 AD2, remains to 

be demonstrated at the protein level in vivo. This molecule has been cloned and 

expressed from a sheep cDNA library and found to be functionally active in vitro 

(Yamashita et al 1997), with its mRNA sequence suggesting no reason for its 

apparent lack of expression in vivo.

Although no functional differences have so far been delineated for the two major 

LFA-3 isoforms, it is possible that differential post-translational regulation of 

isoform mRNA expression may be involved in the regulation of LFA-3 at the 

protein level. Thus, neither the presence nor lack of a common pattern of LFA-3
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mRNA isoform expression would be expected to be relevant to protein expression 

and, therefore, levels of LFA-3 mRNA expression would also appear to be 

irrelevant to the pathology of OLP. In order to examine the putative post- 

transcriptional controls of LFA-3 expression future studies may focus on systems 

known to involve significant modulations of LFA-3 protein, including 

differentiation of naive T cells to ‘memory’ T cells (Wallace and Beverley 1990) 

and infection with certain viruses, such as EBV (Busson et al 1992, Calender et 

al 1990).
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Chapter VI Identification and cloning of human 

LFA-3 AD2

Introduction

As described in Chapter I,A,, two isoforms of LFA-3, possibly generated by 

alternate splicing of RNA transcripts, have been reported previously in vivo. 

These isoforms differ in their membrane anchoring mechanism, but are identical in 

their extracellular domains. TM LFA-3 contains a membrane-spanning domain and 

short cytoplasmic tail (Wallner et al 1987), whereas GPI LFA-3 is anchored 

within the membrane (Seed 1987).The cDNA sequence for a third mRNA isoform 

of LFA-3, termed LFA-3 AD2, has recently been identified in sheep (GenBank 

Acc. No. D28583) and in vitro in the human T cell line MOLT-4 (GenBank Acc. 

No. D28586). Sequence data indicate that this isoform encodes the TM LFA-3 

anchoring region and a truncated extracellular region consisting of only the 

membrane distal domain, domain 1, of the other isoforms. Both TM and GPI 

sequences indicate the presence of a signal peptide which is cleaved from the 

mature protein and may be involved in post-translational processing. The presence 

of this signal sequence has not previously been reported for the AD2 isoform 

transcript Moreover, a human form of LFA-3 AD2 has not yet been observed at 

either the mRNA or protein level in vivo.

Initial immunohistochemical studies described in Chapter III identified the 

presence of possibly novel isoforms of LFA-3 in chronically inflamed oral tissues. 

Specifically, cytoplasmic LFA-3 expression has been observed without 

accompanying surface antigen in a macrophage population within lesional tissue of 

patients with OLP and substantial levels of an apparently ‘soluble’ form of LFA-3, 

which may be associated with components of the extracellular matrix, are also 

present in these samples. RT-PCR analysis of LFA-3 isoforms in both cell lines 

and oral tissues (Chapter V.A.) have identified the apparently constitutive
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expression of a putative novel LFA-3 mRNA transcript. Currently, although no 

separate mRNA has been identified for sLFA-3, its possible existence remains to 

be excluded.

In the light of available data, the RT-PCR technique has been utilized to further 

examine the expression of this novel LFA-3 mRNA isoform. In addition, the 

identity and sequence of the novel LFA-3 transcript have been unequivocally 

determined.

V I.A  RT-PCR for LFA-3 AD2 mRNA expression

The expression of LFA-3 mRNA isoforms was determined in the range of samples 

described above (Chapter V). RNA extraction, RT and PCR were carried out as 

previously described (see page 61) using the primer pairs in Tab. VI.A.l. 

Predicted product sizes were determined from existing mRNA sequences (Seed 

1987, Wallner et al 1987).

Both primer pairs employed were able to detect the transcripts for all the two major 

LFA-3 isoforms, using the same 5'-3' inverse oligonucleotide (LFA-3E), with two 

different 5'-3' primers distinguishing between the signal sequence (LFA-3S) and 

the 5' start of the extracellular domain sequence (LFA-3B). PCR products for the 

TM and GPI isoforms were observed in all samples examined (Fig. VI.A. 1). In 

addition, PCR products of the predicted size for the AD2 isoform of LFA-3 were 

observed in a large majority of samples tested (Fig. VI.A.l), and were distributed 

among both normal and affected gingival and mucosal tissues. Overall, the relative 

levels of AD2 PCR product present, again estimated visually, appeared to be much 

lower than that of either of the other isoforms. The proportion of AD2 relative to 

the TM and GPI isoforms also varied between samples, and in one sample the
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AD2 product was far more apparent than that of either TM or GPI (Fig. V.D.l, 

lane ii). No apparent relationship was observed between the expression of the AD2 

mRNA isoform and a particular tissue or disease state.

(a) Primer Orientation Sequence

LFA-3E 5'-3' Inverse tggagttggttctgtctg

LFA-3S 5'-3‘ cgacgagccatggttgctgg

LFA-3B 5'-3‘ ggtgttgtgtatgggaatgt

(b) Primer 
pair

Predicted product size (bp) 
TM-LFA-3 GPI-LFA-3_______LFA-3 AD2

LFA-3B/3E
LFA-3S/3E

646
757

681
792

381
492

Table VI.A.l Oligonucleotide primers for LFA-3 AD2 identification.

(a) PCR oligonucleotide primer sequences and (b) predicted sizes of PCR products 

using each primer pair.

PCR analysis of samples using the primer pair LFA-3S/3E generated products 

corresponding to the sizes predicted for TM, GPI and AD2 isoforms (Fig.

VI.A. 1). This indicates, firstly, that the RT-PCR amplified LFA-3 AD2 transcripts 

contain a sequence homologous to the known LFA-3 signal sequence as defined 

by primer LFA-3S and, secondly, that the size of the resulting LFA-3 AD2 PCR 

product is precisely that predicted for a AD2 transcript containing a signal sequence 

of equal length to that described for the other LFA-3 transcripts (90 bp).
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Fig. VI.A.l. Analysis of LFA-3 AD2 RT-PCR products. Isoforms are: 

a, GPI; b, TM and c, AD2. Lanes show (i) RT-PCR products, corresponding to 

all three isoform transcripts, generated with primers LFA-3S/3E in normal buccal 

mucosa, (ii) ) RT-PCR products generated with primers LFA-3B/3E in normal 

buccal mucosa, showing AD2 as the dominant isoform, (iii, iv) examples of RT- 

PCR products generated with primers LFA-3B/3E in normal buccal mucosa and 

OLP lesional mucosa, respectively, and (v) PhiX174/HinfT DNA size markers.

6% polyacrylamide gel, ethidium bromide staining.
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V I . B Cloning and sequencing of LFA-3 AD2

PolyA-tailed RT-PCR products were generated, using primer pair LFA-3B/3E, 

and cloned in a TA vector as described (see page 69). Plasmid-plus-insert- 

containing bacterial colonies were identified and selected and PCR analysis 

employed to determine specific clones which were positive for the AD2 isoform 

(see page 71).

(a) 1 gtgtatggga atgtaacttt ccatgtacca agcaatgtgc ctttaaaaga
51 ggtcctatgg aaaaaacaaa aggataaagt tgcagaactg gaaaattctg
101 aattcagagc tttctcatct tttaaaaata gggtttattt agacactgtg
151 tcaggtagcc tcactatcta caacttaaca tcatcagatg aagatgagta
201 tgaaatggaa tcgccaaata ttactgatac catgaagttc tttctttatg
251 tgcttggtea ttcaagacac agatatgcac ttattcccac cccattagca
301 gtaatcacaa catgtattgt gctgtatatg aatgggattc tgaaatgtga
351 cagaaaac

(b)
1 50
VY GN VTFHVPSNVPLKEVLWKKQKDKV GELENSEFRAFSSFKNRVYLDTV

51 100
SGSLTIYNLTSSDEDEYEMESPNITDTMKFFLYVLGHSRHRYALIPIPLA

101 119
VrrTCIVLYMNGILKCDRK

Tab. VI.B.l LFA-3 AD2 mRNA nucleotide and derived amino acid 

sequences, (a) 358 bp cDNA sequence corresponding to the internal region of 

human LFA-3 AD2 mRNA flanked by primers LFA-3B and LFA-3E, and (b) 

Predicted internal 119 residue amino acid sequence derived by alignment of AD2 

cDNA sequence with known cDNA sequences of both human TM-LFA-3 and 

MOLT-4 LFA-3 AD2.
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Restriction enzyme digestion analysis of the prepared plasmid DNA, as described 

(see page 73), confirmed that the selected insert was of the expected size (data not 

shown). Amplified, purified plasmid DNA was used to determine the insert 

sequence in both directions. As shown in Tab. VT.C.l, this sequencing resulted in 

a 358 bp sequence (GenBank Acc. No. S79616) which, along with the 119 

residue amino acid sequence derived from the cDNA, demonstrated 100% 

homology with the aligned region of the reported GenBank AD2 cDNA (D28586) 

and amino acid sequences reported for MOLT-4 cells.

VI.C Identification and cloning of human

LFA-3 AD2: Discussion

The present results demonstrate that all three known isoforms of LFA-3 mRNA 

are expressed concurrently in human tissue in vivo, and that the human AD2 

cDNA isoform identified in this study is homologous with the isoform previously 

reported only in vitro. Although a full length mRNA sequence has yet to be 

obtained for LFA-3 AD2, this study has confirmed that LFA-3 AD2 in vivo is 

100% homologous with the LFA-3 AD2 cDNA sequence previously reported in 

the human T cell tine MOLT-4, including the region of the transcript at which there 

is divergence from the sequences of the TM- and GPI-LFA-3 transcripts (putative 

alternative splicing site).

The AD2 isoform, despite lacking a large extracellular region, appears to code for a 

functionally complete LFA-3 molecule since it contains the CD2-binding domain 

D1 and the transmembrane region identical to those of the TM isoform. 

Furthermore, since LFA-3 AD2 cDNA has been shown to contain the same signal 

sequence as the TM and GPI isoforms, it may be expected that this mRNA is also 

capable of translation into a protein.
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The sheep homologue of LFA-3 AD2 has been cloned into a bacterial expression 

system and has been shown to be functional in both inhibition of E-rosetting and 

an immunosuppression assay (Yamashita et al 1997). Immobilized sheep LFA-3 

AD2 also specifically binds CD2+ T cells and is capable of providing co

stimulatory activation signals to these cells (Dr. Tetsu Kakutani; Kaneka 

Corporation, Hyogo, Japan; Personal communication) (Yamashita et al 1997). 

These findings demonstrate that the distal domain (Dl) of LFA-3 is an 

independently functionally active region of the molecule, in agreement with epitope 

studies of human LFA-3 which have shown domain 1 to be essential for T cell 

activation via LFA-3 (Dengler et al 1992).

Although LFA-3 AD2 remains to be observed as a naturally occurring molecule in 

vivo, and no differences in biological activity have yet been reported between the 

two main isoforms, the membrane anchoring mechanism may be an important 

feature in determining functional specificities. This is based on the view that GPI- 

LFA-3, in common with other GPI-linked proteins such as Thy-1 (Ishihara et al

1987) and alkaline phosphatase (Noda et a l 1987), has a far greater diffusion rate 

within the membrane than TM LFA-3 (Dustin and Springer 1991, Hollander et al

1988), which has been described as immobile (Hollander et al 1988). GPI LFA-3 

may, therefore, be more closely involved than are the other isoforms in the 

regulation of cell-cell adhesion reactions, since it can move more rapidly to areas 

of cell-cell contact. In contrast, because of its cytoplasmic tail, the TM form is far 

more likely to be involved in signal transduction pathways, both for T cell 

activation via CD2 and perhaps also for stimulation of apposing, non-T, cells such 

as B-cells, fibroblasts or keratinocytes via the LFA-3 molecule itself.

The present study is the first report of human LFA-3 AD2 in vivo. Structurally, 

this isoform lacks the extracellular domain proximal to the membrane which is 

present in the TM and GPI forms. However, this domain has been shown, using
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recombinant human LFA-3 and monoclonal antibodies directed against specific 

epitopes, to be uninvolved in CD2/LFA-3 binding, although it may be involved in 

some T cell activation (Dengler et al 1992) and may have limited involvement in 

E-rosette formation (Dengler et al 1992). Thus, while the lack of the proximal 

domain would be expected to have only minimal effect on the function of LFA-3 

AD2, the structure of LFA-3 AD2 places the major functional (distal) domain 

closer to the cell membrane. This change may allow this isoform to establish a 

closer, and perhaps functionally distinct, region of CD2/LFA-3-mediated cell-cell 

contact which may affect signal transduction through adhesion-dependant 

pathways. However, any LFA-3 AD2-mediated properties are obviously 

dependent on expression of a functional protein, the presence of which remains to 

be observed in vivo.

In preliminary Southern blot analysis experiments, carried out using the cloned 

and sequenced AD2 PCR product as a probe, the AD2 isoform was detectable in all 

samples, including those in which no AD2 transcript was observed by PCR 

analysis alone. This observation provides further evidence that transcripts for all 

three currently known isoforms of LFA-3 are expressed constitutively in both 

normal and diseased tissue.
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Chapter VII Regulation of cell-associated and soluble 

forms of LFA-3

Introduction

As detailed in Chapter I, altered expression of LFA-3 has been implicated in a 

range of inflammatory pathologies, such as chronic hepatitis (Mosnier et al 1994). 

Such an alteration has also been observed in OLP where, despite clear differences 

in LFA-3 expression patterns compared with healthy tissue, there is little evidence 

to suggest LFA-3 mRNA modulation/regulation occurs as a result of the disease 

process. Indeed, unlike adhesion molecules such as ICAM-1, current data indicate 

that surface LFA-3 expression is not significantly influenced by factors such as 

inflammatory cytokines. Little is currently known of the susceptibility of the 

soluble form of LFA-3 (sLFA-3) to cytokine-mediated modulation.

Both in vivo and in vitro data support an active role for both surface-associated 

and soluble forms of LFA-3 as modulators of immune function and thus their 

regulation may be central to certain immune responses. sLFA-3 acts as an 

immunomodulator in vitro, blocking T cell-mediated adhesion and cytolysis 

(Albert-Wolf et al 1991, Albert-Wolf et al 1992). This sLFA-3 may be released 

by some, but not all, tumour lines (Scheibenbogen et al 1993), exhibiting a cell 

line-dependent susceptibility to IFN-y-mediated down-regulation (Scheibenbogen 

et al 1993) and TNF-a-mediated up-regulation (Hoffmann et al 1993). 

Moreover, loss of surface-associated LFA-3 expression by tumour lines reduces 

tumour cell susceptibility to CTL-mediated lysis (Une et al 1991). Thus 

modulation of sLFA-3 production has been suggested as a possible mechanism to 

enhance tumour evasion from immuno-surveillance and aid metastasis 

(Scheibenbogen et al 1993). The effects of host cytokine profiles on target cell 

sLFA-3/LFA-3 expression may feasibly provide a more immunosuppressive 

environment, reducing the effectiveness of cell-mediated immune responses.
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No clear picture of the regulation of LFA-3 expression exists. Indeed, despite the 

gene structure of LFA-3 having recently been defined, along with the LFA-3 gene 

promoter region and putative regulatory element binding sites (Wallich et al 

1998), current evidence suggests that LFA-3 expression is regulated post- 

transcriptionally. The apparent lack of a distinct mRNA for sLFA-3 suggests that 

regulation of sLFA-3 production may be enzymatically regulated via cleavage of 

membrane-associated LFA-3. The process by which sLFA-3 is generated has not 

yet been delineated, although it appears that a GPI-specific phospholipase may be 

at least partially responsible (Itzhaky et a l 1998), as has been demonstrated for 

other GPI-linked surface antigens, including the urokinase receptor and axonin-1 

(Brunner et al 1996, Brunner et al 1994, lierheimer et al 1997). The 

relationship between the cellular expression of LFA-3 protein and the production 

of sLFA-3 remains to be established, as do the mechanisms of regulation of sLFA- 

3.

Delineation of the regulatory pathways for both surface-associated and soluble 

forms of LFA-3 will clearly further define the role of LFA-3 in vivo and the 

powerful immunomodulatory properties of this molecule, for example, within 

OLP lesions. To this end, the current studies have examined the cytokine 

responsiveness of both surface LFA-3 expression and sLFA-3 production in a 

range of cell lines. Furthermore, the relationship between the various forms of 

LFA-3 under basal and inflammatory circumstances, and the role of GPI-PLC as a 

putative mechanism for sLFA-3 generation has also been examined.
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V ILA  Basal levels of surface and intracellular LFA-3 

expression

The cell lines used in this study, to give a representative in vitro selection of cell 

types likely to be involved in OLP pathogenesis, were A431, HF (derived from 

OLP mucosa; see page 76), HEp2, HepG2 and Jurkat,. Cells were maintained and 

treated as necessary as described above (see pages 74-82). FACS analysis was 

carried out as described (see page 83).

To examine basal LFA-3 expression, cells were prepared, stained and analysed 

without cellular permeabilization. Basal levels of surface-associated LFA-3 were 

determined for each cell line as the mean of the control (cells treated with medium 

alone) AFI values from all experiments for that cell line, and are show along with 

basal ICAM-1 values in Fig. VH.A.1. Basal expression of surface-associated 

LFA-3 varied considerably between the cell lines examined. However, LFA-3 was 

expressed to some degree by each of these cell lines.

In contrast, levels of basal ICAM-1 expression were not consistently detectable on 

either HepG2 or Jurkat cells. Moreover, ICAM-1 expression levels did not appear 

to correlate with LFA-3 expression. Surface ICAM-1 was expressed 

HepG2>A43 l>HF>HEp2> Jurkat

FACS staining of fixed cells permeabilized with saponin (see page 83) facilitated 

the quantification of total basal level of cellular LFA-3 in each cell line. By 

subtraction of the surface AFI level from the total cellular AFI level for that antigen 

a value may be obtained corresponding to the AFI level for intracellular antigen.

As shown in Fig. VII.A.2, when carried out for LFA-3, the results demonstrate 

the presence of an intracellular ‘pool’ of LFA-3 to be present in all of the cell lines
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examined. The amount of LFA-3 present intracellularly relative to that present at 

the surface varied according to the cell line and ranged from around 30% (HepG2) 

to more than 50% (HF) of the total cellular LFA-3, as determined from AFI 

values. Relating these results to the basal cellular surface LFA-3 levels, A431 cells 

would be expected to have the largest quantity of intracellular LFA-3.

No intracellular ICAM-1 expression was detectable in any of the lines examined.

V II.B  Basal levels of sLFA-3 production

Basal levels of sLFA-3 production were determined for each cell line and 

quantified by ELISA. The basal level was defined as that concentration of sLFA-3 

released from the cells into the culture media during 72 h incubation under the 

standard assay conditions as described (see page 78). The basal levels of sLFA-3 

production varied greatly between the cell lines, with HepG2 cells demonstrating 

the highest basal level (Mean 6.35 ± 2.41 ng/ml) and HF the lowest (Mean 0.29 ± 

0.26 ng/ml) under these conditions.

The mean number of cells/well (after 72 h incubation) in these assays was:

A431 3.71x10s

HF 1.54 xl0:

HEp2 4.83 xl0:

HepG2 4.32 xl0:

Jurkat 8.03 xl0:
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Fig. VII.A.l Basal expression of surface LFA-3 and ICAM-1, and 

basal levels of sLFA-3 production, (a) Mean expression levels of surface- 

associated LFA-3 (closed bar; ■) and ICAM-1 (open bar; □), as quantified by 

FACS analysis; (b) mean sLFA-3 release (±SD) per 106 cells during 72 h of 

culture under standard conditions, quantified by ELISA.
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Fig. YII.A.2 Relative expression levels of intracellular and surface- 

associated LFA-3 . Mean relative amounts of intracellular (open bar; □) and 

surface-associated LFA-3 (closed bar; ■) expressed by cell lines were calculated as 

percentages of total cellular LFA-3. Cells were cultured under control conditions 

and intracellular and surface LFA-3 expression measured by FACS analysis with 

and without saponin permeabilization.
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Thus, expressed as sLFA-3 production per 106 cells (over 72 h) per ml and 

adjusted to account for the media volume used in the assay (0.5 ml), the basal 

levels for each cell line were calculated to be:

A431 1.85 ±0.39 ng

HF 0.94 ±0.8 ng

HEp2 4.09 ±0.63 ng

HepG2 7.35 ±2.8 ng

Jurkat 0.29 ±0.07 ng

As shown in Fig. VII.A.l, this demonstrates that the actual hierarchy of sLFA-3 

production in these cell lines is HepG2>HEp2>A431>HF>Jurkat.

There was no apparent correlation between basal levels of surface LFA-3 

expression and basal sLFA-3 production. Furthermore, there was also no apparent 

correlation between levels of intracellular LFA-3 and basal sLFA-3 production.

( i)  Effect of GPI-PLC on sLFA-3 production

One putative mechanism for the generation of sLFA-3 is the enzymatic clipping 

and consequent release of surface-associated GPI LFA-3 through the action of a 

GPI-specific phospholipase C (PLC) at the cell surface. Each of the cell lines was 

examined for their relative sensitivity to purified bacterial GPI-PLC in both a dose- 

dependent manner. As shown in Fig. VII.B.l, only HF cells demonstrated no 

supra-basal sLFA-3 release upon dose-dependent treatment with GPI-PLC. The 

release of increased amounts of sLFA-3 by each of the other lines in comparison to 

their basal levels demonstrates the presence of GPI-PLC susceptible (GPI) form of 

LFA-3 at the cell surface. Maximal sLFA-3 released ranged from 474% to
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>1400%, for Jurkat and HEp2 cells, respectively, of basal values. Furthermore, 

although HepG2 and Jurkat cells generated maximal percentage increases in GPI- 

PLC-mediated sLFA-3 release, quantitatively, the maximal sLFA-3 released from 

HepG2 cells (14 ng/ml; approx. 30 ng/106 cells) was far in excess of that released 

by Jurkats (2.5 ng/ml; approx. 3 ng/106 cells). In time-dependent studies, in 

which cells were treated with a constant dose of GPI-PLC (0.125 U/ml) and 

supernatants harvested at different time points, similar cell line-dependent results 

were also obtained (data not shown).

