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The Essentials in Ophthalmology series represents an 
unique updating publication on the progress in all sub-
specialties of ophthalmology.

In a quarterly rhythm, eight issues are published cov-
ering clinically relevant achievements in the whole field 
of ophthalmology. This timely transfer of  advancements 
for the best possible care of our eye patients has proven to 
be effective. The initial working hypothesis of providing 
new knowledge  immediately following  publication in the 
peer-reviewed journal and not waiting for the textbook 
appears to be highly workable.

We are now entering the third cycle of the Essen-
tials in Ophthalmology series, having been encour-

aged by readership acceptance of the first two series, 
each of eight volumes. This is a success that was made 
 possible predominantly by the numerous opinion-lead-
ing authors and the outstanding section editors, as well 
as with the constructive support of the publisher. There 
are many good reasons to continue andstill improve the 
dissemination of this didactic and clinically relevant 
information.

G.K. Krieglstein
R.N. Weinreb 
Series Editors

Foreword



Our knowledge and understanding of immune-mediated 
diseases has increased exponentially over the past few 
years, especially in the areas of immunopathogenesis and 
immunotherapeutics. Uveitis is one of the most com-
mon potentially blinding disorders, and one that is often 
underestimated but is now considered a leading cause of 
severe eye damage, particularly in younger age groups. 
Over the past few years, immune-mediated mechanisms—
both innate and adaptive—have also been implicated in 
other disorders, such as diabetic retinopathy and macular 
degeneration.

This third volume of Uveitis and Immunological 
Disorders in the Essentials in Ophthalmology series 
provides the ophthalmologist with practical information 
on current diagnostic and therapeutic aspects of several 
ocular disorders from the front to the back of the eye. In 
addition, there are important discussions of the mecha-
nisms underlying these conditions, which incorporate 

the most recent research material available. The scope of 
the chapters ranges from well-recognized immune disor-
ders such as cornea transplantation, uveitis and diabetic 
retinopathy, to less well recognized but newly emerging 
immunologically linked diseases, such as macular degen-
eration. This book covers, in particular, new aspects of 
HLA-B27-associated anterior uveitis, keratouveitis, and 
steroid sensitivity in uveitis patients. Further emphasis 
is placed on the nature of the intraocular inflammation 
and systemic disorders such as Behçet’s vasculitis and 
multiple sclerosis.

We are grateful to all of the authors that have contributed 
to this edition of Uveitis and Immunological Disorders. 
We are sure that this book will find its audience, and we 
hope that it will serve in the interest of many patients.

Uwe Pleyer
John V. Forrester

Preface
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Histocompatibility Matching 
in Penetrating Keratoplasty 1
Daniel Böhringer, Thomas Reinhard

Chapter 1

1.1 Introduction

In this chapter, recent developments in histocompatibility 
matching for penetrating keratoplasty are presented and 
a strategy for clinical practice is recommended.

Despite the immune privilege in the anterior chamber 
of the eye, graft rejections are a major complication of 
penetrating keratoplasty, as they facilitate subsequent 
graft failure. The application of topical corticosteroids 
for several months has commonly been thought to be 
sufficiently protective. Nevertheless, on average, 18% 
of normal-risk keratoplasty cases [18] and up to 75% 
of high-risk cases [20] experience immune reactions. 
The life expectancy of affected grafts is significantly 
reduced due to immunologic endothelial cell loss. In normal 
risk cases, immune reactions accumulate in the first two 
years. However, most high-risk cases are at persistent risk 
of graft reactions. This risk can be reduced by means of 
intensified and prolonged prophylaxis with topical corti-
costeroids and with systemic immunosuppression [19]. 
The protective effect, however, ceases upon discontinua-
tion of the immunosuppressive regimen. Any long-term 
dependence on immunosuppression is associated with 
additional costs and potentially serious side effects. 
Donor selection by avoiding graft antigens foreign to the 

recipient is termed “antigen matching” or “histocompat-
ibility.” Matching of human leukocyte antigens (HLA 
matching, Sect. 1.2) and more recently another antigen 
system (minor matching, Sect. 1.3) both have the poten-
tial to primarily and permanently avoiding immune 
reactions, as is the case in autologous keratoplasty.

1.2 Major Transplantation Antigens (HLA)

The experimental transfer of tumours from one mouse 
strain to others led to the discovery of the major histo-
compatibility complex (MHC). In humans, these anti-
gens were discovered after a multiparous woman suffered 
a transfusion reaction despite blood group compatibility. 
The human MHC equivalent was subsequently termed 
human leukocyte antigen (HLA). This highly polymor-
phic antigen system comprises of more than ten gene loci 
on chromosome 6. Theoretically, more than one million 

■ HLA matching reduces graft rejections in normal-
risk as well as in high-risk keratoplasty.

■ Most patients can be served with an HLA-
compatible graft within well under a year, even if 
they are on a monocenter waiting list.

■ Waiting times for a histocompatible graft can 
be predicted and discussed with each patient in 
advance.

■ The HLAMatchmaker algorithm can balance 
waiting time and histocompatibility for patients 
with poor match ability.

■ The HLA-A1/H-Y minor antigen causes immu-
nogenicity comparable to  HLA mismatches: 
allocating male HLA-A1-positive donors to 
female recipients should be avoided.

■ Matching of ABO blood group antigens is 
warranted in high-risk keratoplasty.

■ Long-term graft survival will most likely 
improve upon the routine matching of major 
and selected minor histocompatibility anti-
gens. This strategy will outweigh the cost of 
HLA typing in the long run.

Core Messages

■ Unlike immunosuppression, histocompatibility 
can permanently reduce graft rejections

Summary for the Clinician
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different individual combinations of the known alleles at 
the HLA loci A, B and DR could exist. However, only a 
small fraction are actually observed due to strong link-
age disequilibrium. This subset of phenotypes comprises 
population-specific haplotypes.

The gene loci from the HLA systems are functionally 
subdivided into two classes according to the pattern of 
their expression on the cellular surface:
■ Class I molecules are expressed on almost all nucle-

ated cells. They comprise a heavy chain, a light chain 
(beta-2 microglobulin) and a small peptide of nine 
amino-acid residues. This peptide is termed a “minor 
antigen” (Sect. 1.3), and is derived from degraded 
cytosolic proteins. Three gene loci of major impor-
tance have been identified for class I: HLA-A, HLA-B 
and HLA-C. Further loci are termed C, E, F, G, K and L. 
These additional loci are deemed less important for 
transplantation medicine, as they are either strongly 
genetically linked to the A/B haplotypes or not associ-
ated with high allelic polymorphism.

■ Class II molecules are homodimers. These mol-
ecules are exclusively expressed on cells that share 
the ability to present extracellular antigens to the 
immune system (e.g., monocyte- and lymphocyte-
derived strains). The HLA class II locus of major 
immunologic importance is HLA-DR. Further loci 
that are deemed of less independent importance are 
HLA-DP, DQ, DM and DO.

1.2.1 Typing Methods

HLA antigens were discovered by means of serological 
assays. Only the macro agglutination assay was available 
initially. For this assay, patient serum was mixed with test 
cells bearing only the respective antigen. Any macroscop-
ically visible agglutination demonstrated the presence 
of antibodies directed against the respective test cells. 
Depending on the availability of appropriate test cells, 
only a subset of all HLA antibodies could be detected at 
that time. Current serologic methods of HLA typing are 
based on the complement-dependent cytotoxicity assay 
(CDC). For HLA typing, cells are incubated against a bat-
tery of standardized antibodies as defined by the Interna-
tional Histocompatibility Workshop (IHW).

The first generation of CDC test sera were unable 
to detect differences of only a few amino acid residues 
between certain HLA alleles. When monoclonal antibody 
techniques became available, the IHW released a new gen-
eration of test sera that were eventually able to split most 
of the alleles known at that time into specific subgroups. 
As the HLA nomenclature was already established at that 
time, the newly discovered alleles were termed “splits” of 
the established “broad” antigens and were sequentially 
assigned running allele numbers.

Further improvements in HLA typing were achieved 
by means of molecular techniques: the polymerase chain 
reaction (PCR) can specifically detect small parts of the 
genome by means of specific primers and subsequent 
amplification reactions. HLA typing is achieved either by 
sequence-specific oligonucleotide priming, where alleles 
are identified by characteristic “fingerprint” sequences, 
or by sequence typing of the whole allele (which is more 
expensive). These approaches led to the discovery of 
more than 100 HLA alleles on each of the HLA loci A, B 
and DR. For example, the broad antigen HLA DR3 can be 
divided into the split antigens DR17 and DR18, which in 
turn can be subdivided into DRB1*0302 and DRB1*0303 
at the molecular level.

In corneal transplantation, blood for HLA typing is com-
monly collected after the donor’s death. Due to autolytic 
changes, the amount of viable cells available for serologic 
analysis is often insufficient. In this situation, molecular 
methods can still detect the HLA phenotype with excellent 
precision, whereas serologic techniques depend on viable 
cells and are not likely to detect all donor antigens.

1.2.2  Discussion of the Evidence for HLA 
Matching in Penetrating Keratoplasty

The potential of HLA matching for prophylaxis of 
immune reactions is currently largely unexploited in 
penetrating keratoplasty, as the clinical evidence is con-
tradictory at first sight: the only randomized clinical trial 
(CCTS) failed to demonstrate a significant protective 
effect of HLA matching in penetrating keratoplasty [23]. 
By contrast, most recent investigations on large homo-
geneous cohorts report substantial protection from HLA 
compatibility [2, 16, 18, 20, 24]. Two major explanations 
for this contradiction have been identified:
1. The major problem with the CCTS was inaccurate 

HLA typing. The analysis was based on typing data 

■ Various HLA molecules are omnipresent on the 
cellular surface

■ More than 100 alleles have been identified at 
each HLA locus

■ Only a small fraction of all possible permuta-
tions of the alleles at the HLA loci A, B and 
DR are actually observable and comprise 
population-specific haplotypes

■ HLA typing should be performed using molecu-
lar techniques due to their high accuracy and 
optimal allele resolution

Summary for the Clinician



that differed from retyping with molecular techniques 
in 55% [13]. The importance of highly accurate HLA 
typing for successful HLA matching was systemati-
cally investigated by means of statistical simulation 
analysis: even 5% faulty HLA DR typing made a ben-
eficial matching effect undetectable [24].

2. High dosages of topical immunosuppression from the 
CCTS protocol for postoperative medical aftercare 
rendered the detection of any HLA effect unlikely.

Both issues were overcome in more recent investigations 
on HLA matching in penetrating keratoplasty. These 
studies uniformly demonstrate a beneficial effect of 
HLA matching with respect to immune reactions. Addi-
tional lessons about the efficacy of HLA matching can be 
learned from three of them:
■ In 1,681 consecutive transplantations from just one 

center, there was a benefit from additionally match-
ing the class II locus HLA-DR to the class I loci A 
and B [24]

■ A beneficial effect from class I matching alone is only 
observed when matching is based on split rather than 
broad (see Sect. 1.2.1) HLA alleles [2] in high-risk cases

■ HLA matching of HLA A, B and DR broad alleles is 
beneficial in normal-risk keratoplasty (first kerato-
plasty for bullous keratopathy, Fuchs’ endothelial 
dystrophy, keratoconus with centrally sutured graft 
or avascular corneal scars): after four years, the 
group with up to two mismatches experienced 25% 
fewer immune reactions than those bearing 3–6 
mismatches [18]

1.2.3 Differential HLA Matching

HLA mismatches differ in immunogenicity strength and 
thus in graft survival deterioration. This has long been 
observed in kidney transplantation [8] and in kerato-
plasty [7]. The structural basis of this  phenomenon is 
well established for HLA class I loci [9]. This paved the 
way to the prediction of “acceptable” mismatches on an 
individual basis: the HLAMatchmaker algorithm defines 
nearly fifty omnipresent epitopes within the molecular 
structure of all HLA class I alleles. These epitopes are 
thought to be particularly exposed to the immune  system 
and partitioned into triplets of amino-acid  residues to 
account for the thermodynamic  characteristics of the 

antibody recognition reaction. All exposed amino-acid 
triplets are sequentially concatenated to form the  triplet 
string for a particular allele. As the triplet string is 
derived from the primary structure of the HLA allele, it 
can be exclusively derived from molecular HLA typing.

The quality of matching is assessed by counting all 
triplets of the donor’s triplet strings that are not identi-
cal to any of the corresponding triplets of the recipient’s 
four triplet strings (two each for HLA-A and -B). HLA 
mismatches with zero to a few mismatched triplets are 
supposed to be fully histocompatible with regard to the 
antibody epitopes. Accordingly, it is known that they do 
not deteriorate graft survival in kidney transplantation 
[11]. A beneficial effect of this algorithm was also dem-
onstrated recently in penetrating keratoplasty [4].

More recently, a first step towards HLA class II epitope 
matching has been made [10]. However, it is yet to be 
applied to penetrating keratoplasty.

1.3 Minor (H) Transplantation Antigens

Graft rejections are even observed in HLA-identical 
allogeneic transplantations. These effects are ascribed 
to disparities in minor histocompatibility (H) antigens. 
In animal models, specific recognition of “foreign” H 
antigens by the host immune system has been demon-
strated to elicit immune reactions [12]. A single H 
antigen mismatch even exceeds the immunogenicity of 
a single MHC mismatch in a mouse model for high-risk 
keratoplasty [25]. H antigens are peptides derived from 
polymorphic proteins of degraded cytosolic proteins. 
Their immunogenicity arises as a result of their presen-
tation on the plasma membrane in the context of HLA 
class I or II, where they are recognized by alloreactive 
HLA-restricted T cells. The subset of cytosolic peptides 
that can bind to the HLA molecules strongly depends 
on the HLA allele (HLA restriction). In animal models, 
antigen-presenting cells (APC) such as limbal Langerhans 
cells have been demonstrated to migrate from the graft 
to the host spleen via the camero-splenic axis [17]. 

■ The HLAMatchmaker algorithm can help to 
identify HLA mismatches that are deemed mostly 
“harmless” with respect to immune reactions.

■ HLAMatchmaker can help to provide histocom-
patible grafts to patients with rare HLA pheno-
types within a reasonable time. Alternatively, 
the decreased waiting time could be traded for 
 better match quality.

Summary for the Clinician
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■ A mounting body of evidence supports the 
 beneficial effects of HLA matching in normal-
risk as well as in high-risk keratoplasty

■ The accuracy and precision of HLA typing is 
crucial to HLA matching

Summary for the Clinician
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The spleen might thus be a source of a cytotoxic specific 
immune response directed against foreign graft H anti-
gens presented by graft APCs. Recipient APCs might be 
an additional source of allogeneic minor antigens upon 
processing cellular graft detritus. Table 1.1 summarizes 
the H antigens that have recently been identified as being 
relevant to hematological transplantations [22]. However, 
only two of them (H-Y and HA-3) have been investigated 
in the context of corneal transplantation.

1.3.1 Discussion of Selected H Antigens

1.3.1.1 H-Y

Male grafts can be subject to alloimmune reactivity in 
female recipients, as antigens of the H-Y group are only 
expressed in male individuals and not in females. H-Y 
antigens are believed to occur in all tissues, including 
the human cornea. Epitopes of the H-Y antigen family 
are expressed in the context of either HLA-A1 or 
HLA-A2. The HLA-A1/H-Y antigen is located in the 
Y-chromosome-encoded DFFRY protein. The HLA-
A*0201-restricted HLA-A2/H-Y antigen contains a post-
translationally modified cysteine that significantly affects 
T cell recognition. A 20% reduction in graft rejections 
was recently demonstrated for 252 keratoplasties after 
matching the HLA-A1/H-Y epitope, whereas matching 
of the HLA-A2/H-Y epitope did not affect graft survival 
[5]. The prevalence of HLA-A1 male donors is 13% in 
the general German population. Consequently, global 
gender matching regardless of HLA restrictions did not 
have a significant effect on rejection-free graft survival 
[14]. These facts result in the recommendation that male 
HLA-A1-positive donors should not be allocated to 
female recipients.

1.3.1.2 HA-3

The HA-3 epitope is another HLA-A1-restricted H 
antigen that has been shown to be expressed in all cor-
neal layers. This epitope is derived from the lymphoid 
blast crisis (Lbc) oncoprotein. Two alleles, VTEPG-
TAQY (HA-3T) and VMEPGTAQY (HA-3M) have 
been identified. T cell immune reactivity has only been 
observed in the direction of HA-3T. This constellation, 
however, was not associated with a statistically signifi-
cantly increased incidence of graft rejections in a ret-
rospective clinical investigation [5]. Furthermore, the 
prevalence of the immunogenic setting is as low as 3% 
in the German population. HLA-A1/HA-3 matching is 
thus not recommended for the clinical routine.

Table 1.1. A selection of human minor transplantation antigens

Name Original gene HLA restriction

HA-1 Histocompatibility (minor) 
HA-1

HLA-A2

HA-1/B60 Histocompatibility 
(minor) HA-1

HLA-B60

HA-2 Myosin IG HLA-A2

HA-3 A kinase (PRKA) anchor 
protein 13

HLA-A1

HA-8 KIAA0020 HLA-A2

HB-1 Histocompatibility 
(minor) HB-1

HLA-B44

ACC-1 B-cell leukemia/lymphoma 
2 related protein A1

HLA-A24

ACC-2 B-cell leukemia/lymphoma 
2 related protein A1

HLA-B44

UGT2B17 UDP 
glucuronosyltransferase 2 
family, polypeptide B17

HLA-A29

LRH-1 Purinergic receptor P2X, 
ligand-gated ion channel, 5

HLA-B7

SP110 SP110 nuclear body protein HLA-A3

PANE1 Centromere protein M HLA-A3

ECGF1 Endothelial cell growth 
factor 1 (platelet-derived)

HLA-B7

CTSH/A31 Cathepsin H HLA-A31

CTSH/A33 Cathepsin H HLA-A33

A2/HY Smcy homolog, Y-linked HLA-A2

B7/HY Smcy homolog, Y-linked HLA-B7

A1/HY Ubiquitin specific peptidase 
9, Y-linked

HLA-A1

B8/HY Ubiquitously transcribed 
tetratricopeptide repeat 
gene, Y-linked

HLA-B8

B60/HY Ubiquitously transcribed 
tetratricopeptide repeat 
gene, Y-linked

HLA-B60

DQ5/HY DEAD (Asp-Glu-Ala-Asp) 
box polypeptide 3, Y-linked

HLA-DQ5

DR15/HY DEAD (Asp-Glu-Ala-Asp) 
box polypeptide 3, Y-linked

HLA-DR15

B52/HY Ribosomal protein S4, 
Y-linked 1

HLA-B52

DRB3*0301/
HY

Ribosomal protein S4, 
Y-linked 1

HLA-DRB3*0301

A33/HY Thymosin, beta 4, Y-linked HLA-A33
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1.3.1.3 ABO

A significant reduction in graft reactions from ABO 
(blood group) matching has been observed in high-
risk penetrating keratoplasty, but not in normal-risk 
keratoplasties [6, 15, 23]. Additionally, a substantial 
proportion of failed corneal grafts seem to actually 
express ABO blood group antigens in the stroma and 
graft endothelial layers [1], where they are absent under 
physiological conditions. This finding suggests a direct 
immune response against mismatched ABO antigens. 
However, the beneficial effect from blood group match-
ing might alternatively be ascribed to HLA-restricted H 
antigens originating from the ABO-specific glycosyl-
transferases. Future research is needed to work out the 
exact mechanisms involved in blood group histocom-
patibility. In particular, finding the HLA restrictions 
of putative blood group H antigens might help when 
evaluating blood group matches for normal-risk situa-
tions, where the beneficial effects may only apply to a 
subgroup of patients.

1.4  Practical Concerns: 
Time on the Waiting List

1.4.1  Waiting Time Variability as a Major 
Handicap in HLA Matching

Histocompatibility matching is inevitably associated 
with additional time on the waiting list, since it entails 
refusing all newly available grafts until one that satisfies 
the histocompatibility requirements is identified. Due 
to the social and individual costs of blindness, waiting 
periods exceeding one year are barely reasonable.

The waiting period strongly depends on the recipi-
ent’s histocompatibility antigens, and thus strongly 
varies inter-individually: patients with common HLA 
phenotypes can be routinely provided with a matching 
graft within a few months. This is intuitive, as the preva-
lence of compatible phenotypes is common in the donor 
population too. On the other hand, individuals with a 
rare HLA phenotype commonly remain on the waiting 
list for years without being allocated a compatible graft. 

These patients in particular contribute to the reluctance 
to perform HLA matching that is currently prevalent in 
the clinical routine.

These patients could be spared waiting in vain for a 
long period if it was possible to identify them in advance. 
An alternative option would be to accept a few HLA 
 mismatches, preferably of low immunogenicity (see 
Sect. 1.2.3). A method for predicting the waiting time is 
vital to the informed consent of the individual patient to 
histocompatibility.

1.4.2 Predicting the Time on the Waiting List

The prediction of time on the waiting list has to be based 
on the individual HLA phenotype, a database of haplotype 
frequencies in the donor population, and last but not least 
on parameters of the local cornea bank, such as the rate of 
newly available corneal grafts. This algorithm has been suc-
cessfully validated with a historical waiting list of almost 
1,400 HLA-typed patients [3] and is detailed in the following.

A maximum of 27 different HLA phenotypes match 
any recipient who is heterozygous at the HLA loci A, B 
and DR for combinatory reasons. In contrast, only one 
phenotype matches an individual who is completely 
homozygous. The total percentage of the donor popula-
tion matching the HLA phenotype of any recipient is well 
approximated by the sum of all population frequencies 
(donor population) of the compatible HLA diplotypes. 
The frequency of any HLA diplotype is derived from the 
product of both of the respective haplotype frequencies. 
The haplotype frequencies of the HLA loci A, B and DR 
can be retrieved from a common database [21].

The daily rate of new HLA-compatible grafts is 
 proportional to the daily rate of new HLA-typed grafts and 
the percentage of HLA compatible donors, as described 
above. Assuming a Poissonian distribution of donors, the 
expected waiting period is the reciprocal of the daily rate 
of new HLA-compatible grafts. These  calculations have 
to be calibrated to the local cornea to yield actual waiting 
time estimations.

■ HLA-A1-positive grafts from male donors 
should not be allocated to female recipients

■ Matching blood group antigens reduces graft 
rejections in high-risk keratoplasty

■ The rapidly evolving field of minor antigens is the 
subject of ongoing and future research

Summary for the Clinician

■ Most patients can be served with an HLA-compat-
ible graft well within a year, even when they are 
on a monocenter waiting list

■ Patients that wait in vain for a HLA match for 
a long time contribute to the general reluc-
tance to perform HLA matching in penetrating 
 keratoplasty

■ The waiting time for a histocompatible graft 
can be predicted from the HLA phenotype and 
discussed with the patient

Summary for the Clinician
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1.5 Recommended Clinical Practice

All corneal grafts should be typed for at least the HLA loci 
A, B and DR. Molecular typing should be preferred over 
serologic methods, as molecular methods can still detect 
the HLA phenotype with excellent precision when blood 
samples are collected post mortem. An additional benefit 
of molecular typing is the applicability of the HLAMatch-
maker algorithm (Sect. 1.2.3). Whenever possible, these 
data should be registered with supraregional allocation 
registries, such as Bio Implant Services (Leiden, The 
Netherlands), in order to build up a large pool for histo-
compatibility matching.

All potential graft recipients should also be typed, 
again preferably with immunogenetic techniques. All 
patients awaiting normal-risk keratoplasties should be 
confronted with their expected time on the waiting list. 
The improved prognosis resulting from HLA compat-
ibility must be weighed against the expected waiting 
time. This strategy needs to be discussed with each 
patient individually.

Patients awaiting high-risk keratoplasty should be 
provided with a histocompatible graft (HLA and ABO) 
in almost all cases. The HLAMatchmaker algorithm 
can be applied to the balance time on the waiting list 
with the quality of histocompatibility that is realistically 
achievable.

Additional antigen systems (e.g., H-Y/HLA-A1 and 
ABO blood group antigens) should be accounted for by 
rejecting corneal grafts with strong immunologic poten-
tial in the individual setting.

In summary, long-term graft survival will most likely 
improve upon routinely matching major and certain 
minor histocompatibility antigens. An unpublished pre-
liminary cost risk assessment indicates that HLA match-
ing is cost-effective since the costs of HLA typing will 
be outweighed by the immune reactions avoided within 
a five-year horizon.
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Chapter 2

■ Acute anterior uveitis (AAU) accounts for 90% of all 
uveitis cases seen by the general ophthalmologist.

■ About half of all AAU cases are HLA-B27-
associated.

■ HLA-B27+ AAU represents a distinct clinical 
entity with important ocular and extraocular 
consequences.

■ The typical ocular phenotype of HLA-B27+ AAU 
is that of acute onset, unilateral inflammation of 
the iris and ciliary body, with a tendency towards 
recurrent attacks and more severe  inflammation, 
including hypopyon formation. Males are 
affected more frequently than females.

■ All patients with AAU must have a dilated fun-
dus examination to confirm the diagnosis is 
anterior uveitis, and careful clinical assessment 
regarding possible associated systemic inflam-
matory disease.

■ All patients with AAU should be investigated 
with HLA-B27 typing, syphilis serology, and a 
chest X-ray at a minimum.

■ 50% of patients with HLA-B27+ AAU will 
develop an associated seronegative spondyloar-
thropathy (SpA), whilst approximately 25% of 
the patients initially diagnosed with HLA-B27-
associated systemic disease will develop AAU.

■ HLA-B27 is the strongest known genetic risk 
factor for AAU. There are multiple subtypes of 
HLA-B27, which may be differentially associ-
ated with disease.

■ In addition to genetic factors, environmental 
factors play a critical role in the pathogenesis 
of AAU.

■ Bacterial triggers have been strongly impli-
cated in the development of AAU and recurrent 
 episodes of ocular inflammation.

■ Human uveal antigen-presenting cells express 
TLR4, the receptor for LPS, and may provide 
a critical molecular link between microbial 
triggers and the development of AAU.

■ Topical corticosteroids and cycloplegic agents 
are the mainstay of treatment.

2.1 Introduction

Acute anterior uveitis (AAU) is by far the most common 
form of uveitis [6]. It is characterized by a breakdown in 
the blood–aqueous barrier and acute inflammation of the 
iris and ciliary body. Immunopathologically, there is up-
regulation of cell adhesion molecules on the uveal vascula-
ture and aqueous humor expression of pro-inflammatory 
cytokines such as tumor necrosis factor (TNF)-α, inter-
feron (IFN)-γ and chemokines that selectively recruit and 
activate inflammatory cells (neutrophils, monocytes and 
lymphocytes) into the uvea and anterior chamber (AC). 
These cells are visible clinically on slit lamp biomicros-
copy. The breakdown in the blood–ocular barrier results 
in leakage of serum proteins from the uveal  vasculature 

into the AC, which is visible on biomicroscopy as 
aqueous flare and fibrin formation. Keratic precipitates 
(KPs) represent inflammatory cells that have precipitated 
on the corneal endothelium. Thus AAU is a prototypical 
inflammatory disease in which the clinician is uniquely 
able to visualize the inflammatory response in vivo and 
all of its sequelae using the slit lamp biomicroscope, and 
to correlate it with the immunopathological process.

