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Abstract

Immune privilege has been considered for

many years to be an interesting phenomenon

associated with certain specialised tissues

such as the eye and the brain. In recent years

however, it has become clear that the active

and passive mechanisms which underpin

immune privilege are in fact a form of tissue-

based immunological tolerance, perhaps of

equal importance in providing defence against

antigenic attack as the well established

mechanisms based on the thymus (central

tolerance) and circulating regulatory cells

(peripheral tolerance). It would appear that

each tissue possesses a degree of intrinsic

immunological resistance which varies

depending on the tissues and provides some

degree of protection. In some tissues, such

as the eye, this is protection from ‘danger’

has been developed to a high level of

sophistication, but at a price. The mechanisms

involved are presented in his lecture.
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Introduction

I am deeply conscious of the honour which has

been afforded to me on receipt of this invitation

to deliver the Doyne Lecture, a feeling induced

in me when I read down the list of my

predecessors.

I have chosen as my subject the topic of

Immunological Privilege, an idea which

emerged from the early days of study of the

immune response to foreign antigens.1–3 The

concept of immune privilege arose because

some tissues did not behave as they were

expected to when challenged with foreign

antigens, especially alloantigens

(transplantation antigens), and in one sense this

atypical response was seen as a curiosity. I hope

to show you that what we term immune

privilege is more than a curiosity but is central

to our understanding of how the organism

defends itself from danger.4,5

The semantics of ‘immune privilege’

What is meant by immune privilege? ‘Privilege’

is defined in the dictionary as follows:

Priv-i-lege n: an advantage, right, or benefit

that is not available to every-

one;

an exemption; a sanctuary

(Shakespeare)

Interestingly, a recent paper by Mellor and

Munn6 refers to immune privilege in some

situations, such as inflammatory granulomas, as

providing a sanctuary for infectious organisms,

a theme which will be developed later in this

lecture. I am not sure that the authors were

aware of Shakespeare’s use of the word in the

same context but they are in good company.

Probably the first use of the word ‘privilege’

in this context was from the Latin by St Jerome,

from where came a common English proverbial

saying:

Privilegia paucorum non faciunt legem

(St Jerome: Exposition on Jona; c.342–420)

Lit: the privileges of the few do not make

common law:

or, the exception proves the rule

The question, therefore, can be asked: is

immunological privilege truly advantageous, is

it an exemption from the damaging effects of

immune inflammation? Immunity and

inflammation are the body’s mechanisms of

defence against foreign invaders and indeed a

certain level of inflammation is seen as
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necessary for tissue homoeostasis.7 Therefore, although

immune privilege is viewed as an evolutionary modification

to the immune system aimed at protecting vulnerable but

vital tissues, there is an inherent risk in disabling immune

defences and there may be a price to pay.8

Sites of immune privilege

Currently there are several sites regarded as

immunologically privileged, some more than others

(Table 1). However, the initial studies demonstrating

immune privilege suggested it was restricted to certain

specialized tissues such as the eye. These experiments

were performed by Sir Peter Medawar whose

fundamental discoveries on transplantation (major

histocompatibility; MHC) antigens earned him the Nobel

Prize.3,9 Medawar was investigating allograft rejection of

the skin. He observed that skin homografts when grafted

to the anterior chamber of the eye or to the brain were

accepted for prolonged periods, if not indefinitely,

provided they did not develop a vascular supply by

anastomosing with vessels, eg, from the iris. Thus, the

basic concept of the immune response, in which there is

an afferent arm for antigen delivery and presentation to T

cells and an efferent arm in which activated T cells seek

out and destroy foreign antigen, usually at the site of

invasion, is dependent on a circulation. Medawar

considered the lack of a circulation-explained immune

privilege, particularly in the eye.

This idea fitted well with clinical experience at the

time. As we know, the cornea is an avascular tissue and

since the time of the first non-rejected human corneal

graft by Zirm10,11 has enjoyed a reputation for acceptance

across major histocompatibility differences, ie, without

the need for tissue typing. Although opinion on this has

changed somewhat, particularly in view of the 5-year

results of corneal grafting,10,12,13 this privileged view of

corneal graft success rates has persisted.