The addition of phospholipase D to any of the cell lines at concentrations of up to 

2.5 U/ml did not affect sLFA-3 release in any way (data not shown).

The cell lines were also examined for the effect of phospholipase inhibitors (1,10- 

Phenanthroline, ET-18-OCH3) on basal sLFA-3 release. However, no reliable 

results were obtained due to the apparently cytotoxic effects of these compounds at 

potentially inhibiting doses over the time period of the assay (4 h). Furthermore, 

even for HepG2 cells, sLFA-3 production during this assay period was relatively 

low and any modulations were difficult to observe. Similarly for the protease 

inhibitor, leupeptin, no reliable results were obtainable.

The re-expression of surface and intracellular LFA-3 was further examined in 

HEp2 and HepG2 cells to determine any specific effects of GPI-PLC treatment. 

Cells were prepared and treated with GPI-PLC as described above (see page 80). 

At the end of the treatment period samples of treated cells were washed x3 with 

PBS and fresh medium added. Cells were either harvested immediately or allowed 

to recover from the treatment for 1 h, 4 h or 24 h before harvesting for FACS 

analysis. Control cells were treated with medium alone. Fixed cells were stained 

for LFA-3 expression both with and without permeabilization to allow 

quantification of intracellular and total LFA-3 levels. As can be seen in Fig.
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VILB.2, surface LFA-3 was reduced as expected after GPI-PLC treatment and 

recovered to some extent by 4 h post-treatment, particularly in HEp2 cells. After 

24 h recovery period surface LFA-3 had returned to around the control level in 

both cases. However, in contrast to surface levels, intracellular LFA-3 levels 

began to rise v/ithin the first hour of recovery, continuing to increase during the 24 

h recovery period, resulting in an overall increase in total cellular LFA-3 compared 

with pre-treatment control levels.

To examine the role of protein transport in sLFA-3 release, permeabilizing and 

non-permeabilizing FACS analysis was also performed on HEp2 and HepG2 cells 

treated with GPI-PLC at 0.125 U/ml for 4 h, as described above, and compared 

with HEp2 and HepG2 cells pre-incubated with an inhibitor of Golgi protein 

transport, monensin (5 (iM final concentration), for 30 min, followed by co

treatment with monensin (5 }iM) and GPI-PLC at 0.125 U/ml for 4 h. No 

differences were observed in surface or intracellular LFA-3 levels in 

monensin/GPI-PLC-treated cultures compared with GPI-PLC-treated ‘controls’.

The supernatants from each of the GPI-PLC assays were harvested for ELISA 

analysis as previously described. In each case ELISA for sLFA-3 was carried out 

and in all experiments the presence of the expected supra-basal level of sLFA-3 in 

the supernatant was confirmed, demonstrating the activity of the enzyme.
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Fig. VII.B.l Dose-dependent effect of GPI-PLC on sLFA-3 

production; by A431 (■; solid line), HEp2 (♦; broken line) HepG2 ( • ;  dotted 

line), HF (A; solid line) and Jurkat (T; broken line) cells, expressed as % of 

control sLFA-3 release during the 4 h assay period.
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Fig. VII.B.2 Effect of GPI-PLC treatment on surface and 

intracellular LFA-3 expression. Surface (■) and intracellular (♦), LFA-3 

expression of (a) HEp2 and (b) HepG2 cells was assessed after cells were treated 

for 4 h with GPI-PLC and either harvested immediately or allowed to recover for 

1,4 or 24 h. Control cells were treated with medium alone. LFA-3 expression was 

determined by permeabilizing and non- permeabilizing FACS analysis and all 

values are expressed as a percentage of the control values.
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VII.C  Effect of cytokines on cell-associated

LFA-3 expression

All the cell lines were analysed for the effect of IL-18, IL-10, TNF-a and IFN-y 

on surface expression of LFA-3 as quantified by non-perraeabilizing FACS. As a 

comparison, expression of ICAM-1 was also examined in these experiments. The 

results of these studies are presented in Fig. VII.C.l.

Significant cytokine-mediated modulations of the surface expression of LFA-3 

were noted in only two cases. Incubation with IL-16 had a significant effect on the 

expression of LFA-3 only for HepG2 cells, where a mean 60.6% increase in 

surface LFA-3 was observed. A431 cells were the only line in which surface LFA- 

3 responded to IFN-y, demonstrating a mean 38.2% decrease after 72 h incubation 

with the cytokine.

Smaller, consistent, although not statistically significant, modulations in surface 

LFA-3 expression levels were noted for several combinations of cell lines and 

cytokines, although in most cases surface LFA-3 expression levels remained 

essentially unaltered.

The effect of cytokine treatment on intracellular LFA-3 was also examined for 

A431, HEp2 and HepG2 cells treated with IL-18, TNF-a or IFN-y. However, no 

modulation of intracellular LFA-3 levels was observable in any case.

In contrast with surface LFA-3 expression, the surface expression of ICAM-1 

was, as expected, greatly affected by the presence of specific cytokines, as shown 

in Fig VII.C.1.
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Fig. VII.C.l Effect of cytokines on surface expression of LFA-3 

and ICAM-1. Cells were cultured for 72 h in the presence of IL-1B (closed bar), 

TNF-a (open bar) or IFN-y (dashed bar). Expression of surface antigens (a) LFA- 

3 and (b) ICAM-1 was measured by non-permeabilizing FACS analysis. Figures 

in brackets indicate the % increase of ICAM-1 expression after IFN-y treatment. 

♦Denotes statistically significant modulation of LFA-3 expression (p<0.05).
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V II.D  Effect of cytokines on sLFA-3 production

The effect of a range of cytokines on the release of sLFA-3 from each of the cell 

lines was carried out as described above and quantified by ELISA. For each 

experiment, mean values were calculated and expressed as a percentage of the 

control, or basal, level of sLFA-3 release for that assay. Finally, for each cytokine 

and cell line, a total mean value was determined from all experimental data.

All the cell lines assayed demonstrated increased production of sLFA-3 in 

response to IL-16. Quantitatively, the increase in sLFA-3 in HF and Jurkat 

cultures was minimal (<1 ng/ml) although representing a maximal % of control
r  M 1-  •‘'C  I £ .v J )  '" '> ‘"1 \X . ^

increase of >2QQ%[. Comparison of the other 3 lines shows a hierarchy of
A.

responsiveness, with HepG2>HEp2>A431 (Fig. VII.D.l). Furthermore, these 

line appear to reach a plateau level at or before 2.5 ng/ml of cytokine.

IL-10 was incapable of significantly affecting sLFA-3 release from any of the lines 

examined over the concentration range used. Similarly, when assessed for their 

response to IL-15, over the range 25-500 ng/ml, no significant effect on sLFA-3 

production was observed in any of the cell lines. Jurkat cells were also examined 

for their response to IL-12 (ImmunoKontact; range 0.0625 - 2.0 ng/ml), again 

resulting in no significant modulation of sLFA-3 release in these cells.

Treatment of A431, HF, HEp2 or HepG2 cells with TNF-a resulted in a dose- 

dependent increase in sLFA-3 release, (Fig. VII.D.1) The response did not appear 

to have reached a plateau level at the maximum TNF-a concentration applied. As 

with IL-16 treatment, HF cells generated impressive percentage increases in sLFA- 

3 production for only minimal increases in quantitative output due to their very low 

basal levels.
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Fig. VII.D.l Effect of cytokines on sLFA-3 production. The effect of 

(a) IL-1B, (b) TNF-a and (c) IFN-y on sLFA-3 production by A431 (H; solid 

line), HEp2 (♦; broken line) and HepG2 ( • ;  dotted line) cells was quantified by 

ELISA and is expressed as the percentage of sLFA-3 released by untreated cells. 

* Denotes statistically significant results (p<0.05).
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Similar response curves, and levels of response (as % of control) were observed 

for A431, HEp2 and HepG2 cells, although A431 and HEp2 cells were the more 

responsive at lower cytokine concentrations. In comparison, Jurkat cells exhibited 

a consistent and dose-dependent decrease in sLFA-3 release in response to TNF- 

a, although with a maximum reduction of only around 30% at 10 ng/ml of 

cytokine (data not shown). Quantitatively, this corresponds to a reduction from 

around 0.45 to around 0.3 ng/ml sLFA-3 in these cells in this assay.

The addition of IFN-y resulted in a decrease in sLFA-3 release of up to 50% from 

HF, HEp2, HepG2 and Jurkat cells at the lowest applied concentration (Fig. 

VH.D.l). Furthermore, this down-modulating effect appeared to be maximal at 

this dose of IFN-y (25 ng/ml) with concentrations of up to 500 ng/ml resulting in 

no further significant decrease in sLFA-3 release from any of the responsive cell 

lines. Conversely, IFN-y treatment of A431 cells induced an increase in sLFA-3 

release to above 140% of control levels. The maximal effect on A431 cells 

occurred at 175 ng/ml.
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V II.E  Regulation of cell-associated and soluble

forms of LFA-3: Discussion

This study has examined the expression and regulation of cell-associated and 

soluble forms of LFA-3 in a range of cell types. By thus comparing LFA-3 in 

three distinct cellular ‘regions’ it may be possible to understand more about the 

steady-state and inflammatory regulatory mechanisms governing the expression of 

this important adhesion molecule.

LFA-3 exists in vivo at the cell surface as two distinct isoforms, namely TM LFA- 

3 and GPI LFA-3. No functional differences are known to exist between these two 

isoforms. In addition, LFA-3 is produced both in vitro and in vivo as a soluble 

form, sLFA-3, which has been observed and characterized in various body fluids 

(Hoffmann e ta l 1993). The process leading to the generation of sLFA-3 has not 

yet been delineated, although no mRNA for a soluble form has thus far been 

identified.

Recently, the genomic structure of the LFA-3 gene has been delineated (Wallich et 

al. 1998). Two splice acceptor sites have been identified within the genomic 

structure, which has provided the strongest evidence currently available that the 

generation of the various LFA-3 mRNA transcripts is mediated via alternative 

splicing. However, although the LFA-3 promoter sequence is now known and 

putative transcription factor binding sites have been identified, factors capable of 

determining the basal and inflammatory levels of LFA-3 expression at either 

mRNA or protein level have yet to be identified. Current evidence suggests that 

LFA-3 mRNA expression is constitutive in many, if not all, cell types, not all of 

which express surface LFA-3. As has been demonstrated (Chapter V), tissues and 

cell fines may express varying amounts of each mRNA isoform which, again, do 

not appear to relate to surface LFA-3 expression levels, which may be indicative of
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post-transcriptional controls. For example, comparable LFA-3 mRNA expression 

may be observed in Jurkat and A431 cells, even though they differ greatly in 

surface LFA-3 expression.

The basal levels of surface LFA-3 expression cover a wide range and do not 

correlate to basal sLFA-3 production. HepG2 cells express little more surface 

LFA-3 than do HF cells and less than 25% of that of A431 cells, as an AFI 

quantification, yet the HepG2 cells generate by far the highest basal level of sLFA- 

3. Thus cell-specific regulation as well as independent regulation of each isoform 

may occur.

By utilizing permeabilizing and non-permeabilizing FACS analysis, this study has 

demonstrated, for the first time, that cell lines from a range of sources all exhibit 

an intracellular pool of LFA-3. The relative amount of intracellular LFA-3, as a 

percentage of total LFA-3, was fairly consistent at around 40% for each cell line, 

equivalent to around 66% of the surface protein, perhaps indicative of a common 

regulatory mechanism. The presence of intracellular LFA-3 in vivo has only 

previously been shown in immunohistochemical studies of hepatitis virus-infected 

liver cells and in Sertoli cells of the testis (Autschbach et al 1991, Smith and 

Thomas 1990), and any functional role for this pool has yet to be determined. No 

intracellular protein was detectable for ICAM-1 under any of the conditions tested, 

further demonstrating the regulatory differences between these adhesion 

molecules.

In JY cells it has been demonstrated that intracellular LFA-3 comprises only the 

GPI-linked isoform (Hollander 1992). That intracellular (GPI) LFA-3 levels have 

been demonstrated to be up-regulated as a result of GPI-PLC-mediated cleavage of 

surface GPI LFA-3 suggests that the presence of this ‘pool’ may be related to the 

regulation of LFA-3 expression at the cell surface, facilitating rapid replacement of
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cleaved surface antigen. Moreover, the intracellular form of LFA-3 may possibly 

be involved in the generation of sLFA-3 via direct secretion or exocytosis. 

However, the results demonstrate that, as with surface expression, the relative 

amount of intracellular LFA-3 does not correlate with the level of sLFA-3 

production in any particular cell line. For example, A431 cells exhibit the largest 

intracellular levels of LFA-3, yet basally release less than one third as much sLFA- 

3 as do HepG2 cells.

There is tittle previous evidence, either in vitro or in vivo, to suggest that surface 

LFA-3 expression is sensitive to cytokine modulation and the present results are in 

agreement with this. Despite significant effects in two instances, the levels of 

surface LFA-3 remain virtually constant in comparison with that of ICAM-1, 

which is highly responsive to inflammatory cytokines such as IL-1B. Such 

unresponsiveness may relate to the constitutive expression of LFA-3 and a 

possible in vivo role for LFA-3 in cell adhesion and T cell activation in cellular 

environments where cytokines may remain to be induced and adhesion molecules 

such as ICAM-1 may not be expressed.

In contrast with surface LFA-3, inflammatory cytokines appear to have substantial 

influence over the generation of the soluble form of the molecule. Thus, each of 

the tines examined demonstrated sLFA-3 responsiveness to IL-1B, TNF-a and 

IFN-y but not to IL-10, IL-15 or, in the case of Jurkats, IL-12. IL-10 may be 

described as an immunosuppressive, TH2-type cytokine, which antagonises TH1 

responses (Moore et al 1993). In contrast, IL-12 demonstrates IL-2-tike 

properties, mediating TH1 (OLP type) responses, via IFN-y induction (Trinchieri 

1995). IL-15 is a pleiotropic cytokine which also demonstrates IL-2-tike activities 

(Tagaya et al. 1996) and may be important in the periphery (outside the lymphoid 

system) in steady-state immunosurveillance - environments where CD2/LFA-3 

interactions may also be of increased importance (Targan et al 1995). However,

164



neither the opposing TH1/TH2 cytokines nor IL-15 were able to induce significant 

modulation of sLFA-3 levels in this study.

The modulations of sLFA-3 production mediated by IL-16, TNF-a and IFN-y 

were all statistically significant, and distinct response profiles were associated with 

each cytokine and cell line. IL-16 and TNF-a both induced increased sLFA-3 

release in all the cell lines except Jurkats, which reduced sLFA-3 production upon 

TNF-a treatment. In particular, the responses of the epithelial lines (A431, HEp2 

and HepG2) to these cytokines were similar in each case, reaching a plateau of IL- 

16 responsiveness at a relatively low dose, and continuing to increase sLFA-3 

release at the maximal TNF-a dose employed. In vivo, a consequence of such 

increased local sLFA-3 release may be a reduction in T cell adhesion to LFA-3- 

expressing ‘target’ cells, sLFA-3 acting in this case as an immunosuppressor. 

sLFA-3 has been demonstrated to exert such an effect in vitro (Albert-Wolf et al 

1992). Such an effect may be beneficial for the target cell. These cytokine data 

indicate that modulations of sLFA-3 occur as a result of a general cell-mediated 

inflammatory responses rather than as a specific aspect of either TH1 or TH2 

responses.

It has been demonstrated previously that sLFA-3 production by melanoma cell 

lines may facilitate the evasion of the immune system by the melanoma via sLFA- 

3-mediated inhibition of cytotoxic T cell function (Scheibenbogen et al 1993). 

IFN-y is a potent inducer of T cell cytotoxicity and the differential responses of the 

epithelial lines studied to this cytokine with regard to sLFA-3 release may be 

indicative of their susceptibility to T lymphocyte attack. HEp2 and HepG2 cells 

exhibit maximal inhibition of sLFA-3 release at low doses of IFN-y, theoretically 

enhancing the ability of T lymphocytes to bind to these lines. A431 cells are 

resistant to low IFN-y doses in this respect, and increase sLFA-3 release in 

response to higher doses of this cytokine. Such a response may well affect
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cytotoxic T cell function and be protective for A431 cells. Although some 

circumstantial evidence exists for an association between non-susceptibility to 

IFN-y-mediated inhibition of sLFA-3 release and malignancy or metastasis 

(Scheibenbogen et al. 1993), this remains to be clearly demonstrated.

Thus, the cytokine-mediated modulations of sLFA-3 release had no effect on 

surface LFA-3 levels, perhaps suggesting that either (enzymatically-cleaved) 

surface LFA-3 is rapidly replaced, or that sLFA-3 is directly released from an 

intracellular store. However, changes in surface expression may be small, and the 

dynamics of LFA-3 expression suggest that only surface LFA-3 ‘cleaved’ in the 

final 12 hours of the assay would remain to be replaced (Hollander 1992).

The present study has also investigated whether specific cleavage of GPI-linked 

LFA-3 may be an important mechanism of sLFA-3 generation. Cell surface- 

expressed GPI-linked LFA-3 should, therefore, be susceptible to cleavage by 

GPI-specific phospholipases, as has been demonstrated using purified bacterial 

(B. cereus) GPI-PLC. FACS analysis of PLC treated cells indeed confirmed that, 

although these cells may express GPI LFA-3 mRNA (see page 127), HF express 

little or no GPI-PLC sensitive LFA-3, although a recent study has suggested that 

expression of GPI LFA-3 is not a prerequisite for sLFA-3 release (Itzhaky et al 

1998). However, each of the other lines examined appeared to exhibit relatively 

equal reductions in LFA-3 expression, of around 30-40%, after enzyme treatment. 

Thus, it appears that, given their varying levels of surface LFA-3 expression and 

sLFA-3 release, other factors are responsible for the cell line-dependent 

differences in sLFA-3 release. These factors may include the overall secretory 

activity of the cells, their activation state and cellular phospholipase levels, 

although this remains to be determined.
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Monensin treatment of cells before and during a GPI-PLC assay did not affect 

LFA-3 levels compared with controls, demonstrating that Golgi transport of LFA- 

3 would appear to be uninvolved in the time period of the assay. This may indicate 

that there is no replacement of LFA-3 at the cell surface during the assay period, 

consistent with the studies of GPI-PLC treated cells allowed to recover post

treatment. Notably, the ‘recovery’ experiments have demonstrated not only that 

cleaved LFA-3 begins to be replaced at the cell surface after around 4 h, but also 

that cleavage of GPI-linked LFA-3 appears to induce an increase in intracellular 

LFA-3 levels. Intracellular LFA-3 may be all of the GPI-linked isoform, as is 

strongly suggested by a previous study (Hollander 1992), thus the current results 

indicate that additional intracellular GPI LFA-3 is produced before the surface GPI 

LFA-3 is replaced. It remains to be demonstrated that it is this intracellular LFA-3 

which is transported to the cell membrane, although this would appear to be the 

case. Moreover, the increase in intracellular GPI LFA-3 would appear to occur as 

a direct result of GPI-PLC treatment. Both isoforms of LFA-3 are associated with 

kinase activity (Itzhaky et al 1998) which may provide an intracellular signal for 

LFA-3 protein production as a result of (GPI-mediated) LFA-3 cleavage. PLC 

itself may act on other membrane bound molecules to induce such a signal. 

Cleavage of GPI anchors by PLC, in addition to generating a soluble protein 

product, also generates small cleavage products such as dimyristoylglycerol or 

diacetylglycerol which may be implicated in second messenger pathways via 

activation of protein kinases (Rhee and Choi 1992). Therefore a putative self- 

regulatory mechanism exists via which PLC-mediated release of sLFA-3 may 

regulate its own replacement at the cell surface, maintaining both intracellular and 

surface LFA-3 expression.

The precise relationship of intracellular, cell surface and soluble forms of LFA-3 

remains to be delineated, although the current data, and notably the ‘recovery’ 

experiments, suggest that the regulation of LFA-3 levels within each one of these

167



‘compartments’ is inter-related. Moreover, the stability of surface LFA-3 

expression levels has been a consistent feature of these studies. The apparent lack 

of cytokine responsiveness and rapid replenishment of surface LFA-3 to original 

levels after enzymatic cleavage suggests that the basal level of LFA-3 expression 

by particular cell phenotypes is important and may relate to steady-state functions. 

In such a case, it may be that both intracellular and soluble forms of LFA-3 

primarily act to regulate, and to maintain a constant level of, surface LFA-3 

expression.
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Chapter VIII LFA-3-mediated adhesion in vivo: 

Stamper-W oodruff adhesion assays

Introduction

A variety of molecular and cellular forms of LFA-3 are present both in human 

tissues and sera, and modulation of these forms may occur under pathological 

conditions. The regulation and interrelationship of these forms has been 

investigated both in vivo and in vitro using a range of techniques in the studies 

described above. However, despite many previous in vitro studies which have 

clearly demonstrated functional activities associated with the CD2/LFA-3 pathway, 

the in vivo functional relevance of basal LFA-3 expression and apparently 

increased LFA-3 expression in certain inflammatory pathologies, including OLP, 

remains subject to speculation.