About 50% of all cases of AAU are associated with the 
presence of HLA-B27, a class I major histocompatibility 
complex (MHC) [8]. HLA-B27-associated AAU repre-
sents a distinct clinical phenotype that may be associated 
with severe intraocular inflammation as well as systemic 
inflammatory diseases such as the seronegative spond-
yloarthropathies (SpA). There has been some recent 

Core Messages
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progress in our understanding of the clinical features and 
the immunopathogenesis of this group of diseases. The 
aim of the present chapter is to highlight these advances 
for the clinician managing patients suffering from AAU.

2.2  Epidemiology of Acute Anterior 
Uveitis and HLA-B27

The annual incidence of uveitis has been reported to be 
between 17 and 52 per 100,000 population, with a preva-
lence of between 38 and 714 per 100,000 population [6]. 
Anterior uveitis is the predominant form of uveitis in 
most populations studied, accounting for approximately 
50–60% of all cases of uveitis seen in tertiary referral 
centers. In the general community, AAU accounts for 
up to 90% of all uveitis cases once referral study bias 
has been removed [22]. In one study, the mean annual 
incidence and prevalence rates of anterior uveitis were, 
respectively, 21 and 69 per 100,000 population, whilst the 
total incidence and prevalence rates of all cases of uveitis 
in that community were 23 and 75 per 100,000 popula-
tion, respectively [29].

HLA-B27-associated AAU is the most important form 
of anterior uveitis (acute and chronic forms combined), 
accounting for 18–32% of all cases of anterior uveitis 
(see Table 2.1 for common causes of acute and chronic 

 anterior uveitis). As will be discussed later, HLA-B27 is the 
strongest known genetic risk factor for AAU. The  lifetime 
cumulative incidence of AAU in the general population 
has been reported to be about 0.2%, but this increases to 
1% in the HLA-B27-positive population [19].

HLA-B27+ AAU demonstrates a clear gender prepon-
derance, with males being about 2.5 times more likely to 
be affected than females. The first attack of HLA-B27+ 
AAU occurs between 20 and 40 years of age in the great 
majority of cases, and these patients are about a decade 
younger than their HLA-B27 negative counterparts at the 
time of disease onset [8].

2.2.1  Global Patterns of HLA-B27+ 
Acute Anterior Uveitis

In the general Caucasian population, the prevalence of 
HLA-B27 is approximately 8%, whereas the HLA-B27 
antigen is present in about half of the patients suffering 
from AAU [8]. There is a global variation in the preva-
lence of the HLA-B27 gene, and due to this, as well as 
potential variations in other genetic and environmental 
factors that are relevant to disease pathogenesis; there are 
distinct global patterns of AAU. For example, the rela-
tively lower frequency of HLA-B27+ AAU in Asia reflects 
the lower prevalence of HLA-B27 in this area; it is as low 
as 0.5% in Japan [6, 8].

2.3 HLA-B27 and Disease

HLA-B27 is a human leukocyte antigen (HLA) class I 
molecule whose strong associations with disease set it 
apart from most HLA antigens, and so it has been the 
subject of much research over the past 35 years. HLA 

Table 2.1. Common causes of acute and chronic anterior uveitis

Acute anterior uveitis (AAU) Chronic anterior uveitis

HLA-B27+ AAU Juvenile idiopathic 
arthritis (JIA)

Ocular involvement only

Ankylosing spondylitis

Reactive arthritis

Psoriatic arthropathy

Inflammatory bowel disease

Undifferentiated SpA

Idiopathic AAU (HLA-B27 
negative)

Fuch’s heterochromic 
iridocyclitis

Sarcoid uveitis Idiopathic

Behçet’s disease Sarcoid uveitis

Posner–Schlossman 
Syndrome

Syphilitic uveitis

Lens-associated uveitis Herpetic (herpes 
zoster/simplex)

Syphilitic uveitis

■ AAU is the most common form (90%) of uveitis
■ Approximately half of all patients with AAU are 

positive for HLA-B27
■ There are global variations in the prevalence of 

HLA-B27 AAU
■ HLA-B27 AAU represents a distinct clini-

cal entity with clinically important ocular and 
extraocular implications

■ Males are affected about 2.5 times more 
frequently with HLA-B27 AAU than females

■ First attack of HLA-B27 AAU usually occurs 
between 20 and 40 years of age

Summary for the Clinician
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molecules are encoded on the short arm of chromosome 
6. HLA antigens are vital to normal immune surveil-
lance and the generation of immune responses to foreign 
antigens. These molecules are critically important in 
various physiologic and pathologic immune proc-
esses, including antiviral responses, organ transplan-
tation immunology and tumor immunology, and play 
a key role in the pathogenesis of an expanding list of 
immune-mediated inflammatory diseases. HLA anti-
gens are divided into HLA class I and class II molecules, 
which have distinct structural and functional charac-
teristics (Table 2.2). HLA molecules present antigenic 
peptides to T lymphocytes via distinct antigen processing 
and HLA-restricted presentation pathways, with the 
common goal of initiating the antigen-specific adaptive 
immune response.

The strong association between HLA-B27 and inflam-
matory diseases, such as ankylosing spondylitis (AS), 
reactive arthritis (including Reiter’s syndrome) and 
AAU has been known for over 30 years [2, 3, 8]. Within 
this spectrum of HLA-B27-associated inflammatory 
diseases, AS demonstrates the strongest association, 
with around 90% of patients possessing the HLA-B27 
antigen. Nearly a third of these patients develop HLA-
B27+ AAU during the clinical course of their extraocular 
inflammatory disease. Despite extensive research for 
other genes, HLA-B27 is still the strongest known 
genetic risk factor for the development of AAU, but how 
it predisposes to disease remains an enigma. Possession 
of the HLA-B27 antigen increases the relative risk of 
AAU by 26 times [3]. Although 45–70% of patients with 
AAU are HLA-B27 positive compared to only 4–8% of 
the general Caucasian population, it should be appreci-
ated that 99% of subjects that have the HLA-B27 gene 
are healthy and will not develop associated diseases dur-
ing their lifetime. This implies that other genetic factors 
and environmental factors such as microbial triggers 
play an important role in the development of AAU (as 
discussed in Sect. 2.3.2).

X ray crystallography has demonstrated the three-
dimensional structure of HLA-B27. It is a heterodimeric 
membrane-bound glycoprotein consisting of a poly-
morphic α chain, which is noncovalently linked to non-
polymorphic β-2-microglobulin. The α chains contain 
two peptide-binding domains (α1 and α2) which form 
antigen-binding clefts that bind short peptides of 8–12 
amino acids [20].

2.3.1  New Developments 
in the Immunogenetics of HLA-B27

Recent studies have shown that HLA-B27 is not a  single 
allele but a family of at least 31 different alleles that 
encode for HLA-B27 subtypes (named HLA-B*2701 
to HLA-B*2728) [17]. There is a varied distribution of 
these HLA-B27 subtypes in different populations, and 
this may account for the varying strengths of HLA-B27-
disease association that are observed in different  ethnic 
groups. The more common subtypes, HLA-B*2705 
(accounts for about 90% of HLA-B27+ individuals of 
northern  European descent), B*2702 and B*2704, have 
been shown to be strongly associated with AS [17]. Both 
HLA-B*2705 and B*2702 were also strongly associated 
with AAU in a study of Dutch patients [11]. There has 
not been a study of other HLA-B27 subtypes and their 
association with AAU. However, at least two subtypes, 
HLA-B*2706 (common in Southeast Asia) and B*2709 

Table 2.2. HLA class I and class II molecules

HLA class I HLA class II

Subclass HLA-A, -B, -C 
(classical)

HLA-DR, 
-DQ, -DP

HLA-E, -F, -G (non-
classical)

Cellular 
expression

Most human somatic 
cells

Antigen-
presenting cells

No/minimal 
expression on 
uveal or corneal 
endothelial cells

Dendritic cells

Macrophages

Monocytes

Antigen (Ag) 
presented

Endogenous or 
intracellular peptides 
(self or viral origin)

Exogenous or 
extracellular 
peptides

T cell 
presentation

Presents Ag to 
CD8+ (cytotoxic) 
T lymphocytes

Presents Ag to 
CD4+ (helper) 
T cells

Examples of well-
known disease 
associations

HLA-B27 and AAU, 
AS.

HLA-DR, -DQ 
subtypes and 
VKHD

HLA-29 and birdshot 
retinochoroidopathy

HLA-DR15 and 
pars planitis

HLA-B51 and 
Behçet’s disease

HLA-DR4 and 
sympathetic 
ophthalmia

AAU, Acute anterior uveitis; AS, ankylosing spondylitis; 
VKHD, Vogt–Koyanagi–Harada disease
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(found in Sardinia) appear to lack a disease association 
with AS [17]. These HLA-B27 subtypes vary from each 
other by only one or several amino acids, mostly at the 
antigen-binding region of the molecule, and are thus 
expected to alter the range of antigenic peptides bound 
and presented to T cells by HLA-B27. The finding of 
differential HLA-B27 subtype disease association thus 
suggests that the antigen-presentation function of HLA-
B27 may play an important role in the pathogenesis of 
disease. Such observations support the “arthritogenic” or 
“uveitogenic” peptide hypothesis for AS or HLA-B27+ 
AAU pathogenesis, which proposes that disease is a con-
sequence of self-reactive cytotoxic T lymphocytes (via 
molecular mimicry) that are activated against a peptide 
found only in the joint or uvea [8, 17].

Recent studies using animal models of HLA-B27-
associated inflammatory diseases have clearly dem-
onstrated the direct pathogenic role of HLA-B27. 
HLA-B27 transgenic rats and mice that express human 
HLA-B27 antigens were found to spontaneously 
develop a multisystemic inflammatory disease resem-
bling the spectrum of human HLA-B27-associated 
spondyloarthropathies (SpA) [8, 18, 31]. Of particular 
interest, these transgenic animals were healthy if 
kept in a germ-free environment, but once moved to 
a normal environment and exposed to commensal 
microbes, acute development of enterocolitis, ankylos-
ing arthritis, enthesitis, psoriasiform skin lesions and 
inflammatory male genital lesions were triggered [32]. 
This provides further evidence to support not only the 
importance of genetic factors but that of environmental 
factors and in particular, microbial triggers, in the 
development of HLA-B27-associated diseases (see the 
next section). Interestingly, however, AAU was not a 
prominent feature of the HLA-B27 transgenic animal 
models.

2.3.2  Role of Microbial Triggers 
in Immune-Mediated Inflammation

It is clear that specific environmental factors play a 
critical role in the development of HLA-B27 AAU, as 
the great majority of HLA-B27-positive individuals do 
not develop inflammatory diseases despite the strong 
relative genetic risk of developing AS or AAU. In 
particular, there is extensive evidence from both clini-
cal and experimental studies that support the role of 
microbial triggers in the development of AAU.  Reactive 
arthritis and uveitis are prototypical examples of the 
development of noninfectious immune-mediated 
inflammation following a triggering genitourinary or 
gastrointestinal tract infection. Chlamydia trachomatis 
and Gram-negative bacteria, such as certain species 
of Salmonella, Shigella, Campylobacter, Klebsiella and 
Yersinia, have been implicated in the pathogenesis of 
HLA-B27+ AAU [8]. The precise pathogenic mecha-
nism remains unclear, but putative “uveitogenic” 
 peptides from these bacteria have been shown to have 
the necessary sequences to be able to be bound and 
presented by HLA-B27 to T cells. It has been proposed 
that these microbe-derived antigens may trigger CD8+ 
T cell immune responses that cross-react with self-
tissue antigens (molecular mimicry) that are uniquely 
found in the uvea or joint tissue, resulting in auto-
immune  tissue inflammation [8].

Microbial triggers have been implicated in the 
pathogenesis of recurrent attacks of HLA-B27+ AAU. 
Raised antibody levels against Salmonella, Campylo-
bacter jejuni, Klebsiella pneumonia and Yersinia were 
found to be associated with recurrent attacks of AAU 
[15]. Furthermore, a close relation between the recur-
rences of AAU and chronic asymptomatic ileocolitis 
has been observed, implicating a pathogenic role 
for mucosal infection in the development of anterior 
uveitis [1].

It is also of interest that many animal models of ante-
rior uveitis involve the induction of ocular inflammation 
with microbial cell wall components, such as endotoxin 
or lipopolysaccharide (LPS) of Gram-negative bacteria, 
and peptidoglycan (PGN) or lipoteichoic acid (LTA) 
of Gram-positive bacteria [8, 9]. The eye appears to be 
highly and selectively sensitive to the pro-inflammatory 
effects of LPS in endotoxin-induced uveitis (EIU), with 
no significant abnormalities observed in other organs 
in response to the uveitogenic dose of LPS. EIU is the 
most widely used animal model for AAU, and a low 
dose of LPS given at a site remote from the eye induces 
an acute breakdown in the blood–aqueous barrier and 

■ Although other genes are almost certainly 
involved, HLA-B27 remains the strongest known 
genetic risk factor for AAU.

■ HLA-B27 is not a single allele. Instead, there are 
multiple subtypes of HLA-B27, which appear to 
have differential associations with disease. The 
more common subtypes, HLA-B*2705, B*2702 and 
B*2704, are strongly associated with AS and AAU.

■ Transgenic animals expressing human HLA-
B27 spontaneously develop a multisystemic 
 inflammatory disease.

Summary for the Clinician
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the influx of acute inflammatory cells into the anterior 
uvea and AC [8, 26]. Some of the recent developments 
in our  understanding of innate immunity and the Toll-
like receptors (TLR) have led to new insights into the 
potential mechanisms behind these important obser-
vations linking microbial triggers and inflammatory 
disease, including AAU (see Sect. 2.5.2) [9].

2.3.3  HLA-B27-Associated 
Inflammatory Disease

HLA-B27 is associated with not just AAU but a spectrum of 
seronegative spondyloarthropathies (SpA). The strongest 
disease association of HLA-B27 is with ankylosing spond-
ylitis (AS), but the other HLA-B27-associated inflam-
matory diseases include reactive arthritis, inflammatory 
bowel disease (IBD) and its associated arthropathy, psori-
atic arthropathy, and undifferentiated SpA. From the avail-
able data, it is estimated that more than half of the patients 
with HLA-B27+ AAU will develop AS or one of the other 
SpA, whilst approximately 25% of the patients initially 
diagnosed with HLA-B27 associated systemic disease will 
develop AAU during their lifetime [8]. The ophthalmolo-
gist must be aware of these systemic disease associations 
of HLA-B27 AAU, as he is uniquely placed to recognize a 
unifying systemic HLA-B27-related diagnosis in patients 
with AAU and symptoms of joint, skin or GIT dysfunction. 
This requires careful clinical assessment, follow-up and 
referral to the relevant internist for further investigation.

2.4  Other Genetic Risk Factors 
for Acute Anterior Uveitis

Observations, including those from twin concordance 
studies and of familial aggregation of AAU, indicate that 
there are other non-HLA-B27 genes, both within and out-
side the MHC, that predispose to the development of AAU. 
HLA-B27-positive first-degree relatives of patients with 
HLA-B27 AAU have a higher risk (13%) of developing 
AAU than HLA-B27-positive individuals without affected 
relatives (1%) [12]. Recent genome-wide scans of families 
with multiple affected members with AAU have identified 
several chromosomal regions associated with AAU, includ-
ing regions on chromosomes 3, 5, 9, 13 and 15. Strong link-
age was observed at a locus at chromosome 9p21–9p24 
that uniquely associated with AAU but not with AS [21].

Chemokines play a pathogenic role in AAU by recruit-
ing inflammatory cells to the AC (see Sect. 2.5.1). A recent 
study has reported a significantly increased frequency of 
a functional polymorphism in the promoter region of the 
gene for the chemokine CCL2/monocyte chemoattract-
ant protein (MCP)-1 in patients with HLA-B27+ AAU 
compared to HLA-B27+ healthy controls [35].

Similarly, there are also probably as-yet-unidentified 
genetic risk factors for idiopathic HLA-B27-negative AAU. 
For example, MHC class I chain-associated gene A (MICA) 
A4 allele was found to be at significantly higher frequency 
in patients with HLA-B27-negative AAU compared to that 
in ethnically matched HLA-B27-negative controls [14].

2.5  Current Understanding of AAU 
Pathogenesis

There have been recent advances in our understanding of 
the immunopathogenesis of AAU due to the existence of 
several good animal models of AAU, as well as the devel-
opment of powerful new research tools, such as intra-
vital microscopy for studying leukocyte interactions with 
the uveal vasculature in vivo during the various stages of 
experimental AAU, advances in molecular biology (such 
as DNA microarrays that can rapidly screen for tens of 
thousands of genes), and advances in proteomics. How-
ever, although we are now able to dissect the multitude 
of molecular steps in the evolution of acute intraocular 
inflammation and the individual effects of modulating 
these pathways, there is still much to be learned. For exam-
ple, the critical initial processes involved in the breakdown 
of ocular immune privilege, the restriction of inflamma-
tion to one eye, the triggering of recurrent attacks of AAU, 
or the processes  responsible for the  progression of AAU 

Summary for the Clinician

■ Environmental factors, in particular microbial 
triggers, are clearly important in the pathogen-
esis of AAU.

■ Chlamydia trachomatis and Gram-negative bac-
teria have been implicated in the pathogenesis 
of HLA-B27+ AAU, including certain species of 
Salmonella, Shigella, Campylobacter, Klebsiella 
and Yersinia.

■ Microbial products, such as LPS of Gram- negative 
bacteria, have been used to induce various animal 
models of AAU. The most widely adopted model 
of AAU is endotoxin-induced uveitis (EIU).

■ Patients with HLA-B27 AAU are at increased risk 
of developing an associated systemic inflamma-
tory disease, and vice versa.
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to chronic inflammation are unknown. The elucidation of 
these immune mechanisms may lead to the development 
of truly revolutionary  therapies for halting AAU early and 
preventing the development of sight-threatening, recur-
rent or chronic anterior uveitis.

2.5.1 Cytokines

Cytokines are soluble mediators produced by various cells 
of the innate and adaptive immune system that orchestrate, 
coordinate and integrate these two arms of the immune 
response. Cytokines typically have pleiotropic effects, 
including pro-inflammatory, anti-inflammatory and che-
moattractant functions. Leukocyte extravasation from the 
blood into the tissue is a regulated multistep process involv-
ing a series of coordinated interactions between leukocytes 
and endothelial cells involving selectin-mediated rolling, 
integrin-mediated firm adhesion, and chemokine-mediated 
migration. Chemokines are of pathogenic importance in 
the selective intraocular recruitment of neutrophils, mono-
cytes and CD4+ T lymphocytes in uveitis.

Each step of the cell recruitment process is important 
in the pathogenesis of experimental AAU, and selec-
tively inhibiting any step will partially abrogate uveal 
inflammation. There is significant redundancy in the 
process, with another pro-inflammatory pathway being 
able to largely take over the role of one that has been 
selectively inhibited.

High aqueous humor levels of various pro-inflamma-
tory cytokines, such as TNF-γ, IFN-γ, IL-2 and IL-12, 
and low intraocular expression of the anti-inflammatory 
cytokine IL-10 have been shown in human AAU [8]. 
Elevated aqueous humor expression of chemokines that 
selectively recruit the acute inflammatory cells in AAU 
have been demonstrated in patients with active AAU. 
IL-8/CXCL8 (recruits neutrophils), interferon-gamma-
inducible protein (IP)-10/CXCL10, MCP-1/CCL2, 
RANTES (regulated upon activation, normal T cell 
expressed and secreted)/CCL5 and macrophage inflam-
matory protein (MIP)-1β/CCL4 (recruits monocytes 
and activated T cells) were significantly elevated during 
the active stages of AAU and correlated with the clinical 
severity of the disease [34].

2.5.2 Toll-Like Receptors (TLR)

Recent progress in our knowledge of a family of innate 
immune receptors called Toll-like receptors (TLRs) has 
shed new light on our understanding of the normal host 

immune defense against microbes and the pathogenesis of 
a wide range of infectious and noninfectious autoimmune 
diseases. TLRs are a family of so-called pattern recogni-
tion receptors (PRR) that recognize “signature patterns” 
of microbes called “pathogen-associated molecular pat-
terns” (PAMPs). Ten human TLRs have been identified 
to date, each of which recognize PAMPs from a unique 
class of microbes; for example, TLR4 responds to LPS of 
Gram-negative bacterial cell wall whilst TLR2 recognizes 
Gram-positive bacterial cell wall components [9, 23, 30]. 
Thus, the discovery of TLRs has conferred a degree of 
specificity to innate immunity that had not been previ-
ously recognized [23]. Activation of TLRs by their ligands 
results in the initiation of a pro-inflammatory cascade, the 
activation of the transcription factor NFκB, leading to the 
production of pro-inflammatory cytokines, chemokines 
and activation of immune cells. Thus, these PRRs allow 
the innate immune system to respond rapidly to microbes 
at host/environment interfaces that express high levels of 
TLRs [9, 30]. There has been immense research on this 
family of receptors in the past decade, and they have since 
been implicated in the pathogenesis of a variety of inflam-
matory diseases, including IBD, AS and psoriasis [5, 30, 
36]. Notably, all of these diseases can be complicated by 
AAU and are recognized systemic associations with HLA-
B27+ AAU. In IBD, it is thought that inappropriate and 
hyper-responsive inflammation triggered by various TLRs 
to commensal gut bacteria may play a critical role in the 
observed chronic intestinal inflammation.

Functional TLR4 expression by uveal antigen-presenting 
cells (APC) in the normal human iris and ciliary body 
has been recently demonstrated [4, 7, 9]. This provides a 
novel mechanism by which the various implicated micro-
bial triggers could initiate the development of AAU, and 
explains the apparent high sensitivity of the uvea to LPS 
(now recognized as being the ligand for TLR4). LPS activa-
tion of perivascular TLR4-expressing uveal  dendritic cells 
(DCs) could lead to the production of pro-inflammatory 
cytokines and the activation of vascular adhesion mol-
ecules, a breakdown in the blood–ocular barrier, and the 
recruitment of inflammatory cells to the AC [7, 9]. TLR4 
is absolutely essential for inflammatory responses to LPS. 
In the animal model for AAU, the C3H/HeN strain of mice 
(which are highly sensitive to developing EIU) has normal 
functional TLR4, whilst the congenic C3H/HeJ strain with 
nonfunctional TLR4 does not develop EIU [9, 30].

Perturbations in the expression and function of TLR4 
and TLR2 have been observed in patients with active 
AAU, further supporting the potential pathogenic role of 
these PRRs in the development of AAU [10]. These TLRs 
could provide the missing molecular link between the 
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observations of microbial triggers and the development 
of AAU and other immune-mediated inflammatory 
disorders, but further studies are still required.

■ Increased levels of pro-inflammatory cytokines 
and chemokines are found in the aqueous humor 
of patients with active AAU

■ Toll-like receptors (TLR) are a family of pattern 
recognition receptors that recognize a variety of 
microbial products and lead to inflammation

■ TLRs have been implicated in the pathogenesis 
of numerous inflammatory diseases, including 
HLA-B27-associated AS, IBD and AAU

■ EIU, the animal model for AAU, is critically 
dependent on functional TLR4, the receptor for 
LPS of Gram-negative bacteria

■ Uveal APCs in the human eye express TLR4, and 
perturbations in the TLRs have been observed in 
patients with AAU

Summary for the Clinician

2.6 Clinical Features of Acute Anterior Uveitis

2.6.1 HLA-B27 and Clinical Phenotype

AAU presents with the clinical features of acute inflam-
mation in the anterior segment of the eye (primarily the 
iris, ciliary body and AC). The typical phenotype of HLA-
B27-positive AAU is that of abrupt onset of unilateral, 
often alternating, nongranulomatous AAU, characterized 
by the acute onset of a red, photophobic, painful eye and 
significant cellular and protein extravasation into the 
aqueous humor, clinically detectable as AC cells and flare 
on slit lamp examination. There is a standardized inter-
national grading system for grading AC cells and flare 
activity (Table 2.3, Standardization of Uveitis Nomencla-
ture) [16]. HLA-B27-positive AAU has a high tendency 
to recur, and shows a significant association with other 
HLA-B27-related systemic diseases [8]. An episode lasts 
6–8 weeks on average, and in cases of recurrent AAU, the 
intervals between the recurrent attacks are highly vari-
able (from months to years).

In contrast, HLA-B27-negative anterior uveitis tends 
to be a more heterogeneous entity that is more likely to 
become bilateral or chronic uveitis, and which is infre-
quently associated with systemic diseases. Recurrent 
inflammation is not uncommon in HLA-B27-negative 

AAU [8]. There is a subset of idiopathic HLA-B27-
negative AAU that is clinically difficult to distinguish 
from HLA-B27-positive AAU.

2.6.2 Ocular Complications

Although AAU is generally associated with a good visual 
prognosis, it is not without its complications or visual 
morbidity, especially with recurrent attacks of ocular 
inflammation. In a study on the causes of visual impair-
ment and blindness in intraocular inflammatory dis-
eases, 10% of patients with HLA-B27-associated anterior 
uveitis suffered legal blindness or severe visual impair-
ment [28]. Another case series found that 7% of their 175 
patients with HLA-B27-associated uveitis demonstrated 
significantly decreased final visual acuity (>2 Snellen 
lines) [24]. The most important cause of reduced vision 
in patients with AAU is cystoid macular edema (CME), 
which has been reported to be as high as 17–25% [8, 24, 
25], although these figures are almost certainly higher 
than those seen in the community, due to the influence of 
referral bias in these studies.

Posterior synechiae is by far the commonest complica-
tion of AAU. With the development of recurrent AAU or 
chronic inflammation, cataract and secondary glaucoma (as 
complications of the inflammation itself or induced by corti-
costeroid therapy) frequently cause visual impairment. Com-
plications in patients with HLA-B27 related AAU are related 
to the number of recurrent attacks [27, 33].