What is it about corneal grafts that gives them a

privileged position? Solid tissue allografts are usually

rejected because of their content of alloantigens

(transplantation antigens). Alloantigens come in several

guises, but two forms are relevant to transplantation:

major (MHC) and minor histocompatibility antigens.14

MHC Class I antigens are expressed on all nucleated cells

but usually at low levels, at least in the eye, unless they

are induced by external stimuli, eg, during inflammation.

MHC Class I and Class II antigens are constitutively

expressed at high levels in bone marrow-derived

leucocytes (Figure 1). Allograft rejection therefore has

been attributed to the content of MHC Class I and

especially Class II expressing-leucocytes present in the

donor graft, some of which are resident in the tissue itself

but are also retained in the blood vessels. Lechler15 has

described these as passenger leucocytes and has

attributed graft rejection to the presence of MHC Class

IIhi-expressing leucocytes. Clinical experience also

supports this idea in that matched vascularized grafts

survive better than unmatched grafts and the likelihood

of survival increases the closer the alloantigen fit

between recipient and donor.16,17

Streilein et al18 observed that corneal tissue lacked

passenger leucocytes. Accordingly, both the lack of blood

vessels and MHC Class II alloantigens accounted for the

high acceptance rate of unmatched grafts. However,

recent studies have shown that the cornea like any other

tissue does contain MHC Class II-expressing cells, in

both the epithelium and the stroma (Figure 2) although it

is not clear whether these resident cells can present

antigen (see later).19,20 Interestingly some of these cells

actually express stem cell markers suggesting that they

may be continually renewed in the tissue although most

of these cells are replenished from bone marrow

turnover.21

Figure 1 Diagram of chromosomal locations of MHC genes in
mouse (a) an man (b). Reprinted with permission from ICP
Press: Forrester JV and Kuffova L (2004) Corneal Transplantation –
An Immunological Guide to the Clinical Problem. (ISBN 1-86094-
449-3) Imperial College Press, London.

Table 1 Sites of immune privilege

Sites of immune privilege
Eye, brain (CNS)
Placenta, testis, fetus
Liver, gut, ?pancreas
Tumours
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Corneal grafts are rejected but do so by indirect

allorecognition

In spite of the fact that the cornea does contain MHC

Class II-expressing leucocytes, the evidence that corneal

grafts in humans and mice are at least partly protected

cannot be denied. We all recognize that skin grafts are

rejected in 7–10 days but even in experimental mice

rejecting corneal grafts take 15–21 days to fail and some

grafts (around 20–50%) depending on the strain are

accepted indefinitely.22

In part, this is due to the mechanism of rejection.

Untreated solid organ grafts are rejected acutely by a

process termed direct allorecognition in which viable

passenger leucocytes, using donor MHC Class II, act

directly as the cells which present antigen to the recipient

T cells.10 In most vertebrates, there are many T cells

(about 4–5% of the total T cells) which can respond to

alloantigen in this way. However, it has been shown in

many studies that corneal graft rejection occurs by

indirect allorecognition.23–29 In this process, cells

presenting the antigen are derived from the recipient, not

the donor. Recipient MHC Class II positive cells infiltrate

the donor graft and take up alloantigen (donor MHC

Class I, II, as well as minor antigens) and present these

antigens to recipient T cells. Whether the recipient T cells

respond depends on many factors such as the number,

amount, and immunogenicity of each antigen. In this

regard, the mechanism is exactly the same as the

response of the organism to foreign antigen and is under

the same constraints. For instance in the response to

herpes virus it has been shown that the immune response

is restricted to a select number of highly immunogenic

viral envelope proteins.30 In fact, the strongest

alloantigens in the cornea appear to be minor or non-

MHC, as yet unidentified, antigens whereas the response

to MHC antigens is less.26 In human corneal graft this is

reflected in the relatively beneficial effect of matching for

blood group antigens (a non-MHC set of antigens)

whereas the question of matching for MHC antigens

remains controversial and awaits the outcome of a

definitive study (in progress).