The Stamper-Woodruff adhesion assay (Stamper and Woodruff 1976, Stamper 

and Woodruff 1977) has been widely used in studies of inflammation to 

demonstrate the binding of T lymphocytes, and other blood cells, to endothelium 

and/or high endothelial venules within frozen tissue sections (Barbe et a l 1996, 

Kirveskari et al 1998, Steffen et al 1996, Vora et al 1995). Furthermore, the 

assay facilitates the evaluation of the functional role of adhesion molecules in the 

cell-cell binding in an in vivo environment using blocking antibodies directed 

against these antigens. This has allowed the identification of the molecules 

involved in lymphocyte extravasation under both control and inflammatory 

circumstances.

By adapting the conditions of the Stamper-Woodruff assay to specifically enhance 

non-endothelial adherence the binding of exogenous activated T lymphocytes to 

sections of OLP lesional tissues may be examined and compared with control 

tissues. The aim of the study is to demonstrate lymphocyte binding to components
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of the OLP sub-epithelial infiltrate. Moreover, using blocking antibodies, the 

relative contributions of LFA-3 and ICAM-1 in any observed lymphocyte adhesion 

within the lesion may be examined and compared.

V IIL A  Assay adaptations for lymphocyte-infiltrate 

binding

The method used in this study for the Stamper-Woodruff assay was based on the 

protocol employed by Vora and co-workers (Vora et al 1995) to analyse 

lymphocyte binding to high endothelial venules of inflamed brain tissue. The 

binding of lymphocytes to the sections is affected by the conditions of the assay, 

which must be optimized to enhance specific interactions and minimize non

specific, or background, binding. Since the protocol was developed for 

lymphocyte-endothelium binding, all conditions were tested in OLP tissues in 

order to maximize specific exogenous lymphocyte-infiltrate binding.

In each case all conditions were standardized to those of the Vora protocol (Vora et 

al. 1995) except that condition under test. Specific lymphocyte binding was then 

assessed on at least two different OLP tissues and the optimal condition noted.

Section thickness

Sections of OLP tissues were cut at 5 pm, 7 pm and 10 pm thickness. Binding 

was evident at each thickness, although the highest number of bound lymphocytes 

was consistently observed on 10 pm thick sections.

Lymphocyte concentration

Activated lymphocytes were applied to sections of OLP tissues at concentrations of 

5x10s, lxlO6, 2.5x10s, 5x10s, 7.5x10s, lxlO7, 2.5 xlO7, and 5 xlO7 cells/ml.
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The optimal concentration was found to be 2.5 xlO7 cells/ml. At the higher 

concentration no improvement in lymphocyte binding was observed. However, at 

lower concentrations the level of lymphocyte binding was dramatically reduced 

and was very low at cell concentrations below 5xl06 cells/ml.

Serum concentration

The percentage of FCS in the lymphocyte resuspension medium for the binding 

assay affects the level of binding. FCS concentrations of 0%, 5%, 10% and 25% 

were assessed. Binding was evident at each concentration, although the highest 

number of bound lymphocytes was consistently observed with 10% FCS.

Incubation temperature

Binding was assessed at 4°C, 25°C and 37°C. Specific binding at 4°C was 

consistently observed to be up to 10-fold higher than at any of the other 

temperatures.

V III.B  Lymphocyte adhesion assays

The standard conditions employed for lymphocyte binding assays are detailed 

above and in n.G. Six samples of normal buccal mucosa and ten samples of OLP 

lesional mucosa were quantified for lymphocyte binding. Adherent lymphocytes 

were counted only within the immediately sub-epithelial connective tissues of each 

tissue to ensure direct comparison of inflamed and non-inflamed tissues. 

Lymphocytes clearly adherent to endothelium were not counted.

Control samples

Lymphocyte adherence to control samples was negligible. Very few lymphocytes 

were observed adherent to endothelium or epithelium. Within the sub-epithelial
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connective tissue, an area equivalent to that occupied by the OLP inflammatory 

infiltrate, mean values of less than 1 adherent cell per field were common for the 

control tissues.

Blocking studies were not carried out on these samples as the numbers were too 

low to allow statistically relevant results to be obtained.

OLP lesional tissues

The distribution of adherent lymphocytes upon OLP lesional tissue sections was 

consistent and clearly specific. In comparison with control tissues, large numbers 

of cells were observed to be adherent to the sub-epithelial infiltrate. Mean values of 

around 38 cells/field were obtained for the 10 OLP samples quantified under 

control conditions.

The distribution of adherent lymphocytes within OLP lesional tissues was greatly 

restricted to the area of the inflammatory infiltrate within each tissue. An estimated 

95% of lymphocyte binding per section occurred within this region. A minority of 

lymphocytes were observed adherent to endothelium, keratinocytes or non

inflamed connective tissue, as can be seen in Fig. VIII.B.1

Blocking studies

Table VIII.B.1 shows the results of blocking studies for each of the OLP tissue 

samples.

The use of irrelevant mouse IgG as blocking m Ab resulted in a mean inhibition of 

less than 1.3%.
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Statistically highly significant (pcO.Ol) inhibition of lymphocyte binding was 

observed within these OLP samples for both anti-LFA-3 and anti-ICAM-1 mAbs 

compared with the mean inhibition with irrelevant mAb.

MMaMNKSttM MMMMimMMBaaaeKaM MMaiMmiaaMmmMMaMMinaMMMWci

Inhibition (% of control binding)
Sample Irr. mlgG Anti-LFA-3 Anti-ICAM-1

OLP1 2.18 30.95 17.06
OLP2 7.72 28.6 26.72
OLP3 6.25 37.85 30.21
OLP4 2.97 13.53 16.01
OLP5 0.75 19.17 17.67
OLP6 -15.77 45.38 31.54
OLP7 -4.55 20.45 21.36
OLP8 4.86 36.03 34.01
OLP9 3.99 30.98 28.22
OLP 10 4.26 28.07 34.34

Mean 1.27 29.10 25.71
SD 6.86 9.51 7.13

p vs Irr mlgG _____ 0.000098* 0.000027*
p vs anti-ICAM-1 -------- 0.14 —

p vs anti-LFA-3 --- --- 0.14

Tab. VIII.B.1 Levels of antibody-mediated inhibition of exogenous 

T lymphocyte binding. Binding of exogenous activated T cells to OLP tissue 

sections was inhibited by mAbs directed against LFA-3 and ICAM-1. Hie 

individual and mean inhibition mediated by each test mAb and irrelevant isotype 

control mAb are shown, p values are shown for overall mean inhibition levels 

only. *Denotes statistically highly significant result (pcO.Ol).

j

Overall, the mean inhibition using anti-LFA-3 was 29.8% (±9.8%) and for anti- 

ICAM-1 this was slightly less, at 25.5% (±7.35%). The ranges of inhibition were 

13.5 - 45.4% for anti-LFA-3 and 13.3 - 34.4% for anti-ICAM-1.
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Fig. VIII.B.1. Adherence of exogenous lymphocytes to the OLP inflammatory 

infiltrate. Adherent cells (arrowed) are darkly stained and are restricted to the 

infiltrate, with very few cells bound to the epithelium (E) or uninflamed connective 

tissue (ct). Original magnification (a) x200 and (b) x500.
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V III.C  LFA-3-mediated adhesion in vivo: Discussion

These studies have examined the role of LFA-3 in the adherence of activated 

exogenous lymphocytes to frozen tissue sections of normal and OLP buccal 

mucosa.

Adhesion molecules such as LFA-3 are associated with intercellular adhesion in a 

range of inflammatory and non-inflammatory environments, with the specific 

adhesion molecules involved being dependent on the particular conditions of that 

environment The immunohistochemical studies described above (Chap. Ill) have 

clearly demonstrated the altered adhesion molecule expression patterns observed 

within the OLP lesional infiltrate compared to normal buccal mucosa. It was found 

that LFA-3 and ICAM-1 in particular are highly expressed within the inflammatory 

infiltrate. Although the functional relevance of such increased adhesion molecule 

expression remains speculative, based on in vitro observations, it may be assumed 

that the up-regulation of a cytokine-modulated molecule such as ICAM-1 is 

pertinent to the in vivo immunopathology. In the case of LFA-3, functional or 

pathological significance to up-regulation may be more difficult to ascribe due to 

the lack of cytokine responsiveness of this antigen and to its constitutive 

expression.

The role of LFA-3 in vivo during inflammatory responses has not been deeply 

researched. Perhaps as a response to observed associations between LFA-3 

expression or up-regulation and inflammation, such as in HCV infection (Mosnier 

et al 1994), several recent studies have targeted LFA-3 as a potential 

immunomodulator in vivo. Indeed, anti-LFA-3 mAbs and LFA-3TIP have been 

found to reduce inflammatory responses in animal models of transplantation 

(Kaplon et al. 1996, Sultan et al. 1997). These results suggest that LFA-3 is
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involved in the regulation of inflammation, most probably by modulating T 

lymphocyte responses.

The current studies are the first demonstration of LFA-3 functional activity in vivo, 

and the results of the antibody blockade experiments suggest that, at least in the 

OLP model, LFA-3 may be of equivalent importance to ICAM-1 in T lymphocyte 

adhesion within the inflammatory infiltrate.

As may be expected, no significant lymphocyte adherence was observed on non

inflamed buccal mucosa, although minimal binding to endothelium was present, 

confirming the validity of these controls. Similarly, on OLP tissue sections, the 

binding of lymphocytes was negligible within non-inflamed areas yet the same 

section may display high numbers of adherent cells within the area of the 

inflammatory infiltrate. These observations demonstrate the specific and localized 

effect of the sub-epithelial inflammation and the resulting up-regulation of 

adhesion molecule expression. Where no significant adhesion molecule up- 

regulation was observed by immunohistochemistry there was no significant 

lymphocyte adhesion.

Blockade of LFA-3 or ICAM-l using specific blocking mAbs resulted in a 

decrease in lymphocyte adherence within the inflammatory infiltrate. The mean 

results suggest that LFA-3 and ICAM-1 contribute relatively equally to the 

intercellular adhesion in this environment. In common with other blockade studies, 

however, these figures should not be regarded as quantitatively accurate (i.e. 

addition of both mAbs would not be expected to result in an additive reduction in 

lymphocyte adherence).

There was some variation in the level of inhibition observed, and this variation 

appeared to be tissue/lesion dependent. Many receptor-ligand interactions would 

be expected to be involved in lymphocyte adhesion within the OLP infiltrate, and
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previous immunohistochemical studies have demonstrated that a wide range of 

adhesion molecules are present on involved cells within the infiltrate (Eversole et 

al 1994, Konter et al 1990, Walsh et al 1990a). Amongst these antigens are the 

B1 integrins, each of which may bind one or more components of the extracellular 

matrix e.g. laminin, fibronectin and collagen (Hemler 1990). Thus it is 

conceivable that the interactions mediated by these integrins are more relevant to 

lymphocyte adhesion when the cell density within the infiltrate is below a certain 

density. In this case direct cell-cell adhesion may not be (constantly) possible and 

infiltrating cells may rely more heavily upon integrin-mediated adhesion. 

Moreover, integrins are involved in the extravasation and migration of 

lymphocytes through tissues (Dustin and Springer 1991, Hemler 1990) and thus 

may be expected to be more intimately involved during the generation of the OLP 

lesion whilst large numbers of cells are recruited to the site of inflammation. The 

observed variation in anti-LFA-3 and anti ICAM-1-mediated inhibition of 

lymphocyte adherence may be due to the ‘age’, or current inflammatory state of the 

OLP lesion under study. Therefore those lesions with less dense infiltrates, and 

therefore more available extracellular matrix, may be expected to be less 

susceptible to antibody blockade and those lesions with the densest infiltrates may, 

in turn, be most susceptible.

Thus the CD2/LFA-3 pathway represents an equivalent adhesion mechanism to 

that of the ICAM-l/LFA-1 pathway in an active inflammatory lesion. It may also 

imply that CD2/LFA-3 interactions may not be limited to an adhesive function but 

may also be involved in T cell modulation, mediating activation and cytokine 

expression as described above (Chap. I.B). The involvement of LFA-3 may be of 

particularly importance since OLP infiltrates comprise predominately ‘memory’ T 

lymphocytes (Walsh et al 1990b), which have been shown to exhibit a distinct 

responsiveness to LFA-3 co-stimulation (Semnani et al. 1994, Wallace and 

Beverley 1990) which may be relevant to OLP pathology. The function of LFA-3
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as a signal transducing molecule may also be important to accessory cell function 

in these lesions. Moreover, these results hold implications for the 

immunopathology of other inflammatory conditions in which the up-regulation of 

LFA-3 expression is a feature.

In conclusion, the up-regulation of LFA-3 within the OLP infiltrate has been 

demonstrated to have functional consequences, promoting lymphocyte adhesion. 

The results of blocking studies are in agreement with animal model in vivo studies 

(Kaplon et al. 1996, Sultan et aL 1997) in that anti-LFA-3 mAbs may inhibit 

intercellular interactions within inflammatory environments and thus reduce 

infiltration and pathology.
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Chapter IX Summary

LFA-3 is a multifunctional ligand for the T lymphocyte surface receptor CD2 

(Selvaraj et al 1987), exerting effects both at the target and effector cell. The 

primary functions of the CD2/LFA-3 pathway are intercellular adhesion and T cell 

activation. Therefore, CD2/LFA-3 interactions are likely to be of importance in 

inflammatory situations in which CD2-expressing T lymphocytes are involved. 

Furthermore, LFA-3 is expressed by a wide range of cell types under basal 

conditions, facilitating T cell interaction with all such cell populations, including T 

lymphocytes themselves. Despite the identification of such features of LFA-3 

functionality, a distinct role for this molecule, both within the immune system in 

general, and within ongoing inflammation, has not been defined.

LFA-3 was first identified along with LFA-1 (CD 11 a/CD 18), the ligand for 

ICAM-1, and LFA-2 (CD2) and its role in adhesion and cytotoxicity determined at 

an early stage (Springer et a l 1987). However, the role of LFA-3 in inflammation 

has been relatively ‘overlooked’, with studies focusing on non-constitutive, 

cytokine-responsive adhesion molecules such as ICAM-1, for which specific 

functions may be ascribed once their expression has been initiated within an 

inflammatory environment The wide-ranging constitutive expression of LFA-3 

together with its stability of expression and lack of cytokine responsiveness 

suggested that CD2/LFA-3 interactions were not essential for the progression of an 

immune response. The identification of an in vivo soluble form of LFA-3 in 1993 

(Hoffmann et al 1993), along with the generation of recombinant LFA-3, 

provided data to suggest that LFA-3 may act as an immunomodulator, regulating T 

cell functionality. Moreover, preliminary studies demonstrated that the regulation 

of sLFA-3 may be cytokine-responsive and therefore of more relevance to the 

cytokine-rich inflammatory microenvironments. Studies of LFA-3 thus had a new 

aspect and, although sLFA-3 may be modulated, work since this period has
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demonstrated only a few conditions, including viral infection and tumouiigenesis, 

under which the expression of surface-associated LFA-3 may be modulated. There 

remains a lack of data regarding not only LFA-3 regulation and the inter

relationship of mRNA and protein isoforms, but also regarding the functional role 

of all forms of LFA-3 in many inflammatory conditions.

The oral mucosa is a primary site for exposure to antigenic stimulation and thus 

may suffer from a number of chronic inflammatory conditions. One such condition 

is OLP, which may occur spontaneously and is not associated with a specific 

aetiopathogenic factor (Scully et al. 1998), although an association with HCV 

infection has been observed (Gandolfo et al 1994). OLP lesions demonstrate a 

massive infiltration of lymphocytes into the sub-epithelial connective tissue and 

histologically resembles muco-cutaneous lesions which may be associated with 

graft-versus-host disease. The pathology of OLP is cell-mediated, primarily 

involving activated T lymphocytes, necessitating the involvement of adhesion 

molecules which may be involved in T cell function, such as ICAM-1 and LFA-3. 

Thus, OLP provides a suitable model for the evaluation of the role of LFA-3 

within a comparatively well-defined oral inflammatory immune response.

The aims of this study were, therefore, to compare the expression of LFA-3, as 

well as of other adhesion molecules, in the OLP lesional mucosa with that of 

healthy mucosa; to examine the lesional and systemic role of LFA-3 in oral 

mucosal inflammation; to examine the lesional involvement of LFA-3 mRNA 

regulation; to determine possible mechanisms for control of LFA-3 expression and 

to examine those mechanisms in vitro; and to determine whether up-regulation of 

LFA-3 in inflamed oral mucosa is of functional significance in vivo.

Histochemical analysis and comparison of normal buccal mucosa and OLP lesional 

tissues demonstrated extremely prominent expression of LFA-3 within the OLP
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infiltrates. Comparatively, normal buccal mucosa, and indeed the uninvolved areas 

of OLP lesional mucosa, expressed little LFA-3. Thus, despite being ‘cytokine- 

unresponsive’, the evidence suggested that extensive expression of LFA-3 is an 

important feature of the chronic inflammation characteristic of OLP.

It has previously been demonstrated that the major infiltrating lymphocyte 

population in OLP is of the CD45RO+ve ‘memory’ phenotype (Walsh et al 

1989). Differentiation of T cells from CD45RA+ve ‘naive’ cells to CD45RO+ve 

cells is associated with a greater than eight-fold increase in surface LFA-3 

expression (Sanders et a l 1988). It would appear logical that such an increase is 

associated with the function of memory T cells, as has been suggested (Sanders et 

al 1988). Thus, there is evidence to suggest that LFA-3 is functionally involved in 

the pathology of OLP, although specific functions remain to be determined.

In addition to the initial finding that LFA-3 appears to be involved in OLP, the 

immunohistochemical analyses were also suggestive of potentially ‘novel’ LFA-3 

isoform expression. Not only was surface-associated LFA-3 observed within 

lesions, but infiltrating cell populations may express intracellular LFA-3 and, 

furthermore, a soluble form of LFA-3 (sLFA-3) appears to occur within the 

inflammatory infiltrates. These findings not only suggested the possible 

involvement of LFA-3 isoforms other than those expressed at the cell surface, but 

also that disease-associated sLFA-3 expression may not be limited to the lesion. If 

this latter point is indeed the case, then a modulation of systemic sLFA-3 levels 

may be useful both as a diagnostic marker of OLP and in judging the efficacy of 

therapy, as has been the case for other soluble adhesion molecules (Gearing and 

Newman 1993). Indeed, a modulation in serum levels of sLFA-3 itself had 

previously been demonstrated to be associated with hepatitis virus infection 

(Hoffmann et al 1993).
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However, sLFA-3 is not elevated in the sera of OLP patients compared with 

controls, demonstrating that either upregulated lesional sLFA-3 remains within the 

lesion or that any modulation due to lesional sLFA-3 appears to be systemically 

irrelevant. In contrast, and in agreement with a previous study (Hoffmann et al 

1993), sLFA-3 was observed to be significantly elevated in the sera of the HCV- 

infected patients (chronic hepatic inflammation), perhaps reflecting the relative 

‘sizes’ of the inflammatory phenomena. These studies did not indicate that serum 

sLFA-3 may be useful as a clinical marker of OLP.

Within OLP lesional tissue the upregulation of LFA-3 expression may occur not 

only at the protein level, but also at the mRNA level. Specific factors regulating 

LFA-3 expression have yet to be determined, complicated by the existence of at 

least two mRNA and protein isoforms of LFA-3. Although the two major 

isoforms are not known to differ functionally, LFA-3 expression may be 

modulated via differential isoform regulation. However, the expression of LFA-3 

mRNA isoforms within various tissues was found to be apparently uninvolved in 

disease pathology, since no pattern of isoform expression as common to either 

inflamed or healthy samples. Moreover, semi-quantitative RT-PCR analysis of 

LFA-3 mRNA isoform expression in cell lines suggested that a constitutive level 

of expression is maintained, regardless of surface LFA-3 expression or sLFA-3 

production. There are a few systems, primarily involving viral infection, which are 

know to affect LFA-3 expression at the gene level (Calender et al 1990, Cutrona 

et al 1995). Together with the recently published LFA-3 genomic sequence 

(Wallich et al 1998) these systems may allow further analysis of LFA-3 gene 

expression. Regulation of LFA-3 mRNA isoform expression is thought to occur 

as a result of alternative splicing, although no data are currently available regarding 

this regulatory process for LFA-3. However, current data indicate that the 

expression of LFA-3 at the protein level is regulated post-transcriptionally.

182



The studies of LFA-3 mRNA isoform expression identified a putative novel 

transcript common to a majority of both tissue and cell line mRNA samples. The 

cloning, sequencing and identification of this transcript as LFA-3 AD2 confirmed 

the in vivo expression of this mRNA isoform, previously demonstrated only for 

sheep. LFA-3 AD2 has not been observed as a naturally occurring protein, despite 

the current finding that this transcript contains an identical signal sequence 

(potentially required for translation) to that of the TM and GPI isoforms. 

Recombinant expression of ovine LFA-3 AD2 has demonstrated this isoform to be 

functionally active, raising further questions regarding the regulation of LFA-3 at 

the protein level, particularly since LFA-3 AD2 mRNA expression also appeared to 

be constitutive, albeit at a low level.

Thus, even within a chronic inflammatory environment such as an OLP lesion, no 

significant modulation in LFA-3 mRNA expression was noted. Therefore, 

epithelioid, T cell and fibroblast lines were used to represent a range of the cell 

populations within OLP lesions and their expression of LFA-3 examined. 