Table 2.3. Standardized (SUNa) grading system for AC cell and 
flare severity [30]

Grade AC cells AC flare

0 None None

0.5+ 1–5 cells in the fieldb -

1+ 6–15 cellsb Faint

2+ 16–25 cellsb Moderate (iris and lens 
details are clear)

3+ 26–50 cellsb Marked (iris and lens 
details are hazy)

4+ >50 cellsb Intense (fibrin or 
plasmoid aqueous)

aStandardization of Uveitis Nomenclature (SUN)
bField size used is a 1 mm by 1 mm slit beam. The presence or 
absence of a hypopyon should be noted separately in addition 
to the AC cellular activity grade
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■ HLA-B27-positive AAU exhibits a distinct 
 clinical phenotype compared to its HLA-B27 
negative counterpart. This includes a tendency 
for recurrent attacks of inflammation, increased 
tendency for more severe AC inflammation 
including fibrinous reaction and hypopyon 
formation, and significant associations with 
extraocular inflammatory disease.

■ There is a new international grading system for 
AC inflammatory activity (the Standardized 
Uveitis Nomenclature).

■ About 10% of patients with HLA-B27-associated 
anterior uveitis suffer significant visual impair-
ment due to sight-threatening complications such 
as CME, cataracts and secondary glaucoma.

Summary for the Clinician

2.7 Clinical Management of AAU

The investigation of AAU should be governed by the 
clinical history, the review of systems, and examination 
findings. In particular, careful attention should be paid 
to symptoms of possible associated systemic diseases, 
such as inflammatory back pain of AS, skin changes 
of psoriasis, or gastrointestinal symptoms of IBD. Dilated 
fundus examination is mandatory in the assessment of 
any patient with “anterior uveitis,” in order to ensure that 
the disease is confined to the anterior segment and that 
the symptomatic anterior uveitis is not part of an inter-
mediate or panuveitis.

There is no consensus on the extent of investigations 
indicated for the first episode of AAU. We recommend 
HLA-B27 typing, a chest X ray and syphilis serology as 
the minimum investigations for patients with their first 
attack of AAU. The HLA-B27 status has significant impli-
cations regarding the potential risk of further recurrent 
episode(s) of AAU (often a primary concern for the 
patient suffering their first attack) and the risk of develop-
ing HLA-B27 associated SpA. Syphilis serology remains a 
cost-effective investigation for syphilis, an increasingly 
common, treatable infectious cause of all forms of uveitis, 
including AAU [13]. A chest X-ray is recognized as being 
a useful screening investigation for asymptomatic pulmo-
nary sarcoidosis, which may present as acute uveitis.

The mainstay of AAU treatment consists of topical 
corticosteroids, the intensity of administration of which 
is tailored to the severity of the AC inflammation. The gen-
eral principle is to hit the inflammation hard early on in its 
course with intensive topical steroids, such as with pred-
nisolone acetate 1% drops hourly initially. More severe 

inflammation associated with fibrin formation, hypopyon 
or severe pain may require subconjunctival steroid therapy 
or oral corticosteroids. Topical cycloplegic agents, such 
as atropine or homatropine, are essential for minimizing 
posterior synechiae formation and providing sympto-
matic relief from pain and photophobia. Topical steroids 
are slowly tapered over 6–8 weeks once the inflammatory 
activity is controlled. The total treatment course should 
cover at least 6–8 weeks to minimize premature cessa-
tion of topical steroids, which would be associated with a 
relapse in the partially treated inflammation (rather than 
a true recurrence) and would ultimately prolong the over-
all treatment course and increase the risk of developing 
chronic uveitis.

Systemic treatment with corticosteroids may be required 
to treat very severe uveitis that is resistant to maximum 
topical and local corticosteroid therapy. Other immuno-
suppressive agents are rarely needed to manage patients 
with recurrent AAU. Drugs such as salazopyrine and 
methotrexate are commonly used to treat IBD and SpA, 
and anecdotally there is evidence that this may decrease the 
frequency and severity of attacks of AAU. Chronic anterior 
uveitis associated with CME and reduced vision may, in 
selected patients, benefit from systemic immunosuppres-
sive therapy. Exciting new biologic treatment modalities are 
being evaluated, including anti-TNFα therapy, anti-VEGF 
(vascular endothelial growth factor) therapy, and HLA-
B27  peptide oral tolerance [8]. However, there is insuf-
ficient evidence to support the use of these newer agents 
at present, and more studies are required to establish their 
clinical indications, efficacy and safety.

2.8 Conclusions

AAU is a common condition that affects relatively 
young patients and can cause significant distress to the 
patient, with recurrent, unpredictable attacks of acute 
 inflammation. Furthermore, AAU can be associated with 
sight-threatening complications such as CMO, and there-
fore it represents an important cause of visual impairment. 
The unique association between HLA-B27 AAU and its 
related systemic inflammatory diseases demands a com-
prehensive and holistic approach to managing patients 
with AAU, often requiring careful follow-up and liaison 
between multiple specialists. The great  majority of uveitis 
cases seen by the general ophthalmologist will be AAU, 
and about half of these will be HLA-B27+ AAU, thus 
highlighting their clinical importance. Recent advances 
in our understanding of the genetics,  immunology and 
pathogenesis of this condition will hopefully lead to 
improved care of our patients suffering from AAU.
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What Can the Aqueous Humour 
Tell Us About Uveitis? 3
Alastair K.O. Denniston, S. John Curnow

Chapter 3

3.1  Clinical Examination of the Aqueous 
Humour in Uveitis

3.1.1 Introduction

The eye, and in particular the anterior segment, is one 
of the very few parts of the body where inflammation 
can be viewed directly, in vivo and without intervention. 
The clinical ophthalmologist is familiar with this privi-
lege and uses it not only in diagnosis (i.e. to identify the 
site and nature of disease), but to monitor disease activity 
(e.g. to assess whether the inflammation is worsening or 
improving in response to treatment).

3.1.2  Observable Changes During Intraocular 
Inflammation

In most forms of uveitis there is evidence of inflamma-
tory activity in the anterior chamber. This is primarily 
reflected in the cellular and non-cellular constituents 
of the aqueous humour (AqH), the fluid which fills the 
anterior chamber and bathes the inner surface of the cor-
nea, the iris, the ciliary body and the lens. Under healthy 
noninflammatory conditions, the AqH is generally acel-
lular (there are exceptions to this) and transparent. Under 
inflammatory conditions, there is leukocyte recruitment 
to the anterior segment (observed as cells in the anterior 
chamber) and breakdown of the blood–ocular barrier 
(seen as a loss of transparency of the AqH, known as 

flare). Cellular activity (i.e. an indication of the number 
of cells present in the anterior chamber) is calculated 
from the number of cells seen in a 1 mm × 1 mm illumi-
nated slit graded on a scale from 0 (n < 1 cells) to 4+ (>50 
cells) [19]. Flare is graded from 0 (none; i.e. completely 
transparent) to 4+ (intense: fibrin or plastic aqueous) 
[19]. Flare can be more accurately measured with instru-
ments such as the Kowa laser flare cell meter; however, 
this is currently used primarily in the research setting. 
In addition, cells circulating in the AqH may adhere to 
the corneal endothelium, and be visible as “keratic pre-
cipitates” on the inner aspect of the cornea. These may 
persist after the episode of acute inflammation, and may 
become pigmented over time, giving an indication of 
their chronicity. Certain patterns of keratic precipitates 
are regarded as being typical of particular forms of uveitis 
(for example the stellate keratic precipitates of Fuchs’ het-
erochromic cyclitis), thus providing additional diagnos-
tic information. Imaging of these keratic precipitates by 
in vivo confocal microscopy has confirmed that there are 
differences in the keratic precipitates seen in infectious and 
noninfectious uveitis, and that their morphology changes 
over time [40].

Where the site of inflammation is primarily the ante-
rior uvea (anterior uveitis), the presence of cells and flare 
in the AqH will be the predominating feature, and will 
usually be accompanied by some injection of the circum-
limbal vessels (seen as redness of the conjunctiva around 
the margin of the cornea). In intermediate uveitis, cells 
and flare may again be seen in the anterior chamber, but 

■ The sampling of aqueous humour (AqH) is a safe 
and relatively quick procedure

■ Infectious agents can be identified by pathogen-
specific antibody or RNA/DNA

■ Non-inflamed AqH is acellular and immuno-
suppressive

■ During episodes of uveitis, leukocytes, predom-
inated by recently activated CD4+ T cells, accu-
mulate in the aqueous humour

■ Uveitis AqH contains very high levels of locally pro-
duced pro-inflammatory cytokines and chemokines

■ These pro-inflammatory molecules likely con-
tribute to the persistence of inflammation

Core Messages
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are far exceeded by the degree of cells and flare in the 
vitreous humour, which indicates that the vitreous is the 
primary site of inflammation. In a true posterior uveitis, 
the anterior chamber will be “quiet” (i.e. no cells or flare). 
Commonly, however, more severe posterior segment 
inflammation would be accompanied by some degree of 
anterior involvement (seen as cells and flare in the AqH), 
and it is then described as a panuveitis.

3.1.3 Sampling of Aqueous Humour

It will be apparent from the above discussion that whilst 
clinical examination of the AqH is sufficient to diagnose 
the presence and severity of anterior uveal inflamma-
tion, it gives relatively limited information regarding the 
underlying cause of inflammation. It should be remem-
bered that most cases of uveitis are of unknown cause, 
and are in fact grouped into clinical syndromes (e.g. 
idiopathic acute anterior uveitis, Fuchs’ heterochromic 
cyclitis, pars planitis) on the basis of key symptoms and 
signs, rather than into aetiological categories. However, 
additional diagnostic information can be provided by the 
laboratory analysis of AqH, which has reaped significant 
benefits in both clinical and research settings.

In routine clinical care, the sampling of AqH is gener-
ally reserved for where there is concern that the underly-
ing cause of uveitis may be infective. For example, it is 
common to observe mild-to-moderate anterior segment 
inflammation after intraocular surgery, such as after cata-
ract extraction. In the vast majority of cases this is thought 
to be post-traumatic or auto-inflammatory in nature and 
responds to topical corticosteroid treatment. However, in 
occasional cases (around 0.1% of all cataract operations), 
anterior segment inflammation represents intraocular 
infection (endophthalmitis). Since endophthalmitis is an 
ophthalmic emergency requiring prompt treatment with 
appropriate antimicrobials, rapid and reliable confirma-
tion of an infective agent from the AqH (and/or from a 
sample of the vitreous humour) is essential.

In the research setting, analysis of AqH in terms of 
 cellular content (only present in inflammation) and non-
cellular content (in health and in uveitis) has advanced 
our understanding of the immune system in the eye under 
resting and inflamed conditions, and has underlined some 
of the differences between the various forms of uveitis.

Sampling of AqH should be performed under good 
visualisation at the biomicroscope (“slit lamp”) or under 
the operating microscope. A number of techniques are 
described in the literature [16, 20, 27, 37]; the following 
reflects our standard technique which has had an excel-
lent safety record in both operating theatre and out-

 patient settings [5]. Under sterile conditions and after the 
administration of both topical anaesthesia and 5% povi-
done–iodine, a 27′ needle is inserted just anterior to the 
temporal limbus and introduced into the anterior cham-
ber (Fig. 3.1). The volume of AqH that can be removed 
typically varies between 50 μl and 150 μl. Withdrawal of 
fluid should be stopped if there is any significant shal-
lowing of the anterior chamber. The ease of the proce-
dure and the volume that can be safely removed is very 
highly dependent on the depth of the anterior chamber, 
and thus is usually easiest in myopes and most challeng-
ing in hypermetropes.

Fig. 3.1 AqH sampling in the clinical setting using a 27′ needle 
on a 1 ml syringe after suitable preparation with povidone–
iodine and topical anaesthesia (a). AqH sample (approximately 
150 μl) from a patient with acute anterior uveitis (b)

■ In the normal resting eye, the aqueous humour is 
transparent and acellular

■ Intraocular inflammation can be observed at the slit 
lamp as flare and cellular infiltrate in the  anterior 
chamber, keratic precipitates and  posterior syn-
echiae

■ Sampling of AqH may provide valuable  diagnostic 
information and may be performed safely in the 
clinic or operating theatre

Summary for the Clinician



3.2  Identification of Infectious Agents 
in Aqueous Humour

3.2.1 Intraocular Antibody and PCR

The identification of infectious agents responsible for epi-
sodes of uveitis remains a significant problem. A number 
of studies have clearly demonstrated the benefit of analys-
ing AqH for the presence of viral, bacterial and parasitic 
infections [11, 12]. One method is to analyse the level of 
intraocular antibody against a specific pathogen, which 
is frequently elevated in comparison to the level in the 
serum. In particular, determining the Goldmann–Witmer 
coefficient (GWC) has proved valuable. The introduction 
of PCR techniques increased the sensitivity of detection 
of the infectious agent itself in AqH (although strict con-
trol for false-positive results is required), and has allowed 
the development of multiplex techniques [15]. The range 
of infectious agents that can be detected using PCR now 
includes herpes simplex virus, cytomegalovirus, varicella 
zoster virus, Toxoplasma gondii and bacterial 16S rRNA. 
The examination of AqH by PCR for a range of infec-
tious agents is of great value, as it is currently the only 
true diagnostic test available using AqH. A number of 
recent studies have shown the benefit of combining AqH 
PCR and GWC for the diagnosis of infectious uveitis, 
even though the majority of inflammation is contained 
within the posterior chamber [13, 29, 41]. An extensive 
analysis of suspected infectious posterior uveitis from 
immunocompetent and immunocompromised indi-
viduals revealed a good degree of concordance between 
intraocular antibody and real-time PCR [29]. There were 
still significant numbers that were only detectable by one 
of the methods, highlighting the benefit of a combined 
approach. The combined analysis of intraocular antibody 
production and PCR for viral DNA has also implicated 
rubella virus in the pathogenesis of Fuchs’ heterochromic 
cyclitis (FHC) [12, 15].

3.2.2 Recent Technological Advances

Despite these two approaches, many suspected cases of 
infectious posterior uveitis may still require analysis of 
the vitreous for further investigation, and even then may 
remain negative. It is unclear if these reflect a failure to 
detect an infection, or if this indicates that they are truly 
idiopathic cases of posterior uveitis. Recent technologi-
cal advances are leading to the development of high 
throughput “saturation sequencing” techniques [18] 
that will identify microbial organisms involved in ocular 
inflammation. These technologies essentially sequence 

all of the material present in the sample, providing a 
genomic representation of any organism present, and are 
currently being developed for the analysis of AqH (Prof. 
R. Van Gelder, Seattle, USA, personal communication).

3.3  Leukocyte Populations 
in Aqueous Humour

3.3.1 The Noninflamed Eye

Under normal conditions, the AqH remains free of 
inflammatory cells, ensuring a clear visual axis. However, 
within the tissues there are clearly a number of resident 
leukocyte populations, including macrophages and den-
dritic cells [21]. These tissue-resident cells act as sentinel 
cells to respond to any inflammatory or infectious chal-
lenge that may arise.

3.3.2  Cytocentrifuge Analysis of Leukocyte 
Populations in Uveitis Aqueous Humour

In contrast to the situation in the noninflamed eye, the 
AqH can contain a very large number of leukocytes dur-
ing episodes of uveitis. The most extreme example of this 
is the formation of a hypopyon, which is essentially a 
large collection of leukocytes that sediment at the bottom 
of the anterior chamber. A number of techniques can be 
used to study the inflammatory cells found in AqH. The 
most simple of these is to cytocentrifuge the cell suspen-
sion onto a glass slide and stain with a differential stain. 
When using this method, we have found that the total 
number of cells correlates very well with the clinical meas-
urement of anterior chamber cells, as would be expected 
(Fig. 3.2a). Analysis of active uveitis AqH typically shows 
a mixed leukocyte infiltrate composed of lymphocytes, 
neutrophils and macrophages (Fig. 3.2b). However, the 
proportions of each population can change between 
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■ Analysis of AqH can identify specific pathogens, 
providing diagnostic information that will affect 
subsequent treatment of the disease

■ The measurement of both pathogen-specific 
antibodies and RNA/DNA by PCR amplification 
may be required for pathogen identification

■ New methods that are currently under develop-
ment may allow the full sequencing of all non-
human RNA/DNA in the AqH sample, allowing 
the identification of rare and novel pathogens
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different types of uveitis (Fig. 3.2c,d). The majority of idi-
opathic or HLA-B27, anterior or panuveitis AqH contain 
a predominance of lymphocytes. This distribution varies 
considerably, even within patients with idiopathic uveitis, 
which may reflect differences such as the disease aetiol-
ogy or time of AqH sampling. The most extreme exam-
ples of a bias in leukocyte distribution can be found when 
examining herpes-viral uveitis or Fuchs’ heterochromic 
cyclitis, where neutrophils are almost absent (Fig. 3.2d).

3.3.3  Flow Cytometric Analysis of Uveitis 
Aqueous Humour

Although the analysis of AqH cells by this method can 
reveal very useful information, other techniques, includ-
ing multi-colour flow cytometry, can provide more 
detailed data. By labelling cells from AqH with a number 
of different monoclonal antibodies, each labelled with 

a different fluorochrome, multiple different leukocyte 
populations can be identified. A relatively simple analysis 
shows that the CD4+ lymphocyte population is composed 
entirely of antigen-experienced cells expressing CD45RO, 
as compared to the peripheral blood that contains both 
naive and primed cells (Fig. 3.2e). The ratio of CD4 to 
CD8 T cells is maintained within the AqH, although 
there is often a further increase in the relative frequency 
of CD4+ T cells as compared to peripheral blood [3]. In 
Behçet’s disease there is a reversal of ratios, with CD8+ 
T cells dominating [43]. The expression of CD69 and 
HLA-DR on CD4+ AqH T cells suggests that they have 
recently been activated, in common with many other sites 
of inflammation [14, 39]. However, the original reports 
of elevated CD25 (IL-2Rα) expression [14, 25, 26] as an 
indicator of T cell activation now require re-evaluation, 
as this molecule is also expressed at high levels on regula-
tory T cells. AqH T cells from patients with uveitis produce 
IFNγ and IL-10 upon ex vivo stimulation [17], and T cell 

Fig. 3.2 AqH cells from uveitis patients were cytocentrifuged onto glass slides and stained with differential dyes (a–d). The number 
(a) and proportion (D; red = neutrophil, green = lymphocyte) of each leukocyte population were calculated. Cytocentrifuged AqH 
cells are shown for idiopathic uveitis (b) and herpes-viral uveitis (c). Cells were also labelled with combinations of fluorochrome-
conjugated antibodies and analysed by flow cytometry (e). The expression of CD45RO on peripheral blood (top panel) and AqH 
(bottom panel) CD4+ T cells was determined by applying a gate on CD4 expression as shown. FHC, Fuchs’ heterochromic cyclitis



clones derived from AqH cells can secrete chemokines, 
including MIP1α, MIP1β and RANTES [35].

3.3.4  Antigen Specificity of Aqueous 
Humour T Cells

The majority of noninfectious uveitis is considered to be 
an autoimmune disease. However, there is little direct 
evidence to support this contention. Analysis of AqH 
T cells has suggested that antigen-specific T cells can 
be isolated, but this has mostly only been possible for 
infectious uveitis. CD4+ T cell lines generated from the 
AqH of patients with VZV-induced uveitis showed rec-
ognition of VZV antigen-pulsed B cells [23], and using 
T cell clones from these lines, the specific VZV peptide 
sequences recognised were identified [22]. A clear link 
to autoimmunity has been established for Vogt–
Koyanagi–Harada disease, where ocular infiltrating 
T cells were found to have specificity for peptides from 
the melanocyte antigen tyrosinase [33]. Intriguingly, 
these T cells showed cross-reactive recognition of both 
tyrosinase and the cytomegalovirus envelope glyco-
protein H, suggesting that the disease may have been 
initiated through a process of molecular mimicry [32]. 
Whether the majority of idiopathic and HLA-B27 uveitis 
is truly autoimmune, or merely inflammatory, remains 
to be determined, and will require a more extensive 
analysis of the specificities of AqH T cells.

3.4  Changes in the Aqueous Humour 
Microenvironment During Episodes 
of Uveitis

3.4.1  Immunological Properties 
of Aqueous Humour

Although the majority of studies have focused on exam-
ining the cells present in AqH, or the cytokines present 
in them (see below), there has also been progress in 
understanding how changes in the composition of AqH 
during episodes of uveitis might affect the functioning of 
the immune system. The ocular microenvironment has 
also been shown to modulate the expression of the chem-
okine receptor CXCR4. This effect was predominantly 
mediated by TGFβ2 in noninflammatory AqH, with 
less activity when AqH was from uveitis patients before 
starting glucocorticoid treatment [9]. Interestingly, the 
glucocorticoid treatment itself was able to up-regulate 
CXCR4 to very high levels. Early reports indicated that 
AqH from noninflamed eyes has the capacity to induce 
T cell apoptosis, and that this might therefore contrib-
ute to maintaining immune privilege [10]. However, very 
few AqH lymphocytes from recent-onset anterior uveitis 
were apoptotic [8]. AqH from uveitis patients, but not 
controls, were able to inhibit T cell apoptosis in vitro 
through IL-6 trans-signalling [8]. However, in another 
report, apoptosis was detected in some uveitis AqH 
T cells [14], suggesting that the induction of apoptosis 
can occur, possibly later on in the disease course, result-
ing in the resolution of disease.

3.4.2 Cytokine Profiles of Aqueous Humour

The eye is considered to be a site of immune privilege, 
where immune responses are sufficiently controlled to 
avoid significant nonspecific pathological damage to the 
delicate tissues of the visual axis. A number of mecha-
nisms have been described that maintain this privileged 
state [31], including the presence of a number of immu-
nosuppressive molecules within the AqH [36]. These 
molecules include TGFβ2, vasoactive intestinal peptide 
(VIP), α-melanocyte-stimulating hormone (α-MSH), 
somatostatin, cortisol and calcitonin gene-related pep-
tide (CGRP). These molecules share the ability to inhibit 
T cell proliferation and enhance the generation of regula-
tory T cell populations.

During episodes of active uveitis, the AqH micro-
environment changes dramatically, from one dominated 
by immunosuppressive molecules to a predominance of 
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■ Leukocytes are normally absent from the nonin-
flamed eye

■ The frequency of neutrophils, macrophages and 
lymphocytes can be simply determined from 
cytocentrifuge preparations of AqH cells

■ AqH from Fuchs’ heterochromic cyclitis and her-
pes-viral uveitis are dominated by lymphocytes, 
whereas AqH from patients with Behçet’s pre-
dominantly contains neutrophils

■ Flow cytometry can provide a detailed profile of 
the different populations of lymphocytes present 
in AqH, and indicates that the majority of cells 
are recently activated CD4+ T cells

■ Antigen-specific T cells have been identified in 
the AqH of Vogt–Koyanagi–Harada and VZV-
induced uveitis

Summary for the Clinician
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inflammatory cytokines and chemokines [7]. Initial studies 
of inflammatory cytokines in uveitis AqH were limited 
by the volume of fluid available, with ELISA methods 
used for analysis. Despite these limitations, a number of 
cytokines and chemokines have been shown to increase 
in the majority of patients with uveitis [7]. More recently, 
multiplex bead-based immunoassays have been used to 
simultaneously measure many different inflammatory 
and regulatory cytokines and chemokines [6, 28, 34, 
38]. This methodology allows the simultaneous analy-
sis of a number of different molecules in each sample, 
reducing the confounding factors of technical error and 
the large amount of disease variation in uveitis. These 
results revealed that the most common form of uveitis, 
idiopathic or HLA-B27 anterior uveitis, is characterised 
by an increase in the pro-inflammatory cytokines IL-1β, 
IL-6, IFNγ and IL-8, as well as the chemokines MCP-1 
and RANTES. Concomitant with these increases was a 
decrease in the levels of the immunosuppressive mole-
cule TGFβ2 [6]. Due to the large number of data points 
that are generated by measuring a large number of differ-
ent molecules in every sample, it is necessary to perform 
some form of bioinformatic analysis. This can include 
cluster analysis (Fig. 3.3), where samples with similar 
profiles of cytokines and chemokines are grouped next 

to each other, and similarly for the cytokines themselves. 
Our analysis of uveitis AqH revealed that the majority of 
noninflammatory samples group together, as do the AqH 
from idiopathic uveitis. The most interesting observa-
tions were that, despite the small sample numbers, clus-
ter analysis grouped 2/4 herpes-viral, 4/5 FHC and 3/4 
Behçet’s uveitis AqH (Fig. 3.3).

Analysis of AqH from patients with Behçet’s uveitis 
showed much greater increases in the cytokines IFNγ 
and TNFα [1], supporting recent evidence of the benefi-
cial effects of anti-TNFα therapy for Behçet’s disease. A 
similar approach analysing uveitis in childhood revealed 
similar elevations in IL-6 and IFNγ, although there were 
more frequent elevations in the T cell-derived cytokines 
IL-2, IL-4, IL-10 and IL-13 [30]. There were also eleva-
tions in the T cell chemoattractants RANTES and IP-10.

3.4.3 IL-10 In Aqueous Humour

Analysis of AqH from infectious uveitis also showed 
increases in inflammatory molecules, but in most stud-
ies there were also elevations in the regulatory cytokine 
IL-10 [6, 34, 38]. The significance of these findings has 
not been further addressed, but may be related to the 

Fig. 3.3 Cluster analysis of cytokines and chemokines in non-inflammatory and uveitis AqH. The relative levels of each cytokine 
are represented as a colour scale, with green indicating no or little cytokine, and red a relatively high level of cytokine. Across the top 
of the cluster plot, the samples are grouped next to those with the closest profile of all of the molecules tested. Also, on the right hand 
side is a similar association for the cytokines and chemokines. FHC, Fuchs’ heterochromic cyclitis. Figure adapted from [9]
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induction of regulatory T cell populations that secrete 
high levels of IL-10 [24]. It is important to note that the 
presence of IL-10 has also been used to suggest a diag-
nosis of primary intraocular lymphoma. A recent study 
concluded that a 30 pg ml−1 cut-off of IL-10 in AqH pro-
vides a sensitivity of 0.96, but a specificity of only 0.84 [4]. 
A number of studies have suggested that by measuring 
the levels of both IL-6 and IL-10 it may be possible to 
distinguish lymphoma [2, 42], as IL-6 is present at only 
very low levels in lymphoma. However, the analysis of 
larger numbers of samples for both IL-10 and IL-6 will 
be required to provide accurate sensitivity and specificity 
values for this potentially useful diagnostic tool.

3.5 Summary and Future Directions

Examination of AqH has taught us much about the 
normal state of the eye, and more particularly how it is 
modified during episodes of uveitis. The clinician has 
always benefitted from the ability to observe disease 
activity without resorting to invasive techniques. By 
sampling AqH, a relatively safe and noninvasive pro-
cedure, and employing cutting-edge laboratory tech-
niques, it is now possible to gain much more information 
on the disease aetiology, pathogenesis and potential for 
treatment. This information allows us to better define 
the aetiology and pathology of uveitis, and in the future 
should provide better prognostic information and iden-
tify new therapeutic targets.
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Is Diabetic Retinopathy an Inflammatory 
Disease? Inflammation as 
a Stimulus for Vascular Leakage 
and Proliferation 4
Antonia M. Joussen

Chapter 4

Core Messages

■ Diabetic retinopathy shows many of the charac-
teristics of an inflammatory disease. Diabetic reti-
nal neovascularization, as well as vascular leakage, 
capillary nonperfusion and endothelial cell dam-
age, are caused, in part, by retinal leukostasis.