Definitive evidence for the central role of recipient

antigen-presenting cells in corneal graft immunity has

been provided in a recent study in which host antigen

presenting cell-associated cornea-derived antigen was

delivered to the draining lymph node and induced

antigen-specific T-cell activation20 (Figure 3).

Does the eye have a lymphatic drainage?

As it became clear that several tissues which acted as

privileged sites contained a vasculature, the concept

developed that the brain and the eye were particularly

‘privileged’ because they did not have a lymphatic vessel

Figure 2 Corneal stromal leukocytes: (Top) CD45 common leukocyte marker, (bottom left): CD34 stem cell marker and (Bottom right):
MHC class II marker. Reprinted with permission from Sosnova et al.21
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system. In fact, early literature on the brain had shown

that there was communication between the brain and the

superficial cervical lymph nodes via the nasal cribriform

plate which has recently been confirmed.31 Similarly, a

drainage route from the eye to the submandibular lymph

node has been demonstrated,32 although the precise

lymphatic channels have not been completely charted33,34

despite the recent studies showing that there are many

cells in the eye and the orbit which express lymphatic

markers.35 The most definitive evidence that there must

be a lymphatic drainage from the eye comes from studies

which show that previous removal of the submandibular

lymph node prevents corneal graft rejection.36 This

applies both to grafts in naive mice as well as high risk,

vascularized grafts.37 In addition, recent studies have

shown that soluble antigen placed into the anterior

chamber of the eye is distributed to many lymph nodes,

even those as distant as the mesenteric nodes. Soluble

antigen from the cornea is less widely distributed but

reaches the submandibular node in remarkably short

time (30 min, experiments in progress) strongly

indicating the presence of preformed lymphatic

channels. Alternatively, it is just possible that the many

aligned Lyve-1þ cells present in the eye and orbit35

rapidly form connections and convert to channels when

activated by an inflammatory stimulus.

In summary, for this part of my presentation, the

kinetics of corneal graft rejection can be considered as

follows: under normal resting conditions there is a steady

migration of antigen-presenting cells into the cornea

from the bone marrow (Figure 4a, b); after grafting, there

is a massive recruitment of fresh bone marrow cells

which pick up antigen and transfer it to the lymph node

where they activate antigen-specific T cells; these cells,

which normally circulate in a naive state through the

secondary lymphoid tissues, once activated target or

‘home’ to the cornea where they recruit tissue damaging

macrophages and other cells. This process begins

immediately after grafting (minutes) and only becomes

Figure 3 Levels of activation markers (CD69) on antigen-specific CD4 T lymphocytes peak in the draining lymph node 6 days after
grafting in the mouse. Reprinted with permission from Kuffova et al.20 *Po0.05; ***Po0.01.

Figure 4 Diagram of kinetics of dendritic cells and T cells after
corneal grafting. (a) immediately after grafting, there is induction
on trafficking of bone marrow-derived dendritic cells to the
cornea where they pick up antigen (red marker) and convert it in
to manageable peptide, which they transport and present to
T cells in the draining lymph node. The T cells then traffic back to
the cornea where in the activated state they secrete cytokines and
attract in many additional cells, such as macrophages, which then
causes tissue damage. (b) antigen-presenting cells may also traffic
to the spleen and to other non-draining lymph nodes where they
receive immuosuppressive signals and exert inhibitory/regula-
tory effects on the T-effector cells. Reprinted with permission
from ICP Press: Forrester JV and Kuffova L (2004) Corneal
Transplantation – An Immunological Guide to the Clinical Problem.
(ISBN 1-86094-449-3) Imperial College Press, London.
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clinically important when a certain threshold of T-cell

activation and recruitment is reached. This is when

rejection occurs and this process requires several rounds

of T-cell activation to occur. In the meantime, the

properties of the privileged tissue (see below) try to

prevent this and what determines whether rejection or

acceptance of the graft occurs is how this balance

between tolerance vs immunity is tipped. In cases of high

risk corneal graft, such as herpes simplex keratitis where

the immune system has been already activated and there

is a strong innate immune response, it is likely that the

balance is tipped in favour of immunity rather than

tolerance, ie, rejection rather than acceptance of the graft.