Moreover, the in vitro techniques of FACS and ELISA were employed to 

investigate possible mechanisms of LFA-3 protein regulation. These techniques 

allowed the observation of LFA-3 expression in three distinct environments, 

namely intracellular (FACS), cell surface (FACS) and ‘soluble’ (ELISA), with the 

only drawback being the inability of currently available mAbs to distinguish 

between the LFA-3 isoforms. The differential susceptibility of LFA-3 to cytokine- 

mediated modulation within these compartments, with significant effects only 

observed for sLFA-3 release, suggests independent regulation of the three forms. 

However, the overall impression is of an integrated regulatory system within 

which the modulation of one form, particularly sLFA-3, appears to facilitate the 

regulation of the others. The data seem to suggest that the maintenance of a 

constant level of surface antigen expression is an important factor within this 

regulatory system. Within an inflammatory environment such as OLP, the
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presence of cytokines such as DL-16 would, therefore, not be expected to 

significantly modulate the surface LFA-3 expression of either resident or 

infiltrating cells, but may result in the localized release of sLFA-3, as has 

apparently been observed. The results suggest that fibroblasts are of limited 

importance in the generation of sLFA-3 within CLP lesions. In contrast, based on 

the in vitro data, basal keratinocytes may be a major source of lesional sLFA-3 as a 

result of prolonged inflammatory cytokine stimulation.

LFA-3 may be released from the cell surface as a result of GPI PLC activity in 

vitro, although it remains to be determined whether this is also the case in vivo. 

PLD, but not PLC, has previously been demonstrated to be responsible for 

cleavage of cell surface antigens in vitro (Brunner et al. 1994). Specific inhibitors 

of PLC activity have proved impractical to use due to their cytotoxic effects. 

Therefore, ongoing collaborative investigations into the mechanism of sLFA-3 

generation, with Dr Georg Brunner at the University of Manchester, are utilizing 

antisense cDNAs directed against PLD to determine whether PLD cleavage may be 

involved in this case.

Despite the observation that LFA-3 is present in large amounts within OLP 

lesions, its constitutive expression may suggest that this presence is of little 

functional relevance, particularly when adhesion molecules such as ICAM-1 are 

also strongly represented within these tissues. However, the adaptation of the 

Stamper-Woodruff lymphocyte adhesion assay facilitated the evaluation of LFA-3 

functionality in OLP. Moreover, not only was LFA-3 demonstrated to be 

functionally active within OLP lesions, but the adhesive contribution of LFA-3 

was of equivalent relevance to that of ICAM-1. This demonstration of LFA-3 

functionality within an in vivo system implies that LFA-3 may also be of relevance 

in other chronic inflammatory systems such as, in the oral environment, the 

periodontal diseases. Immunohistochemical and functional analyses are ongoing
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within the Department of Oral Medicine at the Eastman Dental Institute into the role 

of LFA-3 in the periodontal diseases.

These studies have, therefore, clearly identified a functional role for LFA-3 

expression in the immunopathology of OLP. In addition, the in vitro studies of 

LFA-3 expression and regulation have characterized a putative relationship 

between LFA-3 expressed within distinct cellular regions which may be related to 

the maintenance of surface LFA-3 levels. This observation in itself is suggestive of 

an important role for constitutive LFA-3 expression within the immunoregulatory 

system in general, although the nature of such a role remains speculative. The role 

of sLFA-3 within OLP tissues also remains to be delineated. The function of 

sLFA-3 as an immunomodulator has already been established (Albert-Wolf et al. 

1992), therefore the ability to regulate sLFA-3 release may be of benefit in future 

therapies, not only of inflammatory conditions, but also in cell-mediated anti

tumour activity. Future studies may also further examine the mechanism of sLFA- 

3 release, and the analysis of the activity of enzymes such as PLC and PLD within 

inflamed tissues and involved cell types may provide valuable information. 

Finally, the post-transcriptional regulatory mechanisms of LFA-3 protein 

expression need to be seriously addressed if a full understanding of LFA-3 

metabolism is to be achieved. The results of all these studies may allow the 

evaluation of the role of LFA-3 within both steady-state and inflammatory immune 

environments.
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OBJECTIVE: The expression pattern o f lym phocyte func
tion-associated antigen 3 (LFA-3) in th e  buccal m ucosa  
of oral lichen planus (OLP) patients was com pared to  
that o f healthy controls to  investigate th e  possible role 
of LFA-3 in cell interactions within OLP lesions. 
MATERIALS A ND  METHODS: Sam ples o f buccal 
mucosa from  17 clinically healthy individuals and 17 OLP 
lesions w ere analysed. Expression o f LFA-3, CD2, CD3 
and CD 14 was visualized by an im m unoperoxidase tech 
nique and assessed m icroscopically.
RESULTS: In healthy buccal m ucosa LFA-3 was 
expressed on keratinocytes, Langerhans cells within the  
epithelium and on endothelial cells in th e  lam ina propria. 
In OLP patients a similar pattern of LFA-3 staining was 
observed. In addition, cytoplasm ic LFA-3, w ithout 
accompanying surface staining, was seen  on a subpopul
ation of m acrophage-like cells. Substantial am ounts of 
LFA-3 also appeared to  be associated w ith non-cellular 
components of th e  extracellular m atrix within the  
inflammatory infiltrate.
CONCLUSIONS: W e  have obtained evidence for a pre
viously undescribed localization o f LFA-3 within m acro
phages, and have observed that expression o f LFA-3 is 
apparently elevated within OLP lesions. LFA-3 may play 
an im portant role in th e  pathogenesis o f OLP.

K eyw ords: LFA-3; oral lichen planus

Introduction
Oral lichen planus (OLP) is a chronic inflammatory muco
cutaneous disorder which may be the result o f  a cell- 
mediated immunopathologic process (Eversole e t al, 1994). 
Histopathologically, OLP is characterized by an alteration 
in the distribution o f Langerhans cells within the epithelium  
(Pittagala-Arachchi et al, 1989; Farthing e t al, 1992) and 
the presence o f a well-defined band o f  leukocytes, con
sisting mainly o f T lymphocytes, below the basal cell layer.
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Damage to basal epithelial cells and adjacent keratinocytes 
is associated with this infiltration, T lymphocytes being 
suggested as the primary immunopathologic mediators of 
the damage (Walsh et al, 1990).

Interactions between T lymphocytes and other cells, 
including antigen-presenting cells such as Langerhans cells, 
are mediated through a variety o f cellular adhesion m ol
ecules, including intercellular adhesion molecule 1 (ICAM- 
1; C D54), leucocyte function-associated antigen 1 (LFA-1; 
C D 11 a/CD 18) and members o f the j31 integrin (VLA) fam
ily. In OLP, ICAM-1 and jSl integrins are upregulated, and 
L F A -1 is expressed on more than 95% o f infiltrating T lym 
phocytes (Konter et al. 1990; Eversole et al, 1994; Walton 
et al, 1994). These m olecules are thus likely to play an 
important role in the accumulation o f T cells within the 
OLP lesion. However, other experiments have shown that 
whilst the ICAM-1 counter-receptor, LFA-1, is readily 
detected on T lymphocytes in OLP, a majority o f the same 
cases expressed little or no ICAM-1 staining o f  kera
tinocytes (Verdickt et al, 1992). These observations indi
cate that ICAM -l/LFA-1 mediated cell recognition may not 
be o f  critical importance in the immunopathogenesis o f  
OLP, and therefore that other adhesion m olecules may be 
involved in the accumulation, activation and retention o f  
the lymphocytic infiltrate in this disease.

Lymphocyte function-associated antigen 3 (LFA-3; 
C D58) is a surface antigen with a broad tissue distribution 
and mediates T lymphocyte binding via the CD2 receptor 
(LFA-2) (Selveraj et al, 1986). Interactions between LFA- 
3 and CD2 are responsible for cytolytic conjugate forma
tion and T cell activation, and can greatly enhance the 
immune response o f activated T lymphocytes (Springer, 
1990). It has recently been suggested that CD2/LFA-3 bind
ing may be o f  importance in the immunopathogenesis o f  
adult periodontitis (Crawford, 1992), in which it may func
tion in conjunction with elevated local expression o f  MHC  
class II (HLA-DR) antigen. HLA-DR is also markedly 
upregulated in OLP; more than 90% o f infiltrating lympho
cytes being HLA-DR positive, as are Langerhans cells and 
som e keratinocytes (Farthing et al, 1990; Mattsson et al, 
1992). This increase in HLA-DR expression may also aug
ment CD2/LFA-3 interactions within the infiltrate in OLP 
lesions.

Little is known about LFA-3 expression in OLP, and we 
are proposing that the immunopathology o f  this disorder
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may be closely associated  with the up-regulation o f this 
adhesion m olecule in certain resident and infiltrating cell 
populations. The aim  o f this study is therefore to exam ine 
the expression o f LFA-3 in O LP lesions com pared with 
healthy control tissue.

Materials and methods

Tissue specim ens
Lesional tissue w as obtained from 17 patients with clinical 
and histopathological features o f non-erosive. non-ulcer- 
ative. reticular O LP affecting the buccal m ucosa, based on 
the criteria delineated  by Scully and El-K om  (1985). C lin i
cally and histopathologically  healthy buccal m ucosa was 
obtained from 17 age- and sex-m atched individuals 
undergoing surgical rem oval o f teeth. Sam ples were 
m ounted in C ryo-M -B ed m edium  (B right Instrum ent C om 
pany, H untingdon, UK), snap frozen in liquid nitrogen and 
stored at -7 0 °C  until required.

M onoclonal antibodies
The follow ing m onoclonal antibodies (m A bs) were used in 
these experim ents: anti-C D 2 (C lone M C910) and anti-C D 3 
(clone U C H T I), both IgG l which react against T  lym pho
cytes, were obtained from  Dako Ltd, High W ycom be, UK. 
They were diluted 1 : 100 and 1 : 200, respectively, prior 
to im m unostaining. A nti-CD  14 (clone C ris-6) is a m ouse 
IgG l which reacts against hum an m onocytes/m acrophages. 
It was obtained from Cyrnbus B ioscience, Southam pton. 
UK and diluted I : 10 before use. A nti-LFA -3 (clone 
BRIC5) is a m ouse lgG 2a which reacts against the LFA-3 
antigen on m any types o f  hum an cells, including fibro
blasts, leukocytes and keratinocytes. It was obtained from 
Serotec, O xford. UK. and diluted 1 : 250 for im m unostain
ing. Each o f the m A bs was brought to the appropriate w ork
ing concentration by dilution with 50 mM phosphate-buff
ered saline (PB S), pH 7.6, containing 20%  norm al goat 
serum (NGS). The specificities for each mA b have been 
described by Schlossm an et al (1995).

Staining procedure
C ryostat sections o f 5 jam thickness w ere cut and fixed in 
ice-cold acetone for 10 min. rinsed with PBS and incubated 
with 20%  NGS in PBS at 20°C for 30 min to block non
specific binding. All subsequent incubations were carried 
out at room  tem perature in a hum id cham ber. Prim ary an ti
bodies were applied for 1 h and the sections were w ashed 
thoroughly in several changes o f PBS. The secondary an ti
body, goat an ti-m ouse im m unoglobulins conjugated  to 
horseradish peroxidase (D ako Ltd) diluted 1 : 100 in 20% 
NGS in PBS, w as incubated with the sections for 1 h, and 
the sections w ashed thoroughly with PBS. The antigens 
were visualized by the im m unoperoxidase method using the 
Sigm aFast DAB Peroxidase Substrate Set (Sigm a, Poole, 
UK). The reaction w as term inated by w ashing the sections 
with PBS. Isotype m atched irrelevant mouse IgGs (D ako 
Ltd) were used as negative controls. O ther negative controls 
included om ission o f prim ary antibody and om ission o f  sec
ondary antibody. M ayers haem atoxylin  was used to coun 
terstain the nuclei a blue colour, after which the sections

were dehydrated through ascending concentrations o f a lco 
hol and m ounted in DePeX (BD H. Poole, UK).

The exam ination and photography o f sections was car
ried out using an O lym pus BX50 m icroscope fitted with 
appropriate filters and PM 30 control unit. Im m unostaining 
w as considered to be positive and specific w hen colour 
developm ent was clearly  visible using the m Abs described 
above, in contrast to the isotype-m atched irrelevant m ouse 
IgG which gave uniform ly negative results. A ntigen 
expression was assessed by positive staining observed v isu
ally on four separate areas o f duplicate sections from each 
o f  the 17 norm al and 17 O LP biopsy specim ens o f buccal 
m ucosa. Q uantification o f data, such as num bers o f positive 
cells and relative staining intensities, was not possible due 
to the density o f  staining. T herefore, no statistical com pari
sons have been m ade betw een O LP lesional tissue and nor
mal buccal mucosa.

Results
C ontrol tissue
Few T  lym phocytes were observed in healthy buccal 
m ucosa. C ells that stained positively for both C D 2 and CD3 
w ere scarce w ithin the epithelium , evenly d istributed w ithin 
the connective tissue, in close proxim ity to the basal layer, 
and also associated w ith blood vessels throughout the sec
tions. Very few o f the T  cells appeared to express LFA-3.

M acrophages, identified as CD 14 positive cells, w ere 
d istributed  throughout the connective tissue, and although 
more abundant near the basem ent m em brane, their presence 
was still evident in the deeper tissue. As expected , these 
cells w ere also found associated w ith blood vessels. Surface 
LFA-3 staining was apparent on a sm all m inority o f these 
cells, especially those associated  with the basem ent m em 
brane. Langerhans cells, with dendritic m orphology, w ere 
also CD  14 positive and were present only in the epithelium . 
They w ere relatively low in num ber, evenly d istributed  and 
expressed  surface-associated  LFA-3.

In all the norm al sam ples m ost keratinocytes had positive 
LFA -3 staining at the cell surface, as show n in Figure 1.

F ig u r e  1 C lin ica lly  healthy buccal m ucosa stained for L FA -3. A rrow s  
ind icate surface stain ing o f  ep ithelia l keratinocytes (K C ) and con n ective  
tissue endothelial ce lls  (E C ). Other com p on en ts o f  the sub-ep ithelia l c o n 
n ective tissues are n egative for L FA -3. C ounterstained with M ayers 
haem atoxylin . O riginal m agnification  x4 0 0
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However, whilst the antigen was prom inently expressed on 
those cells closest to the basal layer, keratinocytes in the 
superficial layers o f the epithelium  had little, if any, LFA- 
3 staining.

Endothelial cells, both near the epithelium  and in the 
deeper underlying connective tissue, were LFA-3 positive.

Oral lichen planus
All O LP specim ens contained a very substantial infiltrate 
of CD2 positive/CD3 positive T lym phocytes below the 
epithelium. There were also areas o f T  cell infiltration into 
the epithelium , associated with disruption o f the basal layer. 
Surface LFA-3 staining o f T  cells w as clearly apparent on 
the leukocyte infiltrate.

The proportion of CD 14 positive cells appeared to be 
much greater within the subepithelial connective tissue of 
OLP lesions com pared with healthy tissue. These m acro
phages were often in groups d istributed  throughout the 
infiltrate, and were m ost prom inent w ithin the sam e areas 
of OLP lesions which had the most m arked T  lym phocyte 
accum ulation. CD 14 positive cells were also present in the 
lower layers o f the epithelium , near sites o f basal layer 
damage, and associated with blood vessels. LFA-3 staining 
was seen to be associated with cells w ithin the infiltrate 
which had the appearance o f m acrophages. H ow ever, this 
staining was limited entirely to the cytoplasm , with vir
tually no antigen detectable at the cell surface (Figure 2). 
Such cytoplasm ic LFA-3 positive m acrophages w ere pre

sent both close to the basal layer and within the infiltrate. 
A lthough this staining pattern was apparent in only a m in
ority o f infiltrating m acrophages, they were positively 
identified in the majority (12/17) o f O LP sam ples. H ow 
ever, due to the dense nature o f  both the infiltrate and the 
staining pattern in O LP sam ples, as noted in M aterials and 
M ethods, it was not possible to assess precisely the pro
portion o f cytoplasm ically-stained m acrophages present.

Epithelial CD 14 positive dendritic cells were m ore read
ily apparent than in control specim ens and w ere unevenly 
distributed within the epithelium , accum ulating close to the 
areas o f basal layer breakdow n and lym phocytic infiltration. 
As in healthy tissue, LFA-3 was readily detected on these 
cells in the epithelium

Endothelial cells and keratinocytes w ithin O LP tissues 
expressed LFA-3 at the cell surface (Figures 2 and 3). The 
distribution o f surface-associated LFA-3 on the kera
tinocytes was not uniform within the epithelium , the stain
ing being m ost evident on cells directly above the basal 
layer, as was observed in the healthy controls. In addition, 
several O LP sam ples exhibited foci o f keratinocytes which 
had very prom inent LFA-3 staining, although these did not 
alw ays coincide with areas o f T  cell infiltration into the ep i
thelium .

In addition to the cellular localization o f LFA -3, includ
ing that at the surface o f infiltrating T lym phocytes, a 
notable feature of all the O LP sections was the presence o f 
readily detectable antigen which was non-cell associated, 
but apparently  bound to com ponents o f the extracellu lar 
matrix, as show n in Figure 3. This diffuse m atrix-staining 
was observed throughout the band o f infiltration, in both 
dense and sparse areas, and was m ost evident in regions 
close to the basal layer.

Discussion

Recent studies o f O LP (Eversole et al, 1994), and previous 
work on cutaneous lichen planus (Shiohara et al, 1987; 
Shiohara, 1988), have strengthened the view  that this is a 
T  cell-m ediated disorder (W alsh et al, 1990). A dhesion

F igu re 3 O LP lesional tissue stained for LFA -3. K eratinocytes (K C ) are 
positive at the ce ll surface. Extensive staining is a lso  observed  w ithin the 
inflam m atory infiltrate (II). including som e areas o f  p ossib le  matrix- 
associated  (n on-cell associated) L FA -3. C ounterstained with M ayers  
haem atoxylin. Original m agnification x 4 0 0

Figure 2 Buccal mucosa o f  an O LP patient stained for L FA -3. Arrows 
ndicate the surface staining o f  epithelial keratinocytes (K C ); cytop lasm ic  
itaining o f  an infiltrating m acrophage (M ) w ithin  the O LP lesion. N ote 
he apparent absence o f  surface antigen. C ounterstained with Mayers 
taematoxylin. Original m agnification xlOOO
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m olecu les and com ponents o f  the extracellular matrix 
undoubtedly play a major part in OLP, facilitating lym pho
cyte extravascularization into the m ucosa and hom ing into 
the epithelium , as w ell as activating lym phocytes w ithin  
the m ucosa, possib ly  as a result o f  an unknown antigenic  
challenge. The regulation o f  ICAM -1 expression  is co n 
sidered to be intrinsically linked to the progression o f  these  
inflamm atory events. A  number o f  studies o f  O LP have  
show n that IC AM -1 is upregulated on ce lls  such as kera
tinocytes, although there has a lso  been a report that IC A M - 
1 is not detectable on keratinocytes in a substantial number 
o f  OLP cases exam ined  (V erdickt e t a l, 1992) desp ite the 
presence o f  T  lym phocytes expressing CD1 la  (L F A -1), the 
counter-structure for IC AM -1. T his finding su ggests that 
adhesion pathw ays other than IC A M -l/L F A -1  m ay have 
important roles in certain aspects o f  the d isease process, 
nam ely the m igration o f  lym phocytes into the epithelium  
and lym phocyte activation. For exam p le, certain /31 inte- 
grins (m em bers o f  the very late activation antigen (V L A )  
fam ily), such as V L A -1 , -3 and -6 , have been show n to be 
present on infiltrating lym phocytes in O LP lesions (K onter 
e t a l, 1990) and m ay facilitate the hom ing o f  lym phocytes  
to extravascular sites o f  inflam m ation (K ish im oto e t a l, 
1989; Springer, 1990). Thus the presence o f  such ce lls  
within the O L P lesion  may reflect the role o f  these integrins 
in lym phocytic penetration o f  the epithelium  and retention  
within the lam ina propria (K onter e t a l, 1990). In addition, 
the LFA -3 ligand participates in the secon d  major antigen- 
independent pathw ay for T ce ll binding and, im portantly, 
is also a major signal-transducing m olecu le  for T ce ll acti
vation, via the C D 2 receptor. In the present study w e have 
therefore exam ined the expression  o f  L FA -3 in OLP. Our 
results have dem onstrated, for the first tim e, that ce lls  
expressing this adhesion  m olecu le  are readily detected  in 
OLP infiltrates, suggesting  that this antigen m ay play an 
important role in T  cell-m ediated  im m unopathological pro
cesses in this d isease.

The presence o f  L FA -3 on Langerhans ce lls  m ay be an 
important aspect o f  d isease developm ent, since in OLP  
les ion s Langerhans ce lls  are h ighly activated, expressing  
elevated  levels o f  H L A -D P  and -D Q  as w ell as -D R  
(Farthing, 1990). T hese ce lls  a lso  express vascular cell 
adhesion m olecu le-1  (V C A M -1) and IC AM -1 (W alton e t 
al, 1994), and, in v itro , present antigen to both naive  
(C D 45R A ) T  ce lls  and m em ory (C D 45R O ) T  cells , the pre
dom inant phenotype in OLP lesion s (V o ltz  e t a l, 1989; 
W alsh e t a l, 1989, 1990). Our finding o f  LFA -3 expression  
by Langerhans ce lls  w ou ld  further facilitate antigen presen
tation and interactions w ith activated T  lym phocytes  
(T eunissen e t a l, 1994), and it is notable that Langerhans 
ce lls  accum ulate at foc i o f  T  c e ll infiltration in the O LP  
epithelium , w here there is disruption o f  the basal layer  
(unpublished observations).