■ In diabetes, leukocytes adhere to the retinal 
vasculature via intercellular adhesion mol-
ecule-1 (ICAM-1) and CD18. FasL-mediated 
apoptosis is involved in vascular remodeling 
upon ischemia and diabetes.

■ Macular edema is the major cause of blindness 
in diabetics, and results from either inflamma-
tion, metabolic alterations, ischemia, hydrostatic 
and mechanical forces or a combination thereof.

■ Blood–retinal barrier breakdown may occur 
to a variable extent via three possible mecha-

nisms: dysfunction of the intercellular junctions, 
increased transcellular transport, or increased 
endothelial cell destruction.

■ In early experimental diabetes, vascular endothelial 
growth factor (VEGF) plays key roles in mediat-
ing both ischemia-related neovascularization 
as well as retinal leukostasis. These pathological 
processes are similar to those underlying the 
leukocyte-mediated pruning of the retinal vas-
culature during normal development.

■ Phase II studies with VEGF inhibitors have shown 
their effect on diabetic macula edema for clinically 
relevant endpoints. Further studies are warranted 
to determine their superiority over steroid-based 
therapies (e.g., triamcinolone) in terms of effec-
tiveness at reducing macula edema.

4.1 Introduction

4.1.1  Clinical Problems and Cellular Interaction 
in Diabetic Retinopathy

Diabetic macular edema is the most common cause of 
visual impairment in patients with diabetes mellitus, and 
it affects approximately 75,000 new patients in the United 
States every year [14, 65, 66]. The incidence of macular 
edema significantly increases with increasing severity 
of diabetes in both early-onset and late-onset diabetic 
patients [65, 66].

Diabetic macular edema tends to be a chronic disease. 
Although spontaneous recovery is not uncommon, 24% 
of eyes with clinically significant macular edema (CSME) 
and 33% of eyes with center-involving CSME will have a 
moderate visual loss (15 or more letters on the ETDRS 
chart) within three years if untreated [27, 31].

An increase in passive permeability through the 
endothelium can occur via three general mechanisms:
■ Dysfunction of the intercellular junctions
■ Increased transcellular transport
■ Increased endothelial cell destruction
The initial site of damage that results in the increased 
vascular permeability is controversial to date. Although 
the impairment of perivascular supporting cells such 
as pericytes and glial cells might play a role, endothe-
lial cell dysfunction and injury seem more likely to be 
the first pathogenetic step towards the breakdown of 
the blood–retinal barrier early in the course of the 
disease. The pathogenesis of this is tightly related to 
a low-grade inflammation leading to an increased 
leukocyte-adhesion to the vascular endothelium and 
infiltration of the retinal tissue.

The second major problem in diabetic retinopathy is 
proliferation, leading to hemorrhage and ultimately to 
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fibrovascular proliferation and associated tractional retinal 
detachment, causing visual loss.

In the past few decades, our knowledge of the mecha-
nisms underlying retinal vasoproliferation has increased 
greatly. While vasoproliferation was once considered to 
be mainly a consequence of ischemia, current evidence 
also supports a contribution from inflammatory mech-
anisms. Inflammation is also highly related to vascular 
leakage in diseases that are known to result in retinal and 
macular edema. Recently, inflammatory mechanisms 
have gained interest in relation to retinal pathology fol-
lowing ischemia, as well as diseases such as diabetic retin-
opathy (DR) and sickle cell retinopathy.

The definition of inflammation in this setting is the 
involvement of any leukocyte-mediated pathology in the 
course of the disease. We will discuss several lines of 
evidence, including correlative studies of elevated levels 
of inflammatory mediators in the presence of DR and 
the impact of anti-inflammatory agents on the disease. 
As a central focus in the second section, we will discuss a 
series of preclinical studies that support a causal linkage 
between inflammation and two principal characteristics 
of the pathology associated with DR, ischemia-linked 
neovascularization and the breakdown of the blood–
retinal barrier (BRB), together with the role of VEGF in 
mediating these events.

4.1.2  Elevated Adhesion Molecules 
and Inflammatory Mediators 
in Diabetic Retinopathy

Both clinical and preclinical studies have associated the 
development of DR with elevated ocular levels of inflam-
matory mediators. McLeod et al. [75] reported that levels of 
intercellular adhesion molecule-1 (ICAM-1), an important 
adhesive molecule for circulating leukocytes, were elevated 
throughout the vasculature of diabetic patients, whereas 
the distribution was much more restricted in nondiabetic 
subjects; moreover, this elevation was accompanied by a 
significantly higher number of neutrophils in both the 
choroid and retina. Limb et al. [72] reported that levels 
of ICAM-1 as well as other adhesion molecules such as 
vascular cell adhesion molecule (VCAM-1) and E-selectin 
were elevated in patients with proliferative DR, while 
Funatsu [36] has also reported elevated levels of ICAM-1 
in patients with diabetic macular edema (DME). These 
patients also showed elevated vitreous levels of VEGF 
[37], which upregulates ICAM-1 expression [105].

VEGF may in fact be a key factor mediating inflam-
matory events in the diabetic eye, and DR-correlated 
elevation of VEGF levels was first reported over a decade 

ago [1, 3]. Since then, diabetes-associated elevations of 
VEGF in the vitreous have been reported by a number 
of groups, together with increases in a variety of other 
factors, including interleukin-6 [35], angiotensin II [36], 
angiopoietin 2 [107], erythropoietin [108] and stroma-
derived factor-1 (SDF-1). SDF-1 is itself a stimulator of 
VEGF expression [15] and an important mediator of cell 
migration and adhesion [67]

Tumor necrosis factor-α (TNF-α) is a proinflam-
matory cytokine that has also been implicated in the 
pathogenesis of DR [70, 71, 94]; moreover, susceptibility 
to DR has been associated with TNF-α gene polymor-
phism [44]. TNF-α is found in the extracellular matrix, 
endothelium, and vessel walls of fibrovascular tissue in 
proliferative DR [70], and in the vitreous from eyes with 
this complication [33, 101]. TNF-α can stimulate VEGF 
expression by the retinal pigment epithelium [85] and 
in choroidal neovascular membranes [43], and has been 
implicated as an inducer of pathological angiogenesis in 
the retina [38]. The evidence provided by these correla-
tive measurements of inflammatory mediators has been 
supplemented by other approaches. The advent of high-
density microarray technology [16, 24, 48, 99], with its 
capacity for the simultaneous monitoring of thousands of 
genes, provides a unique opportunity for high-through-
put analysis of DR at the molecular level. In an analysis 
of retinal gene expression in streptozotocin-induced dia-
betes in rats, numerous genes operative in inflammatory 
reactions were found to be upregulated [55]. Prominent 
among these were the genes for macrophage migration 
inhibitory factor (MIF), a proinflammatory lymphokine 
that is believed to be involved in maintaining neutrophils 
in the vasculature and in facilitating their adhesion and 
local release of cytokines [84, 95], as well as a number of 
genes for adhesion molecules and apoptosis. While the 
findings from these approaches are purely correlative, and 
are not able to differentiate between potential molecular 
mechanisms, they can nonetheless provide important 
clues to the nature of processes that may be involved in 
the pathogenesis of DR. Finally, correlative studies have 
also been carried out by examining the levels of serum 
factors in patients with DR [76]. These workers reported 
that the levels of the chemokines RANTES (Regulated on 
Activation, Normal T-cell Expressed and Secreted) and 
SDF-1α were significantly elevated in patients with at least 
severe nonproliferative DR compared to patients with less 
severe DR. Positive immunostaining was observed in the 
inner retina for RANTES and monocyte chemoattractant 
protein-1 (MCP-1) in patients with diabetes. In keeping 
with earlier findings, staining was also strongly positive 
throughout the diabetic retina for ICAM-1, while normal 
retinal tissues showed little reactivity.



4.2  Inflammatory Processes Mediate Diabetic 
Macula Edema

4.2.1  Diabetic Vascular Leakage is Mediated 
by Inflammation

A series of investigations into the mechanisms underly-
ing vascular damage in diabetes have suggested that an 
inflammatory process, similar to that which mediates 
vascular pruning, contributes to the breakdown of the 
BRB, with both VEGF and inflammatory leukocytes 
again exerting important influences.

In the specific case of DR, intravitreal injection of VEGF 
in monkeys led to many of the features characteristic of 
the diabetic pathology, including intraretinal and pre-
retinal neovascularization, with the induced blood vessels 
characterized by endothelial cell hyperplasia, microaneu-
rysm formation, hemorrhage and edema, capillary occlu-
sion and ischemia [103]. Several mechanisms are believed 
to mediate VEGF’s actions in promoting vascular leakage, 
including increases in endothelial cell fenestrations [90] 
and damage to tight junctions [8]. Of particular interest 
in the context of inflammatory mechanisms is VEGF’s 
upregulation of the expression of ICAM-1. Miyamoto 
et al. [78], using a rodent model of diabetes, reported 
that the early stages of the disease were characterized 
by leukocyte entrapment in capillaries, followed by local 
nonperfusion and leakage. This leukostasis was correlated 
with increased expression of ICAM-1. Blockade of this 
ICAM-1 with a monoclonal antibody led to significant 
reductions in both nonperfusion and leakage [78], with 
concomitant reductions in diabetes-associated leukostasis 
and injury or death of endothelial cells [56]. Similar eleva-
tions of ICAM-1 and leukocyte numbers have also been 
observed in human eyes of patients with DR [75], suggest-
ing that the animal models do reflect the human disease in 
this regard. These phenomena, together with increases in 
vascular permeability and breakdown of the blood–retinal 
barrier, were found to be directly correlated with increases 
in retinal levels of VEGF in diabetic animals [89]; in addi-
tion, these effects were blocked by suppressing VEGF 
action through the administration of a soluble VEGF 
receptor construct [61]. In a parallel experiment, intrav-
itreally injected VEGF led to increased retinal expression 
of ICAM-1, together with increased leukocyte adhesion 
and increased vascular permeability; all of these responses 
were significantly reduced by intravenous administration 
of an antibody to ICAM-1 [78]. Finally, diabetic mice 
in which ICAM-1 or its leukocyte-bearing ligand CD18 
have been genetically ablated show significant reductions 
in leukostasis and endothelial cell injury, with reductions 
in the number of pericyte ghosts and acellular capillaries 

after 11 months [60]. Taken together, these experiments 
support a mechanism whereby the diabetes-associated 
elevation of VEGF leads to increased ICAM-1 expression, 
followed by increased leukocyte adhesion, endothelial cell 
injury and increased vascular permeability. As in the case 
of physiological vascular pruning, Fas/FasL-mediated 
apoptosis appears to be the final step in the inflammatory 
damage. Joussen et al. [57] reported that in streptozotocin-
induced diabetes in rats, FasL expression was increased 
in neutrophils, while Fas expression was simultaneously 
upregulated in the retinal vasculature. In vitro assays 
revealed that leukocytes from the diabetic rats, but not 
from controls, could induce endothelial cell apoptosis; 
moreover, inhibition of FasL-mediated apoptosis in vivo 
by systemic administration of an anti-FasL antibody sig-
nificantly inhibited endothelial cell apoptosis and BRB 
breakdown. Finally, these phenomena further emphasize 
the specifically inflammatory nature of the VEGF165 
isoform. In nondiabetic rats, injection of VEGF164 (the 
rodent equivalent of human VEGF165) was approximately 
twice as potent as the rodent VEGF120 isoform in mediat-
ing upregulation of ICAM-1, leukocyte adhesion and the 
induction of BRB breakdown that is characteristic of 
diabetes [46]. These findings were accompanied by exper-
iments in diabetic rats where intravitreous injection of 
pegaptanib, which specifically targets VEGF165/164, sig-
nificantly inhibited leukostasis and BRB breakdown, both 
in early and in late diabetes [46]. Moreover, this work has 
proved to have direct clinical application, as intravitreous 
pegaptanib was found to provide significant clinical ben-
efit in treating both the leakage characteristic of DME [23] 
as well as retinal revascularization in diabetic eyes [2].

4.2.2  Diabetic Vascular Leakage Can Be 
Inhibited by Anti-inflammatory Agents

Induction of adhesion molecules on endothelial cells by 
proinflammatory cytokines such as TNF-α [72] and VEGF 
is mediated at the molecular level by the activation of a 
redox-sensitive transcription factor, nuclear factor NF-κB 
[106]. NF-κB upregulates ICAM-1 and various inflam-
matory genes such as cyclooxygenase (COX)-2 [69]. The 
cyclooxygenases COX-1 and COX-2 are key enzymes in 
the conversion of arachidonic acid to prostaglandin H2, 
the common precursor for all other eicosanoids. COX-1 
is expressed ubiquitously and generates eicosanoids with 
cytoprotective function, whereas COX-2 is an immedi-
ate early gene expressed at sites of acute inflammation 
which generates eicosanoids with a proinflammatory 
role that create a positive feedback loop by further 
activating NF-κB and inflammatory cytokines [74, 86]. 
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The observation that arthritic diabetic patients receiving 
high daily doses of aspirin exhibit reduced symptoms of 
DR led to the hypothesis that anti-inflammatory treat-
ment could prove beneficial [88]. Aspirin, in low doses 
(8 mg per day), inhibits platelet aggregation, predomi-
nantly via acetylation of COX-1 and reduction of throm-
boxane A2 production. In intermediate doses (2–4 g per 
day), aspirin inhibits both COX-1 and COX-2, blocking 
prostaglandin production, and is antipyretic [87]. In high 
doses (6–8 g per day), it is a potent anti-inflammatory 
drug suitable for the treatment of rheumatic disorders. 
The mechanism of this action is unclear, although it 
seems to be COX and prostaglandin-independent [109]. 
It should be noted, however, that while aspirin was origi-
nally found to inhibit platelet aggregation in vitro and to 
retard the development of microaneurysms in patients 
with DR [64], the results of the Early Treatment of Dia-
betic Retinopathy Study (ETDRS) and the Wisconsin 
Epidemiologic Study of Diabetic Retinopathy did not 
identify any beneficial effect of low and intermediate 
amounts of aspirin use in DR [28].

Recently, interest has arisen in the use of specific 
COX-2 inhibitors that do not bear the unwanted gastro-
intestinal side effects of general anti-inflammatory drugs 
such as aspirin. In a rat model of DR, aspirin and the 
selective COX-2 inhibitor meloxicam reduce leukostasis 
and vascular leakage, in part through the inhibition of 
TNF-α and NF-κB activation; similar results were seen 
with the anti-TNF-α agent etanercept, a soluble TNF-α 
receptor/Fc fusion protein [58]. All three agents prevented 
the upregulation of ICAM-1 and eNOS that is observed 
early in the course of DR [58]. Finally, in a clinical study, 
Sfikakis et al. [97] reported that intravenous administra-
tion of infliximab, a monoclonal antibody to TNF-α, led 
to an alleviating reduction in macular thickness, as well as 
an alleviation of symptoms in patients with DME. Taken 
together, these various findings suggest that inhibition of 
inflammation holds promise as a method for alleviating 
the retinal vascular symptoms that accompany diabetes, 
and simultaneously provides support for the idea that 
inflammation is a contributing factor to the overall retinal 
pathology.

4.3  Inflammatory Aspects of Retinal Vascular 
Remodeling and Growth

Even though there is no animal model system that accu-
rately reproduces the entire course of clinical diabetic 
retinopathy, rodent models do exist which resemble 
the clinical condition in several respects, including the 
importance of retinal leukostasis. These models have 

demonstrated that some of the processes that contrib-
ute to vascular damage in ischemic retinal conditions 
are very similar to those that underlie the physiological 
remodeling of the nascent vasculature during normal 
retinal development.
■ Leukocytes mediate retinal vascular remodeling during 

development and vaso-obliteration in disease
■ VEGF and leukocyte invasion are important factors in 

regulating both ischemia-mediated ocular neovascu-
larization and vascular damage in DR

■ T-lymphocytes are negative regulators of pathological 
retinal neovascularization

■ Monocytes are positive regulators of pathological retinal 
neovascularization

■ Retinal cell injury and death are Fas/FasL-dependent

4.3.1  Leukocytes Mediate Retinal Vascular 
Remodeling During Development 
and Vaso-Obliteration in Disease

In studies of vascularization in the rat retina, Ishida et al. 
[45] have shown that pruning of the vasculature occurs 
in normal development and that similar processes are 
involved in the pathological obliteration of retinal vas-
culature during conditions of hyperoxia. During normal 
development, the retinal vasculature extends to fill the 
peripheral avascular retina; beginning on postnatal (P) 
day 5, these investigators reported a considerable increase 
in the number of adherent cells, which they identified as 
leukocytes using immunochemical staining for CD45 
(leukocyte common antigen). The number of leukocytes 
subsequently decreased, reaching a plateau from P6 to 
P11 as the vascular pruning moved peripherally. As the 
vasculature grew toward the periphery, the zone contain-
ing the leukocytes also migrated toward the periphery, 
staying 2–3 disk diameters behind the leading edge of 
vascular growth. In its wake was a pruned and remod-
eled secondary vasculature. When the leukocyte and 
vascular changes were compared within a zone five disc 
diameters from the disc, it was apparent that the decrease 
in both vascular density and branch-surrounded spaces 
was preceded by an increase in leukocyte density, indicat-
ing a cause–effect relationship. By P12, all pruning was 
completed and the leukocytes had all disappeared [45]. 
Studies of the mechanism of local adhesion of these leuko-
cytes revealed key roles for leukocyte integrin CD18 and 
its corresponding ligand, ICAM-1 [45]. Western blotting 
showed that ICAM-1 expression was elevated in P4–P6 
retinas actively undergoing remodeling as compared to 
normal adult rat retinas, in which vascular remodeling 
was absent. Moreover, immunochemical studies in P8 
retinas demonstrated that the upregulation of ICAM-1 
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expression was localized to the region of the vasculature 
containing the adherent leukocytes. In addition, there was 
very little ICAM-1 expression at P1 or P12, times at which 
there were very few leukocytes present. During the P4P6 
period, when the biggest changes in leukocyte numbers 
and vascular density took place, CD18 inhibition by a 
neutralizing antibody confirmed the causal involvement 
of leukocytes in vascular pruning. Both the number of 
adherent leukocytes and the spaces in the vasculature 
were significantly reduced. Similarly, genetically trans-
formed mice lacking CD18 showed much less vascular 
pruning at P9 than wild-type mice. Additional immuno-
cytochemical experiments [45], using an antibody to CD8 
and CD25, revealed that many of the adherent leukocytes 
were T-lymphocytes; moreover, administration of a neu-
tralizing antibody to CD2, an antigen that is essential for 
T-lymphocyte adhesion, significantly suppressed vascular 
pruning [45], T-lymphocytes are the principal locus of 
expression of Fas, while its ligand FasL is much more 
widely expressed [81]. Apoptosis, mediated through 
the interaction of Fas–FasL, was the principal means of 
effecting vascular pruning; intraperitoneal administra-
tion of a FasL-neutralizing antibody led to a 75% decrease 
in vascular pruning at P6 [45]. These basic molecular 
mechanisms underlying vascular pruning during normal 
development were also found to be operative in a patho-
logical model of hyperoxia-induced ischemia [45]. P2 
mice, together with their nursing mothers, were placed 
in an 80% oxygen environment for up to 12 h, leading to 
dramatic vaso-obliteration. This decrease in vasculariza-
tion occurred shortly after an increase in the number of 
adherent leukocytes. As had occurred during physiological 
pruning, ICAM-1 expression was elevated in parallel with 
leukocyte accumulation, and vaso-obliteration was sig-
nificantly diminished by administration of an antibody 
to CD18, the ligand for ICAM-1. Similarly, CD18-
deficient mice showed much less vaso-obliteration of retinal 
vasculature than did wild-type controls when similarly 
exposed to oxygen. The importance of FasL-mediated 
apoptosis was also confirmed, as vaso-obliteration was 
significantly reduced in response to administration of a 
FasL-neutralizing antibody [45].

The pathophysiology of DR is complex, with vascular 
changes including both neovascularization and damage to 
the existing retinal vasculature. A number of biochemical 
pathways are believed to be important in linking hyper-
glycemia to vascular abnormalities in the retina [17, 32]. 
Avascular capillaries and microaneurysms in the retinal 
vasculature, characteristic histopathologic alterations in 
DR, have been demonstrated in a variety of long-term 
animal models of diabetes [13, 25, 62, 63]. Alterations 
in the retinal vasculature include death of pericytes, 

thickening of the basement membrane, and adhesion of 
leuko cytes to the endothelium, leading to blockages and 
capillary dropout, with resultant local ischemia [17, 57, 77]. 
These phenomena reflect an accelerated death rate in 
both pericytes and endothelial cells, which is evident 
before the capillary dropouts [79].

4.3.2  Effects of VEGF on Ocular 
Neovascularisation and Vascular 
Permeability

VEGF is a pluripotent growth factor which exhibits a 
number of properties that are important in promoting 
both the ischemia-promoted neovascularization and the 
vascular leakage that are characteristic of DR. It is the 
most potent known promoter of angiogenesis, acting in 
a variety of roles, including endothelial cell mitogen, che-
moattractant and survival factor ([5, 9, 68]; see [30] for 
a review), and an extensive body of research has estab-
lished its importance for ocular vascularizing diseases 
(reviewed in [82]). It should be noted, moreover, that VEGF 
is upregulated by hypoxia [30], a direct consequence of 
the local nonperfusion and ischemia [20]. Retinal cell 
types that express VEGF and which respond to hypoxia 
by its upregulation include all classes of neurons, glia, 
endothelial cells, pericytes, and the retinal pigment epi-
thelium [4, 12, 29]. As discussed above, VEGF is a key 
mediator of ocular neovascularization; the following 
sections discuss recent studies in rodent model systems 
that have provided further clues as to the mechanisms 
that mediate its actions in promoting both neovasculari-
zation in DR and the breakdown of the BRB.

Ishida et al. [47] have provided evidence that VEGF 
plays a key role in ischemia-mediated retinal vasculariza-
tion, and that this process is both positively and nega-
tively regulated by inflammatory cells. Using a mouse 
model system approximating retinopathy of prematurity, 
they induced the formation of an ischemic retina through 
exposure to a high oxygen environment; when oxygen 
levels were returned to normal, an aberrant neovascu-
larization ensued, with proliferation into the vitreous. 
This pathological revascularization was compared to the 
physiological vascularization that occurs during retinal 
development [47]. During physiological vascularization, 
retinal VEGF levels were upregulated, with the VEGF164 
isoform approximately twice as abundant as VEGF120. 
VEGF levels were further increased during pathological 
vascularization, with most of the increase occurring with 
VEGF164, which reached levels more than tenfold greater 
than VEGF120. The importance of VEGF for both forms 
of vascularization was demonstrated by their inhibition 
following intravitreous injection of a VEGF receptor–FC 
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fusion protein, which inactivates all VEGF isoforms. 
Interestingly, injection of pegaptanib, an aptamer which 
binds VEGF164 but not VEGF120, was just as effective 
as the fusion protein in inhibiting pathological vas-
cularization, while having little effect on physiological 
vascularization [47].

The inflammatory nature of the ischemia-induced 
pathological vascularization was further evidenced by 
the accumulation of adherent leukocytes on the lead-
ing edge of the pathological vascularization very shortly 
after induction of growth; these leukocytes were not 
present at very early stages of physiologic vascularization. 
Moreover, as had been seen during both physiologic and 
pathologic vascular pruning (see above), immunohisto-
chemical studies revealed the presence of T-lymphocytes 
on the pathologic vascular fronds. Inactivation of T-
lymphocytes with a neutralizing antibody to CD2 led to 
a significant increase in pathologic vascularization, sug-
gesting that they were acting to control its extent [47].

Finally, an additional feature of the pathologic vas-
cularization was the presence of monocytes, identified 
immunohistochemically. Inactivation of monocytes by 
clodronate liposomes significantly reduced the patholog-
ical vascularization, but not physiological vascularization 
[47]. Similar findings have been reported by several other 
groups [26, 96, 104]. As circulating monocytes are both 
attracted by VEGF [11, 19, 105] and also express it [41], 
especially in conditions of hypoxia [47], this component 
of the inflammatory response may serve as an amplifica-
tory mechanism, while T-lymphocyte-mediated apoptosis 
serves as a negative control.

4.4  Clinical Application of the Inflammatory 
Concept in Diabetic Retinopathy

Anti-inflammatory treatment has reached clinical appli-
cation. Even though still considered an “off-label” use, 
triamcinolone has been effectively used for macular 
edema, and comparative studies are required to determine 
its effect in relation to anti-VEGF medication.

4.4.1 Nonsteroidal Anti-inflammatory Drugs

As cyclooxygenase inhibitors (NSAIDs) block the syn-
thesis and release of prostaglandins, nonsteroidal drugs 
have been investigated in the prophylaxis and therapy 
of postsurgical cystoid macular edema. It is clear that 
NSAIDs target the inflammatory mediators that are 
responsible for the edema formation, and although they 
may not be an optimal standalone treatment, they can 
be used as steroid-sparing agents. There may be several 

reasons why NSAIDs cannot improve vision in diabetic 
macular edema, such as chronic edema, inflammation 
and ischemia that induce permanent structural altera-
tions. Although effects on diabetic vascular leakage were 
achieved in preclinical studies [58, 59], there is so far 
no clinical evidence for an effect of NSAIDs in diabetic 
macular edema.