What is ACAID and what is its relationship to immune

privilege?

Several years ago Streilein and Kaplan demonstrated a

phenomenon which occurred when foreign antigens

were placed into the anterior chamber of the eye.38,39

When experimental animals were then rechallenged with

the same antigen some time later in the skin, the normal

immune response (delayed type hypersensitivity in this

case) was suppressed. The failure to respond was antigen

specific in that there was a normal response to ‘third

party’ antigens. The immune suppression (or induced

tolerance to the specific antigen) was not complete

because antibodies to the specific antigen could be

detected. They termed this phenomenon anterior

chamber associated immune deviation (ACAID).

A re-reading of Medawar’s original paper2 shows that

he had already observed ACAID. Orthotopic skin grafts,

which he performed in recipients of same-donor skin

grafts previously placed into the anterior chamber of the

eye, were fully accepted whereas third party grafts were

rejected. Thus antigens placed in the anterior chamber of

the eye induce a form of tolerance which bizarrely can

prevent immunologically mediated disease as has been

shown recently in an experimental model of allergic

asthma.40

In evolutionary terms it is difficult to see what

teleological value to survival ACAID has. It is possible,

and is explained in this way, that certain self-antigens

such as those in the eye have been ‘ignored’ by the

immune system during development of tolerance rather

than being actively tolerized. As a result, exposure of

such antigens in the adult to the uneducated immune

system would lead to an overwhelming immune

response because they would be seen as foreign antigens

rather than self-antigens. In essence this is just another

way of describing ‘sequestration’ of antigens, a long-held

concept in the field of immune privilege.9 Perhaps

ACAID is an in-built mechanism to prevent or at least

suppress this event.

What is required to activate a T cell?

Activation of T cells by specific antigen has certain

prerequisites:

(1) Opportunity and access (to the antigen): either the

T cells must get to the antigen or the antigen must

get to the T cells.

(2) A properly processed antigen: antigens are mostly

proteins with many potential immunogenic (as well

as non-immunogenic) segments known as epitopes.

Protein antigens are digested into peptides

containing epitopes and if they are the right size and

shape they will bind to the MHC Class I and II

molecules, expressed on the surface of the cell, which

digested them to peptides, and the MHC–peptide

package will be presented to the T cells which will

then be activated.

(3) A properly presented antigen: as we all know,

presentation is all about style. It is not sufficient for

the antigenic peptide to be wrapped up in the MHC

molecule and be presented nakedly to the T cells. It

requires other supporting molecules to dress up the

immunogenic antigen for presentation (costimulatory

molecules and cell adhesion molecules) which form

an ‘immunological synapse’ with T cell.41 Actually,

presentation of the antigen without the supporting

cast leads to tolerance rather than immunity.42

Is immune privilege simply a failure of the immune

system to access the antigen (‘sequestration’;

‘immunological ignorance’)?

Since the concept was first formulated, blood–tissue

barriers have been proposed as the main blockade for

Figure 5 Flat mount of retina from mouse eye, after intra-
venous injection of fluorescent dye, showing tight blood retinal
barrier (no dye leakage) in fine capillary network (with thanks to
H Xu).
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access of T cells to antigens in immune privileged sites. In

fact, the tight blood–retinal and blood–brain barriers

have long been considered a sufficient explanation for

immune privilege. Evidence for a barrier to the passage

of small molecules was originally observed in the early

days of delineating the circulatory pathways using

cationic coloured dyes.43 It was noted that although there

was rapid perfusion of most of the systemic circulation,

dyes did not rapidly permeate the brain vasculature

although they did reach the brain in time. The barrier is

now known to be due to tight junctions (TJs) between

endothelial cells, composed of specific proteins such as

occludin and claudin44 and molecular sizing experiments

have shown that TJs are effective barriers to even small

molecules of 10 kDa or less45 (Figure 5).