In the sub-epithelial con nective tissue tw o consistent pat
terns o f  L FA -3 staining w ere observed. Firstly, ce lls  m or
phologically  identified as infiltrating m acrophages 
expressed very little, or no, detectable surface antigen, but 
had readily detectable L FA -3 staining w ithin the cytoplasm . 
Secondly , L FA -3 staining, w hich did not appear to be ce ll- 
associated, w as a lso  found throughout th e ' region o f  the 
inflammatory infiltrate in OLP lesions.

L FA -3 has been reported and sequenced as three d iffer
ent form s (Seed , 1987; W allner, 1987; Kakutani, 1994), 
each produced by m R N A  sp licing and each containing an 
extracellular dom ain. G PI-LFA -3 is linked to g lycosy l 
phosphatidylinositol w ithin the m em brane and has no cy to 
p lasm ic tail; T M -L F A -3 has a transmembrane dom ain and 
a cy top lasm ic tail; L F A -3 A  D 2 is sim ilar to T M -L FA -3  
but has a truncated extracellular dom ain. The cytop lasm ic  
staining w e have observed  in m acrophages in OLP lesions, 
using a m A b w hich  detects an epitope o f  the extracellular 
dom ain, is not consisten t w ith any o f  these form s. T hese  
findings suggest that such ce lls  m ay produce a novel tran
script o f  L FA -3, perhaps having an altered m em brane inser
tion dom ain or signal sequence, since the extracellular 
dom ain is apparently retained within the cytoplasm . The 
p ossib le  role such a form  o f  LFA -3 may have is not yet 
know n, though it w ou ld  se lf-ev idently  be ineffective as a 
surface adhesion m olecu le. This w ould  be expected  to m od
erate, though not com pletely  rem ove, the role o f  this m ac
rophage population as antigen-presenting ce lls  in OLP  
les ion s, since these ce lls  could  still utilize the ICAM -1  
pathw ay for cellu lar adhesion interactions. An alternate 
explanation for the presence o f  cytop lasm ic staining w ould  
be that, in O LP lesion s, m acrophages are internalizing  
extracellular L FA -3 from  a number o f  p ossib le sources (for 
exam p le, degenerating keratinocytes). In this situation m ac
rophages w ould  be expected  to loca lize  the antigen within  
the en d osom al/lysosom al and trans-G olgi com partm ents. 
A lthough  this w as not apparent under the light m icroscope, 
the results o f  current im m unogold electron m icroscopy  
studies w ill establish unequivocally  the precise sub-cellular  
distribution o f  the antigen in these ce lls . Further studies are 
now  in progress to identify the m olecular form (s) o f  LFA - 
3 and the corresponding m R N A  transcript(s) in the m acro
phages iso lated  from  O L P lesions.

L F A -3  staining in O L P lesions appeared to be associated  
w ith non-cellu lar com ponents as w ell as keratinocytes, T  
lym phocytes and other ce lls. The presence o f  LFA -3 p oss
ibly associated  w ith  the extracellular matrix was evident 
throughout the inflam m atory infiltrate, although the deeper 
tissue and tissue distal to the lesion  stained on ly  w ith the 
sam e expression  pattern seen in healthy sam ples. Further 
stud ies are now  in progress to define the source and nature 
o f  this probable ‘m atrix-bound’ L F A -3, since a ‘so lu b le’ 
form  o f  the m o lecu le  (sL F A -3) has previously been  
described as a hom otrim er in vivo  (H offm an e t a l, 1993). 
M oreover, the shedding o f  L FA -3 from  fibroblasts has been  
reported in v itro  (Sh i-W en  e t a l, 1994) and w e are exam in
ing the possib ility  that proteolytic clipp ing o f  fibroblast 
L F A -3 in O LP is responsib le for the presence o f  the antigen  
in the extracellular m atrix. In this context it is notable that 
w e have observed that there is no surface staining o f  co n 
n ective  tissue fibroblasts in any o f  the specim ens. H ow ever, 
at this stage w e  cannot exclu de the p ossib ility  that other 
ce lls , such as keratinocytes or T  lym phocytes, cou ld  be the 
source o f  non-cell associated  L FA -3 w ithin the O LP lesion.

A lthough  the m olecu lar characteristics o f  this ‘so lu b le’ 
form  o f  L FA -3 are not yet know n, it w ould  be expected  to 
retain som e o f  the binding and functional activ ities o f  the 
m em brane-associated  antigen, acting both to accum ulate T  
ce lls  and to prom ote T  ce ll activation. M oreover, despite
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the possibility that matrix-associated LFA-3 might compete 
with the surface antigen and thereby reduce the level o f  
cell-cell reactions o f  T lymphocytes within the lesion, it 
could still act as a support for the accumulation o f T cells 
and also serve as a mechanism for continued lymphocyte 
activation. ‘Soluble’ forms o f  certain other adhesion mol
ecules have been shown to be associated with a number o f  
autoimmune, inflammatory diseases. For example, levels o f  
soluble ICAM-1 are elevated in both system ic and localized  
sclerosis (Ihn et al, 1994; Kiener et al, 1994), and soluble 
endothelial leukocyte adhesion m olecule 1 is increased in 
psoriasis (Kowalzick et al, 1994). These are likely to be 
important modulators o f the immune response, and it is 
possible that ‘sLFA -3’ in OLP lesional tissue may act to 
prolong the local inflammatory reaction and thereby con
tribute to the chronic pathology o f  the disease.
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Lym phocyte function-associated antigen 3 (LFA-3) has previously been described as occurring 
as tw o isom ers in v iv o ,  a transmembrane (TM) form and a g lycosy l phosphatidylinositol 
(G PI)-linked form, differing only in their membrane anchoring m echanism . A third isoform , 
LFA -3 A D2, which has the cytoplasmic tail o f TM LFA-3 but a truncated extracellular domain, 
has been identified in vitro. We report that the LFA-3 AD2 isoform , identified by RT-PCR  
analysis and D N A  sequencing, is also present in v ivo  and appears to share a signal sequence 
with the TM and GPI isoform s. Expression o f  LFA-3 AD2 w as observed in both normal and 
diseased human buccal mucosa and gingiva. Thus, w hile specific functional differences 
betw een isoforms remain to be established, our results show  that LFA-3 AD2 is constilutively 
expressed  in vivo, along with the other, previously described, isoform s o f  LFA -3. © 1995

Lymphocyte function-associated antigen 3 (LFA-3) is the major naturally occurring 

ligand for the T  lym phocyte receptor CD2 (1). Both o f these m olecules are members o f  the 

im m unoglobulin gene superfamily (2) and the genes for both are located on chrom osom e 1 (3). 

T w o isoform s o f L FA -3, generated by alternate splicing o f R N A  transcripts, have been 

described previously. These isoform s differ in their membrane anchoring m echanism , but are 

identical in their extracellular domains. Transmembrane (TM) LFA-3 contains a membrane- 

spanning domain and short cytoplasmic tail (4), whereas g lycosyl phosphatidylinositol-linked  

(GPI) LFA-3 is anchored within the membrane (5).The cD N A  sequence for a third isoform of  

L F A -3, termed LFA-3 A D2, has recently been identified in vitro  in the human T cell line 

M O LT-4, (6 ). Sequence data indicates that this isoform encodes the TM -LFA-3 anchoring 

region and a truncated extracellular region consisting o f  only the membrane distal domain, 

dom ain 1, o f  the other isoforms. Both TM and GPI sequences indicate the presence o f  a signal 

peptide w hich is apparently cleaved from the mature protein. The presence o f this signal 

sequence has not previously been reported for the A D2 isoform transcript.

Immunohistochemical studies have identified the presence o f  a number o f  possibly  

novel isoform s o f LFA-3 in chronically inflamed oral tissues (7). In particular, w e have
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observed cytoplasmic LFA-3 expression, without accompanying surface antigen, in a 

macrophage population within lesional tissue o f patients with oral lichen planus (OLP). In 

addition, substantial levels o f an apparently ‘solub le’ L FA -3, which may be associated with 

com ponents o f  the extracellular matrix, are also present in OLP sam ples. In the present study 

w e have utilized reverse transcriptase polym erase chain reaction (RT-PCR) to examine the 

LFA-3 isoform s expressed in normal and inflamed oral tissues. D N A  sequencing o f  cloned  

PCR products has been used to establish unequivocally that transcripts corresponding to LFA-3 

AD2 are present in these tissues in vivo

MATERIALS AND METHODS 
Tissue Samples

Lesional buccal mucosa was obtained from 6 patients with OLP, and sam ples of 
gingival tissue w ere obtained from 4 patients undergoing minor therapeutic surgery for chronic 
inflammatory periodontal disease (CIPD). Healthy m ucosa (n=6) and gingiva (n=4) were 
obtained from patients undergoing surgical removal o f  low er third molars.

RNA Extraction and RT-PCR Analysis
Total R NA  from tissue sam ples was extracted using a commercial kit (Stratagene). 

Reverse transcription o f m RNA was performed with M oloney Murine Leukaemia Virus reverse 
transcriptase using oligo  dT primers (Stratagene) and the resulting cD N A  used as template for 
PCR analysis. Primers for PCR were designed, using the published sequences for the three 
known L FA -3 m R N A  transcripts, to give products w hich could be identified by size as specific 
for each o f  the individual isoform s. PCR w as carried out as previously described (8) using 
R edH ot Taq polym erase (Advanced Biotechnologies) in an Eppendorf Thermocycler, with 
sam ples being amplified through 30  cycles. All reaction products were polyA-tailed by a final
extension step (72°C  for lOmin) to facilitate cloning, i f  necessary. A nalysis o f products w as 
carried out by agarose and acrylamide gel electrophoresis, follow ed by ethidium bromide 
staining w hich was visualized under UV light.

cDNA Cloning and Sequencing
PolyA-tailed PCR products, using primer pair LFA -3B /3E , from a gingival cDNA  

sam ple observed to contain all three LFA-3 isoform s w ere ligated into the T A  pC R ll cloning  
vector (Invitrogen) according to the manufacturers instructions. The ligated vector w as
electroporated into ToplO  F  E. coli and the bacteria grown for 24h at 37°C  on Luria Bertani 
(L B ) agar (O xoid). C olonies containing vector and insert were identified by ampicillin 
resistance and XGal blue/white selection, respectively. These were screened by PCR using the 
primers described above. Those colonies producing a product corresponding in size to the 
LFA -3 AD2 insert were grown up in 200ml LB broth, harvested by centrifugation and plasmid 
D N A  isolated using a Quiagen extraction kit. To confirm the insert size lj ig  o f plasmid DNA  
w as digested with 40U  each o f the restriction enzym es EcoRV and Hind III (N ew  England
Biolabs) at 37°C  for lh  and analysed by agarose electrophoresis. The insert sequence w as  
determined for both strands, on an ABI automatic sequencer, by a commercial sequencing 
com pany (Rayne Institute, London).

RESULTS
RT-PCR

The predicted PCR product sizes for each isoform , along with the corresponding primer 

pair, are show n in Table 1(a). Both primer pairs detect the transcripts for all three known LFA-

3 isoform s, using the same 5'-3' inverse oligonucleotide (LFA-3E), with two different 5'-3'

primers distinguishing between the signal sequence (L FA -3S) and the 5" start o f  the 

extracellular domain seq jen ce  (LFA-3B). U sing the two primer pairs described in Table 1(b),

2 0 1
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T able 1. (a) PCR oligonucleotide primers and (b) predicted sizes of PCR products using
each primer pair

(a ) P rim er O rien ta tio n S eq u en ce
LFA-3E 5'-3' Inverse tggagttggttctgtctg
LEA- 3S 5'-3' cgacgagccatggttgctgg
LFA-3B 5'-3' ggtgttgtgtatgggaatgt

(b ) P rim er P red ic ted  p ro d u c t size (bp)
p a ir T M -L FA -3 G P I-L F A -3  LFA-3 AD2
LFA-3B/3E
LFA-3S/3E

646
757

681 381 
792 492

PCR producLs co rresponding  in size to the TM  and G PI isoform s w ere observed  in all sam ples 

exam ined , as show n in Fig. 1. H ow ever, the relative proportion o f  each iso fo rm , as assessed  

visually , varied betw een sam ples, and show ed no correlation with the presence or absence of 

inflam m atory disease.

AD2 transcrip ts of the predicted size w ere observed in a m ajority  o f sam ples tested (Fig. 

1), disudbuted am ong both norm al and affected gingival and m ucosal tissues. O verall, the 

relative levels o f AD2 transcript present, again estim ated visually, w ere m uch low er than that o f 

e ither o f the o ther isoform s, as show n in Fig. 1. T he proportion  o f AD2 relative to the TM and 

G PI isoform s also varied between sam ples, and in one sam ple the AD2 product w as far more 

apparen t than that o f e ither TM  or GPI (Fig. 1, lane ii). H ow ever, there w as again no apparent 

re lationship  betw een the expression o f the AD2 isoform  and a particular tissue or disease state.

PCR using the prim er pair L FA -3S/3E  produced bands correspond ing  to the predicted 

sizes for the three isoform s (Fig. 1). This indicates, firstly , that the am plified LFA-3 AD2 

transcrip ts contain a sequence hom ologous to the know n LFA-3 signal sequence defined by 

prim er LFA -3S and , secondly , that the size o f the resulting PC R  product is precisely that 

predicted for a AD2 transcript containing a signal sequence of equal length to that described for 

the o ther LFA -3 transeripLs.

F ig u r t^ l^  Acrylamide (6%) electrophoresis analysis of RT-PCR products stained with 
ethidium bromide and visualized under UV illumination. Isoforms are indicated as follows: ~, 
GPI; +, TM; >, AD2.
Lancs show: (i) RT-PCR products, corresponding to all three isoform transcripts, detected 
using primer pair LFA-3S/3E in normal buccal mucosa; (ii) RT-PCR products detected using 
primer pair LFA-3 B/E in a sample of normal buccal mucosa showing AD2 as the major 
isoform transcript; (iii, iv) RT-PCR products detected using primer pair LFA-3 B/E in 
samples of normal buccal mucosa and OLP lesional mucosa, respectively; (v ) Phi X 174/Hintl 
DNA size markers.

2 0 2
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Cloning and Sequencing
PCR analysis o f  plasmid- and insert-containing bacterial colon ies identified particular 

clones w hich were positive for the AD2 isoform . Restriction enzym e digestion analysis o f the 

prepared plasmid D N A , as described in the materials and m ethods, confirmed that the insert 

w as o f  the expected size (data not show n). A s show n in Table 2, sequencing resulted in a 

358bp sequence w hich, along with the 119 residue amino acid sequence derived from the 

cD N A , w ere completely hom ologous with the aligned region o f  the reported GenBank AD2 

cD N A  and amino acid sequences (6).

DISCUSSION
The present results show  that all three known isoform s o f  LFA-3 are expressed in 

human tissue in vivo, and that the AD2 isoform identified in this study is hom ologous with the 

isoform  previously reported only in vitro. Although a full length cD N A  sequence has yet to be 

obtained for the isoform  w e have identified in v ivo , its hom ology with the AD2 cDNA  

sequence previously reported in the human T  cell line MOLT4 (6) is 100%, including the 

region o f  the transcript at which there is divergence from the sequences o f the TM- and GPI- 

LFA-3 transcripts.

The AD2 isoform, despite lacking a large extracellular region, appears to be functionally 

com plete. The sheep hom ologue o f  LFA-3 AD2 has been cloned into a bacterial expression  

system and has been show n to be functional in both inhibition o f E-rosetting (9) and an 

im m unosuppression assay (10). Immobilized sheep LFA -3 AD2 also specifically binds 

C D 2+ve T  cells and is capable of providing co-stimulatory activation signals to these cells (11). 

These findings implicate the distal domain (domain 1) o f  LFA-3 as the functionally active

T a b le  2

( a )  1] gtgtatggga atgtaacttt ccatgtacca agcaatgtgc ctttaaaaga
51 ggtcctatgg aaaaaacaaa aggataaagt tgcagaactg gaaaattctg
101 aattcagagc tttctcatct tttaaaaata gggtttattt agacactgtg
151 tcaggtagcc tcactatcta caacttaaca tcatcagatg aagatgagta
201 tgaaatggaa tcgccaaata ttactgatac catgaagttc tttctttatg
251 tgcttggtca ttcaagacac agatatgcac ttattcccac cccattagca
301 gtaatcacaa catgtattgt gctgtatatg aatgggattc tgaaatgtga
351 cagaaaac

(b) 1 50
VYGNVTFHVPSNVPLKEVLWKKQKDKVGELENSEFRAFSSFKNRVYLDTV

51 100
SGSLTTYNLTSSDEDEYEMESPNITDTMKFFLYVLGHSRHRYALIPIPLA

101 119
VnTCrVLYMNGILKCDRK

(a ) 358bp cDNA sequence corresponding to the internal region of human LFA-3 AD2 mRNA 
flanked by primers LFA-3B and LFA-3E; (b) Predicted internal 119 residue amino acid 
sequence derived by alignment of AD2 cDNA sequence with known cDNA sequences of both 
human TM-LFA-3 and MOLT-4 LFA-3 AD2.

203



V o l. 214, No. 1, 1995 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

region o f the m olecule, in agreement with epitope studies o f  human LFA-3 which have show n  

domain 1 to be essential for T  cell activation via LFA-3 (12).

Although no differences in biological activity have yet been reported between the three 

isoform s, the membrane anchoring mechanism may be an important feature in determining 

functional specificities. This is based on the v iew  that GPI-LFA-3, in com m on with other GPI- 

linked proteins such as Thy-1 (13) and alkaline phosphatase (14), has a far greater diffusion  

rate within the membrane than TM -LFA-3 (15 , 16), which has been described as immobile 

(16). G PI-LFA-3 may, therefore, be more closely  involved than are the other isoform s in the 

regulation o f  cell-cell adhesion reactions, since it can m ove more rapidly to areas o f  cell-cell 

contact. In contrast, because o f its cytoplasmic tail, the TM form is far more likely to be 

involved in signal transduction pathways, both for T  cell activation via CD2 and perhaps also  

for stimulation o f  apposing, non-T, cells such as B -cells, fibroblasts or keratinocytes via the 

LFA-3 m olecule itself.

The present study is the first report o f  LFA-3 AD2 in v ivo . Structurally, this isoform  

lacks the extracellular domain proximal to the membrane which is present in the TM and GPI 

forms. H ow ever, this domain has been show n, using recombinant human LFA-3 and 

monoclonal antibodies directed against specific epitopes, to be uninvolved in CD2/LFA-3 

binding, although it may be involved in som e T  cell activation (12) and may have limited 

involvem ent in E-rosette formation (12). Thus, while the lack o f the proximal domain would be 

expected to have only minimal effect on the function o f  LFA-3 AD2, the structure o f  LFA-3 

AD2 places the major functional (distal) domain closer to the cell membrane. This change may 

allow  this isoform to establish a closer, and perhaps more effective, region o f cell-cell contact 

which may enhance signal transduction through adhesion-dependant pathways. The novel 

structure o f this LFA-3 isoform might also result in an altered conformational structure during 

cell interactions, differing from that o f  the two other isoform s and possibly allowing  

‘alternative7 activation pathways to be utilized.

In preliminary Southern blot analysis experiments, carried out using the cloned and 

sequenced AD2 PCR product as a probe, w e have found that the AD2 isoform is expressed in 

all sam ples, including those in which no AD2 transcript w as detected by PCR analysis alone. 

This observation strongly suggests that transcripts for all three currently known isoform s o f  

LFA-3 are expressed constitutively in both normal and diseased tissue. H ow ever, these 

findings do not preclude the possibility that there could be an important relationship between  

the regulation o f  the relative levels o f each type o f  LFA-3 transcript and inflammatory 

pathologies, particularly if  different functional activities are indeed associated with each o f  the 

isoform s.
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Im m u n o lo g ic  a sp ec ts  o f d e rm a l a n d  o ra ! lich en  p lan u s
A review

S. R. Porter, M D , PhD , F D S RCS, F D S R C S E ,a A lu n  Kirby, B S c ,a Irwin O lsen , P h D ,b
and W . Barrett, M S c, PhD , FD S R C S,a L ond on , U .K .
E A S T M A N  D E N T A L  IN ST IT U T E  A N D  H O SP IT A L  FO R O R A L  H E A L T H  C A R E  S C IE N C E S

T here  have b e en  m any  investigations, both e x p erim en ta l a n d  ep id em io lo g ic , o f th e  form s o f LP affecting  the  
skin and  oral m u co sae . T hese  studies have prov ided  a varied  ran g e  of h y p o th eses to  exp la in  no t o n ly  th e  factors 
de te rm in in g  suscep tib ility  to  an d  o n se t of this disease, b u t a lso  th e  im m u n o lo g ic  m ech an ism s lead in g  to th e  pa thosis 
w ith w h ich  LP is a sso c iated . M uch  progress has been  m ad e , e sp ec ia lly  th ro u g h  in vitro  stud ies, regard ing  d e ta ile d  aspects 
o f the im m uno logy  of LP. H ow ever, data  is often conflicting  o r in co m p le te . In this rev iew  w e  a tte m p t to  b ring  to gether 
th e  curren tly  av ailab le  d a ta  regard ing  the im m unolog ic  basis of LP. (O ral Surg O ral M ed O ral Pathol O ral Radiol Endod 
1997;83:358-66)

C urrendy the p recise  cau se  o f  lichen  planus (LP) re
m ains unclear. N everth eless there is m uch data to 
su ggest that im m u n o log ic  m ech an ism s are funda
m ental to the in itiad on  and perpetuation o f  LP. The 
current article rev iew s ava ilab le  data on the im m uno
lo g ic  basis o f  LP.