4.4.2 Corticosteroids

Steroids are currently regaining attention with the growing 
use of intravitreal triamcinolone. Corticosteroids block 
the release of arachidonic acid from cell membranes and 
thus reduce the synthesis of prostaglandins. Furthermore, 
they inhibit the migration of leukocytes and the release of 
proinflammatory mediators such as TNF-α and VEGF. 
Steroids specifically stabilize endothelial tight junctions 
and increase their numbers [7, 92]. As discussed previ-
ously, this is especially important to the development 
of macular edema. Routes of administration are mani-
fold, including topical, periocular, oral, and intravenous 
routes. Subtenon injections of corticosteroids are widely 
used in patients with asymmetric or unilateral uveitis 
[111]. The advantages of the periocular injections are 
high concentrations of corticosteroids in the posterior 
eye, and a reduction in adverse effects compared to sys-
temic administration. Intraocular levels of corticosteroids 
are identical between subtenon and retrobulbar admin-
istration [102]. For oral administration, the initial high 
dose (1–1.5 mg kg−1) is subsequently decreased according 
to clinical effect [22, 34, 91]. Recent publications suggest 
that the intravitreal application of triamcinolone seems 
to be a promising therapeutic method for macular edema 
that fails to respond to conventional treatment [53, 73]. 
Martidis et al. published a prospective, noncomparative, 
interventional case series to determine if intravitreal 
injection of triamcinolone acetonide is safe and effective in 
treating diabetic macular edema unresponsive to prior 
laser photocoagulation [73]. Sixteen eyes with clinically 
significant diabetic macular edema (CSME) that failed to 
respond to at least two previous sessions of laser photo-
coagulation were included in the study. The response of 
the laser treatment was measured by clinical examina-
tion and optical coherence tomography (OCT) at least 
six months after initial laser therapy. Eyes with a residual 
central macular thickness of more than 300 μm (normal: 
200 μm) and visual loss from baseline were offered an 
intravitreal injection of 4 mg triamcinolone acetonide. In 
this study, the mean improvement in visual acuity meas-
ured 2.4, 2.4, and 1.3 Snellen lines at the one-, three-, and 
six-month follow-up intervals, respectively. The central 
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macular thickness as measured by OCT decreased by 55, 
57.5, and 38%, respectively, over these same intervals from 
an initial pretreatment mean of 540.3 μm (±96.3 μm). 
Intraocular pressure exceeded 21 mmHg in five, three, 
and one eye(s), respectively, during these intervals. One 
eye exhibited cataract progression at six months. No 
other complications were noted over a mean follow-up of 
6.2 months. Reinjection was performed in three of eight 
eyes after six months because of recurrence of macular 
edema. Similar pilot studies were performed in patients 
with uveitis, central vein occlusion, and cystoid macular 
edema after cataract surgery [6, 39, 53, 112]. In most pub-
lished reports, complications do not appear to be prohibi-
tive; however, all reports demonstrate a limited number 
of selected cases.

Further randomized studies are therefore warranted to 
assess long-term efficacy and the need for retreatment. 
Preliminary data from Jonas et al. suggest that there is 
no tachyphylaxis in visual acuity or intraocular pressure 
outcomes after repeated intravitreal injections of triamci-
nolone acetonide [54].

Upon reviewing the published data on intravitreal 
injections of triamcinolone acetonide, the therapeutic 
window seems very wide. The dose range of intravit-
really injected triamcinolone acetonide varies from 2 mg 
[6] to 4 mg [73, 112] and even 25 mg in a single report 
[51]. Interestingly, reaccumulation of fluid in cystoid 
spaces occurs between six weeks and three months after 
injection, and this does not seem to be dose-dependent. 
Repeated injections at intervals ranging from ten weeks 
[52] to more than six months [6] show a variable treat-
ment response. There are currently no data on the phar-
macokinetic profile of intravitreal triamcinolone, which 
might be altered after previous vitrectomy. Physiologic 
intravitreal cortisol levels are reported to be 5.1 ng ml−1, 
and vitreous levels after peribulbar injections are in the 
range of 13 mg ml−1. The effective dose of the triamci-
nolone acetonide is further influenced by the mandatory 
washes of the widely used stabilizing agent benzyletha-
nol during the preparation of the injection that, even if 
standardized, alter the remaining amounts of the drug 
in the solution. Additionally, an inhibitory effect of the 
stabilizing agent on the drug cannot be excluded. Jaffe 
and coworkers [49, 50] constructed a fluocinolone ace-
tonide drug delivery device that releases fluocinolone 
acetonide in a linear manner over an extended period. A 
clinical phase III study by Bausch & Lomb investigated 
the efficacy of 0.5 mg (slow-release) fluocinolone aceto-
nide in 80 patients with diffuse diabetic macular edema. 
Patients receiving the implant showed a statistically sig-
nificant regression of retinal thickness after six months 
in comparison to the control group. Further more, 80% 

of the eyes in the treatment group demonstrated a stable 
or improved visual acuity compared to only 50% of the 
eyes of the control group.

Elevation of the intraocular pressure after triam-
cinolone acetonide of more than 5 mmHg has been 
reported in up to 30% of eyes [110]. It is therefore prudent 
to ask patients about any history of steroid response. The 
incidence of culture-positive endophthalmitis following 
intravitreal triamcinolone was as rare as 0.87% in a large, 
multicenter, retrospective case series [80]. Roth and 
coworkers reported on seven patients who developed 
a clinical picture simulating endophthalmitis following 
intravitreal triamcinolone injection [93]. Extensive signs 
of inflammation developed 1–2 days after injection, at 
an earlier time point than in bacterial endophthalmitis. 
Vitreous taps were sterile and inflammation resolved 
spontaneously, with recovery to preinjection visual acuity or 
better. This inflammatory response might be a response 
to the stabilizing additive benzylethanol (see above). In 
any case, it is recommended that a sterile protocol for 
intravitreal injections of triamcinolone acetonide should 
be followed.

Figures 4.1 and 4.2 show the efficacy of intravitreal 
triamcinolone in a patient with diffuse diabetic macula 
edema.

4.4.3 Antiangiogenic Treatment

As discussed above, anti-VEGF therapies are closely 
related to the modification of inflammatory mechanisms 
in DR.

Currently, there are three VEGF inhibitors that are 
commonly used in the treatment of proliferative retinopa-
thies and age-related macular degeneration: pegaptanib 
(Macugen, OSI/Eyetech), bevacizumab (Avastin, 
Genentech), and ranibizumab (Lucentis, Genentech). 
While both pegaptanib and ranibizumab are approved 
for neovascular age-related macular degeneration in the 
US and many European countries, neither of the agents 
is yet approved for the treatment of diabetes-related eye 
disease. Both pegaptanib and ranibizumab are currently 
under investigation in prospective clinical trials for the 
treatment of DR.

4.4.3.1  Phase 2 Trial: Intravitreous Pegaptanib 
as a Treatment for DME

Pegaptanib was evaluated in a randomized, sham-
controlled, double-masked, dose-ranging, multicenter 
phase 2 trial which enrolled 172 patients of 18 years or 
older with type I or type II diabetes, a visual acuity (VA) 
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Fig. 4.1 Optical coherence tomography of diabetic macula edema before and after the injection of 4 mg triamcinolone acetonide. 
There is a significant reduction in retinal thickness

Fig. 4.2 Fluorescein angiography in a patient with diabetic macula edema demonstrating diffuse leakage in the late-phase angi-
ogram. After injection of triamcinolone acetonide, laser scars become visible and there is a large reduction in vascular leakage

of between 20/50 and 20/320, and with DME affecting 
the center of the macula [23]. Patients were randomized 
to four treatment arms (0.3 mg, 1 mg, 3 mg pegaptanib or 
sham injection), with stratification by study site, size of 
the thickened retina area (≤ 2.5 disc areas vs. > 2.5 disc 
areas), and baseline VA (ETDRS letter score ≥ 58 vs. < 58). 
Injections were given at baseline and every six weeks 
thereafter for a minimum of three from baseline to week 12. 
Additional injections to a total maximum of six injec-
tions were allowed at the investigator’s discretion from 
weeks 18 to 30. Focal/grid laser photocoagulation was 
also allowed at the investigator’s discretion after week 12. 

Main efficacy assessments were made at week 36, or six 
weeks after the last injection.

Pegaptanib treatment was superior to sham injection, 
according to all prespecified endpoints. Mean change in 
VA in the 0.3 mg pegaptanib-treated group was +4.7 
letters, compared to −0.4 letters for sham (P = 0.04). 
Pegaptanib treatment also resulted in more patients 
gaining ≥ 0, ≥ 5, ≥ 10, and ≥ 15 letters of VA. Mean change 
in center point (foveal) retinal thickness was −68 micro-
meters in the 0.3 mg pegaptanib arm, compared to +3.7 
micrometers in the sham group (P = 0.02) and pegapta-
nib treatment resulted in significantly more patients 
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experiencing decreases in thickness of ≥ 75 and ≥ 100 
micro meters). Also, macular volume decreased 0.58 mm3 
in the 0.3 mg pegaptanib arm, but increased 0.12 mm3 
with sham (P = 0.009) (data on file, (OSI) Eyetech, Inc. 
and Pfizer Inc. 2005). OCT center point thickness at base-
line and change in thickness from baseline to week 36 had 
a modest correlation with VA at baseline or change in VA 
from baseline to week 36 (R2 = 0.18). Lastly, in the 0.3 mg 
pegaptanib arm, only 25% of patients required further 
treatment with photocoagulation, compared to 48% in 
the sham group (P = 0.042) [23].

Fundus photographs were graded in a masked fashion 
for the presence of neovascularization. A retrospective 
analysis was done to evaluate the effects of pegaptanib 
on retinal neovascularization. Nineteen patients in all 
were found to have retinal revascularization in the study 
eye, 16 of whom were available for full analysis. Thirteen 
patients had received pegaptanib while the other three 
received sham injections. Four of the 13 pegaptanib-
treated patients also had neovascularization in the 
fellow eye. At 36 weeks, eight of the 13 patients in the 
pegaptanib groups (61%) showed regression of neovas-
cularization, as assessed by fundus photography, while no 
regression was seen in the three sham-treated patients, or 
in the four fellow eyes. Three of the eight patients with 
regressed neovascularization experienced a recurrence 
between weeks 36 and 52, after pegaptanib therapy was 
discontinued [2].

4.4.3.2  Clinical Experience with Bevacizumab 
in Diabetic Retinopathy

Several published studies have demonstrated a biological 
effect of intravitreal bevacizumab in proliferative diabetic 
retinopathy and diabetic macular edema. The majority of 
these studies are limited by their retrospective nature and 
short follow-up period.

Avery and colleagues retrospectively evaluated the 
use of intravitreal bevacizumab in patients with retinal 
neovascularization due to proliferative diabetic retin-
opathy [10]. In 44 eyes treated with intravitreal beva-
cizumab (6.2 μg to 1.25 mg), retinal neovascularization 
demonstrated on fluorescein angiography had complete 
(or at least partial) reduction in leakage within one week 
after the injection. Complete resolution of angiographic 
leakage from neovascularization of the disc was noted in 
19 of 26 (73%) eyes, and leakage of iris neovasculariza-
tion completely resolved in nine of 11 (82%) eyes. The 
leakage was noted to diminish as early as 24 h after injec-
tion. Recurrence of fluorescein leakage varied and was 
seen as early as two weeks in one case, whereas in other 

cases, no recurrent leakage was noted at the last available 
follow-up of 11 weeks. No ocular or systemic adverse 
events were noted.

Retrospective case series of bevacizumab as an 
adjunct for intraoperative use in diabetic tractional reti-
nal detachment repair [18] or in eyes with proliferative 
retinopathy and nonclearing vitreous hemorrhage [100] 
have been reported. Similarly, intracameral injection of 
bevacizumab for iris rubeosis [40, 98] has been noted to 
have a beneficial short-term effect. Although there was a 
regression of the rubeotic vessels present as early as one 
week after injection, no persistent effect on intraocular 
pressure in cases of neovascular glaucoma is yet proven.

In a prospective, consecutive, noncomparative case 
series, 51 consecutive patients (26 females and 25 males; 
mean age: 64 years) with diffuse diabetic macular edema 
were treated with intravitreal bevacizumab [42]. Inclu-
sion criteria were determined independently of the size 
of edema, retinal thickness, visual acuity, age, metabolic 
control, type of diabetes, or previous treatments beyond 
a six-month period. All patients had undergone previous 
treatments. Sixteen patients (70%) received at least two 
intravitreal injections of bevacizumab during the study 
period. Mean central retinal thickness by optical coher-
ence tomography was 501 μm (range: 252–1,031 μm) at 
baseline and decreased to 425±180 μm at two weeks 
(P = 0.002) after bevacizumab, 416±180 μm at six weeks 
(P = 0.001), and 377±117 μm at 12 weeks (P = 0.001). Visual 
acuity, as measured by ETDRS letters, did not improve 
significantly through the follow-up period.

A phase II randomized multicenter clinical trial of 
intravitreal bevacizumab for diabetic macular edema was 
performed by the Diabetic Retinopathy Clinical Research 
Network (DRCR.net) [21]. This study involved 121 eyes 
from 121 individuals with diabetic macular edema involv-
ing the center of the macula based on clinical examination, 
best-corrected Snellen visual acuity equivalent ranging 
from 20/32 to 20/320, OCT central subfield thickness 
(CST) greater than or equal to 275 μm, and no history 
of treatment for DME in the prior three months. Of the 
121 subjects, 109 met criteria for inclusion in the analyses. 
Subjects were randomized to one of five treatment groups, 
with 19–24 subjects per group: (a) focal laser photocoagu-
lation at baseline, (b) intravitreal injection of 1.25 mg of 
bevacizumab at baseline and six weeks, (c) intravitreal 
injection of 2.5 mg of bevacizumab at baseline and six 
weeks, (d) intravitreal injection of 1.25 mg of bevacizumab 
at baseline and sham injection at six weeks, or (e) intra-
vitreal injection of 1.25 mg of bevacizumab at baseline 
and six weeks with focal photocoagulation at three weeks. 
Follow-up visits were performed at 3, 6, 9, 12, 18, 24, 41, 
and 70 weeks. In the 12-week time-frame, there was not a 
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large difference in effect between the two doses of beva-
cizumab. Interestingly, the reduction in retinal thickness 
associated with bevacizumab at three weeks appeared to 
plateau or decrease in most eyes between the three- and 
six-week visits, suggesting that six weeks might be too 
long for an optimal initial injection interval. A similar 
phenomenon was observed after the second injection of 
bevacizumab. Combining photocoagulation with bevaci-
zumab did not result in any apparent short-term benefit.

This study therefore indicates a short-term response 
in reduction of retinal thickness from bevacizumab injec-
tion. Definitive determinations of a clinically meaningful 
benefit of intravitreal bevacizumab for DME will require 
a large phase III randomized clinical trial. This will also 
be required to provide definitive conclusions regarding 
safety. No significant safety concerns have arisen to date, 
but most of the published data on bevacizumab and dia-
betic eye disease is limited to retrospective case series and 
anecdotal case reports.

4.4.3.3 Ranibizumab in Diabetic Macula Edema

Nguyen and colleagues conducted an open-label study 
(Ranibizumab for Edema of the mAcula in Diabetes: A 
Phase 1 Study—the READ-1 Study) to investigate the 
effect of intravitreal injections of ranibizumab in patients 
with DME [83]. Intraocular injections of 0.5 mg of ranibi-
zumab were administered at study entry and at one, two, 
four, and six months after entry. The injection regimen 
was selected to assess the effect of three monthly injec-
tions and then determine the impact of increasing the 
time interval between injections to two months for the 
last two injections. The primary outcome measure was 
foveal thickness measured by optical coherence tomo-
graphy (OCT) at seven months compared to baseline.

Among the ten subjects, mean and median visual 
acuities were better than those at baseline throughout 
each study time point. At the primary endpoint (seven 
months after the initial ranibizumab injection), mean and 
median visual acuity improved by 12.3 and 11 letters in 
the initial ten subjects, which represents an improvement 
of a little more than two lines. There was a strong correla-
tion (R2 = 0.78) between visual acuity and foveal thick-
ness as measured by OCT.

The READ-2 Study, a multicenter phase 2 randomized 
clinical trial investigating the bioactivity and safety of 
ranibizumab for diabetic macular edema, is underway in 
the United States. The three treatment arms in the study 
include: (1) ranibizumab, (2) ranibizumab with focal 
laser photocoagulation, and (3) focal laser photocoagula-
tion with deferred ranibizumab. Preliminary results are 
expected in 2008.

Another clinical trial investigating ranibizumab for 
diabetic retinopathy is also underway, A double-masked, 
multicenter, phase II study assessing the safety and efficacy 
of ranibizumab (0.3 and 0.5 mg intravitreal injections) 
compared with nontreatment control (sham injection) 
for the treatment of diabetic macular edema is recruiting 
patients in the United States as well as in Europe, 
New Zealand and Asia.

Finally, the Diabetic Retinopathy Clinical Research 
Network (DRCR.net) is conducting a randomized, multi-
center clinical trial investigating intravitreal ranibizumab 
or triamcinolone acetonide in combination with laser 
photo coagulation for diabetic macular edema. This study 
will include subjects with diabetic macular edema involv-
ing the center of the macula (with an OCT central subfield 
thickness of greater than 250 microns) responsible for visual 
acuity of 20/32 or worse. The objective is to determine 
which is a better treatment approach for DME: laser alone; 
laser combined with intravitreal triamcinolone; laser 
combined with intravitreal ranibizumab; or intravitreal 
ranibizumab alone. Patient recruitment for this study began 
in March 2007. The primary efficacy outcome will be visual 
acuity at 12 months adjusted for the baseline acuity, with 
secondary outcomes being the change in the retinal thick-
ening of the central subfield and retinal volume (measured 
by OCT) as well as the number of injections in the first 
year. Safety outcomes will include injection-related events, 
ocular drug-related events, and systemic drug-related 
events. A European study is currently ongoing.

While there are still many questions to be answered 
regarding the underlying events that ultimately lead 
to vision loss in diabetes, there is evidence for a major 
contribution from inflammatory phenomena. This 
is true for both the vascular damage occurring in 
the diabetic retina and the neovascularization that 
is induced in response to the ischemia that attends 
the loss of capillary blood flow. These findings have 
already been the basis for the demonstrated clini-
cal benefit of pegaptanib (Macugen™) and ranibi-
zumab (Lucentis™), agents that inactivate VEGF. 
Results from phase 2 clinical studies should provide 
further information on the efficacy and safety of 
VEGF inhibitors in diabetic retinopathy. Inhibitors 
of VEGF will likely play a therapeutic role for the 
treatment of both diabetic macular edema and pro-
liferative diabetic retinopathy. There is every reason 
to expect that further benefits may be seen when 
other components which regulate these inflamma-
tory events, such as ICAM-1, CD18, TNF- and the 
Fas/FasL-mediated apoptosis pathway, are similarly 
targeted.

Summary for the Clinician
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Chapter 5

Core Messages

■ Endogenous glucocorticoids, under the regula-
tion of the hypothalamic–pituitary–adrenal axis, 
play a fundamental role in control of the normal 
immune response

■ Glucocorticoids induce both gene upregulation 
(transactivation) and gene suppression (transre-
pression)

■ Exogenous glucocorticoids remain the first-line 
treatment for noninfectious uveitis

■ Up to a quarter of uveitis patients are refractory 
to treatment with tolerable glucocorticoid doses

■ The problem of suboptimal therapeutic responses 
to glucocorticoids is generic to a range of inflam-
matory and lymphoproliferative diseases

■ Potentiation of IL-2-mediated effects is a strong 
candidate mechanism for generating steroid 
refractory disease

■ Future strategies to optimise glucocorticoid 
efficacy include concomitant use of anti-CD25 
monoclonal antibodies target steroid refractory 
T cells, and the development of novel glucocorti-
coid receptor ligands

5.1 Introduction

Corticosteroids are the old talisman of immunothera-
pies. They have revolutionised the treatment of inflam-
matory, autoimmune, and lymphoproliferative diseases, 
bringing benefit to many millions of patients. Their 
continued pre-eminence almost 60 years after the Nobel 
Prize was awarded for their discovery and use in rheu-
matoid arthritis [18] is testament to their status as one 
of the most important drugs in medicine. However, up 
to a quarter of patients are refractory to treatment and 
their wide-ranging side-effects have rightly motivated the 
search for alternative immunosuppressive drugs.

Ophthalmologists have adopted a number of strate-
gies to optimise corticosteroid therapy for ocular inflam-
matory diseases, principally by utilising local routes of 
administration to minimise systemic side-effects. Topical, 
subconjunctival, orbital floor, subtenon and intravitreal 
delivery are all commonplace, but not without signifi-
cant cost, as they induce both cataract and glaucoma [6]. 
Their efficacy is also insufficient to suppress the inflam-
matory response in idiopathic sight-threatening nonin-
fectious posterior segment intraocular inflammation, or 
when associated with multisystem inflammatory condi-
tions (e.g. sarcoidosis and Behçets disease). We therefore 

rely on systemic corticosteroid treatment, often in combi-
nation with alternative immunosuppressive agents, such 
as T cell inhibitors (e.g. cyclosporine and tacrolimus), 
antimetabolites (e.g. methotrexate and mycophenolate 
mofetil) and biologics (e.g. anti-TNF-α and interferon-α), 
to induce and maintain disease remission in the majority 
of patients with noninfectious ocular inflammatory dis-
ease—with varying degrees of success[20].

In this chapter, we review the role of corticosteroids 
in health and disease, and examine the mechanisms that 
modulate patient responses to treatment. This is described 
in the context of emerging therapeutic approaches to 
combat steroid refractory inflammation and the ongoing 
search for the panacea of side-effect-free glucocorticoid 
(GC) immunosuppression.

5.2  Glucocorticoids as Regulators 
of the Immune Response

5.2.1  Endogenous Glucocorticoids and the 
Hypothalamic–Pituitary–Adrenal Axis

Cortisol is the principal endogenous corticosteroid. It is 
released by the adrenal cortex and regulates the immune 
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response through its GC effects. Adrenal cortisol secretion 
is controlled by adrenocorticotropic hormone (ACTH), 
which, in turn, is secreted into the general circulation by 
the anterior pituitary gland under the influence of cortico-
tropin-releasing hormone (CRH) from the hypothalamus. 
A range of circadian, emotional, neurological, and immune 
stimuli sit at the top of this physiological hierarchy, reflect-
ing the range of metabolic and immune functions mediated 
by GCs. Together they comprise the hypothalamic–pitu-
itary–adrenal (HPA) axis, which plays a central role in 
the normal stress response under the intimate control of a 
series of negative feedback loops (Fig. 5.1) [39].

GCs have a great diversity of actions in addition to their 
immune function. Enhanced cardiovascular tone results 
from potentiation of vasopressor responses, and this com-
bines with an increased circulating volume caused by renal 
sodium retention to increase blood pressure [45]. Serum 
concentrations of glucose and cholesterol are elevated by 
lipolysis of adipose tissue and hepatic gluconeogenesis, 
for which muscle is also broken down to provide amino 
acid substrates [10, 30]. Such prioritisation of short-term 
energy supply is at the expense of nonessential metabolic 
processes, such as bone mineralization and chondrocyte 
proliferation in the growth plates of children [39].

Of all the roles GCs play, maintaining immune homeos-
tasis is the most important. They influence the behaviour 
of all types of immune cells and  coordinate a downreg-
ulation and cessation of the immune response. This is 
orchestrated by the HPA axis with such  refinement that 
fluctuations in the levels of circulating GCs, as observed 
during exercise and circadian rhythms, are associated 
with changes in lymphocyte cytokine production [47]. 
Alterations in HPA axis tone have, therefore, unsurpris-
ingly been implicated in autoimmunity. Rodents with 
blunted HPA axis responses are highly susceptible to 
the induction of autoimmune disease in comparison to 
strains with normal HPA axis function, and are used as 
the basis for laboratory disease models [46]. For exam-
ple, Lewis rats immunised with myelin basic protein 

develop experimental autoimmune encephalomyelitis 
(EAE), which mimics multiple sclerosis, resulting in 
transient paralysis. However, if endogenous GC produc-
tion is interrupted by adrenolectomy, this disease is fatal. 
In  contrast, administration of exogenous GCs through a 
subcutaneous implant results in complete EAE  remission 
[29]. The relevance of this to immunity is supported 
first by observations of impaired HPA axis function in 
rheumatoid arthritis, systemic lupus erythematosis and 
Sjogren’s syndrome, and second by observations that ele-
vated circulating GC concentrations occur during chronic 
stress responses, and are associated with an enhanced 
 susceptibility to viral infection and decreased antibody 
production after vaccination [46].

This fundamental role of the HPA axis and GCs in 
immunoregulation is well recognised, but it is easily over-
looked amid the hype of new discoveries which prom-
ise to revolutionise therapies for allergy, autoimmunity 
and sepsis [4]. However, there remains the potential to 
optimise our use of exogenous GC therapies to restore 
immune balance in inflammatory pathology. This 
requires an understanding of the reasons for varying GC 
responses between individuals and also an elucidation of 
the molecular mechanisms that underlie GC function.

■ Endogenous glucocorticoids, under the regulation 
of the HPA axis, play a fundamental role in con-
trol of the normal immune response

■ Glucocorticoids also have a great diversity of 
metabolic actions, including the release of glu-
cose and lipids, the increase of peripheral vascu-
lar resistance and demineralisation of bone

■ Blunted HPA axis responses predispose to 
autoimmunity, while chronic HPA overstimula-
tion predisposes to infection

■ There is still much potential to optimise gluco-
corticoid therapy for inflammatory diseases

Summary for the Clinician

Fig. 5.1 The control and action of glucocorticoids. Glucocorticoid (GC) secretion is regulated by the HPA axis, although the 
illustrated mechanisms of action apply whether GC origin is exogenous or endogenous. Solid lines represent pathways of action 
and broken lines represent pathways of inhibition. On entry to the cell, GCs bind to the cytoplasmic GC receptor (GR), which then 
translocates to the nucleus to either (A) inhibit nuclear factor-κB (NFκB) or (B) inhibit activator protein 1 (AP-1); both resulting 
in transcriptional suppression of interleukin-2 (IL-2) as well as other proinflammatory mediators by direct protein–protein interac-
tions (IL-1, TNFα, INFγ). The activated GR also binds to GC response elements in DNA (C) and induces the transcription of anti-
inflammatory proteins and the inhibitor of κB (IκB) (D), resulting in cytosolic retention of NFκB and suppression of its action. In 
the presence of a T cell response, increased levels of IL-2 engage the IL-2 receptor (IL-2R) (E). Signals downstream of the IL-2R then 
inhibit GR translocation into the nucleus (principally mediated by signal transducer and activator of transcription 5, STAT-5) (F) 
and activate NFκB (G), suppressing GC actions. Other abbreviations: ACTH, adrenocorticotropic hormone; CAMs, cell adhesion 
molecules; COX-2, cyclooxygenase 2; CRH, corticotropin-releasing hormone; GRE, GC response element; IFN-g, interferon-g ;  IL-1, 
interleukin-1; IL-10, interleukin-10; JAK, Janus kinase; MAPK, mitogen-activated protein kinase; mRNA, messenger RNA; p50, p50 
subunit of NFκB; p65, p65 subunit of NFκB; TNF-α, tumour necrosis factor-α
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5.2.2 Glucocorticoid Control of Cell Function

The immunosuppressive actions of GCs can occur 
through either genomic or nongenomic mechanisms. 
GCs enter cells by passive diffusion and bind to their 
cytosolic glucocorticoid receptor (GR, Fig. 5.1), 
 following which the GC–GR complex translocates 
into the cell nucleus and associates with specific DNA 
sequences in the regulatory regions of target genes, 
resulting in either enhancement or suppression of 
transcription (either by direct DNA interactions or by 
indirect interference with other transcription factors, 
such as nuclear factor-κB (NFκB) and activator protein 
1 (AP-1) [40]). Classically, the physiological conse-
quences of GCs were thought to be predominantly due 
to suppression of gene expression ( transrepression), 
although emerging evidence suggests that gene upreg-
ulation (transactivation) plays a greater role [37]. 
Nongenomic GC mechanisms include the activation 
of endothelial nitric oxide synthetase (eNOS), result-
ing in nitric oxide release, which, in combination with 
GCs, has anti-inflammatory effects [15].