However, BRB is not an effective barrier to cells. Firstly,

it is readily breached in inflammation such as

autoimmune uveitis as has been demonstrated

experimentally (Figure 6).46–48 However, even here it is

selective because only certain subtypes of T cell, such as

interferon gamma producing Th1 cells, readily cross the

retinal vessels.49 In addition, even when cells cross the

vessels, they require to be activated systemically and to

circulate for some time before they cross the vessels into

the retina.50 This applies to both T cells and monocytes

and suggests that penetration of the barrier in

inflammation requires the vessel wall to be ‘made ready’

for transendothelial migration, probably by weakening of

the TJs. This may occur by repetitive contacts between

the activated T cell and the endothelial cells and require

antigen-specific signalling events in the endothelial cells,

an area which requires further research.

Even in the resting state, cells can cross the BRB. In

fact, the retina contains a population of bone marrow-

derived cells, known as microglia, which increase in

number with age51 and are constantly replenished from

precursor cells.52 In order to reach the retinal

parenchyma, microglia must penetrate the BRB and

clearly do so at a constant low frequency throughout life.

Furthermore, recent studies have revealed a small

population of professional antigen-presenting cells

(dendritic cells), which express high levels of MHC Class

II and reside in the retinal periphery and around the

optic nerve (Figure 7). The function of these cells is

unclear but their location suggests they are gatekeepers

controlling entry of T cells to the retina. In fact,

experiments in which activated T cells have been

intravenously administered to mice developing uveitis

show that these cells reside at the initial site of contact

between the T cell and the antigen-presenting cell.53

Perhaps in the normal physiological state these

peripheral antigen-presenting cells promote tolerance

(‘privilege’) rather than immunity. It is interesting to note

that many types of chronic posterior uveitis begin with

lesions around the optic nerve or in the region of the pars

plana/retinal periphery.54

What activates T cells in the periphery?

We have seen that although a BRB exists, particularly to

small molecules, it is not a very effective barrier to the

passage of cells. However, we have also noted that in

order to cross the barrier they must be activated and in

order to cause damage to the tissues they must have been

activated to specific antigen, ie, in the case of posterior

uveitis, usually retinal antigens.54 This means that the T

cells must be primed to retinal antigen before they get

into the eye even it they are further activated inside the

tissue. So antigen must leak out of the retina and get to

the T cells?

Recent studies in many tissues have shown that

shedding of tissue antigens as part of normal cell

turnover and death is a physiological tissue renewal

process. Apoptotic cells with self-antigens are

endocytosed by resident tissue bone marrow-derived

cells and transported to the draining lymph nodes where

they are processed and presented to dendritic cells. In the

absence of inflammation and activation of the innate

immune system, eg, via Toll receptors and other

pathogen-associated molecular patterns,55 presentation

of self-antigens induces regulatory T cells and anergy

which promote tolerance and prevents autoimmunity.56–58

When this process is disrupted, for instance in

association with infection or inflammation, bystander

autoreactive T-cell activation takes place and the risk of

autoimmunity is increased provided the activated T cell

can gain access to the tissue (cross the barrier).

For many tissues this process has been shown, eg, for

b-cell antigens from the pancreas.59,60 However, in the

retina this has been much more difficult to demonstrate.

Figure 6 Histology of experimental autoimmune uveoretinitis
(EAU) in the mouse. Both panels were photographed at same
magnification. The retina with EAU is severely swollen because
of leakage from the breached blood–retinal barrier.
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Recently we have generated in transgenic mouse in

which the foreign antigen, hen egg lysozyme (Hel) has

been expressed as a neo (self)-antigen in the retina under

control of the promoter for interphotoreceptor retinal

binding protein.61 When these mice are interbred with a

second transgenic mouse in which the majority of the

T cells express a receptor which is specific for Hel, they

develop spontaneous uveoretinitis. If the above

hypothesis is correct, the T cells must have been activated

in the peripheral lymph nodes or spleen before they

crossed into the retina to cause disease. However, to date

we have not been able to find evidence of peripheral

T-cell activation although further studies are in progress.

In studies using a rat model of uveoretinitis we have

further researched this question by transferring activated

T cells and tracking them to the tissues. In these

experiments we have shown that there is an

accumulation of antigen-specific T cells to the iris and

ciliary body, which also express retinal antigen (in this

case retinal S antigen) where they appear to undergo

further activation and proliferation (K Williams, in

preparation). Such cells would have ready access to the

peripheral retina and be primed to initiate uveitis and

break the ‘privilege’.