IMMUNOGENETIC ASPECTS
A gen etic  cau se  o f  LP has been postulated as a re

sult o f  stud ies o f  fam ilia l L P  and the frequencies o f  
certain hum an leu cocy te  antigens (H L A ) in nonre
lated patients w ith  LP.

FAMILIAL LP
Fam ilial LP has been d efin ed  as LP that affects tw o  

or m ore fam ily  m em bers. T here are few  reports o f  fa
m ilia l LP, w ith  less than 100 patients being detailed  
in the literature; som e o f  these reports provide on ly  
very sketchy  d eta ils o f  so m e  o f  the patients (T able I). 
Such persons d o  not n ecessarily  cohabit, and the le 
sions m ay occur at w id e ly  separated tim e in tervals.1

F am ilia l LP m ay h ave an atypical c lin ica l presen
tation. A ffected  persons often  d eve lop  d isease at an
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earlier age  than patients w ith  id iopath ic nonfam ilia l 
L P ,2, 3 and m ost patients h ave gen era lized  or d issem 
inated  cu tan eou s le s io n s that persist for m ore than 2 
y ears3 or tend to recur. Indeed, it has b een  su ggested  
that fam ilia l LP m ay b e a d istin ct c lin ica l d isorder,4

T he cau se  o f  fam ilia l LP is  unkn ow n . A n  in fective  
cau se  seem s u n lik e ly5 ,6 as fam ilia l LP o ften  occu rs in 
non co -h ab itin g  fam ily  m em bers and p resen ts at in 
tervals ranging from  6  w eek s to 3 0  years. In addition , 
b eca u se  L P is  not u ncom m on , such  c a se s  m ay be 
m erely  co in c id en ta l or perhaps related to a com m on  
but u n id en tified  environm ental factor.

N o  sign ifican t a ssoc ia tion  w ith  a particular H LA  
an tigen  has been  dem onstrated in  fam ilia l LP. H o w 
ever , the data are quite sparse, and so m e  d egree o f  
correlation  b etw een  H L A  antigens o f  c lo s e  fam ily  
m em bers w ou ld  be ex p ected  (T able U).

ASSOCIATION OF LP WITH HLA ANTIGENS
S evera l stud ies h ave purported to sh o w  an a sso c i

ation  b etw een  H L A  antigen s and LP sin ce  L ow e et 
a l.7 first reported a sign ifican tly  raised frequ en cy  o f  
H L A -A 3  in a group o f  B ritish  patients w ith  cu tan e
ou s LP (see  T able III). In m ost o f  these in vestiga tion s  
the study groups have con sisted  m ain ly  o f  patients 
w ith  cu tan eou s L P, o ften  w ithout recorded  oral 
in v o lv em en t. H a levy  et a l.8 noted a s ig n ifica n tly  in 
creased  in c id en ce  o f  H L A -A 28  in non d iab etic  Israeli
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Table I. Reports of familial LP

Authoris) Year

Number of 
affected 
persons Relationship

Samuel95 1915 2 Sisters
Montgomery & 1919 2 Brothers

Culver96
Feit97 1929 2 Mother and son
Saffron98 1940 46 Review: mixed

4 Mother and 3 sons
Goldstein99 1942 3 Mother, son, daughter
Copeman et al.4 1978 10 ' 5 Families
Sodify and 1978 6 Mother and 5 sons

Vollum100
Malhotre and 1980 2 Sisters

Kanwar101
2 Brothers

Copeman102 1981 10 5 Families
Grunnet and 1983 3 Father, son, daughter

Schmidt103
Mahood3 1983 3 Brother, sister, daughter

2 Uncle, niece
2 Father, son
2 Father, son

Caro104 1984 2 Father, son
Gibstein and 1984 2 Monozygotic twins

Esterly105 (female)
Lin et al.1 1986 3 Mother and 2

daughters

patients, whereas Simon et al.9 reported a signifi
cantly raised frequency of HLA-B8 in German 
patients with cutaneous LP. The frequency of HLA- 
DR1 has been found to be significantly increased in 
patients with widespread cutaneous LP,10"12 whereas 
the frequency of HLA-DQ1 may be increased in cu
taneous LP.12 Other studies of HLA antigens in non
related French13 and Danish14 patients with cutaneous 
LP have reported no significant HLA relationship 
(Table IV).

Only a few studies of patients with oral LP have 
been carried out and, as with cutaneous LP, the results 
have been equivocal. Watanabe et al.15 reported the 
frequency of HLA-DRw9 to be significantly raised in 
Japanese patients with oral LP, while the frequency 
of HLA-DR3 was raised in erosive LP. However, the 
relatively small patient group in this latter study must 
preclude any firm conclusions being drawn. The fre
quency of HLA-DR9 was also found to be signifi
cantly increased in a group of Chinese patients with 
oral LP.16 Other HLA investigations of patients with 
oral and cutaneous LP have also shown no signifi
cantly altered frequencies of HLA antigens.l0-14 Re
cently, however, significant increases in the fre
quency of HLA-B27, HLA-B51, and HLA-Bw57 
have been found in a group of white English patients

Table II. Studies of HLA antigens in patients with 
familial LP

Author (s) Year Study group Findings

Copeman et al.4 1978 10 Patients from 
5 families

HLA-B7 in 80%

Copeman102 1981 10 Patients in 5 
families

No HLA 
susceptibility 
identified

Grunnet and 1983 5 Patients from 3 HLA-Awl9, B18,
Schmidt103 families 

affected and 2 
unaffected 
members of 1 
family

C w l8
haplotype in 
LP individuals

Mahood3 1983 9 Patients from 4 
families

HLA-B7 in 44%

with oral and sometimes cutaneous LP. In addition, 
a significant decrease in the frequency of HLA-DQ1 
was observed in this group of patients.17 The fre
quencies of HLA-B27 and Bw57 were significantly 
increased and HLA-DQw I significantly increased in 
the 30 patients who had only oral LP. Subgroups of 
patients with different types of oral LP had some sig
nificant increases in the frequency of specific HLA 
antigens. However, these results must be interpreted 
with caution because of the small numbers of some 
of the subgroups.17 A significant association with 
HLA-DR2 (and lack of association with DR4) in Is
raeli Jewish patients with erosive oral LP has recently 
been detailed. However, unlike the studies of DR1 
(see following), no specific DR2 allele is associated, 
with LP.18

The disparity of results in the early studies might 
reflect variation in racial and clinical patient selec
tion, and limited availability of suitable antisera for 
HLA typing. In addition, in some investigations, pa
tients with cutaneous and mucosal LP were grouped 
together whereas in others they were separated for 
statistical analyses. Patients with ill-defined lichenoid 
lesions have also been included in some studies.

Nevertheless the trend of an increased frequency of 
HLA-DR1 in cutaneous LP is of major interest, par
ticularly because of the significant association be
tween cutaneous LP in Sardinian patients and the 
DRBI*0101 allele.19 Predisposition to cutaneous LP 
may be correlated with a valine in position 85 and a 
glycine in position 86 in the second exon of the DRB1 
gene.

The multiple changes in the HLA antigen frequen
cies in the groups and subgroups of patients with LP 
cannot be attributed to linkage disequilibrium. The 
recent consistent observation of a significant reduc
tion in the frequency of HLA-DQ 1 in LP suggests that



Fig. 1. Low pow er view of oral LP show s the typical features o f epithelial atrophy, hyperparakeratosis, and 
a band-like infiltrate o f inflam m atory cells in the superficial lam ina propria. Also present is the ch aracte r
istic pattern o f  inflam m atory cell perm eation o f the epithelium . (H em atoxylin-eosin stain; o rig inal m agni
fication x65.)

peripheral lym phoid tissue. However, lim ited immu- 
nohistochem ical data suggest that expressing T 
cells com prise a minority o f  infiltrating T cells in 
LP.43-45

The current ev idence from the aforem entioned  
studies thus suggests that there may be an increased  
suppressor activity within the LP lym phocyte in fil
trate, that there may be an imbalance betw een T lym 
phocyte helper and suppressor activity, and that per
haps this is a fundamental determinant o f  the im m u
nologic activity o f  this infiltrate. N evertheless, care 
must be taken in extrapolating this in vitro data, as 
analysis o f  cloned T cells  may not reflect the com plete  
spectrum o f  im munoregulatory interactions betw een  
lym phocyte subpopulations in the lesional in fil
trate.42, 46 In addition, there is currently only data o f  
the T -cell lines derived from a small number o f  LP 
lesions.

In vitro, T lym phocytes from LP tissue produce in
creased levels o f  IL-6 and granulocyte-m acrophage  
colony-stim ulating factor (G M -C SF) and can be 
stimulated to produce more T N F -a by IL-l(3, IL-6, 
and G M -C SF, more IL-6 by IL -1 (3 and G M -C SF, and 
more G M -C SF by IL -13 and IL-6 than peripheral 
blood m ononuclear ce lls  (PB M C ).47 This suggests  
that local cytokine production may be important in the 
perpetuation o f  LP. Further in vitro studies have

shown that keratinocytes from oral LP lesion s pro
duce IF N -a, EL-6, and T N F -a  in response to EL-1(3, 
LPS, and PM A. These keratinocytes thus have the 
potential to produce large am ounts o f  cytokines 
capable o f  activating infiltrating T  ce lls  and causing  
proliferation o f  B cells (e .g ., IL-6), as w ell as driving  
other inflammatory responses.

PERIPHERAL BLO O D  LYMPHOCYTES
D efects in peripheral blood lym p hocytes o f  pa

tients with LP have been described, but their precise 
etio log ic  significance is unclear. Spontaneous lym 
phocyte proliferation may be reduced,48,49 possib ly  
because o f  a reduction in circulating naive C D 4+  
cells (C D 4+C D 45R A +) and an increase in C D 4+  
C D 45R O + C D 29+ (putative m em ory) c e lls ,50 the lat
ter perhaps reflecting a change in lym phocyte recir
culation caused by preactivation in v ivo . M itogen- 
stimulated lym phocyte proliferation m ay be re
duced51, 52 in som e but not all exam ined patients.49 In 
addition, production o f  som e (e .g ., T N F -a , IL-2, 
IF N -a, and IL-6) but not all (e .g ., IL -1 (3 and lym pho- 
toxin) investigated cytokines by m itogen  (PH A ) 
stimulated peripheral blood lym phocytes from  LP 
patients is reduced.51 This decreased cytok ine pro
duction may be corrected by stim ulation o f  LP lym 
phocytes with PHA and PM A but not P M A +IL -2, in-



Table III. Studies demonstrating significant associations of specific HLA antigens with LP
Number of patients

HLA Authors Clinical type of with HLA associated Number of
antigen year lichen planus clinical type . control patients

A3 Lowe et al. 19767 Cutaneous, mucosal 31/57 300
A5 Lowe et al. 19767 Cutaneous 10/49 300
A28 Halevy et al. 1979s Cutaneous, mucosal mi* 631
B16 Simon et al. 19849 Cutaneous, oral ?/<82 NR
Bw35 Simon et al. 19849 Cutaneous ?/<82 NR
DR1 Powell et al. 198610 Cutaneous, generalised 16/20 171

Valsecchi et al. 198811 Cutaneous, oral 26/40 92
DR3 Jontell et al. 1987107 Oral, erosive 9/10 10
DRw9 Watanabe et al. 198615 Oral 22/42 263
DQwl Powell et al. 198610 Cutaneous, localized 60/72 171
DR9 Lin and Sun 199016 Oral (erosive) 4/44 107
DR2 Roitberg-Tambur et al. 199418 Oral (erosive) 14/33 1150
B27 Porter et al. 199317 Oral (erosive) 15/40 2041
B51 Porter et al. 199317 . Oral (mixed) 12/40 2041
Bw57 Porter et al. 199317 Oral (erosive) 15/40 2041

*Patieats with normal glucose tolerance.

Table IV. Studies demonstrating lack of association 
of specific HLA antigens with LP

Authors) Year
Clinical type 

of LP
Number of 

patients

Saurat et al.13 1977 Cutaneous, oral 43
Veien et al.14 1979 Cutaneous, oral 89
Halevy et al.8 1979 Cutaneous, oral 30*
Potts and 1981 Cutaneous 35

Rowell106
Simon et al.9 1984 Oral NR
Powell et al.10 1986 Oral 13

Lichenoid 9
Jontell et all.107 1987 Cutaneous 10

Lichenoid 10

*Patients with abnormal glucose tolerance test. 
NR, not recorded.

it may be relevant to consider HLA-DQ 1 as confer
ring resistance to LP, in a similar way that resistance 
genes to diabetes mellitus and leukemia have been 
postulated.20,21

INFILTRATING LYMPHOCYTES
Current opinion suggests that the pathogenesis of 

LP is a T-cell mediated process, and there is substan
tial evidence to uphold this view. LP lesional tissue 
exhibits a massive local infiltrate of activated T lym
phocytes (Figs. 1 and 2) with increased local expres
sion of cytokines and altered adhesion molecule ex
pression. It is known that epidermotropic, MHC-spe- 
cific, autoreactive T cells produce a histopathologic 
picture indistinguishable from LP when injected into 
the footpads of syngeneic mice,22 and patients with 
chronic graft-versus-host disease may present with

cutaneous features clinically and histopathologically 
similar to LP.23,24 Furthermore, therapies that sup
press cell-mediated immune responses reduce the 
lymphocyte infiltrate and cause clinical improvement 
of LP lesions (e.g., cyclosporin25 and etretinate26).

The LP lymphocyte infiltrate comprises principally 
T cells, including CD4+ and CD8+ lymphocytes.27'36 
There may be a gradual accumulation of CD8+ T cells 
with disease progression.37 B lymphocytes are present 
in low numbers, and natural killer cells are rarely 
present.34,36 Within lesions there is regional variation 
in the distribution of T-cell subsets, with the majority 
of intraepithelial T cells, being CD8+ and the propor
tion of CD8+ cells being higher in the superficial 
rather than deeper lamina propria.38,39 Immunohis- 
tochemical studies indicate that activated T cells (e.g., 
expressing MHC Class II) can lie close to the dam
aged basal epithelial cells and basement membrane 
and sometimes (but not always36) in areas adjacent to 
epithelial erosion.38,40 The majority of T lympho
cytes within the epithelium express the a(3 T-cell re
ceptor (TCR) and are CD45RO+ ‘memory’ T cells. 
Only a small proportion of the epithelium-infiltrating 
T cells express the yb TCR.33

The majority of lymphocytes extracted from le
sional tissue express the a(3 TCR and are CD8+. In 
addition, a large proportion of isolated T-lymphocyte 
clones derived from these cells display suppressor 
activity, although clones with substantial helper 
activity may also be present.41,42 T-cell lines derived 
from LP lesional skin are predominantly CD8+, 
although up to 47% of these T-cell lines are y8 TCR+ 
and also commonly of the y8 subtype V1J1, a pop
ulation not normally found in healthy skin or mature



Fig. 2. Higher power view reveals the lymphohistiocytic nature of the inflammatory cell infiltrate that has 
breached and disrupted the basement membrane zone. As a result there is "basal cell liquefaction degen
eration." (Hematoxylin-eosin stain; original magnification x250.)

dicating that any defect in cytokine production is due 
to T -cell hyporesponsiveness rather than numeric 
differences or deletions o f  T -cell subsets, such as re
duced C D 4+ or increased C D 8+  cell populations as 
occasionally  found in L P.33,52

Elevated serum levels o f  cytokines, including 
T N F -a , IL-4, and IL -651-53 may be observed in LP. 
This reflects the chronic inflammatory nature o f  LP, 
with T N F -a  being produced by activated T cells, 
macrophages, and mast c e lls .54

KERATINOCYTES A N D  DENDRITIC CELLS
As has been outlined earlier, keratinocytes in LP 

lesions are probably a major source o f  inflammatory 
cytokines and may be centrally involved in the gen 
eration o f the lesional pathosis through the upregu- 
lated production o f  these pleiotropic agents. The in
volvem ent o f  G M -C SF may account for the early in
filtration o f  m onocytes and macrophages into the 
lesion, although the chem otactic activity o f  agents 
produced by LP keratinocytes is not notably influ
enced by antimacrophage colony-stim ulating factor 
antibody (anti-M -C SF) and only partially reduced by 
anti-G M -CSF antibody, suggesting that chem otactic  
agents other than G M -C SF are generated by LP ke
ratinocytes.47

Although the keratins o f  keratinocytes in LP are not 
notably influenced by the inflammatory infiltrate,55 
keratinocyte expression o f  M HC class II antigens,

calcium -binding surface antigen 27E 10 and ICAM -1 
(see fo llow ing) is increased,56 particularly in areas 
adjacent to the dermal inflammatory infiltrate.

Numbers o f  Langerhans’ cells m ay be normal57,58 
or increased.27,34,59~62 These cells may be more den
dritic in LP than in normal mucosa, suggesting an in
crease in surface antigen expression or elevated  den
dritic growth, and there is a significant increase in 
H L A -D P and H L A -D Q 58 and perhaps H L A -D R  e x 
pression57 possib ly induced by local cytokine pro
duction (noted earlier). Langerhans’ ce lls  in LP often  
appear to accum ulate in groups o f  several ce lls  c lose  
to the basal cell layer and may be highly involved  in 
the presentation o f  antigen to infiltrating T lym pho
cytes. A lthough these accum ulations are not alw ays 
associated with areas o f  infiltration or dam age, this is 
usually the case (unpublished observations).

M acrophage-related factor XHIa positive dendro- 
cytes (m orphologically  and phenotypically distinct 
from Langerhans’ cells) are also significantly in
creased in number and size in L P.34,63

A D H ESIO N  MOLECULES
Intercellular adhesion m o lecu le-1 (IC A M -1, 

C D 54), a member o f  the im m unoglobulin superfam 
ily  o f  adhesion m olecules, is important in the binding 
and transendothelial emigration o f  leukocytes to
ward sites o f  inflammation, by virtue o f  its binding  
lym phocyte function-associated an tigen -1 (L FA -1;



CD 11 a/CD 18, present on all circulating lympho
cytes) and MAC-1 (CD1 lb/CD 18) on myeloid cells 
and some lymphoid cells. ICAM-1 is present on the 
endothelium of blood vessels of normal and LP- 
involved oral mucosa.64 Much more significantly, 
however, there may be increased expression of 
ICAM-l on basal and parabasal keratinocytes, in- 
traepithelial Langerhans’ cells, macrophages, and 
CD4+ and CD8+ lymphocytes within the lamina pro
pria in LP.36,64,65 Although increased keratinocyte 
ICAM-1 expression is not always present,33,66 eleva
tion of [CAM-1 expression on keratinocytes may 
correlate with sites of T-cell infiltration into the ep
ithelium67'69 and be induced by IFN-'y, or TNF-a. 
LFA-1 expression on CD4+ and CD8+ lymphocytes 
is increased in LP; it is most prominent on those lym
phocytes impinging on the epidermo-mesenchymal 
junction.70 It is thus possible that increased expres
sion of ICAM-1 together with elevated LFA-1 levels 
allows local accumulation of T cells in LP.

The expression of LFA-3 is also altered in oral LP. 
LFA-3 is a ligand for CD2, which is expressed only 
by T lymphocytes, and mediates cell-cell adhesion 
and T-cell activation. A recent study has shown that 
although both normal and oral LP keratinocytes and 
endothelial cells express LFA-3, in oral LP there is 
also the presence of large amounts of this molecule 
within the region of the inflammatory infiltrate that 
does not appear to be cell-associated.71 This “ matrix- 
bound” LFA-3 may act as a support structure for T- 
lymphocyte binding and activation, thus serving to 
exacerbate the pathosis.

Increased endothelial expression of vascular cell 
adhesion molecule-1 (VCAM-1; CD106), another 
member of the immunoglobulin superfamily, may 
also occur in LP. However, in skin LP, elevated 
VCAM-1 expression is consistently observed on vas
cular epithelium associated with the inflammatory 
infiltrate72, but in oral LP there is inconsistent 
VCAM-1 expression, VCAM-1 positive blood ves
sels being adjacent to rather than within the inflam
matory infiltrate.64

EXTRACELLULAR MATRIX COMPONENTS
Recent studies indicate that laminin and types IV 

and VII collagen are significantly increased at the 
epithelial-mesenchymal junction in LP and thus may 
bind to pi integrins on the surface of infiltrating 
lymphocytes.36 In addition, fibrinogen is deposited at 
the basement membrane zone (BMZ) adjacent to ar
eas of lymphocyte accumulation,36 although fibrino
gen-binding integrins (CD 11c and CD61), found on 
platelets and B lymphocytes, are only faintly ex
pressed.36

POSSIBLE LOCAL IMMUNOLOGIC EVENTS
The above data certainly suggest that there are a 

number of mechanisms at work that will allow for the 
local accumulation of leukocytes, in particular lym
phocytes, at sites of LP. In particular, ICAM-1 expres
sion by keratinocytes will induce T-cell adherence via 
LFA-1 and interaction of MHCII antigens with the TCR 
may activate T cells. Expression of ICAM-1 and MHC 
class n antigens may then be increased by local cyto
kine production. However, the precise trigger for these 
immunologic events remains unclear.