Examples of genomic-mediated  immunosuppression 
via gene transactivation include the induction of annexin 
1 (also called lipocortin-1) and mitogen- activated pro-
tein kinase (MAPK) phosphatase 1; both of which inhibit 
the release of arachidonic acid and its subsequent conver-
sion to eicosanoids (e.g. prostaglandins, thromboxanes, 
prostacyclines and leucotrienes) [39]. As a result of GC-
mediated activation of MAPK phosphatase 1, MAPK is 
deactivated, which further regulates dendritic cell, mac-
rophage and T cell activation, resulting in the suppres-
sion and control of immune responses. In addition, the 
induction of interleukin-10 results in a shift from proin-
flammatory Th1 T cell- mediated immune responses to 
anti-inflammatory Th2 T cell-mediated responses [46].

Although transrepression can occur directly via nega-
tive GC response elements in DNA, it is mostly mediated 
through protein–protein interactions between the GR and 
other transcription factors, particularly AP-1 and NFκB, 
because of their mutual role in the expression of the T cell 
growth factor interleukin-2 (IL-2). NFκB also directs the 
expression of multiple proinflammatory cytokines, such 
as interleukin-1 (IL-1), TNF-α and interferon-γ (IFN-γ), 
and contributes to prostaglandin production through 
induction of cyclooxygenase 2 (COX-2). GCs further 
antagonize the action of this pivotal proinflammatory 
transcription factor via the induction of the inhibitor of 
κB (IκB), and this mechanism is central to the GC sup-
pression of IL-2 production and T cell proliferation [38]. 
GC-mediated NFκB inhibition also curtails immune cell 
trafficking via downregulation of cell adhesion molecules, 
and is key to driving GC-induced apoptosis [46].

5.2.3  The Interleukin-2/Glucocorticoid 
Balance

The IL-2/GC dynamic is reciprocally regulated. For 
example, IL-2 in combination with IL-4 has been shown 
to reduce GR binding affinity and attenuate GC inhibi-
tion of T cell proliferation [23]. In addition, IL-2  inhibits 
GR translocation via signal transducer and activator of 
transcription 5 (STAT-5) [12]. IL-2 also potentiates the 
nuclear translocation of Fox03, a forkhead transcription 
factor responsible for inhibition of the GC-inducible 
gene glucocorticoid-induced leucine zipper (gilz), which 
mediates GC effects, particularly apoptosis [1]. Hence, 
the play-off of the cellular effects of competing GC and 
IL-2 influences is central in determining the balance of 
the immune response. Concordant with this, there is 
increasing evidence that IL-2 inhibition of GC action 
is of key relevance in determining clinical responses to 
GC therapy [26].

■ Glucocorticoids exert their effects through a 
combination of gene upregulation (transactiva-
tion) and gene suppression (transrepression)

■ Transactivation inhibits the release of proinflam-
matory prostaglandins and induces expression of 
anti-inflammatory cytokines

■ The most important transrepression effect of 
glucocorticoids is inhibition of NFκB, which 
results in reduced expression of proinflamma-
tory cytokines, downregulation of immune cell 
trafficking and increased T cell apoptosis

■ These mechanisms are counter-regulated by IL-2, 
thereby inhibiting glucocorticoid function.

Summary for the Clinician

5.3  Glucocorticoids in the Treatment 
of Noninfectious Uveitis

Exogenous GCs are commonly used for the treatment of 
noninfectious uveitis. Examples include prednisone and 
methylprednisolone, both of which have been available 
since the 1950s. They remain the first-line treatment for 
ocular inflammation and are the gold standard against 
which other immunotherapies are judged.

Despite this, there is surprisingly scant evidence 
supporting the use of systemic GCs in uveitis, with only 
two prospective, randomised, double-masked trials in 
cohorts with heterogeneous disease [11, 34]. Both stud-
ies were small, with less than 30 patients in each pred-
nisone monotherapy group, and they did not utilise the 
same GCs regimen (one study used high-dose treatment: 
maximum 80 mg prednisone daily, tapering to 20 mg 
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daily over three months [34]; the other study used low-
dose treatment: maximum 20 mg prednisone daily, taper-
ing over four months to stop) [11]. Entry criteria were, 
however, the same and selected for severe disease, with 
better eye visual acuities (VAs) of 20/40 or worse in asso-
ciation with active inflammation. In the high-dose trial, 
46% of patients were considered therapeutic successes 
at three months, defined as a 15-letter improvement in 
logMAR (logarithm of the minimum angle of resolu-
tion) VA or a two-point reduction in vitreous haze. Ten 
percent of patients were considered therapeutic failures 
because their logMAR VA reduced by ten letters in the 
first three months, although the proportion of these in 
the prednisone group was not reported. In the low-dose 
study, 75% of patients receiving prednisone monotherapy 
were considered treatment successes when taking 10 mg 
of prednisone daily, but this dramatically plummeted to a 
20% success after prednisone was discontinued. This data 
is in keeping with clinical experience, i.e. GCs induce 
disease remission in all but a small minority of refractory 
patients (who do not respond even to high-dose treat-
ment). However, this benefit is lost on steroid taper, with 
up to a quarter of patients failing to achieve 10 mg of 
prednisone daily—and this proportion is even greater in 
certain uveitic subtypes such as Behçet’s [2] and Vogt–
Koyanagi–Harada disease [36].

The main limitation of systemic GC therapies is their 
side effects, which can be directly attributed to their 
diverse metabolic actions. Water retention and increased 
peripheral vascular resistance cause hypertension; glu-
coneogenesis and lipolysis result in secondary diabe-
tes mellitus and hypercholesterolemia; redistribution 
of adipose tissue and wasting of proximal limb muscles 
are manifest as a “cushingoid” appearance; bone dem-
ineralization causes osteoporosis with an ensuing risk of 
long bone fracture and vertebral collapse; and inhibition 
of epiphyseal chondrocytes in children results in growth 
retardation, which does not fully recover after long-
term treatment [39]. The probability of inducing such 
comorbidity is generally considered to be much reduced 
in adults at daily prednisone doses of ≤10 mg, and the 
Standardization of Uveitis Nomenclature Working Group 
has adopted this threshold as a key measure of treatment 
efficacy [21]. Hence, additional immunomodulating 
therapies are frequently used in patients unable to achieve 
10 mg prednisone daily, or who follow a relapsing–remit-
ting disease course, to facilitate steroid taper and reduce 
the frequency of inflammatory reactivations [22].

It is therefore clear that although GCs are the most com-
monly used immunosuppressive therapy for intraocular 
inflammation, achieving disease control at tolerable doses 
remains one of the main challenges for uveitis specialists 
and their patients. Any new insights into the molecular 

mechanisms that underlie steroid refractory disease, or 
the development of new interventions which optimise the 
immunosuppressive effects of GCs while minimising their 
side effects, would herald a significant advance.

■ Exogenous glucocorticoids remain the first-line 
treatment for noninfectious uveitis

■ High-quality clinical evidence supporting their 
use is limited, but suggests that up to 25% of 
patients are refractory to tolerable systemic 
doses (≤10 mg prednisone daily), with a small 
minority of patients deteriorating despite high-
dose treatment

■ The main limitation of current systemic GC 
therapies is the high incidence of pronounced 
side effects

Summary for the Clinician

5.4  Steroid Sensitivity in Other 
Inflammatory Diseases

The problem of suboptimal therapeutic responses to GCs 
and their associated side effects is not isolated to uveitis. 
In ulcerative colitis (UC), failure to respond to high-dose 
systemic GCs is an indication for colectomy, and there 
are validated clinical definitions of steroid resistance [9]. 
This is estimated to affect up to 30% of patients and repre-
sents a considerable burden of disease [44]. Similarly, an 
important subgroup of asthmatics are refractory to GC 
treatment with a consequent increased risk of mortality, 
and considerable effort is currently being directed into 
improving treatment outcomes for these individuals [3]. 
In fact, the most difficult patient groups in all GC-treated 
conditions, in terms of both drug-induced morbidity and 
poor clinical outcome, are steroid refractory (SR). Nota-
ble examples include: SR rheumatoid arthritis [7], SR 
solid organ allograft rejection [25], SR acute lymphob-
lastic leukaemia [13], and SR childhood nephrotic syn-
drome [14]. Hence, although we are currently presenting 
this issue in the context of uveitis, SR disease represents a 
major cross-speciality challenge.

5.4.1  The Concept of a Common Steroid 
Refractory Phenotype

As there is surprisingly little difference in measures of 
disease severity between steroid responders and nonre-
sponders, and given that up to a third of healthy volun-
teers have steroid refractory immune responses in vitro, 
it has been suggested that the SR responses observed 
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clinically across disease groups may have a common 
underlying phenotype [32]. That is, failure to respond 
to treatment may be a function of an individual’s 
immune system rather than their disease. SR patients 
nonetheless suffer GC side effects, so if this concept has 
credence, the mechanism responsible would have to be 
immune-specific.

■ The problem of suboptimal therapeutic responses 
to glucocorticoids is generic to a range of inflam-
matory and lymphoproliferative diseases

■ Suboptimal responses are independent of disease 
severity, and as up to a third of normal volun-
teers also exhibit steroid refractory (SR) immune 
responses in vitro, SR disease may simply reflect a 
common SR phenotype

Summary for the Clinician

5.5 Immune Mechanisms of Steroid Resistance

Impaired in vitro responses to the synthetic GC 
 dexamethasone have been observed in peripheral blood 
 mononuclear cells (PBMCs) from patients with SR 
asthma [8], SR UC [16], SR rheumatoid arthritis [42], SR 
acute lymphoblastic leukaemia [24], and SR renal trans-
plant recipients [25]. Efforts to identify the cause of this 

disparity have identified three principal candidate mecha-
nisms: first, enhanced NFκB (and AP-1)-dependent gene 
expression; second, inhibition of STAT-5-dependent GR 
translocation into the nucleus; and third, changes in the 
availability and binding of the GR (particularly a reduced 
GRα:GRβ ratio; see below). Only the latter is independent 
of IL-2 upregulation.

The human GR gene is on one locus on  chromosome 
5q31–32 (Fig. 5.2). There are two exon 9 isoforms that 
can be spliced to produce mature messenger RNA 
(mRNA). Splicing of exon 9α produces GRα mRNA, 
which is translated into a protein with a unique sequence 
of 50 amino acids at its carboxyl end. This isoform binds 
GCs, DNA, and other transcription factors, thereby 
 modifying transcriptional activity in target genes. The 
alternative GRβ mRNA splice variant is translated into 
a protein with a truncated carboxyl end. Although this is 
able to bind DNA, it does not bind any ligands and thus 
fails to activate or suppress transcription. It nonethe-
less has been shown to form inactive heterodimers with 
GRα in vitro [39]. Consequently, elevated GRβ levels, as 
have been observed in SR asthma patients, have a puta-
tive role in SR disease [28]. However, this mechanism 
remains under dispute, as other studies have shown no 
influence of GRβ on GRα-mediated transactivation and 
transrepression [17].

Potentiation of IL-2-mediated effects is therefore 
arguably the prime candidate mechanism for generating 

Fig. 5.2 The human glucocorticoid receptor. Exon 9 of the human glucocorticoid receptor (hGR) has two isoforms which can be 
spliced to produce mature messenger RNA (mRNA). When translated, hGRα has a unique sequence of 50 amino acids at its car-
boxyl end. DBD, DNA-binding domain; LBD, ligand-binding domain; NH2, amine
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the SR phenotype, and there is accumulating evidence in 
support of this: IL-2 (with IL-4) reduces both GR bind-
ing affinity and GC inhibition of proliferation in PBMCs 
from normal volunteers to levels seen in PBMCs from 
SR patients, and it also sustains reduced (albeit revers-
ible) GR affinity in PBMCs from SR patients [23]. Fur-
thermore, IL-2 mRNA expression is significantly greater 
in bronchoalveolar lavage samples from patients with SR 
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Fig. 5.3 T cell proliferation and cell surface protein expression 
in response to glucocorticoids and anti-CD25 monoclonal anti-
bodies [26]. a CFSE (carboxyfluorescein succinimidyl ester) 
dilution in CD4+ T cells from a patient with steroid-refractory 
(SR) ulcerative colitis (left graph) and a steroid-sensitive (SS) 
normal volunteer (right graph) after in vitro culture in the pres-
ence of high-dose glucocorticoids (GCs). CFSE is a cytoplasmic 
dye that is equally divided between daughter cells on cell divi-
sion. Proliferating T cells therefore migrate to the left of the 
x-axis. The SR patient has a distinct subpopulation of T cells 
that continue to divide despite the presence of GCs (left peak). 
b Expression of CD25 (the α-subunit of the interleukin-2 
receptor) in peripheral blood CD4+ T cells. Neg, no expression 
(approx 50% of cells); Int, intermediate expression (approx 45% 
of cells). c CFSE dilution in CD4+ CD25neg and CD4+ CD25int 
cells after in vitro culture in the presence of GCs. CD25neg 
cells are exquisitely SS, whereas a proportion of CD25int cells 
are SR. d Anti-CD25 monoclonal antibodies (mAb) abrogate 
proliferation in CD4+ cells escaping GC inhibition in vitro. The 
“division index” is the average number of divisions each cell 
has undergone

asthma as compared with those from steroid-sensitive 
controls [27].

This led to the hypothesis that the SR phenotype is not a 
feature of all immune cells, but is limited to lymphocytes 
which express the IL-2 receptor (CD25), and a recent 
pilot study has identified a subpopulation of SR CD4+ T 
cells in patients with SR UC (Fig. 5.3a) [26]. This implies 
a new paradigm for SR disease in which GCs positively 
select SR cells, generating a subpopulation of lymphocytes 
which perpetuate ongoing inflammation. SR CD4+ T 
cells were also shown to express intermediate levels of 
CD25 (CD25int, Figs. 5.3b, 5.3c), and their continued 
proliferation in the presence of GCs was abrogated by an 
anti-CD25 monoclonal antibody (mAb) (Fig. 5.3d) [26], 
providing corroborative evidence for the importance of 
IL-2 in modulating GC responses at a cellular level. Anal-
ogous investigations to identify a SR subgroup of CD4+ 
cells in SR uveitis patients are currently underway.

■ Impaired in vitro immune responses to steroids 
are consistently observed in patients with steroid 
refractory (ST) disease

■ The main candidate mechanism for this ster-
oid refractory phenotype is an upregulation 
of IL-2, although an inactive isoform of the 
glucocorticoid receptor (GRβ) has also been 
implicated

■ Pilot data suggest that SR phenotype is restricted 
to CD4+ T cells expressing the IL-2 receptor 
(CD25)

Summary for the Clinician
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5.6  Future Directions: Novel Strategies 
to Optimise Glucocorticoid Treatment

5.6.1  Targeting Steroid Refractory 
CD4+ Cd25int Cells

The SR phenotype of CD4+ CD25int T cells makes them 
a putative target for intervention in the treatment of SR 
disease. In support of this, a recent Phase II clinical trial 
of an anti-CD25 mAb has demonstrated clinical rescue 
in SR ulcerative colitis [9]. The success of calcineurin 
inhibition with cyclosporine and tacrolimus in the treat-
ment of uveitis also provides indirect evidence that atten-
uating IL-2 responses translates into improved outcomes 
for patients with SR ocular inflammation [19, 43]. Of 
even greater pertinence, however, is the existing Phase I/
II trial data evaluating the efficacy of the anti-CD25mAb 
daclizumab in the treatment of refractory uveitis [33, 35]. 
In these studies, two small prospective patient cohorts 
were treated with either 4–6 weekly intravenous (IV) 
daclizumab infusions (n = 10) or two weekly subcutane-
ous injections (n = 5) [33]. All patients were subject to 
rapid subsequent steroid taper and seven out of the ten 
patients in the IV study achieved long-term (four-year) 
treatment success, as did 100% of the subcutaneously 
treated group (at 26 months). All patients, bar one, were 
taking systemic steroids when daclizumab was started, 
the majority at high dose, with only two patients taking 
less than 10 mg prednisone daily. Of the three patients in 
the IV study who failed treatment, two maintained dis-
ease control for 12 months after starting daclizumab, and 
one exited after just three months of treatment. As con-
comitant treatments were discontinued after eight weeks, 
this implies that all patients in both studies were able to 
achieve disease remission on a combination of anti-CD25 
mAb and prednisone despite being previously treatment-
refractory; adding weight to the theory that anti-CD25 
therapies potentiate GC effects and abrogate SR disease.

5.6.2 Other Approaches

An alternative approach to augmenting GC action 
involves the use of selective GR agonists (SEGRAs), 
which aim to dissociate GC-mediated transrepression 
(credited with the immunosuppressive effects of GCs) 
from transactivation (to which the majority of GC side 
effects are attributed). This is a laudable goal which has 
attracted considerable pharmaceutical industry interest, 
with one compound in particular (ZK216348) show-
ing promise in preclinical studies [41]. However, it is 
probably naïve to expect that the wanted and unwanted 
effects of GCs are cleanly delineated, as transactivation 

also plays an important anti-inflammatory role, and the 
nongenomic effects of GCs have so far been ignored in 
drug development [31].

Other attempts to optimise GC efficacy and tolerance 
have mainly utilised novel means of drug delivery. For 
example, encapsulating conventional GCs in liposomes, 
which accumulate selectively at sites of inflammation, 
and incorporating GCs in timed release tablets [5]. 
Efforts have also been made to potentiate the action of 
endogenous GCs by inhibiting their deactivation using 
11β-hydroxysteroid dehydrogenase, and to link conven-
tional GCs with nitric oxide to synergise the anti-inflam-
matory effects of both compounds [5]. Although each has 
potential, none of these strategies are currently applied in 
routine clinical practice.

We hope that continued development of novel GC 
ligands and improved approaches to drug delivery will 
in the future combine with advances in basic scientific 
understanding of the molecular mechanisms underly-
ing the SR phenotype to generate therapeutic strategies 
with sufficient specificity to target SR immune cells, 
while avoiding unwanted upregulation of GC effects in 
bystander tissues; thereby overcoming the substantial 
cross-speciality clinical burden of SR disease and, at last, 
ensuring that all uveitis patients are steroid-sensitive.

■ CD4+ CD25int T cells are a putative target for thera-
peutic intervention in steroid refractory disease

■ This is supported by successful existing Phase 
I/II randomised controlled trial data for anti-
CD25 monoclonal antibody therapy in refractory 
uveitis

■ Other strategies for optimising steroid sensitivity 
include improved approaches to drug delivery 
and the development of novel GR ligands with 
greater immunosuppressive specificity

Summary for the Clinician
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6.1 Introduction

Optic neuritis has a well-recognised association with 
multiple sclerosis (MS). Forty-five percent of patients 
with MS have been found to have optic atrophy at post 
mortem [1]. Although MS predominantly involves the 
optic nerves [2] and the pathways controlling eye move-
ments [3], there also appears to be an association between 
MS and uveitis.

Retinal periphlebitis was first reported in association 
with MS in 1944 [4]. There are numerous case reports/
series in the literature reporting an association between 
MS and uveitis [5, 6].

The association between uveitis and MS has been 
reported to have a significant female preponderance 
[7–9]. It is found most commonly in young adult or mid-
dle-aged Caucasians [7]. 

6.2  Association Between 
Multiple Sclerosis and Uveitis

The prevalence of MS-associated uveitis in previous 
series has varied between 0.4 and 27% [10–13]. Some 
of these studies are rather historic and were undertaken 

prior to defined diagnostic guidelines and access to 
magnetic resonance imaging. This may account for such 
a high prevalence in some series. Recent large studies 
have found the prevalence of uveitis in patients with 
MS to be 1.1–2.4% [8, 14], and the prevalence of MS in 
patients with uveitis to be 1–1.3% [7, 8, 15]. This is ten 
times the predicted prevalence of uveitis for the general 
population.

There appears to be no temporal association between 
the development of uveitis and MS [7]. The diagnosis of 
MS may occur before, concurrently or after the diagno-
sis of MS [7, 8, 16]. In one study 56% had a diagnosis of 
MS prior to onset of uveitis, 19% concurrently and 25% 
between three and nine years after their uveitis. In those 
patients with a diagnosis of MS prior to their presenta-
tion with uveitis, the diagnosis had been made between 
one and 19 years previously [7]. There is a report of a 
child presenting at eight years of age with bilateral inter-
mediate uveitis who didn’t develop further neurological 
symptoms for 13 years, when a definite diagnosis of MS 
was made [17]. Isolated granulomatous anterior uveitis 
has been described as occurring up to 22 years before the 
first clinical manifestations of MS [18].

There appears to be no specific pattern or duration 
of MS that correlates with the development of uveitis. 

Multiple Sclerosis and Uveitis 6
Graeme J. Williams

Chapter 6

■ Most common in young adults or middle-aged 
Caucasians with female preponderance

■ Prevalence of uveitis in patients with MS is 1.1–2.4%
■ Prevalence of MS in patients with uveitis is 1–1.3%
■ No temporal association between the develop-

ment of MS and uveitis
■ No pattern of MS that correlates with the 

 development of uveitis
■ Uveitis is generally bilateral, and may be  anterior, 

intermediate or posterior

■ Anterior uveitis may be granulomatous in up 
to 50% patients and posterior synaechiae may 
develop

■ Posterior uveitis findings may include retinal 
vasculitis, vitritis, peripheral retinal ischae-
mia, retinal neovascularisation and peripheral 
periphlebitis

■ Steroids are the mainstay of treatment
■ Interferon-β appears to be effective

Core Messages
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In one series MS was relapsing–remitting in 19 of 28 
patients (67.8%), secondary progressive in eight of 28 
patients (28.6%), and primary progressive in one patient 
[8]. These findings are consistent with previous studies 
[12, 19].

In general, patients with evidence of inactive MS-
associated uveitis on routine examination deny previous 
ocular symptoms. One series of patients with MS but 
no ocular symptoms found 18% to have ocular vascular 
abnormalities consistent with uveitis [19]. All patients in 
that study with active uveitis had active neurological dis-
ease. It was suggested that retinal vasculitis may represent 
the visible correlate of concomitant active CNS demyeli-
nation, as had previously been suggested [20], and that the 
presence of uveitis may be a useful marker of MS disease 
activity [19].

There appears to be an association between MS, uveitis 
and autoimmune disease. However, the aetiology of MS 
and uveitis remain unknown. It may be that patients with 
both uveitis and MS, although having a similar disease 
to MS, are actually aetiologically distinct [8]. However, 
there does not appear to be any clinical or radiological 
distinction between patients with MS that have concomi-
tant or an absence of uveitis [21]. It has been suggested 
there may be a familial association between patients with 
MS and relatives with autoimmune diseases, including 
uveitis [22]. There appears to be an association between 
the HLA-DR15 allele and a predisposition to MS and pars 
planitis [23]. The question therefore is whether the asso-
ciation between MS and uveitis is direct, or an increased 
genetic susceptibility to autoimmune disease in general, 
including MS, within this population [8, 24].

6.3 Clinical Findings in MS-Associated Uveitis

When uveitis is present in association with MS it is generally 
bilateral [6, 7, 15, 16, 20, 25, 26]. Uveitis may be anterior, 
intermediate or posterior. In patients with anterior uveitis, 
up to 50% are granulomatous in nature [6, 7, 9, 15, 16, 27, 
28] (Fig. 6.1) and posterior synechiae may develop [9].

Findings of posterior uveitis in association with MS 
can take a number of forms, including retinal vasculitis 
[29] (Figs. 6.2 and 6.3) that may be occlusive, vitritis [20], 
peripheral retinal ischaemia and retinal neovascularisa-
tion [26], and peripheral periphlebitis [4].

Only asymptomatic peripheral periphlebitis with optic 
neuritis appears to have a diagnostic value for predicting 
the future development of MS [30]. All other findings, 
although associated with MS, are nonspecific and may 
occur in association with other disorders. Complications 
that occasionally arise include retinal neovascularisation, 
rubeosis, glaucoma, cataract and vitreous haemorrhage [31].

In one large series of patients with MS, intermediate 
uveitis was found in 35.7% of those affected and panuveitis 
in 39.3%. 14.3% of the patients had isolated anterior uvei-
tis, 10.7% posterior uveitis and 39.3% retinal  periphlebitis. 
78.5% of the patients had bilateral uveitis [8].

There appears to be a very strong association between 
MS and pars planitis. In patients with pars planitis, the 
prevalence of demyelinating disease, either associated 
MS or optic neuritis, ranges from 11–22% depending on 
the study [7, 24, 25, 32]. In one series of patients with 
pars planitis, 14.8% went on to develop MS during fol-
low-up [24]. One North American tertiary referral centre 
for uveitis found that 50% of patients with MS-associated 
uveitis had a pars planitis [15]. Up to 48% patients with 
pars planitis have been found to have demyelinating 
lesions on magnetic resonance brain imaging [33].

A large prospective study found the following compli-
cations in their patients with pars planitis; macular edema 
(47.7%), vitreous opacities (38.6%), papillitis (38.6%), vas-
culitis (36.4%), and cataract (20.5%) [33]. Despite these 
complications, good visual acuity is generally maintained; 
(90.9%) had a final bilateral VA better than 20/40 [33].

Up to 10% patients with retinal vasculitis go on to develop 
MS [29], and retinal vascular sheathing has been reported 
to be present in 20–36% patients with MS [11, 30, 34, 35]. 
It has been reported that perivascular sheathing is associ-
ated with an increased severity of progression of neurological 
dysfunction [11, 36]. However, opinion continues to vary 
with regard to the correlation between MS disease activity 
and retinal periphlebitis [8, 37–39]. Peripheral periphlebitis 
is often associated with inflammation of the pars plana/cil-
iary body and vitreous. Coexistent cystoid macular oedema 
may be present with reduced visual function [40].

Fig. 6.1 Granulomatous anterior uveitis
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It has previously been suggested that patients with 
both neurological disease and retinal vascular abnormali-
ties may be divided into three separate groups [19]:
1. Those with a diagnosis of MS, having established 

neurological disease, no ocular symptoms, but for 
which ophthalmic examination reveals vitreous cells, 
peripheral venous sheathing and/or focal cuffing of 
the retinal veins.

2. Patients presenting with symptomatic floaters due to 
vitritis. Examination reveals sheathing of peripheral 
retinal vessels and diffuse vascular leakage demon-
strated on fluorescein angiography.

