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2001 Middlemore Lecture The Ins and Outs of Uveitis

» Setting the scene

The Ins and Outs of Uveitis » Defining the,puobleges,
» Going “Back to Basics

— Why does the eye get inflamed?
a — Immune privilege
Phlllp l. Murray — Programmed cell death (apoptosis) - why don’t the
The University of Birmingham clalts ol i

. . A — What keeps cells in the eye or stops them from
Birmingham and Midland Eye getting out?

Centre » What we have found

Uveitis Uveitis - problems

Accounts for approximately 10% of causes of
blindness worldwide . We do not know what causes it in
In USA 2.3 million suffer with uveitis nearly all of our patients

Disease of the working population and has a
huge economic impact [ p
: B . . We know little about the underlying
Blindness from this dlls‘ease in USA disease mechanism(s) involved
— Annual cost $242.6 million

— Diabetes annual cost $242.7 million

BUT . We have no satisfactory treatment for
uveitis is 250 times less common sight-threatening disease
than diabetic retinopathy
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Why, in uveitis, do leucocytes
accumulate in the eye?

» Eye an immune privileged site

* Protects the visual axis from disruption
secondary to immunogenic inflammation

* In uveitis, the presence of substantial
numbers of inflammatory cells within the eye
appears to contradict the immune privilege
status of the tissue

Fas/FasL and Immune Privilege

Fas (CD95, Apo-1)

— A receptor protein belonging to the TNF-
receptor family

— Expressed on most cell types

Fas Ligand (FasL) (CD95 Ligand)

— Type Il membrane protein expressed
predominantly on NK cells and activated T-cells

— Shares significant homology with members of
the TNF family
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Immune Privilege

Immune responses in sites of immune
privilege do not cause significant tissue
damage and resolve rapidly

Sites of immune
privilege

Eye
Brain
Testis

Placenta

Mechanisms of Immune Privilege

Poor Blood-ocular
lymphatic barrier

drainage

Fas/FasL and Immune Privilege

» FaslL expression by ocular structures
also has an important role in immune
privilege

» Fas+ inflammatory cells are brought into
contact with FasL on ocular tissue
leading to apoptosis (programmed cell
death)



Apoptosis

An active, controlled form of cell death
The most common physiological form of cell death

A process that does not lead to inflammation

Necrosis

A passive, uncontrolled form of cell death that leads to
inflammation

Virally infected Non-functional

In what situations would you
want your cells to die?

d Mutated DNA

Pathways of apoptosis

* Active
— Fas/FasL

* Passive

— Inadequate levels of stimulatory cytokines
e.g. cytokine deprivation
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Apoptosis Publications/Year

Destroy the dangerous

Scrap the surplus
Whack the worthless

The Apoptotic Cascade

FasL binds to receptor Fas

Receptors containing “death domains” oligomerise
Cytoplasmic factors (containing “death domains”)
associate with receptor

Allow receptors to associate with caspases and
downstream signalling molecules

The major proteases involved in the apoptotic
pathway are caspases (protease which cleaves at
aspartic acid residues)

Present as precursor proteins in cytosol, cleaved in
response to apoptotic signals
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Four phases of apoptosis Cells need continuous signals to survive

. Initiation (Trigger) All mammalian cells are programmed to

. Signal integration (Decision) solf-destiuct sl By
: e ...unless they receive survival signals:
. Execution (Demolition)

| Soluble factors e.g. cytokines
. Clearance (Disposal) At ol
Cell-cell interactions

Signal Integration:

How do survival factors e B2 prstiet B

revent cell suicide?
P Anti-apoptotic versus Pro-apoptotic

>
) Protein mm Transcription
) phosphorylation. factor activation

Anti-apoptotic _J

protein
expression
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The mitochondrion contains proteins with Cytoplasmic cytochrome C allows
vital and lethal functions assembly of the apoptosome:
allosteric regulation of a death protease

e
_ -9

m‘m
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A% Pro-caspase

Pro-caspase-9

The apoptosome starts the Execution:
execution phase of cell suicide caspases-3, -6, and -7

Inactive until cleaved by upstream caspases
: caspase-9 Cleave many protein substrates
"‘@;J Activate apoptotic functions of proteins
ﬂ De-activate survival functions of proteins

Cleavage activation of
executioner caspases

Assassination using death receptor

Regulation of cell numbers in an immune response

Summary
Lack of survival factor

Reduced Bcl-2 expression

1 |
Mitochondrial release of cytochrome C “‘
1

Executioner caspase activation E
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caspase-3

37 38

Caspases - overview

Initiator caspases f | Fge

FH

Casp-9, casp-2Casp-12(?)