HUMORAL IMMUNITY
There is currently little definitive evidence to im

plicate an altered humoral immune response in the 
pathogenesis of LP. Thus LP has rarely been associ
ated with hypogammaglobulinanemia,75 and LP may 
be more closely associated with abnormalities of T- 
cell function, such as thymoma,73,75 than humoral 
immunodeficiencies.74

Associations of LP with autoimmune diseases have 
been well documented. Nevertheless, the frequency 
of autoimmune diseases observed in large groups of 
LP patients is not always elevated in comparison with 
the general population (e.g., Shuttleworth et al.76), 
and there is no significantly raised frequency of the 
autoimmune-associated HLA antigens B8, DR3, or 
DR4 in LP. Moreover, LP patients exhibit no consis
tent alteration in the serum levels of immunogloblins. 
Thus although decreased levels of IgM and IgA have 
been reported,77'79 other groups have found increased 
IgA80 and increased IgG.81 Varied levels of IgA, 
IgG,78,82, 83 IgM,81'83 IgE,83 and IgD83 have also been 
observed in LP, whereas serum levels of complement 
components are normal.81

Within lesional and perilesional tissue of idiopathic 
LP there is no consistent or pathognomonic deposi
tion of immunoglobulins, fibrinogen, or complement 
components. IgM may be present at the BMZ in a 
minority of lesions examined,84'86 and fibrin and fi
brinogen85'87 and C3, C4, and C5 may also be present 
at the BMZ.87 IgM, C3, and C4 are found on colloid 
bodies,85 and IgA, IgG, C1, and C5 may be occasion
ally present.84,86 An LP-specific antigen (LPSA) in 
the granular or spinous layer has been described.88 
However, although this may be present in up to 80% 
of examined LP patients, it is inconsistently present 
in affected persons.88 Circulating anti-LPSA anti
bodies are regarded as a marker of disease rather than 
essential to the pathogenesis of LP.89 LPSA is infre
quently detected in oral LP tissue although patients 
may have antibodies to LPSA.89 Recently, another 
autoantibody to keratinocytes has been described,90 
and immunoglobulin deposits have been demon



March 1997

strated at the BMZ of patients with lichenoid le
sions.90 However, these are not specific to lichenoid 
reactions,92'94 and if LP does have an autoimmune 
basis, it is more likely to involve cell-mediated 
immune reactions rather than aspects of humoral im
munity.

CONCLUSIONS
Despite the great wealth of data, the precise immu

nologic pathogenesis of LP remains unclear.
Of particular relevance, the precise trigger of LP 

remains unknown. Drug therapy and hepatitis C virus 
infection can induce or possibly exacerbate LP, but it 
is not known if these exogenous agents influence ke- 
ratinocyte function or the immune system. LP does 
not have a strong immunogenetic basis and thus it 
seems unlikely that it represents a genetically deter
mined immune response to one of a number of iden
tified or unidentified exogenous triggers.

It is clear, however, that once the immune system 
has been activated, possibly by antigen-presenting 
dendritic cells, that LP is principally cell-mediated. 
Lymphocytes are recruited into the mucosa or skin by 
upregulation of adhesion molecule expression, possi
bly driven by cytokines, and the damage to the kera
tinocytes and basement membrane is predominantly 
cytotoxic T-lymphocyte mediated. Futhermore, the 
activation of T lymphocytes and the resultant gener
ation of cytokines and lymphokines are likely to per
petuate the cell-mediated immune response.

LP may simplistically represent a type IV hyper
sensitivity response to an exogenous agent that could 
have altered keratinocyte function. The occasional 
presence of autoantibodies to epithelial elements in 
lichenoid reactions may also have a similar effect and 
hasten a subsequent cell-mediated reaction to the ep
ithelium.

As with other reviews of the etiopathogenesis of 
inflammatory and mucosal disease, there is insuffi
cient data to provide the definitive pathogenic path
way of LP. The present article not only highlights the 
knowledge already gained, but also the data that are 
lacking to explain the pathogenesis of LP.

We thank M iss Nicci King for her assistance in the care
ful preparation o f this manuscript.
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The oral form of the inflammatory disease lichen planus occurs spontaneously 
due to unknown aetiological factors. However, it has recently been observed to 
occur with increased frequency in patients infected with the hepatitis C virus. 
Because of the prominent role o f adhesion molecules in immune cell 
interactions, we have compared the expression o f these antigens in the hepatitis 
C virus-associated and idiopathic forms o f  the disease. The results show similar 
patterns of expression of very late activation antigen-4, lymphocyte function- 
associated antigen-3 and intercellular adhesion molecule-1, but relatively 
elevated levels of these antigens in oral lichen planus patients with no hepatitis 
C virus infection. In addition to differences in Langerhans cell distribution, 
serum levels of “soluble” intercellular adhesion molecule-1 as well as 
immunoglobulin G were significantly increased in the hepatitis C virus- 
associated group. These findings show that there are some differences in the 
lesional and systemic immune reactivities o f the two types of oral lichen planus 
which may be related to possibly distinct pathogenic mechanisms.
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Oral lichen planus (OLP) is a chronic inflammatory 
condition which mainly affects the buccal mucosa 
and occurs in around 2% of the general population
(1). The disease is usually idiopathic, although 
several factors, including certain drug therapies, 
are known to induce OLP and OLP-like lesions
(2). Recently, hepatitis C virus (HCV) has been 
linked with the development of OLP in some 
patients (3, 4). Thus, up to 12% of patients with 
HCV infection may also present with OLP and, in 
areas of high HCV prevalence such as Japan, up 
to 60% of patients with OLP may also be HCV- 
positive (5). Furthermore, treatment of HCV infec
tion with interferon-alpha (IFN-a) has been shown 
to sometimes induce (6) and exacerbate (7) OLP, 
although remission of OLP has also been reported 
(8).

Once established, OLP is considered to be a T

lymphocyte driven disorder (9, 10), with lesions 
demonstrating a dense lymphocytic infiltrate within 
the epithelium. A number of studies have therefore 
examined the precise role of components of the 
inflammatory response related to T lymphocyte 
immunoreactivity, including the expression of adhe
sion molecules, in the aetiopathogenesis of OLP. 
Altered adhesion molecule expression has previ
ously been noted in OLP lesional tissue, including 
of members of the /J1 integrin family of very late 
activation antigens (VLA-1, -3 and -6) (11) and of 
intercellular adhesion molecule-1 (ICAM-1) and its 
ligand, lymphocyte function-associated antigen-1 
(LFA-1) (12). Moreover, we have recently shown 
that expression of lymphocyte function-associated 
antigen-3 (LFA-3), the natural ligand for the T cell 
surface antigen CD2, is also altered in idiopathic 
OLP (13). The CD2/LFA-3 pathway is a major
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antigen-independent mediator of T cell activation 
as well as adhesion (14), and we observed that the 
OLP lesional tissue expressed this adhesion molec
ule at a high level within the inflammatory infiltrate, 
with a substantial proportion of the antigen appar
ently associated with the extracellular matrix 
(ECM) as a “soluble” form (sLFA-3). LFA-3 
expression has also been shown to be elevated in 
the liver and sera of patients with chronic active 
hepatitis (15-17)

The' above studies suggest that a number of 
adhesion molecules play an important role in OLP, 
but it is not yet known whether they are similarly 
involved in the HCV-associated form of this dis
ease. In the present study we have therefore exam
ined the expression of these antigens in the lesional 
tissue and of OLP patients with and without HCV 
infection. Immunoglobulin (IgG) deposition in 
these tissues and serum IgG levels have also been 
examined since they have previously been found to 
be altered in OLP (18) and HCV-associated OLP 
(19). The possible influence of anti-HCV therapy 
on a number of these molecular features of HCV- 
associated OLP pathology has also been 
considered.

Materials and methods
Tissue Samples

Healthy buccal mucosa was obtained from 8 HCV- 
seronegative patients undergoing routine oral sur
gery in the Eastman Dental Institute for Oral 
Health Care Sciences, London, UK. Samples of 
idiopathic OLP buccal mucosa were obtained from 
the lesional sites of 7 HCV-seronegative patients at 
the same Institute and of six HCV-seropositive 
patients of the Dental School, University “G. 
D’Annunzio”, Chieti, Italy. The HCV-seropositive 
OLP patients were affected with the reticular form 
of the disease and the HCV-seronegative OLP 
group were selected to concur with this clinical 
presentation. None of the OLP patients had other 
clinical problems associated with lichenoid lesions, 
such as xerostomia and eye symptoms, and none 
of the HCV-infected patients had a history suggest
ive of a lichenoid reaction to drug therapy.

All tissues were mounted in OCT compound 
(Bright, Huntingdon, UK), immediately frozen in 
liquid nitrogen and stored at -  70°C until required.

Immunohistochemistry

Cryostat sections of each tissue sample were cut to 
7 pm thickness and mounted on Superfrost slides 
(Merck, Poole, UK).

Immunohistochemistry was carried out as previ
ously described (13). Briefly, sections were fixed in

ice-cold acetone for 10 min, washed with phos
phate-buffered saline (PBS) and incubated with 
20% normal goat serum (NGS) in PBS (PBS/NGS) 
for 30 min to block non-specific binding. All 
incubations were carried out at room temperature 
in a humid chamber. The primary murine mono
clonal antibodies (mAbs) described in Table 1 were 
applied for 1 h and the sections were washed thor
oughly with several changes of PBS. Sections were 
then incubated for 1 h with horseradish peroxidase 
(HRP)-conjugated goat anti-mouse Ig (Dako, High 
Wycombe, UK) diluted 1:100 in PBS/NGS and 
washed thoroughly with PBS. The SigmaFast DAB 
Peroxidase Substrate Set (Sigma, Poole, UK) was 
prepared and incubated on the sections for 5 min 
to visualize the antigens. Reactions were terminated 
by washing the sections in PBS before counterstain- 
ing with Mayers haematoxylin, dehydrating 
through ascending concentrations of alcohol and 
mounting in DePeX (Merck). Isotype matched 
irrelevant mouse IgG (Dako) was used as a negative 
control. In each experiment, immunostaining of 
sections of control, OLP and HCV-associated OLP 
tissues was carried out at the same time, in parallel, 
and the results of each experiment compared as 
described below.

Examination and photography of sections was 
carried out using an Olympus BX50 microscope 
fitted with appropriate filters and a PM30 control 
unit.

Direct Immunofluorescence

The control, OLP and HCV-associated OLP tissues 
were sectioned, fixed and blocked as described 
above, before being probed for tissue IgG. 
Fluorescein isothiocyanate (FITC)-conjugated 
goat anti-human IgG (Fc specific; Sigma), diluted 
1:40 in PBS/NGS, was incubated on the sections 
for 1 h at room temperature in the dark. 
Sections were then washed extensively in PBS and 
mounted in fluorescence mounting medium 
(Sigma). Fluorescent staining was viewed using a 
Zeiss Axioskop with fluorescence attachments.

Serum Samples

Sera were obtained from 40 healthy HCV-sero
negative subjects with no clinical evidence of muco
cutaneous OLP. Test groups consisted of 17 
patients with OLP and no associated HCV, 14 
patients with HCV-associated OLP and 11 HCV- 
seropositive patients with no associated OLP. 
Healthy controls and OLP sera were collected at 
the Eastman Dental Institute. HCV sera and HCV- 
associated OLP sera were kindly provided by 
Professor A. Piatelli, University of Chieti, Italy.
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Table 1

Monoclonal antibodies used in immunohistochemical studies

Working
Antibody Antigen Main Cellular Dilution <
Clong Specificity Distribution Source Concentrat

N'Al 34 CDla Langerhans cells, Dako, 1:200
cortical High Wycombe,
thymocytes UK

UCHT1 CD3 T lymphocytes Dako 1:200
UCHMl CD 14 Monocytes,

macrophages
Cymbus
Bioscience
Southampton,
UK

1:10

3S3 CD29 Ubiquitous except Serotec Ltd., 1:100
(Integrin /?1) erythrocytes Oxford,

UK
TS2.7 VLA-1

(CD49a)
Endothelial cells, 
activated T cells

Serotec 2 ,ug/ml

HAS-4 VLA-2 Endothelial cells, Dr. F. M. Watt 1:10
(CD49b) T and B 

lymphocytes
ICRF, London, 
UK

11G5 VLA-3
(CD49c)

B lymphocytes Cymbus
Bioscience

1:10

B-5G10 VLA-4 Lymphocytes, Dr. M. E. Hemler 1:100
(CD49d) monocytes Boston, MA, USA

4F10 VLA-6 Lymphocytes, Cymbus 1:10
(CD49f) monocytes Bioscience

TS2.9 LFA-3 Widely Hybridoma 5 ^g/rnl
(CD58) expressed, 

including T cells, 
endothelial cells, 
and keratinocytes

HB205,
ATCC

RR1.1 ICAM-1 Endothelial cells, Dr. R. Rothlein, 5 fig/ml
(CD54) wide range of 

activated cells
Boehringer 
Ingelheim; 
Ridgefield, CT, 
USA

Within the HCV-associated OLP group, 4 patients 
had received IFN-a therapy for at least 12 months 
and a further 2 patients had undergone IFN-a 
therapy for 9 months or less. After preliminary 
trials a serum dilution of 1:10 was utilized through
out for both ELISA assays, in which all samples 
were analysed in duplicate. For the serum immuno
globulin assay, the sera were applied without dilu
tion, as in the manufacturer’s instructions.

ELISA for sLFA-3

Serum levels of sLFA-3 were measured using a 
“sandwich” ELISA technique. Immulon 2 96-well 
ELISA plates (Dynatech, Chantilly, VA, USA) 
were coated with 50 /d/well of anti-human 
LFA-3 mAb 1E6 (10 /tg/ml in 50 mM sodium car
bonate/bicarbonate buffer, pH 9.6) and incubated 
overnight at 4°C. The plates were washed six times 
with PBS and blocked with 250 /d/well of PBS 
containing 5% foetal calf serum (FCS) in PBS 
(PBS/FCS) by incubation for 2 h at room temper

ature. The plates were washed once with PBS. All 
subsequent washes were with PBS containing 0.1% 
Tween 20 (Sigma) (PBS-T). All subsequent incuba
tions were carried out at room temperature. Test 
samples, diluted in PBS/FCS as appropriate, were 
added at 50 /d/well, and all samples were analysed 
in duplicate. After incubating for 1 h, the plates 
were washed six times and again incubated for 1 h, 
with 50 /d/well of rabbit anti-human LFA-3 diluted 
1:5000 in PBS/FCS. The plates were again washed 
six times and incubated for 1 h with HRP-conju- 
gated goat anti-rabbit Ig (Dako) diluted 1:2000 in 
PBS/FCS. After six more washes the colour was 
developed by the addition of 50 /d/well of substrate 
solution (42 mM tetramethylbenzidine (Sigma) in 
dimethyl sulphoxide (Sigma) diluted 1:100 with 
0.1 M sodium acetate/citrate buffer, pH 4.9; 7.3 n 1 
of 30% H20 2 was added per 50 ml of substrate 
solution immediately before use). The reaction was 
allowed to proceed for 10 min and terminated by 
the addition of 50 ^1/well of 2N H2S 04. 
Absorbance was measured at 450 nm using a



Titertek Multiskan Plus plate reader. The sLFA-3 
concentrations in the serum samples were deter
mined by comparison with a standard curve 
included on each plate, which was prepared using 
an LFA-3/Ig fusion protein (LFA-3 TIP) diluted 
in PBS/FCS in the range l-50ng/m l, again with 
each concentration tested in duplicate,

MAb 1E6, rabbit polyclonal anti-LFA-3 serum 
and LFA-3 TIP were all generously provided by 
Dr. Paula Hochman, Biogen Corporation, Boston, 
MA, USA.

The significance of the results for each group 
versus control values was analysed statistically by 
the Student’s /-test. Values of PcO.05 and PcO.Ol 
were considered statistically significant and highly 
significant, respectively.

ELISA for sICAM-1

The levels of soluble ICAM-1 in the serum samples 
was measured using a Cytoscreen immunoassay kit 
for human ICAM-1, kindly provided by Dr. R. 
Rothlein, Boehringer Ingelheim, Ridgefield, CT, 
USA. The assay was carried out according to the 
manufacturer’s instructions. Each serum sample 
was again tested in duplicate, using 20 randomly 
selected control sera and those of the patient groups 
described above.

The significance of the results for each group 
versus control values was analysed statistically by 
the Student’s /-test. Values of P<0.05 and P<0.01 
were considered statistically significant and highly 
significant, respectively.

Serum Immunoglobulin Levels

Quantitative assessment of serum IgG levels was 
determined for 18 of the healthy control sera and 
for the OLP, HCV-associated OLP and HCV 
groups described above. This was carried out by 
immunodiffusion using NOR-Partigen IgG-HC 
plates (Behring Diagnostics, Milton Keynes, UK) 
according to the manufacturer’s instructions. 
Diffusion was allowed to proceed for 48 h before 
measurement. Test sera IgG levels were calculated 
by comparison with a standard curve derived using 
solutions containing known concentrations of 
human IgG included in each immunodiffusion 
plate. The results were compared using a two-tailed 
Student’s /-test. Values of PcO.05 and P<0.01 
were considered statistically significant and highly 
significant, respectively.

Results
Adhesion Molecule Expression

The expression patterns of a number of adhesion 
molecules were examined using a panel of mAbs,

as described in Table 1. Cell phenotypes were 
assessed on serial cryostat sections of the buccal 
mucosal tissues from healthy individuals, OLP 
patients and HCV-associated OLP patients, using 
other mAbs as specific phenotypic markers 
(Table 1). The distribution of the different cell 
types was noted and the staining patterns for each 
adhesion molecule determined visually, by one 
observer, over the whole of each section and also 
graded from negative (—) to strongly positive 
(+  + +) for each of the cell phenotypes (Table 2). 
Gradings were made relative to the control tissues 
within each individual experiment, allowing com
parison to be made between experiments carried 
out at different times. A mean grade was obtained 
for each cell type in each tissue group. In control 
experiments, no endogenous peroxidase activity 
was observed in any of the tissues used in this 
study and no staining was observed for any speci
men when an irrelevant mouse Ig was used instead 
of primary antibody.

The surface antigen CD29 is the /?1 integrin sub
unit common to all members of the VLA family 
and was found to be similarly expressed in all three 
tissue groups, as shown in Table 2.

The integrin VLA-1, a receptor for laminin, was 
detected only on endothelium in normal mucosa, 
whereas a small subset of T lymphocytes also 
appeared weakly positive for this adhesion molecule 
in both the OLP and HCV-associated OLP tissues. 
These CD3-positive cells were restricted mainly to 
the epithelium and comprised less than approxi
mately 10% of the total of infiltrating T cells.

Two other /?1 integrins, VLA-2 and VLA-3 
(receptors for collagen and fibronectin/laminin/col- 
lagen, respectively), had similar epithelial distribu
tions within all three groups. Unlike VLA-2, 
however, keratinocyte expression of VLA-3 was 
limited to those cells in the suprabasal region. 
Notably, approximately 50% of the infiltrating 
CD 3-positive cells in both OLP groups were 
observed to be weakly positive for VLA-2, but did 
not express VLA-3 (Table 2).

VLA-4, a receptor for both vascular cell adhesion 
molecule-1 (VCAM-1) and fibronectin, was readily 
detected on T lymphocytes in both disease groups, 
although it was particularly prominent in the OLP 
group, including intra-epithelial T lymphocytes 
(Fig. 1). Increased VLA-4 expression also appeared 
to be up-regulated on endothelial cells and on 
epithelial dendritic cells in the OLP group only. 
Moreover, in these samples the relative numbers of 
Langerhans cells (CDla-positive dendritic cells) in 
the epithelium adjacent to the dense infiltrate were 
much greater than those adjacent to sparsely infil
trated areas. In addition, the dendritic cells 
appeared to accumulate at sites in the OLP lesions
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Table 2

Immunohistochemical staining patterns observed in buccal mucosal tissues
(a) Normal buccal mucosa

CD29 VLA-1 VLA-2 VLA-3 VLA-4 VLA-6 LFA-3 ICAM-1

LC _ _ _ _ _a _ _ _
KC + - + + / — + / - +  + +  + -
BC +  +  + — +  + + +  +  + — +  +  + +  +  + —
Fibroblasts + — - - - - - -
EC +  +  + +  + +  + +  +  + + / - +  +  + +  +  + +  +  +
T Cells — — — - — — . — \  —
Macrophages +  / - - - - — - - -

*’ Positve (+ )  in 3 o f 8 samples

(b) OLP lesional buccal mucosa

CD29 VLA-1 VLA-2 VLA-3 VLA-4 VLA-6 LFA-3 ICAM-1

LC _ _ _ -1- + b _ _ _
KC +  + - +  + + - +  +  + +  + +  +
BC +  +  + — +  +  + +  +  + — +  +  + +  + +  +  +
Fibroblasts + — - - - - - +  / -
EC +  +  + +  +  + +  + +  +  + + +  +  + +  + +  +  +
T Cells +  + +  ■ + - +  + _C +  +  + +  +  +
Macrophages +  + — — — — — + +

** <  10% o f total T cells
bl Positve in 5 o f 7 samples
c) Positive in 3 o f  7 samples

(c) HCV-associated OLP lesional buccal mucosa

CD29 VLA-1 VLA-2 VLA-3 VLA-4 VLA-6 LFA-3 ICAM-1

LC _ _ — — — +  / - _ _

KC + - + / - +  , — - +  + + +  +
BC +  +  + — +  +  + +  +  + - +  +  + + +  +
Fibroblasts + — - - - - - +  / -
EC +  +  + +  +  + +  + + +  + - +  +  + +  + + +  +  +
T Cells + +  / - * + - + _b +  +  + +  +
Macrophages + — — — + / - — + +

*’ <  5% o f total T cells 
b) Positive in 2 o f 6 samples
LC =  Langerhans cells; KC =  suprabasal keratinocytes; BC =  basal layer cells; EC = endothelial cells

where damage to the basement membrane was most 
apparent and the infiltrate most dense (Fig. 2), a 
feature which was not observed in the HCV-associ
ated OLP samples or in the healthy controls.