Is there anything special about ocular immune privilege?

Our story so far relates that in order to cause

inflammation and tissue damage either to self- or foreign

antigens, cells of both the innate and the adaptive

immune systems require to be activated in the periphery

and then to cross the blood–tissue barrier, whereas in the

case of T cells they are further or fully activated to cause

disease. This process is well understood for infectious

disease where for instance, in viral infections after a

period of viraemia and specific T-cell induction in the

lymph nodes, the antigen-specific T cells home to the site

of original infection (for instance mucosal epithelial cells)

and kill off the infected cells.62

There is no reason to believe that the same process

does not occur for autoimmune disease. After bystander

activation in the periphery, the activated T cells home to

the tissue-specific location of the self-antigen and initiate

killing. In the case of diabetes this is mediated by CD8þ
T cells directly killing cells expressing the ‘MHC Class I

b-cell peptide’ package,60 whereas for rheumatoid

arthritis killing is mediated indirectly through activated

macrophages recruited by CD4þ T cells, themselves

activated by the ‘MHC Class II-collagen peptide’

package.63,64

Why then are we not constantly at risk of developing

autoimmune disease? This depends on the properties of

the tissue and their ability to inhibit T-cell access to the

tissue, either through functional or physical barriers, in

other words by the relative degree of ‘immune privilege’

particular to that tissue. For some tissues these barriers

are developed to a high level and there is a hierarchy of

relative privilege, which the eye and the brain lead

(see above). Recently, the immunoregulatory functions of

tissues have been brought to centre stage and has been

developed as a concept equal in importance to the

canonical central and peripheral tolerance mechanisms,

rehearsed ad infinitum by immunologists.4,65–67 In reality,

tissue immunregulatory properties are another way of

describing immune privilege, ie, ways in which the

tissues and its secreted products can control immune

responses. It is even possible to induce immune privilege

in certain sites such as in accepted grafts or in tumours,

where T regulatory cells are induced by the tissue.68 In

tumours, this form of ‘privilege’ can be harmful to the

organism in the long run by promoting growth of the

tumour and metastases.69

For the eye, many specific tissue-based

immunoregulatory mechanisms have been described,

most of which disable or deviate the immune response,

but some of which can paradoxically promote

inflammation (Table 2). Some appear to be ‘master

regulators’ such as TGFb which is a prime

Figure 7 MHC class II+ dendritic cells at the retinal border zones (a) around the optic nerve (b) at the retinal periphery near the
ciliary body. Reprinted with permission from Xu et al.53
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immunosuppressive cytokine, but even this cytokine in

another context can induce inflammatory disease via

Th17 cells.70,71

Immune privilege and macular degeneration

I have been quite remiss so far in making no reference to

my eponymous Master Robert Doyne. I will not reiterate

details of his life history and attachment to Oxford,

which have been recorded by many previous Doyne

lecturers. Rather I wish to draw attention to the condition

that he described, Doyne’s honeycomb choroiditis

(Figure 8). The inexorable forward march of human

genetics has revealed that this condition is due to a defect

in the EFEMP-1 (fibulin3), in which there is an amino-

acid substitution of arginine for trytophan at position

345.72–74 Fibulin3 is one of a family of proteins present in

basement membranes and elastic extracellular matrix

such as the Bruch’s membrane and the choroid of the eye.

They appear to operate an organizational role in the

supramolecular structure and matrix arrangement of

well-recognized basement membrane proteins such as

tropoelastin, fibronectin, fibrillin, and especially

proteoglycans.75,76 The result of this mutation is that

there is an accumulation of waste products below the

retinal pigment epithelium in the form of drusen.

Drusen77–79 are the hallmark of age-related macular

degeneration (AMD) in humans, the commonest cause of

blindness in the developed world and one in which a low

grade inflammatory process has been identified, linked

to defects in complement genes.80–83

Drusen also occur in certain mouse models of AMD in

which genes regulating the function and behaviour of

macrophages are defective.80,84–88 This results in

abnormal neovascular responses or in atrophic

degenerative retinal disease.