FI—

Executioner caspases
Casp-3, casp-6, casp-7
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Leukocyte infiltrates in uveitis Leukocyte infiltrates in uveitis
aqueous humour aqueous humour

Neutrophils Macrophages
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Percentage Percentage o0
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Dynamics of a cellular infiltrate
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Possible mechanisms leading to
inflammation in the eye

Hypothesis

6)4_ Recruitment T Inhibition of leukocyte apoptosis by the ocular
microenvironment contributes to the
accumulation of leukocytes in uveitis

Retention1
Predictions

1. Few apoptotic cells will be present in uveitis
aqueous humour

2. Uveitis, but not control, AH will inhibit Fas-
induced and/or cytokine deprivation-induced
apoptosis

Proliferati0n1

Cytokine deprivation-
induced apoptosis
Fas-induced apoptosis




Few apoptotic lymphocytes are
detectable in uveitis AH

Apoptotic 12
lymphocytes 10 ® Uveitis
(%) B Persistent arthritis
4 Self-limiting arthritis

Cytokine deprivation-induced T cell apoptosis

Uveitis, but not control, aqueous humour inhibits
cytokine deprivation-induced apoptosis of CD4* T cells

Apoptosis
% DiOCg o/
low

Uveitis Controls

Apoptosis inhibition correlates with
cell number in the inflammatory infiltrate

Inhibition of 80
cytokine
deprivation- )
induced apoptosis
(%)
40

40 60 30 100

AH cells x 103/ ml
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Fas-induced T cell apoptosis

Uveitis aqueous humour does not inhibit
Fas-induced apoptosis of CD4* T cells

Apoptosis
% DiOCg low
(sFasL
- medium alone )

50
40
30
20

Uveitis Controls

Caspase-3 activation and
nuclear fragmentation are also
inhibited by uveitis AH

Medium alone +IL-2 + IFN-B8

+ uveitis AH + control AH Irrelevant control

Apoptosis inhibition correlates with
clinical grading

p = 0.006
—
Inhibition of 80 =N
cytokine
deprivation- 60
induced apoptosis
(%) 40

Controls 2+ 3+ 4+
Uveitis clinical

grading (AH cells)




Apoptosis inhibition does not
correlate with age

Inhibition of 80
cytokine
deprivation-
induced apoptosis
(%)

Uveitis

Controls

Conclusions

® Few apoptotic leukocytes are present in
uveitis aqueous humour

® Fas-induced apoptosis is not affected by
the ocular microenvironment

® Uveitis, but not control, AH inhibits
cytokine deprivation-induced T cell
apoptosis

® Inhibition of apoptosis correlates with the

number of cells in the AH and clinical
disease score

Possible mechanisms leading to
inflammation in the eye

6_) <«——— Recruitment T

Proliferati0n1

Cytokine deprivation- 1
induced apoptosis
Fas-induced apoptosis

08/11/2023

Treatment for uveitis does not affect
inhibition of apoptosis

Inhibition of p=0.93
cytokine
deprivation-
induced apoptosis
(%)

40

Treatment No
treatment

Conclusions
® Immune privilege in the eye is
compromised in uveitis

¢ Inhibition of cytokine deprivation-induced
apoptosis contributes to the accumulation
of leukocytes in uveitis

Leucocyte infiltrates in uveitis

. aqueous humour
(o]

in
AH Lymphocytes Neutrophils Macrophages

Aqueous humour cells / ml
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How are these patterns established? Chemokines

Chemotactic cytokines involved in
— cell recruitment and retention
— haemopoiesis

— angiogenesis

— metastasis

Probably a chemokine-driven process...

the same as anywhere else Functional subgroups

inflammatory (inducible)
homeostatic (constitutive)

Retention Hypothesis

c
Leukocyte chemotaxis Leukocyte degranulation
and mediator release

oo (80— (T
Enninoghd . . . . .
ot Once within the tissue, chemokine
receptor ligation on leucocytes will

activate integrins and thus actively
b Intagrin activation during

Wnukacyta eacoela nteractions o retain cells within the eye

Feling ™,
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Does retention play a role in the Increased expression of CXCR4

accumulation of leucocytes in on AgH CD45RO* lymphocytes
uveitis?

CXCR4
(median
AH cells fluorescence

» Screen AH leucocytes for the expression of " intensity)
chemokine receptors '

*  Can AH modulate their expression?

11



Does retention play a role in the
accumulation of leucocytes in
uveitis?

CXCR4 expression is elevated on AH
lymphocytes

Can AH modulate their expression?

Does retention play a role in the
accumulation of leucocytes in
uveitis?

CXCR4 expression is elevated on AH
lymphocytes

AH increases CXCR4 expression
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AH up-regulates CXCR4
expression on CD4* T cells in
vitro

CXCR4 1000
expression
(% of control) 800

600

Controls Uveitis

Possible mechanisms leading to
inflammation in the eye

d_) «——— Recruitment |

\ RetentionT
)

ProIiferationT

/_ Cytokine deprivation-
induced apoptosis l
Fas-induced apoptosis
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we're an alternative ambulance...
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