The expression of VLA-6, a laminin receptor, 
was very similar on the keratinocytes and endothel
ial cells of both the control and disease groups. 
However, there was a low level of VLA-6 expression 
an some infiltrating CD3-positive cells in 3 of the 
7 OLP samples and 2 of the 6 HCV-associated 
DLP tissues.

In both the OLP and HCV-associated OLP 
groups, the expression of the adhesion molecule 
.FA-3, a member of the immunoglobulin super- 
amily, was also clearly distinct from that observed 
l normal mucosal tissue. In both disease groups,

macrophages (CD 14-positive cells) and T lympho
cytes (CD3-positive cells) were positive for LFA-3, 
the latter staining with particularly notable intensity 
(Fig. 3). The apparently elevated expression of 
LFA-3 was, however, restricted to the lesional site 
and adjacent areas in which keratinocytes and basal 
cells were also most intensely stained. This feature 
was more pronounced in the idiopathic OLP 
patients compared with the HCV-associated OLP 
group.

In both OLP groups, staining of ICAM-1, also 
an immunoglobulin-like adhesion molecule, was 
observed on keratinocytes and basal cells (Fig. 4). 
This occurred in patches, with the strongest staining 
coinciding with the most dense areas of inflammat
ory infiltrate, whilst uninvolved epithelium was
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Fig. /. Expression o f  VLA-4 in O L P  lesional buccal mucosa. 
The m ajor popu la tion  expressing this antigen in O LP was the 
T  lym phocyte (see Table 2), bo th  within the subepithelial 
infiltrate and infiltrating the epithelium  (arrow s). These cells 
appear as round and  densely-staining, and  in serial sections are 
found to be C D 3-positive, as described in the Results section. 
Original m agnification x 100.

negative for IC A M -1 . M oreover, fibroblasts w ithin  
the band o f  infiltration w ere observed  to be w eakly  
positive for IC A M -1 expression , w hereas fibro
blasts in the deeper con n ective  tissue appeared to 
be IC AM -1 negative. A sim ilar pattern o f  expres
sion  was a lso  observed  for m acrophages (identified  
as C D  14-positive cells) th rou gh ou t the connective  
tissue. H ow ever, increased  num bers o f  these cells 
were present w ith in  the infiltrate and these were 
found to be IC A M -1 -p o sitiv e , w hereas IC AM -1  
expression by “ n o n -in v o lv ed ” m acrophages was 
m uch less p ronounced . It is notab le that, despite  
sim ilar sta in ing patterns, the relative staining  
intensity o f  IC A M -1 appeared  to be consistently  
elevated in the O L P  sam ples com pared  with that 
in the H C V -associa ted  O L P  group.

T is su e  D e p o s itio n  o f Im m u n o g lo b u lin

Im m unofluorescence analysis was carried out to  
detect putative au toan tib od ies  in the con tro l, O L P

Fig. 2. Section o f  O L P  buccal m ucosa show ing C D la-positive 
L angerhans cells (arrow s) bo th  within the epithelium  and below 
the basem ent m em brane w ithin the connective tissue in close 
con tac t with inflam m atory  cells. The latter were assessed on 
serial sections as C D 3- and  C D  14-positive staining for T 
lym phocytes and  m acrophages, respectively, as noted in Table 1. 
They ap p ea r in the figure as small, round cells. Original 
m agnification  x 100.

and H C V -a sso c ia ted  O L P  oral m ucosa. The pres
ence o f  such  an tib od ies cou ld  reflect the hum oral 
im m une sta tu s o f  each group and thus illum inate  
p ossib le  d ifferences related to specific features o f  
disease p a th o lo g y . H ow ever, no positive staining  
pattern w as observed  for any o f  the sam ples tested  
(data n o t sh ow n ).

S e ru m  sLFA -3 L ev e ls

Q u an tita tive  m easurem ent o f  serum  LFA -3 was 
carried ou t for the healthy contro ls, O L P, HCV  
and H C V -assoc ia ted  O L P  patient groups, as 
described  in the M aterials and m ethods. T he results 
in T able 3 and  Fig. 5 sh ow  that serum L FA -3 levels 
in the O L P  group  d id  not differ significantly from  
th ose m easured  in the healthy contro l group. 
Sim ilar levels o f  c irculating sL F A -3 were obtained  
for the H C V -assoc ia ted  O L P group, in w'hich the
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Fig. 3. Expression o f LFA-3 in HCV -associated O LP lesional 
buccal m ucosa, show ing the expression of this antigen within 
the inflam m atory infiltrate. Infiltrating T lym phocytes, includ
ing those within the epithelium  (arrow s), express relatively high 
levels o f LFA-3 (see Table 2). Cell-surface expression o f  LFA-3 
was also found to be particularly  prom inent on keratinocytes 
closest to the basem ent m em brane zone. Original m agnifica
tion x 100.

mean sL F A -3 value w as again close to the control 
value. H ow ever, the average serum sL F A -3 level in 
the HCV group w as clearly elevated com pared with  
both the O L P and con tro l groups, and statistical 
analysis show ed that these differences were 
significant.

The clinical therapeutic data available for the 
H C V -associated O L P  sera group show ed that no  
statistical associa tion s could  be m ade betw een  
IF N -a  therapy and sL F A -3 levels.

Serum ICAM-1 Levels

The levels o f  sIC A M -l were also m easured in the 
sera o f  the control, O L P . H C V  and H C V -associated  
OLP groups, as show n in Table 3. The sera o f  the 
idiopathic O L P group w ere found to have signific
antly increased sIC A M -l com pared w ith contro ls. 
This difference was m ore pronounced in the H C V -

Fig 4. Expression o f ICAM-1 in H CV -associated O LP lesional 
buccal m ucosa show ing expression by suprabasal keratinocytes 
(K C ) , dendritic cells (arrow ) and T  lym phocytes and m acro
phages (identified in serial sections as CD 3- and C D l4-positive 
cells, respectively) within the connective tissue inflam m atory 
infiltrate. Original magnification x 100.

associated  O L P group and especially in the H C V  
group, w hich were both statistically  significantly  
higher com pared with controls. Furtherm ore, these 
tw o H C V  groups also exhibited extended ranges in 
addition  to highly significantly increased m ean  
values o f  sIC A M -l com pared with the O LP group.

A s w ith serum sLFA -3 levels, no statistical a sso 
c iation s cou ld  be m ade between IF N -a  therapy and  
sIC A M -l concentration  in the H C V -associated  
O L P sera group.

Serum IgG Levels

The levels o f  serum IgG were determ ined for the 
con tro l, O L P, HCV and H C V -associated  O L P  
groups, as show n in Table 3. For the O L P group  
the m ean value was close to the accepted norm al 
healthy average o f  12.5 g /l (N or-P artigen  IgG -H C  
Kit; Behring D iagnostics), as was the level o f  the 
control group. M oreover, w hile the H C V  group



o o u  i^ iroy  e i at. 

(a) Serum sLFA-3 levels

Table 3

Circulating adhesion molecules and IgG levels

Patient Group n
Mean sLFA-3 

(ng/ml)
Range 

(ng/ml)
Significance (P) 
versus Control

Significance (P) 
. versus OLP

Control 40 118.2 67.5-162 N/A _

OLP 17 107.8 62.9-220 p =  0.72 -

HCV + OLP 14 113.4 42.7-201 p=0.89 0.74
HCV 11 157.2 108-241 p=0.015* 0.037*

(b) Serum sICAM-l levels

Patient Group n
Mean sICAM-l 

(ng/ml)
Range

(ng/ml)
Significance (P ) 
versus Control

Significance (P) 
versus OLP

Control 20 10.3 6.4-14.7 _

OLP 17 14.1 7.3-19.1 0.003** -

HCV + OLP 14 23.6 7.5-44.4 0.0004** 0.006**
HCV 11 27.9 17.2-48.5 0.0003** 0.002**

(c) Serum IgG levels

Patient Group n
Mean IgG 
Level (g/1)

Range
(g/1)

Significance (P) 
versus control

Significance (P) 
versus OLP

Control 18 13.9 9.9-9.8 _ _

OLP 17 12.4 5.5-16.0 0.086 -

HCV+ OLP 14 19.9 11.8-37.5 0.004** 0.0007**
HCV 11 15.2 6.9-20.2 0.405 0.034**

* Significant (P<0.05) and ** highly significant (PcO.Ol) results using two-tailed f-test.

250

200 -

150-

2  100-

50-

OLP HCV+OLP HCVControl

P atien t G roup

Fig. 5. Graphs showing the distribution of sLFA-3 levels within 
each patient group.

exhibited a somewhat elevated mean serum IgG 
level, below the “high-normal” value of 17 g/1, the 
HCV-associated OLP group had markedly higher 
serum IgG levels, with 10 of the 14 sera exceeding 
the “high-normal” value. Analysis by Students two- 
tailed f-test showed this result to be significant 
when compared with the control group and highly 
significant compared with the HCV-seronegative 
OLP group.

Discussion
This study has compared certain lesional and sys
temic features of two epidemiologically and pos
sibly aetiologically distinct forms of OLP. A 
number of previous studies, including our own, 
have demonstrated altered adhesion molecule 
expression in idiopathic OLP (11-13), and in the 
present study we have, for the first time, investi
gated the expression of these antigens in the HCV- 
associated form of the disease. As before, this was 
carried out using panels of mAbs to identify specific 
cell phenotypes and, on serial cryostat section of 
buccal mucosa, to assess the profiles of adhesion 
molecule expression.

Both types of OLP exhibit very similar patho
logy, dominated by a prominent T lymphocyte 
infiltrate below the basement membrane. We have 
observed that such T cells express VLA-1, a laminin 
receptor, suggesting that this antigen could be 
involved in their migration into the epithelium. 
Weak expression of VLA-2, a collagen receptor, 
was also observed on a large proportion of the 
infiltrating T lymphocytes in both idiopathic and 
HCV-associated OLP, indicating that these cells 
are likely to be chronically activated in both types
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of OLP, as previously suggested (26). Increased 
VLA-3 expression was found on keratinocytes but 
was not evident on T lymphocytes in OLP, consist
ent with a previous report that VLA-3 is more 
commonly associated with B lymphocytes (20).

T lymphocytes which express VLA-4 in OLP 
were observed to be mainly intra-epithelial. This 
integrin is a natural ligand for VCAM-1 (20) and 
could thus facilitate T lymphocyte interactions with 
macrophages and Langerhans cells, which have 
been shown to express VCAM-1 in OLP (21). Such 
antigen-presenting cell (A PC )/T  cell interactions 
may reflect an OLP-specific immune response, con
sistent with previous reports that infiltrating T 
lymphocytes in OLP are mainly of the mem
ory phenotype (CD29/CD45RO-positive) (22, 23). 
Thus, these activated T cells may have already been 
primed with “OLP-specific” antigen and may be 
re-exposed within the lesion, although the precise 
role of intra-epithelial T lymphocytes in OLP 
remains to be clearly defined. It is notable, however, 
that elevated levels of VLA-4 were not evident in 
the HCV-associated OLP, suggesting that VLA- 
4-mediated interactions may be of lesser importance 
in this form of the disease.

Further evidence of a prominent role for APC 
in the pathogenesis of OLP is the distribution of 
CD la-positive Langerhans cells in lesional tissue. 
In idiopathic OLP tissues these cells were accumu
lated in areas of the epithelium adjacent to the 
inflammatory infiltrate. In addition, in areas of 
severe basement membrane damage, CD la-positive 
cells were localized in the inflammatory infiltrate, 
where they were apparently in direct contact with 
inflammatory cells, as noted previously (24). Thus, 
Langerhans cells present in OLP lesions (25) may 
play an im portant part in the immune pathology 
of OLP by presenting antigen to, and activating, 
antigen-specific T lymphocytes. This distribution 
was not observed in the HCV-associated OLP 
tissues, again suggesting different pathogenic mech
anisms might be involved in these two forms of 
OLP.

Very similar patterns of expression were observed 
in both OLP groups for the adhesion molecules 
LFA-3 and ICAM-1, which were found to be 
localized primarily within the inflammatory infilt
rate, with lower levels in adjacent regions o f the 
epithelium and connective tissue. Interactions of 
LFA-3 and ICAM-1 with their counter-structures 
on T lymphocytes, CD2 and LFA-1 respectively, 
constitute two major antigen-independent T 
lymphocyte activation pathways (26). Both ligands 
have previously been implicated in inflammatory 
pathologies, including that o f OLP (11, 13), and 
our results show that these antigens could also be 
potentially im portant in the HCV-associated form

of the disease. Moreover, the relatively elevated 
levels of these antigens in the OLP patients com 
pared with the HCV-associated group suggest, as 
with VLA-4, that they may have different roles in 
the two types of the disease.

Circulating adhesion molecules have been consid
ered to be useful markers of inflammatory reactions 
in a number of immune pathologies (27), although 
little is known about these “soluble” forms in OLP. 
However, in the present study we found that serum 
levels of sLFA-3 in OLP did not differ from healthy 
control individuals, despite our previous observa
tion that LFA-3 was elevated in the lesional tissue 
and accumulated in the extracellular matrix of OLP 
lesions (13). In contrast, while sLFA-3 levels were 
also unchanged in the HCV-associated OLP group, 
in HCV-positive patients with no OLP there was a 
statistically significant increase in the average, and 
an extended range, of sLFA-3. Although it is not 
clear why this HCV patient group has a higher 
serum level of sLFA-3 than the group with OLP as 
well as HCV, increased serum LFA-3 has previously 
been reported in patients with hepatitis, possibly 
due to cytokine-induced shedding of LFA-3 in 
chronic inflammatory liver disease, as is also 
observed in vitro (16).

In contrast to sLFA-3, significantly elevated 
levels of sICAM -l were observed in the OLP group 
compared with controls. This finding suggests that 
the localized inflammation observed in OLP is 
associated with a systemic change in sICAM -l 
levels. In addition, both the average and the range 
o f serum levels of sICAM-l were found to be even 
more significantly increased in the HCV-associated 
OLP patients, and these differences were statistic
ally significant compared with the OLP and control 
groups. sICAM -l levels in the HCV patients were 
very similar to those in the HCV-associated OLP 
group, again possibly indicating the modulating 
effects o f the inflammation which accompanies 
HCV infection.

As with sICAM -l, serum IgG levels were also 
found to be significantly increased in the HCV- 
associated OLP group compared with the OLP and 
normal groups, although the average level o f the 
HCV group was also elevated compared with con
trols. These results indicate that while increased 
serum IgG is apparently associated with HCV 
infection, IgG levels are nevertheless higher in 
patients with OLP as well as HCV. Our finding 
that serum IgG levels are normal in OLP patients 
has been reported previously (28), although other 
studies have observed increased levels of IgG (29). 
Using direct immunofluorescence, however, we did 
not detect any deposition of antibodies within any 
of the OLP and HCV-associated OLP lesional 
tissues examined, suggesting that a localised hum-



oral immune response is unlikely to play a major 
role in the pathogenesis of either form of the 
disease.

In conclusion, the results of this study suggest 
that certain adhesion molecules, particulary VLA-4, 
LFA-3 and ICAM-1, could have functionally 
different roles in the idiopathic and HCV-associated 
forms of OLP. These two patient groups could also 
be distinguished by the circulating levels of the 
adhesion molecule sICAiM-1 and IgG. Despite these 
apparent differences, however, further studies are 
required to determine whether these features are 
directly related to the onset or progression of HCV 
infection alone or associated with the accompany
ing development of OLP.
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Phenotypic distributions in normal and OLP mucosa

As described on pages 95-96, the distribution of LC in OLP mucosa was 

markedly different from that observed in normal, healthy mucosa. This was also 

the case for both T lymphocytes and macrophages. However* despite the 

application of mAb clone L26, anti-CD20 (B cell marker), B cells were 

unientifiable in either of the tissue groups.

T lymphocytes, expressing CD3, were present in low numbers in each of the 

control samples. These cells were relatively evenly apportioned, although the 

distribution was limited in the main to the epithelium. In particular, they were 

found within the lower layers of the epithelium and, to a lesser extent, in the 

immediate subepithelial connective tissue. In healthy BM there were no 

accumulations of T cells within the tissue.

In contrast, large accumulations of T lymphocytes in the immediate subepithelial 

area was characteristic of the OLP tissues (see Fig. III.A.2, p.98). Deeper 

connective tissues exhibited no noticeable increase in T cell number compared 

with controls. In general, the main T cell accumulation comprised a dense layer 

of cells with a distinct delineation at the lower extent, with the upper extent 

being defined by the epithelial basement membrane. OPL epithelia also 

contained more T cells than did controls, particularly within the lower layers, 

suggestive of T cell migration into the epithelium. This was often more



pronounced in areas where damage to the basement membrane appeared to have 

occurred.

Macrophages, defined by expression of CD14/CD68, were mainly restricted to 

the connective tissue in both control and OLP samples. In healthy mucosa 

macrophages were relatively low in number and their distribution was even 

throughout the connective tissue. There were a few cells in close contact with the 

basement membrane, although no evidence of intra-epithelial macrophages was 

observed. OLP samples exhibited much greater numbers of macrophages, with 

the major increase coinciding with the extent of the T cell infiltrate. In addition, 

the densest accumulation of macrophages appeared to be closest to the basement 

membrane. There was some evidence that some macrophages may cross the 

basement membrane, but these cells appeared to be limited to the lower 

epithelium and may occur as a result of epithelial damage rather than active 

infiltration.



Regulation of LFA-3: Raw data

Effect of GPI-PLC on surface and intracellular LFA-3 expression

The following table gives representative examples (of at least 3 experiments) of 

AH values obtained by FACS analysis of HEp2 and HepG2 cells after treatment 

with GPI-PLC and subsequent recovery, as described in VII.B, and in Fig. 

YII.B.2.

Sample Surface LFA-3 Total LFA-3* Intracellular LFA-3**
HEp2 Control 46.26 62.1 15.84
HEp2 +PLC 38.46 61.49 23.03
HEp2 +PLC +lh 35.69 62.18 26.49
HEp2 +PLC +4h 31.47 57.89 26.42
HEp2 +PLC +24h 46.07 86.09 40.02

HepG2 Control 23.57 35.02 11.45
HepG2 +PLC 14.92 26.28 11.36
HepG2 +PLC +lh 14.7 34.47 19.77
HepG2 +PLC +4h 15.83 30.85 15.02
HepG2 +PLC +24h 20.49 36.54 16.05

*Total LFA-3 was determined using saponin-permeabilized cells. 
**Intracellular LFA-3 is defined as (AH Total LFA-3)-(AH Surface LFA-3)



Regulation of LFA-3: Raw data

Effect of cytokines on surface LFA-3 expression

The following tables give representative examples (of at least 3 experiments) of 

the actual AFI values for LFA-3 and ICAM-1 expression obtained by FACS 

analysis of A431, HF, HEp2, HepG2 and Jurkat cells after treatment with 

cytokines, as described in chapter VII.B, and in Fig. VII.C.1 (p. 158).

LFA-3 Expression

Cytokine treatment
Control IL -lp TNF-a IFN-y

Cell line
A431 90.24 105.27 96.46 48.85
HF 30.25 31.78 36.20 27.69

HEp2 87.41 99.55 95.08 85.38
HepG2 44.52 64.78 48.18 38.25
Jurkat 27.91 25.34 36.04 28.40

ICAM-1 Expression

Cytokine treatment
Control IL -lp TNF-a IFN-y

Cell line
A431 47.45 117.6 74.47 1047.21
HF 38.76 168.45 41.43 393.41

HEp2 7.11 18.06 9.02 104.37
HepG2 156.42 364.19 167.72 341.28
Ju rka t 7.14 5.61 7.53 82.45



Regulation of LFA-3: Raw data

Effect of cytokines on sLFA-3 release

The following tables give representative examples (of at least 3 experiments for 

each cell line and for each cytokine) of the actual sLFA-3 release, in ng/ml, by 

A431, HEp2 and HepG2 after treatment with the cytokines IL-ip, TNF-a and 

IFN-y, as described in chapter VII.D, and in Fig. VII.D.1 (p. 160).

sLFA-3 release (ng/ml)
A431 HEp2 HepG2

IL -lp  (ng/ml)
0 (Control) 1.37 3.96 7.66

0.125 1.45 4.55 8.96
0.25 1.29 5.14 10.57
0.5 1.46 5.42 12.48
1.0 1.51 5.74 13.17
2.5 1.64 6.33 14.55
5.0 1.62 6.08 15.54

sLFA-3 release (ng/ml)
A431 HEp2 HepG2

TNF-a (ng/ml)
0 (Control) 1.58 3.60 9.30

0.25 1.6 3.65 9.72
0.5 1.77 4.09 10.23
1.0 1.72 4.25 10.87
2.5 1.88 4.93 11.14
5.0 2.16 5.11 12.09
10.0 2.62 5.57 12.64



Stamper-Woodruff adhesion assay: Raw data

The following table shows the actual number of adherent cells counted on each 

sample of OLP tissue (including those of inhibition studies) examined in the 

assay, as detailed in chapter VIII, and in table VIII.B.l (p. 173). Counts are the 

total of cells counted in at least 10 fields per sample.

Tissue
Sample

Negative Control Irr. mlgG Anti-LFA-3 Anti-ICAM-1

OLP1 504 493 348 418
OLP2 479 442 342 351
OLP3 288 270 179 201
OLP4 606 588 524 509
OLP5 532 528 430 438
OLP6 260 301 142 178
OLP7 220 230 175 173
OLP8 247 235 158 163
OLP9 326 313 225 234
OLPIO 399 382 287 262