The nature and genesis of drusen are not clear. It is

suspected that drusen are deposits of material, which

have not been properly cleared by the phagocytic

machinery of the RPE cell. Aging RPE cells can be

visualized in patients as increased autofluorescence of

the retina. However, in the mouse and probably the

human also, autofluorescent spots are also caused by

activated microglia, stuffed full of lipofuscin.51 The

relationship between these autofluorescent cells and

drusen is not clear at present but it is possible that drusen

represent cellular debris (secreted or otherwise) which

cannot be cleared by the normal phagocytic cells of the

retina. As indicated above, dying cells in the process of

cell turnover are normally removed by resident

macrophages and other tissue cells. What happens when

Table 2 Immumodulatory factors in the retina, providing ‘privilege’

Type of factor Example T-cell
function

Macrophage
activity

Antigen
presentation

Cell
killing/apoptosis

Neuropeptide VIP, PACAP
CGRP, Melanocortin
Substance P

Inhibits Inhibits

Neurotransmitter GABA, glycine Inhibits Promotes
Cytokine TGFb, IL10
Chemokine MCP-1, SDF-1 Promotesa

Membrane ligand FasL, CD200
TRAIL, APRIL,

Promotes

Membrane receptor TLRs ?Inhibits Promotes
Cellular enzymes IDO, L-arginase Inhibits Inhibits Promotes
MHC protein Qa-1 Inhibits
Prostaglandins PGE2

LTAb4
Inhibits Inhibits

Cannabinoids Inhibits ?Inhibit ?Promotes
Free radical Peroxynitrate Promotes Inhibits Promotes

aScavenger activity?

Figure 8 Fundus photograph of Doyne’s ‘Honeycomb’ choroditis.
Reprinted with permission from the Geneva foundation for Medical
Education website: http://www.gfmer.ch/genetic_diseases_v2/
gendis_detail_list.php?cat3=448.
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this process fails is not known but it is not difficult to

envisage that accumulation of waste products in the

tissue will in time induce an inflammatory response to

remove the material. In fact one can take this idea further,

and consider that perhaps a regulated low level of

inflammation is required to remove tissue debris. In the

eye, this low grade inflammatory response may be

regulated (? or promoted) by the tissue-generated

immune privilege, ie, the imunoregulatory

microenvironment (see Table 2), for better or worse.8 This

homoeostatic balancing act can be considered to be fine

tuned by the properties of the tissue, and it is still not

clear whether AMD, and its several manifestations (wet,

dry, RPE rips, drusen, etc) are the result of too much or

too little inflammation.89 It may depend on the precise

conditions in each individual case. While we attempt to

unravel the inflammatory mechanism of AMD, we might

reflect on what we want to do once we know what

happens. Should we promote or prevent the

inflammatory process?

Conclusion

In conclusion, I have laid before you a revised version

ocular ‘immune privilege’, which draws attention to the

fundamental importance of this tissue-centred

immunoregulatory mechanism. Is immune privilege a

form of tolerance? Immunologists will debate this, and

the semantics thereof, for many years to come. What is

clear however, is that immune privilege can no longer be

regarded as an immunological curiosity; that it is

possible to induce or inhibit immune privilege for clinical

benefit for instance in graft rejection, tumour control, and

macular degeneration; and that there are potential

dangers also in doing so, for instance, inadvertently

promoting tumour growth or worsening tissue damage

in macular degeneration. For the eye, immune privilege

is probably beneficial, but as Rachel Caspi has pointed

out there may be a price to pay if inflammation gains the

upper hand.8

The last word goes to Elizabeth Simpson who stated

that there has been a ‘convergence of mechanisms

controlling both induced tolerance and privilege,’ ie, the

eye is teaching us how to devise ways to restore natural

tolerance and has been doing so for more than 100

years.90

I have many colleagues to thank for contributing in

many ways to this work over many years, without whom

this overview would not have been possible. Their names

are listed in the acknowledgments below. Particular

thanks go to Dr Heping Xu, Dr Lucia Kuffova, and

Professor Andrew Dick for advice and contributions over

many years.
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