3. Patients with both symptomatic ocular and neurologi-
cal disease at presentation. Severe periphlebitis, retinal 
vein occlusion with subsequent neovascularisation 

and vitreous haemorrhage. This pattern is actually 
rarely due to MS and occurs much more frequently 
in tuberculosis, sarcoidosis and systemic vasculitides. 
The neurological component is usually monophasic 
and most often consists of a spastic paresis.

■ Only asymptomatic peripheral periphlebitis with 
optic neuritis appears to have a diagnostic value 
for predicting the future development of MS

■ There is a strong association between MS and 
pars planitis

Summary for the Clinician

6.4 Histopathological Findings

One histological study involved examination of the reti-
nas of eyes from patients with a known diagnosis of MS 
[34]. Eyes were obtained either at post mortem or from 
an eye bank. The group found histological evidence of 
cyclitis in 3.8% patients, choroiditis in 11.5% patients, 
retinal arteritis in 3.8% patients and retinal phlebitis in 
20% patients. Two patterns of sheathing were identified, 
as previously described [35]. One suggestive of an active 
phlebitis showed lymphocytic infiltrate in and around the 
retinal veins. The second, presumably inactive venous 
sheathing, consisted of thickening of the vein walls, 
with collagen deposition. In this group, minimal cellular 
infiltrate was present. Interestingly, no pars planitis was 
reported in this group [34]. Other histopathological stud-
ies have confirmed a retinal vasculitis in association with 
MS [35, 36, 41, 42].

Fig. 6.2 a Late phase of fluorescence angiogram in a patient with retinal vasculitis. b Very late phase of fluorescence angiogram in 
a patient with retinal vasculitis

Fig. 6.3 Fluorescence angiogram showing patches of venulitis
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6.5 Experimental Models

Experimental autoimmune encephalomyelitis (EAE) 
has been studied in a number of animal models [43]. 
In the murine relapsing EAE model, a clinical picture 
of a relapsing–remitting form of MS develops [44, 
45]. Anterior uveitis develops late in this model [46]. 
 Interestingly, unlike the experimental autoimmune 
 uveoretinitis model (EAU), there were no retinal changes 
in this EAE model [46]. Anterior uveitis has been iden-
tified as a feature of a number of EAE  models in other 
animals, including monkey [47] and rat [48, 49]. Retinal 
vascular changes have been reported in some models 
[48, 50, 51]. It has been suggested that new antigenic 
determinants that may be shared between the eye and 
CNS are exposed to new immune cells and result in the 
development of uveitis [46].

The EAE model in the Lewis rat exhibits inflammatory 
changes in the iris, retina, optic nerve and central nerv-
ous system. The ultrastructural findings in this model 
suggested that the anterior uveitis was a result of vasculitis 
in the iris due to changes in the endothelial cells. Inflam-
matory cells in the form of lymphocytes and macrophages 
were found in the perivascular stroma of the anterior iris. 
Endothelial changes were also identified in the retina. 
In both the iris and retina, the vascular changes involved 
the endothelial cells taking on the appearance of high 
endothelial-like venules (HELV). These HELV changes 
were also identified in the subpial vessels in the optic nerve 
and in small vessels in necrotic areas in the midbrain [48].

It had previously been found that lymphocytes accumu-
lated around small veins or venules but not around arteri-
oles in both EAE and MS [52, 53]. HELV changes support 
these histopathological findings of increased perivenous 
lymphocytic infiltration found in the CNS and retina. It 
has been suggested that that these HELV changes may be 
the result of cytokine release from inflammatory cells due 
to the presence of myelin in these tissues [48]. So far there 
have been no reports of such HELV changes in the retina 
or iris of patients with MS-associated uveitis.

■ Antigenic determinants may be shared between 
the eye and the CNS

Summary for the Clinician

6.6 Treatment

Prolonged courses of intravenous corticosteroids have 
been considered a useful treatment for the management 
of MS-associated uveitis in patients unresponsive to oral 

prednisolone therapy or with concurrent active neurologi-
cal disease [54]. Although predictable side effects do occur 
with the use of high-dose intravenous methylprednisolone, 
including psychological disturbance, weight gain, hyper-
tension and hyperglycaemia, these are generally well tol-
erated [54–56]. Cerebral venous thrombosis has, however, 
been reported following the use of intravenous methyl-
prednisolone in a patient with MS-associated uveitis [57].

Ciclosporin has previously been used effectively in the 
treatment of steroid-resistant MS-associated uveitis [58].

Interferon-β is accepted as having a role in the treat-
ment of patients with MS [59, 60]. The results of the 
Controlled High-Risk Subjects Avonex Multiple Sclerosis 
Prevention Study (CHAMPS) [61] have shown a 50% 
reduction risk of progression to clinically definite MS in 
patients with optic neuritis and two or more demyelinat-
ing lesions in the brain. This has resulted in recommenda-
tions with regard to the use of interferon-β1a in patients 
presenting with a first episode of demyelinating optic 
neuritis [62]. Interferon-β appears also to be effective in 
the treatment of MS-associated uveitis [63]. In a group of 
patients with uveitis refractory to corticosteroids, there 
was a significant reduction in intraocular inflammation, 
cystoid macular oedema, and an improvement in visual 
acuity with interferon-β therapy [64].

The potential for tumour necrosis factor (TNF) blockers 
to precipitate demyelinating disease is well recognised 
[65]. These treatments should therefore be avoided in the 
treatment of identified MS-associated uveitis.

■ Steroids are the mainstay of treatment, though 
ciclosporin has been used

■ Interferon-β appears to be effective in the treat-
ment of MS-associated uveitis

■ TNF blockers should be avoided when treating 
MS-associated uveitis

Summary for the Clinician
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7.1 Introduction

The concept that chronic inflammation may be associ-
ated with AMD has emerged over the last twenty years. 
Chronic inflammatory infiltrates (macrophages, lym-
phocytes and mast cells) have been demonstrated in 
the choroid of donor eyes with AMD [1, 2]. Analyses 
of drusen composition in both animal models and in 
patients with early-stage AMD have revealed evidence 
of inflammatory and immune-mediated processes, 
including components of the complement cascade. The 
resurgence of interest in this concept is largely attributed 
to recent genetic studies in which complement factor H 

(a key inhibitor of the alternative pathway of complement 
activation) and factor B (a key factor in the activation of 
the alternative pathway) gene polymorphisms have been 
reported to be significant predisposing factors to both 
early and late AMD in several independent studies (see 
review in [3]). Over the last few years, extensive studies 
have revealed more evidence supporting a possible role 
for local/systemic inflammation in the etiology of AMD. 
This chapter summarizes our current understanding of 
the role of inflammation in the etiology of AMD and dis-
cusses some novel ideas on how inflammations may lead 
to the formation of drusen or subretinal neovasculariza-
tion and the apoptosis of RPE/photoreceptor cells.

Inflammation in Age-Related Macular 
Degeneration: What is the Evidence? 7
Heping Xu, John V. Forrester

Chapter 7

Core Messages

■ Immune-related gene polymorphism predis-
poses to age-related macular degeneration 
(AMD). Other environmental factors such 
as cigarette smoking, nutrition, and pos-
sibly chronic infection are required for the 
 development of AMD.

■ Inflammation is involved in the pathogenesis of 
both “dry” and “wet” types of AMD.

■ Although AMD is a chronic age-related inflam-
matory eye disease, no “golden” serum marker 
that can predict AMD development or progression 
has been identified.

■ Dysregulation of immune function in AMD 
mainly involves the innate immune response, 
including complement activation and myeloid 
cell dysfunction.

■ In “dry” AMD, complement activation at Bruch’s 
membrane and dysfunction of choroidal macro-
phage/dendritic cells may be involved in drusen 
formation.

■ In “wet” AMD, complement activation and 
choroidal macrophage recruitment are involved 
in  choroidal neovascularization (CNV).

■ Various complement components and comple-
ment regulatory factors are produced locally in 
ocular tissues, and a local complement regula-
tion system may exist in the eye. However, the 
key triggers for complement activation in AMD 
are not known.

■ During physiological aging, a subset of retinal 
microglia migrates to the subretinal space and 
becomes activated. The activation and migration 
of retinal microglia are more pronounced in AMD. 
However, whether they are neuroprotective or neu-
rotoxic in AMD warrants further investigation.

■ Nonspecific systemic anti-inflammatory treat-
ment has no consistent beneficial effect in AMD.

■ Local low-grade inflammation rather than sys-
temic chronic inflammation may play an impor-
tant role in AMD pathogenesis.
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7.2 Evidence from Clinical Studies

7.2.1 Genetic Link to Inflammation

Attempts to determine genes that might be associated with 
a predisposition to develop AMD began in the mid-1990s 
[4]. The turning point came in 2005, when three independ-
ent groups uncovered a gene on chromosome 1 that greatly 
increases the risk of developing AMD [5–7]. The gene 
encodes a protein named complement factor H (CFH) that 
controls the activation of the complement system through 
the alternative pathway. Another three tightly linked genes 
(PLEKHA1, LOC387715 and HTRA1) in chromosome 
10q26 were later reported to be highly associated with 
AMD susceptibility [8–11]; however, the functions of these 
genes are unknown. Other genetic studies also revealed 
replicable, but smaller, associations of several other genes, 
including complement factor B (CFB) [12, 13], comple-
ment C2 [12, 13], C3 [14], IL-8 [15], CX3CR1 [16], TLR4 
[17] and HLA class I and HLA class II [18] with AMD. It 
is important to note that all of the above genes uncovered 
in genetic studies are inflammation-related, indicating that 
inflammation may play a role in AMD development. Func-
tional studies of the CFH gene variant with Tyr402His sub-
stitution showed a reduced ability of CFH protein to bind 
to C reactive protein (CRP), heparin and retinal pigment 
epithelial (RPE) cells [19]. The effect of this reduced bind-
ing is to cause inefficient complement regulation at the cell 
surface, particularly when CRP is recruited to injured sites 
and tissues [19]. Variations in the CFH gene may therefore 
predispose individuals to complement activation through 
the alternative pathway. Functional studies on the effects 
of other gene variations as risk factors for AMD develop-
ment are still in the early stages of investigation. It must 
be kept in mind, however, that association does not equate 
to causation, and although a strong association between a 
few inflammatory genes and AMD has been discovered, it 
does not prove causation at this point. Other environmen-
tal factors such as cigarette smoking, nutrition, and possi-
bly chronic infection in combination with genetic variation 
may warrant AMD development. Further experimental 
and clinical studies are necessary for a full understanding 
of the role of inflammation in AMD.

7.2.2  Epidemiological Evidence for 
Inflammatory Markers in AMD

Epidemiologists have carried out several population-
based studies to identify systemic inflammatory markers 
in different types of AMD patients. Scientists are hoping 
to use such makers to predict the development or pro-
gression of AMD in older populations. Although a few 
inflammation-related proteins have been found to be 
strongly associated with AMD, results to date from dif-
ferent groups have failed to reveal consistent findings. 
The lack of systemic inflammatory makers may indicate 
that local chronic inflammation is more important than 
systemically derived inflammatory cues in the develop-
ment of AMD. The main inflammatory markers that have 
been investigated are summarized below.

7.2.2.1 C-Reactive Protein (CRP)

CRP is the prototypical acute-phase serum protein, 
rising rapidly in response to inflammation. It is a “golden” 
marker of systemic inflammation and has been shown to 
be an independent indicator of risk for cardiovascular 
and peripheral arterial disease [20, 21]. In the Age-Re-
lated Eye Disease Study (AREDS) reported by Seddon 
and colleagues, CRP levels were significantly associated 
with the presence of intermediate and advanced stages of 
AMD [22, 23]. In line with this observation, the Rotterdam 
Study found that elevated baseline levels of high-sensitiv-
ity CRP (hsCRP) were associated with the development 
of early and late AMD [24]. In addition, a few other stud-
ies have also revealed an association between elevated 
CRP serum levels and AMD [25, 26], providing fur-
ther support for the hypothesis that systemic signals of 
inflammation may play a role in AMD.

However, results from the Beaver Dam Eye Study 
found no association between either the prevalence or 
incidence of AMD and CRP [27, 28]. Similarly, there 
was no association between CRP levels and AMD in the 
Muenster Aging and Retina Study [29], the Blue Moun-
tains Eye Study [30] and the Cardiovascular Health Study 
[31]. These data, therefore, do not support the theory 
alleging nonspecific systemic inflammation in the etiology 
and natural history of AMD.

7.2.2.2 IL-6

IL-6 is primarily produced at the site of inflammation 
and plays a key role in the acute phase immune response. 
Together with its soluble receptor (sIL-6R), IL-6 also plays 
an important role in the transition between acute and 
chronic inflammation [32]. In chronic inflammation, IL-6 

■ AMD is a disease with multiple gene mutations, 
and many of the genes are involved in various 
inflammatory pathways.

■ Gene mutations predispose individuals to AMD 
development. Aging and other environmental 
factors are equally important for the development 
of AMD.

Summary for the Clinician
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has a detrimental role that favors mononuclear cell accu-
mulation at the site of injury. Increased circulating IL-6 has 
been observed in several inflammatory diseases, including 
rheumatoid arthritis, systemic lupus erythematosus and 
Crohn’s disease. Studies on the association between serum 
levels of IL-6 and AMD are also inconclusive. Higher lev-
els of IL-6 were found to be independently associated with 
progression of AMD in the Age-Related Eye Disease Study 
[21]. However, in the Beaver Dam Eye Study [28] and the 
Blue Mountains Eye Study [30], no significant associations 
were observed between IL-6 and early/late AMD.

7.2.2.3 Tumor Necrosis Factor-a (TNF-a)

TNF-α is a well-recognized inflammatory cytokine that 
plays important roles in various inflammatory diseases. 
Blocking TNF-α has been shown to have beneficial 
effects in a number inflammatory diseases, including 
rheumatoid arthritis, Crohn’s disease, ankylosing spond-
ylitis, as well as uveitis [33, 34]. Cousins et al. investigated 
the production of TNF-α by monocytes of AMD patients 
and found that monocytes from patients with CNV pro-
duced more TNF-α then controls [35]. Partially activated 
monocytes, defined as high TNF-α expression, may be a 
biomarker for identifying patients at risk of the formation 
of choroidal neovascularization. However, in the Beaver 
Dam Eye Study, TNF-α was not associated with either the 
prevalence or the incidence of AMD [28].

7.2.2.4 Intercellular Adhesion Molecule (ICAM)-1

The intercellular adhesion molecule (ICAM) 1 is an 
Ig-like cell adhesion molecule expressed by several cell 
types, including leukocytes and endothelial cells. ICAM-1 
plays important roles in various inflammatory processes, 
including antigen-presenting cell (APC)–T cell anti-
gen presentation and leukocyte recruitment. ICAM-1 is 
shed by the cell and detected in plasma in soluble form 
(sICAM-1). Increased sICAM-1 has been observed in 
a number of inflammatory diseases and is considered a 
marker for systemic chronic inflammation. In the Rot-
terdam study, elevated circulating levels of sICAM-1 were 
found preceding the development of visually significant 
AMD in women [26]. In the Blue Mountains Eye Study, 
elevated ICAM-1 was found to be marginally associated 
with late AMD [30]. These data support the hypothesis 
that inflammation may play a role in AMD.

7.2.2.5 Circulating White Blood Cell (WBC) Count

An elevated WBC count may be a marker for chronic 
inflammation. WBC count is a strong predictor of myo-
cardial infarction and other coronary heart diseases [36]. 

Data from various cross-sectional and case–control 
studies have been largely inconsistent. A positive asso-
ciation has been observed in some studies, including the 
Beaver Dam Eye Study [27], the Blue Mountains Eye Study 
[37, 38], and the study of Blumenkranz and colleagues 
[39]. Higher WBC counts were found to be associated 
with early AMD [38], large drusen and RPE degenera-
tion [27]. However, other studies, including some reports 
from the Beaver Dam Eye Study [27, 28], the Muenster 
Aging and Retina Study [29], the Cardiovascular Health 
Study [31] and the Blue Mountains Eye Study [30], have 
found no association between WBC count and AMD. 
It should be noted, however, that all of the aforemen-
tioned studies investigated the total WBC count. It might 
be more appropriate to investigate the association of dif-
ferent leukocyte subsets and AMD, as recent animal stud-
ies have shown that monocytes are actively involved in 
AMD pathogenesis [40, 41].

7.2.2.6 Retinal Autoantibodies

Cherepanoff and colleagues sought evidence of autoim-
mune inflammation in AMD by studying retinal autoan-
tibodies [42]. The odds of having retinal autoantibodies 
were 4.1 times greater in early AMD patients compared 
to age-matched controls; however, the antibody profile 
was complex in terms of antigenic targets and immu-
noglobulin subclasses [42]. Gu and colleagues found 
that the omega-(2-carboxyethyl)pyrrole (CEP) protein 
adducts derived from the free radical-induced oxida-
tion of docosahexaenoate (DHA) were more abundant in 
ocular tissues from AMD patients than normal human 
donors [43]. Moreover, the anti-CEP antibody was 
detected at 2.3 times higher levels in AMD patients than 
in age-matched controls [43]. Anti-CEP titers may have 
diagnostic utility in predicting AMD susceptibility.

7.2.2.7 Other Markers

Various studies have also looked for an association 
between AMD and other markers, particularly hemostatic 
factors such as fibrinogen, homocysteine, plasminogen 
activator inhibitor (PAI)-1 and von Willebrand factor. 
Again the results were largely inconclusive. An associa-
tion was observed between the increased levels of PAI-1 
and both early and late AMD in a recent report from the 
Blue Mountains Eye Study [30]. Amyloid A, E-selectin, 
and folate were investigated in the Beaver Dam Eye Study, 
but no association with either the prevalence or incidence 
of AMD was observed [28].

Evidence also suggests that chronic infection, in addition 
to gene mutation, may be involved in AMD development 
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[44]. Individuals with Y402H variants of the CFH gene and 
a raised anti-C. Pneumoniae antibody titre have an almost 
12-fold greater risk of developing AMD compared to those 
without the CFH gene variants and a lower antibody titre 
[44]. In a case–control study in the USA involving serum 
samples from 25 AMD patients and 18 controls, an asso-
ciation was found between AMD and anti-C. penumoniae 
antibodies, but not other microbial antibodies [45]. The 
involvement of C. pneumoniae infection in AMD was fur-
ther confirmed by a few other studies [45–47]. However, 
there are also some negative studies that do not support 
this association. Kessler and colleagues investigated 13 
subretinal neovascular (SRNV) membranes from AMD 
patients, and they found no DNA from either C. pneumoniae 
or other pathogens by PCR, indicating that C. pneumoniae 
may not be associated with the development of SRNV 
membranes in exudative AMD [48]. A more recent report 
for the Blue Mountains Eye Study [47] also failed to detect 
any association between C. pneumoniae antibody titer and 
the prevalence of early or late AMD.

7.2.3 Inflammatory Components in Drusen

Drusen are the hallmark deposits associated with early 
AMD. The molecular and cellular constituents of drusen 
have been analyzed extensively [49, 50], and distinct array 
of molecules, including vitronectin, amyloid A/P, Factor 
X, prothrombin, and in some instances immunoglobulin, 
HLA-DR, complement C3, C5, C5b-9, CFH, and CRP [49, 
51–53], have been revealed in drusen of AMD patients. 
Many of these drusen-associated constituents are active 
participants in humoral and cellular immune responses, or 
are components of various inflammatory responses.

7.2.4  Evidence from Clinical Anti-inflammatory 
Treatment Studies

Evidence supporting the concept that AMD is a chronic 
inflammatory disease also comes from clinical stud-
ies in which anti-inflammatory treatments have been 
shown to have a beneficial effect on AMD. For instance, 
triamcinolone acetonide is an anti-inflammatory ster-
oid with an angiostatic effect. Intravitreal triamcinolone 
injection improves visual acuity in exudative macular 
degeneration patients [54–56]. Anecortave acetate is 
another angiostatic steroid. Clinical studies have also 
shown that posterior juxtascleral injection of anecortave 
has a beneficial effect in exudative AMD patients [57]. 
In addition, patients on long-term anti-inflammatory 
treatments for other diseases appear to have a signifi-
cantly lower lifetime prevalence of AMD [58], suggest-
ing that chronic inflammation may play a role in AMD 
development. However, the results for the effect of non-
specific anti-inflammatory treatment on the prevalence 
of AMD are not consistent. An earlier Blue Mountains 
Eye Study indicated that administration of nonsteroidal 
anti-inflammatory drugs (NSAIDs) or corticosteroids 
does not reduce the prevalence of either early or late 
AMD [59].

7.3 Evidence from Experimental Studies

7.3.1 Myeloid Cells in the Pathogenesis of AMD

Over the last few years, experimental studies have sig-
nificantly advanced our understanding of the pathogen-
esis of AMD. A number of animal models of AMD have 
been reported. The most significant evidence from the 
experimental animal studies comes from AMD mouse 
models with monocyte dysfunction (e.g., CCR2- or 
CCL2-deficient mice, CX3CR1-deficient mice and 
CCL2/CX3CR1 double knockout mice). Precisely how 
monocyte dysfunction is related to the development of 
AMD is not known, but it is clear from these models 
that myeloid-derived cells play an important role in 
AMD pathogenesis.

7.3.1.1  Choroidal Monocytes 
in the Pathogenesis of AMD

Dendritic cells and macrophages belong to the fam-
ily of circulating bone marrow-derived myeloid cells. 
In dry AMD, macrophages and dendritic cells have 
been observed to insert processes into drusen or other 
deposits (Fig. 7.1). It has been proposed that they may 

■ Although a few inflammation-related proteins 
have been shown to be strongly associated with 
AMD, the results from different groups are 
inconsistent. Their value in predicting the devel-
opment of AMD or monitoring the progression 
of AMD is limited.

■ The lack of systemic inflammatory markers in 
AMD suggests that local low-grade inflammation is 
more likely to be involved in AMD pathogenesis.

■ The higher titers of retinal autoantibodies such as 
anti-CEP in AMD patients suggest that autoim-
munity is involved in AMD development.

■ Retinal autoantibody may become a biomarker 
for AMD patients in the future.

Summary for the Clinician
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play a crucial role in the clearance of drusen and other 
waste materials produced by RPE cells. Dysfunction 
of choroidal dendritic cells or macrophages may result 
in the accumulation of debris or other waste materials 
on Bruch’s membrane and ultimately the formation of 
drusen. This hypothesis is strongly supported by recently 
reported animal models of AMD, including CCR2 and 
CCL2 KO mice, CX3CR1 KO mice and CCL2/CX3CR1 
double KO mice. CCR2 is the receptor for chemokine 
CCL2, whereas CX3CR1 is the cognate receptor for 
chemokine CX3CL1. Chemokine CCL2 and CX3CL1 
are important chemoattractants for macrophages/den-
dritic cells. Both receptors are expressed on myeloid 
cells and are important for maintaining macrophage/
dendritic cell functions.

For “wet” AMD, evidence for the involvement of 
inflammation is overwhelming. Choroidal dendritic 
cells/macrophages are believed to be important 
in the disruption of Bruch’s membrane and in the 
formation of new subretinal blood vessels. Experi-
ments using laser photocoagulation-induced subret-
inal CNV have shown that depletion of macrophages 
reduces the size, cellularity and vascularity of the 
CNV [60, 61].

7.3.1.2  Retinal Microglia in the Pathogenesis 
of AMD

Retinal Microglial Activation During 
Physiological Aging
Microglia are the main immune cells in the central nerve 
system (CNS). Changes in microglial function reflect 
changes in the immune system of the CNS. In the brain, 
with advancing age, activated and dystrophic microglia 
were observed in normal physiological conditions [62, 
63]. As microglia are inherently beneficial for main-
taining normal brain function, deterioration of this cell 
population could be crucial for the development of 
age-related neurodegenerative disease. In the retina, 
microglia are normally found in the inner and outer 
plexiform layers, and the number and the function of 
retinal microglial cells are relatively stable. An earlier 
study observed increased numbers of rounded (acti-
vated) microglia in the aged avian retina (pigeon and 
quail) [64], and they were distributed mainly in regions 
of greatest photoreceptor loss [64]. A more recent study 
by Chan-Ling et al. revealed the breakdown of blood–
retinal barrier, increased MHC-II in resident microglia, 
accompanied by activated T cells in the aged normal rat 
retina [65], suggesting a more primed immune system in 
the retina during physiological aging. We have recently 
shown that retinal microglia are replaced by bone marrow-
derived myeloid-derived cells under normal physiological 
conditions. Resident retinal microglia migrate from the 
neuroretina to the subretinal space with age [66]. Subretinal 
microglia are positive for CD68 and Iba-1 and demon-
strate phagocytosis activity. With age, subretinal microglia 
become lipofuscin-loaded autofluorescent cells [66] (Fig. 
7.2). Although what causes the migration and activation 
of subretinal microglia is not known, such changes in the 
aging retina may contribute to the pathogenesis of AMD.

Microglial Activation in Age-Related 
Macular Degeneration
Microglial cell activation is a common immune response to 
ocular infections, ischemia, injury, autoimmune inflamma-
tion as well as retinal degeneration. In patients with retini-
tis pigmentosa, late-onset retinal degeneration and AMD, 
numerous activated microglia were present in the outer 
nuclear layer in regions of ongoing rod cell death [67]. Sev-
eral studies have demonstrated early microglial cell activa-
tion in animal models of retinal degeneration, including 
rds (retinal degeneration slow) mice [68], the RCS (Royal 
College of Surgeons) rat [69] and light-induced retinal 
degeneration in Balb/c mice [70]. Recent studies in the 
mouse model of AMD (CX3CR1-deficient mice) showed 
a CX3CR1-dependent subretinal microglial cell accumu-

Fig. 7.1 Electron microscopy of mouse RPE/choroidal tissue 
shows a macrophage (M) within the Bruch’s membrane, with 
multiple processes (arrowheads) towards the basement membrane 
of RPE. Many basal deposits (asterisks) are also shown
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lation [41]. In our laboratory we have been investigating 
the role of retinal microglia in the pathogenesis of AMD 
in other AMD models (CCR2 KO mice and CCL2 KO 
mice). We found many more subretinal microglial cells in 
the aged CCR2 KO and CCL2 KO mice (Fig. 7.3) than in 
wild-type aged mice, and the accumulation of subretinal 
microglia precedes retinal degeneration.

From both human and animal studies, it is clear that 
microglia are one of the main immune components at the 
lesion site in AMD. However, what is not known to date is 
that whether these activated microglia are neuroprotective 
or neurotoxic in AMD.

Fig. 7.2 Subretinal microglia in aged mouse retina. a Z-stack confocal images of retinal flatmount from a ten-month-old mouse. 
Retinal microglia migrate from neuroretina to subretinal space. GL, ganglion layer; INL, inner nuclear layer; ONL, outer nuclear 
layer; SRS, subretinal space. b Autofluorescent subretinal microglia in RPE flatmount from an 18-month-old mouse

Fig. 7.3 Electron microscopy of mouse retinal/choroidal tissue. a TEM sample from a 24-month-old normal C57BL/6 mouse, 
showing a few vacuolated photoreceptor outer segments (arrowheads). b TEM sample from a 24-month-old CCL2 KO mouse, show-
ing an area of degenerated RPE cells and accumulated subretinal microglia (arrows). BM, Bruch’s membrane; RPE, retinal pigment 
epithelial cells

■ Choroidal dendritic cells/macrophages are 
important for the development of CNV.

■ Microglia migrate from inner retina to subreti-
nal space with age under normal physiological 
conditions; however, the function of the subreti-
nal microglia remains to be elucidated

■ In pathological conditions such as AMD, micro-
glia accumulate in the subretinal space in the 
areas of RPE cell death and may be important for 
removing apoptotic RPE debris

Summary for the Clinician
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7.3.2  Complement Activation in Age-Related 
Macular Degeneration

Genetic and immunohistochemistry studies have 
strongly suggested that complement activation is 
involved in the pathogenesis of both “dry” and “wet” 
AMD. A recent study in complement factor D knock-
out mice has shown that elimination of the alternative 
pathway is neuroprotective to light-induced photore-
ceptor damage [71]. It is therefore reasonable to suggest 
that in AMD, the damage to the RPE and photorecep-
tor cells may, at least in part, be caused directly by 
complement activation at the retinal/choroidal inter-
face. Precisely how complement activation occurs in 
retinal tissue is not known. It is now clear that various 
complement components and complement regulatory 
factors that are usually produced in the liver are also 
produced locally in the eye. RPE cells have been shown 
to be the local source of CFH in the human eye [72]. We 
also found that complement factor H and factor B are 
both produced by RPE cells in experimental rodents 
[73, 74]. The production of CFB by RPE cells increases 
with age (Fig. 7.4). Importantly, inflammatory cytokine 
TNF-α positively regulates CFB production but nega-
tively regulates CFH production in RPE cells [73, 74]. 
Other complement components such as C3 [75], or 
complement regulatory factors including membrane 
cofactor protein (MCP), decay-acceleration factor 
(DAF), membrane inhibitor of reactive lysis (CD59), 
and cell surface regulator of complement (Crry) have 

also been detected in the retinal/choroidal tissue of 
normal rodent eyes [76]. These observations suggest 
that a local complement regulation system exists in 
the eye. Recently, using gene array analysis, we have 
observed increased inflammatory cytokine expres-
sion, including of TNF-α and others, in aged retinal 
tissue. It is therefore possible that increased inflam-
matory cytokines including TNF-α and IFN-γ, may 
induce CFB production but suppress CFH production. 
What triggers the complement activation pathway in 
the retina is not known. A recent study indicates that 
the amyloid precursor protein (APP) might serve as 
one of the triggers for complement activation in the 
aging retina, as significantly more APP is present in 
retinas from aged donors compared to retinas from 
young donors.

There is no doubt that complement activation is 
involved in the pathogenesis of “dry” AMD, as various 
complement components have been detected in drusen. 
Recently, experimental studies have also suggested that 
complement activation plays an important role in the 
formation of CNV [77]. Drusen complement compo-
nents C3a and C5a are strong inducers of VEGF expres-
sion and may be responsible for the formation of CNV 
at the later stage of AMD [78]. In the laser-induced CNV 
model, a model for “wet” AMD, mice deficient in the 
complement regulatory protein CD59 developed early 
and severe CNV, whereas administration of recom-
binant soluble mouse CD59a-Fc inhibited the develop-
ment of CNV [79].

Fig. 7.4 Complement factor B (CFB) expression in mouse RPE cells. Confocal images of mouse eyes stained for CFB (green) and PI. 
a Sample from a three-month-old mouse; b sample from a 20-month-old mouse. POS, photoreceptor outer segments; RPE, retinal 
pigment epithelial cells; Ch, choroids
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7.4 Conclusion

Evidence from clinical and experimental studies clearly 
indicate that AMD is an age-related chronic inflamma-
tory disease. It largely involves the innate immune 
system; however, the adaptive immune system may also 
be involved. Polymorphisms in complement regulatory 
factors H and B, complement components C2, C3, chem-
okine receptor CX3CR1, and others predispose individu-
als to AMD, whereas environmental factors are essential 
for disease development. Although there is some evi-
dence to show that systemic chronic inflammation might 
be involved in AMD, there is stronger evidence sug-
gesting that local low-grade inflammation may be more 
important. The precise roles played by chronic inflam-
mation in AMD pathogenesis are not fully understood. 
What triggers the inflammatory response in the retina is 
also unknown. Understanding how the immune response 
contributes to AMD pathogenesis and identifying key 
factors that trigger the immune response may lead to the 
discovery of new therapeutic approaches.
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8.1 Introduction

In this review we aim to highlight recent evidence impli-
cating inflammation as a mechanism in the pathogen-
esis of age-related macular degeneration (AMD), and we 
will put forward the possible preventive and therapeutic 
actions that may be taken. AMD is currently considered 
to be the most important cause of blindness in individu-
als over 55 years of age in the developed world, and in 
view of rising life expectancy the problem is expected 
to increase dramatically over the coming decades unless 
effective preventive or therapeutic measures are developed. 

A large number of potential risk factors have been identi-
fied for AMD, but the strongest associations have been 
observed for age and smoking [55]. In recent years a 
number of genetic factors involving inflammatory path-
ways have been discovered that also predispose individu-
als to acquiring AMD.

AMD is generally divided into two major forms: 
neovascular or exudative (wet) AMD and atrophic 
(dry) AMD (Fig. 8.1). Approximately 80% of the 
patients with wet AMD will become legally blind, as 
compared to 20% of eyes with dry AMD. The preva-
lence of dry AMD is five times higher than that of wet 
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Core Messages

■ The presence of macrophages in the macular lesions 
of AMD patients in combination with the discovery 
of deposits of proteins from the complement path-
way suggests that chronic low-grade inflammation 
plays a role in the pathogenesis of AMD.

■ Activation of the complement pathway by 
drusen or lipofuscin fragments may form the 
initial triggers that activate RPE cells to release 
chemotactic and angiogenic cytokines followed 
by an influx of proinflammatory macrophages, 
finally leading to choroidal neovascularization.

■ Photo-oxidation may lead to the formation of neo-
antigens on retinal proteins. These neo-antigens 
may lead to the formation of autoantibodies, result-
ing in local immune complex formation, a further 
build-up of subretinal drusen, complement activa-
tion and influx of macrophages. A mouse model 
employing this concept has been developed and 
may provide a model for dry AMD.

■ Two macrophage subpopulations have been 
identified, and each may play a different role in 
the aging outer retina. The so-called M1 mac-
rophage is a proangiogenic macrophage that is 
stimulated via IL-10. The M2 macrophage is 

a benign macrophage involved in the scaveng-
ing of cell debris. The local environment of the 
aging retina with regards to IL-10 release and 
the balance between M1 and M2 macrophages 
may dictate the outcome of macular lesions.

■ The association of certain genetic polymorphisms 
of the complement protein factor H (CFH) sup-
ports the role of complement activation in AMD. 
CFH is thought to influence the degree of comple-
ment activation induced by drusen or photoactiva-
tion products in the outer retina.

■ The intravitreal administration of humanized 
monoclonal antibodies against VEGF has revo-
lutionized the treatment of wet AMD.

■ Up to now there has been no treatment option for 
patients with the dry form of AMD.  Prevention 
by employing a diet rich in nutrients with anti-
oxydant or anti-inflammatory properties is cur-
rently being investigated. Macular surgery is 
technically difficult and has met with limited 
success in selected patients. Procedures include 
full graft translocation (RPE, Bruch’s membrane 
and choroid) or transplantation of autologous 
rejuvenated RPE sheets.
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AMD. In the exudative form, choroidal neovasculari-
zation (CNV) finally resulting in a disciform macular 
scar is the cause of severe visual loss. The exudative 
form of AMD may be further subdivided into classic, 
occult or mixed-type CNV, depending on the pattern 
on  fluorescein angiograms.

Evidence has been accumulating that immunological 
factors including inflammation may play an important 
role in the pathogenesis of AMD [32, 74]. Various as-yet 
unidentified triggers may initiate these immune events, 
and the identification of these factors may lead to new 
therapeutic or even preventive approaches.

8.2  Inflammatory Cells in the Choroid 
and Retina in AMD

A number of studies have shown the presence of 
inflammatory cells in the posterior segment of eyes 
from AMD patients [74, 82]. The presence of den-

dritic cell processes in drusen has been shown using 
immunofluorescence microscopy of human retinas by 
employing immunoreagents specific for HLA-DR and 
leukocytes (CD68) [32]. The choroid is known to con-
tain a dense network of MHC class II positive dendritic 
cells [12, 24], but further (ultrastructural) confirma-
tion is needed to prove that cellular processes of these 
cells do indeed extend through Bruch’s membrane into 
the drusen.

Alteration of the physiology of RPE cells (degenera-
tion, hypoxia, uptake of drusen) may potentially lead 
to the release of a large number of cytokines such as 
VEGF, MCP-1, IL-6 and IL-8 [37]. Of interest is the 
observation that cytokine secretion by RPE cells occurs 
in a polarized fashion towards the choroid [38]. Some of 
these cytokines induce the expression of cell adhesion 
molecules on vascular endothelium [76], which in combi-
nation with locally released chemokines (IL-8 or MCP-1)
may lead to the influx of inflammatory  leukocytes. 
These cells subsequently lead to a disruption of Bruch’s 

Fig. 8.1 Four pictures of the macula of the right eye. a A normal fundus, with a normal fovea in the center (b). An eye showing 
early age-related macular degeneration with large confluent drusen. c Example of an eye with dry age-related macular degeneration. 
d This panel shows the development of wet age-related macular degeneration with a subfoveal hemorrhage surrounded by RPE 
detachment
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membrane, allowing new vessels to enter the subretinal 
space. This scheme of events has been developed based 
on the outcome of recent findings using the mouse laser 
photocoagulation model for choroidal neovasculariza-
tion (CNV).

Depletion of macrophages by clodronate-contain-
ing liposomes reduced the size, cellularity, and vascu-
larity of the CNV lesions in this model, implicating the 
importance of these cells in the development of CNV 
[22]. The current paradigm, that macrophage infiltra-
tion promotes neovascularization in the experimental 
CNV model, has however been challenged by recent 
studies using various genetically engineered strains of 
knockout mice. AMD has for instance been shown to 
occur naturally in aged mice that have an impaired 
deficiency in the recruitment of macrophages 
(Ccl2(–/–) or Ccr2(–/–) mice) [1]. Ferguson and his 
group recently showed that IL-10(–/–) mice have sig-
nificantly reduced CNV with increased macrophage 
infiltrates when compared to wild-type [4]. They also 
showed that prevention of macrophage entry into the 
eye promoted neovascularization, while local injection 
of macrophages inhibited CNV.

This paradigm shift can be explained as follows. 
Macrophages may play a role by helping RPE cells to 
scavenge debris. In the event that macrophage recruit-
ment diminishes, this may lead to the accumulation 
of debris, leading to the recruitment of inflammatory 
macrophages. Macrophages have recently been sub-
divided into so-called M1 and M2 macrophages, of 
which the former is an inflammatory type of macro-
phage and the latter is involved in debris scavenging 
[28]. Decreased functioning of M2 macrophages and 
increased activity of M1 macrophages may both lead 
to AMD.

Recent studies have shown that senescence influ-
ences the outcome of CNV in the laser photocoagula-
tion model in mice, which was attributed to an effect 
of age on macrophage function [53]. These authors 
provided evidence that IL-10 plays a key role in con-
trolling angiogenesis. Aging was associated with 
increased IL-10 expression in the retinal microen-
vironment, which in turn triggered macrophages to 
become proangiogenic.

Apart from the role of macrophages recruited via 
the choroidal vasculature, it has also been proposed 
that retinal microglia may play an important role 
in the pathogenesis of AMD [11, 30]. The relative 
roles of retinal microglia vs. macrophages recruited 
via the choroid are not yet clear and deserve further 
 attention.

8.3 Infectious Pathogens and AMD

Chronic infections may play a role in vascular abnor-
malities such as atherosclerosis [21]. Since AMD and 
atherosclerosis share a variety of risk factors, a number of 
groups have addressed the role of infectious microorgan-
isms in the pathogenesis of AMD. Most of the interest 
has been focused on the role of Chlamydia pneumoniae. 
Although early studies reported an association between 
Chlamydia pneumoniae and AMD [40, 51], larger studies 
were not able to confirm these findings [79]. In a subse-
quent study, the presence of Chlamydia pneumoniae was 
established by immunohistochemistry in four out of nine 
CNV membranes obtained from AMD patients, as com-
pared to none of the nine age-matched controls without 
AMD [50]. These authors were also able to demonstrate 
Chlamydia DNA in two out of the nine CNV membranes 
tested. These findings were not, however, confirmed by 
others [54]. If bacterial infections play a role in the patho-
genesis of AMD, antibiotics may offer a means of therapy. 
However, the current understanding of the role of bacte-
ria in the pathogenesis of AMD does not yet support this 
type of intervention.

Cytomegalovirus has also been implicated in the 
pathogenesis of CMV, but these findings have also not 
been confirmed in larger studies yet [64]. The observa-
tion that elevated white blood cell counts were shown 
to be associated with early AMD supports a role for 
systemic inflammation in the pathogenesis of AMD 
[83]. This is also in line with the observation of high 
levels of circulating acute-phase reactants in AMD, 
such as CRP [8].

■ AMD has an inflammatory component in which 
the macrophage is the main inflammatory cell 
type.

■ Alterations in Bruch’s membrane and the pres-
ence of drusen are stimuli for RPE cells to pro-
duce chemotactic cytokines. These cytokines 
attract macrophages.

■ M2-type macrophages are considered benign 
debris-scavenging cells.

■ M1-type macrophages are an inflammatory 
type of cell that play an important role in neo-
vascularization.

■ AMD is probably the result of an altered 
balance between M1 and M2 macrophages in the 
macula.

Summary for the Clinician
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8.4 Role of Autoimmunity in AMD

Autoimmunity has been considered to be one of the 
mechanisms that causes AMD [74]. Modern techniques 
using immunoblotting have shown that the retinal anti-
body pattern is different in AMD compared to controls 
[13, 43, 73]. A longitudinal follow-up of patients did not, 
however, reveal an association between baseline autoan-
tibodies and the development of advanced AMD over a 
ten-year period [13].

A new development is a possible role for antibodies 
directed against modified proteins in the retina. Oxidative 
damage is thought to play an important role in the pathogen-
esis of AMD [5]. With its high levels of oxygen and various 
polyunsaturated fatty acids, the retina is a site that is prone 
to oxidative damage of proteins. Oxidative modification of 
retinal proteins may lead to the development of novel anti-
genic sites on these proteins that, in combination with an 
antibody response directed at these neo-antigens, may lead 
to local immune deposit formation. An example includes 
the free radical-induced oxidation of docosahexaenoate 
(DHA)-containing lipids, which in turn generates omega-
(2-carboxyethyl)pyrrole (CEP) protein adducts. The group 
of Crabb has recently investigated the role of CEP protein 
adducts in AMD [29]. CEP is more abundant in ocular tis-
sues from AMD patients than in normal human donors. A 
higher level of CEP-containing antigen was found in AMD 
human plasma than in age-matched controls, and sera from 
AMD patients had higher mean titers of anti-CEP antibody 
than controls. To date the role of autoimmunity against 
CEP in AMD has not been confirmed by other groups.

Immunization of mice with a CEP adduct of albu-
min results in the appearance of CEP antibodies in these 
animals [36]. These antibodies are able to activate the 
complement system in Bruch’s membrane. In this ani-
mal model, drusen are formed below the RPE cell layer, 
and RPE lesions are observed that resemble those seen in 
patients with the dry form of AMD.

The fact that immunoglobulin deposits are not readily 
observed in the retinas of AMD eyes argues against a role 
for autoantibodies in AMD. Alternatively, it is possible 
that autoantibody formation against modified proteins is 
not a causative factor in AMD, but that it represents a sec-
ondary response to retinal damage. Recent observations 
point to a possible direct role for modified proteins in the 
induction of neovascularization ([19].

8.5  Drusen as Triggers of Complement 
Activation in AMD

Drusen are considered important risk factors in the 
development of AMD and can be readily observed by 
fundoscopic examination of the macular area [55]. 
They are characterized as extracellular deposits situ-
ated between the RPE cell layer and Bruch’s membrane. 
The exact origin of drusen is not precisely known, but 
evidence is accumulating that their initial formation 
is caused by the deposition of undigested constituents 
derived from RPE cells. These deposits may subse-
quently induce an inflammatory event, leading to fur-
ther depositions [2]. In combination with the recent 
finding of an association of AMD with genes of the 
complement system, this has led to a paradigm shift 
in relation to the role of drusen in the pathogenesis of 
AMD [31].

The complement system can be activated by at least 
three pathways: the classical pathway, the lectin pathway 
and the alternative pathway [68]. The classical pathway is 
activated through the binding of the complement system 
protein C1q to antigen–antibody complexes, pentrax-
ins or apoptotic cells. The pentraxins include C-reactive 
protein (CRP) and serum amyloid P (SAP) component. 
The lectin pathway is initiated by microbial saccharides 
via the mannose-binding lectin (MBL). The alternative 
pathway can be activated after the spontaneous hydroly-
sis of native complement system protein C3 and requires 
stabilization of the activated components on suitable sub-
strates. Activation of complement leads to the proteolytic 
cleavage of C4 and C3 and the formation of a covalent 
linkage between C4b and C3b and the activating struc-
tures. The three mentioned pathways all lead to C3 acti-
vation followed by the formation of the membrane attack 
complex (C5b–9).

■ A role for infectious pathogens in the pathogenesis 
of AMD has been investigated but has not yet 
been proven.

Summary for the Clinician

■ Retinal autoantibody patterns in AMD patients 
are different from those in controls.

■ Oxidative damage of proteins in the retina 
may lead to the formation of neo-antigens. An 
autoimmune response against retinal neo-anti-
gens may play a role in the pathogenesis of AMD 
but has not yet been definitely proven.

■ A mouse model of dry AMD has been devel-
oped by immunizing mice with a CEP adduct 
of albumin.

■ The autoimmune response found in AMD may 
not be a causal relationship but rather a secondary 
phenomenon in response to retinal damage.

Summary for the Clinician
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The finding of an association of certain polymor-
phisms of the complement factor H (CFH) gene cluster 
with AMD has turned the focus onto the activation and 
control of the alternative pathway of complement. Central 
to this pathway is the alternative pathway C3 convertase, 
which is a complex formed by the proteins C3b and Bb. 
The C3bBb complex degrades native C3 and leads to fur-
ther C3b deposition. The activity of the C3bBb complex 
is downregulated in two ways. First of all there are fac-
tors that dissociate Bb from the complex, leaving a naked 
C3b which is devoid of enzymatic activity but is capable 
of re-associating with Bb. A second process involves fur-
ther cleavage of the naked C3b to C3bi, which is not able 
to re-associate with Bb, thereby irreversibly inactivating 
the C3 convertase activity. The plasma protein CFH can 
bind C3b and plays an important role in both processes, 
thereby playing a crucial role in the regulation of the 
enzymatic activity of the alternative pathway C3 conver-
tase. A second biological property of CFH resides in the 
fact that it can bind to negatively charged surfaces such 
as acellular material or bacterial pathogens. The activa-
tion of the alternative complement pathway is controlled 
through the binding of CFH to such substances. CFH 
also has a binding site for CRP.

The first observation showing deposits of complement 
activation products in the retinas of AMD patients 
(Fig. 8.2) was reported by van der Schaft in 1993 [87]. 
These findings were confirmed eight years later by John-
son et al. [45].

Drusen are considered to contain complement 
proteins, but the triggers for complement activation at 
these sites are still unclear. Immunolabeling of AMD 
eyes for immune complex constituents (IgG and comple-
ment) have not always been consistent concerning the 
localization of IgG in the drusen [46, 69, 87], suggesting 
that complement activation did not occur via the clas-
sical complement pathway. Drusen have been shown to 
contain amyloid oligomers [60], and these deposits may 
be involved in the activation of the complement cascade 
[3, 16, 44]. Photo-oxidation of bis-retinoid pigments such 
as A2E that accumulate as lipofuscin in retinal pigment 
epithelial (RPE) cells has also been shown to activate the 
complement system [91]. Lipofuscin resides within the 
RPE cell, but photo-oxidation may lead to the release of 
small photo-oxidation products into the subretinal space, 
which may result in extracellular complement activation. 
Invading pathogens [26] but also CRP [8] have been con-
sidered to play a role in AMD pathogenesis, and both are 
also capable of activating the complement system.

Immunohistochemical studies have shown the presence 
of complement regulatory proteins such as vitronectin, 
clusterin, CR1 and CD46 (membrane cofactor protein) 
associated with the drusen, providing further support for 
a role of the complement system in the process of drusen 
formation (Fig. 8.3) [32]. Besides controlling comple-
ment activation, CD46 may also play an important role 
in the adhesion of RPE cells to the underlying Bruch’s 
membrane [63, 88].

Fig. 8.2 Immunohistochemical analysis 
of complement component C3 deposition 
in a retinal section of an AMD patient 
with hard drusen (courtesy of Dr. T.L. van 
der Schaft)
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Fig. 8.3 Schematic representation of a retina from an AMD patient. Shed disks from the photoreceptors (rods and cones) are 
phagocytosed and digested by the RPE cells. Undigested material remains inside the cell as lipofuscin granules and outside the cell 
as drusen. The drusen contain complement activation products such as C3 and CD46 (membrane cofactor protein). Macrophages 
and microglia are attracted to the site to help eliminate the debris

Complement activation is associated with the generation 
of potent inflammatory mediators such as the comple-
ment split products C3a and C5a. RPE cells have a recep-
tor for C5a, and stimulation of the receptor following 
binding to its ligand leads to mRNA synthesis of a variety 
of inflammatory cytokines, such as IL-1, IL-6, MCP-1 
and IL-8 (Fig. 8.4) [25]. Both C3a and C5a have been 
shown to induce VEGF and to promote choroidal neo-
vascularization, implicating drusen as a starting point in 
the pathogenesis of “wet” AMD [71].

8.6  Genetic Factors Related to Inflammation 
and AMD

The field of genetics in AMD was revolutionized with 
the discovery of an association between AMD and the 
complement pathway genes such as complement fac-
tor H (CFH), complement component 2 (C2) and the 
complement factor B (FB) [20, 27, 31, 33, 56]. A single 
copy of the risk-associated haplotype increased the risk 
of AMD approximately 2–4-fold, whereas homozygous 
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individuals had a 5–7-fold increased risk. The CFH 
gene cluster encodes five genes, which are all expressed. 
To date, five CFH haplotypes have been identified, of 
which three predispose to AMD and two are protec-
tive. The odds ratios of the three CFH haplotypes asso-
ciated with increased risk vary between 2.8 and 4.2 as 
compared to the protective haplotype [39]. A polymor-
phism in the LOC387715/HTRA1 gene region shows 
a much higher risk of AMD. The proteins involved are 
not yet clear, although HTRA1 is known to encode a 
serine protease. Of the four haplotypes identified in 
this region, one confers very high risk to AMD whereby 
homozygotes of haplotype 2 had a thirty times higher 
risk of developing AMD. Smoking status markedly 
worsens development of AMD in genetically suscepti-
ble persons, and a recent model has calculated that 15% 
of individuals belonging to these high-risk groups will 
eventually develop AMD [39].

The molecular basis for the roles of certain CFH poly-
morphisms in the pathogenesis of AMD comes from find-
ings where it was shown that the protective variant has a 
higher affinity for polyanionic sites and would therefore 
be more efficient at controlling complement activation 
than the other variants [35].

No association between AMD and other genetic fac-
tors related to inflammation such as TLR4, CCL2, and 
CCR2 was found in preliminary studies [17].

8.7  Anti-inflammatory Effects of Nutritional 
Factors

Nutrition has been shown to affect the development of 
AMD, and further insights into consumer behavior could 
play an important role in the prevention of AMD. The 
evidence showing that supplementation with antioxi-
dants and minerals (15 mg of beta-carotene, 500 mg of 
vitamin C, 400 IU of vitamin E and 80 mg zinc plus 2 mg 
copper) could halt the progression of AMD is mainly 
derived from the results of the Age-Related Eye Disease 
Study (AREDS) [52].

Fig. 8.4 Schematic representation of complement activation by 
drusen and the appearance of the complement activation prod-
uct C5a. C5a can interact with its receptor on RPE cells, leading 
to the release of various chemotactic cytokines

■ A genetic association of AMD with complement 
gene polymorphisms has now been shown for 
the complement components factor C2, factor B 
and complement factor H (CFH).

■ The observed associations add to the proposed 
role of complement in the pathogenesis of AMD, 
whereby certain genes may lead to a disturbed 
regulation of complement activation.

■ Drusen are considered to be undigested cell 
debris material that is exocytosed by RPE 
cells and builds up on the inner side of Bruch’s 
membrane.

■ Drusen have been shown to contain protein frag-
ments of the complement system.

■ The complement system is a cascade of proteins 
that plays an important role in the battle against 
invading microorganisms. There are three path-
ways that lead to complement activation: the 
classical pathway, the alternative pathway, and 
the mannose-binding lectin pathway.

■ Drusen and other substances in the vicinity of the 
RPE cell, such as photo-oxidized lipofuscin frag-
ments, can lead to complement activation with 
subsequent deposition of the activation products 
such as complement factor C3 within drusen.

■ Soluble complement activation products such as 
C5a can stimulate RPE cells to produce cytokines 
as VEGF, thereby initiating neovascularization.

Summary for the Clinician

Summary for the Clinician
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The macular pigments lutein and zeaxanthin are 
considered to play an important role in the pathogen-
esis of AMD. Both observational and interventional 
studies indicate that these nutrients may be protective 
in the development of AMD [65, 77]. These pigments 
can prevent photo-oxidation via two mechanisms, one 
of which is passive while the other is an active function. 
First of all, they passively filter blue light and may thus 
prevent photo-oxidation of lipids and proteins in the 
retina. Both pigments are antioxidants since they can 
actively scavenge light-induced free oxygen radicals. 
Recently it was shown that lutein can inhibit the devel-
opment of endotoxin-induced uveitis in rats, adding a 
third protective function to the macular xanthophylls 
[42]. The anti-inflammatory effect of lutein was com-
parable to that of dexamethasone. Lutein administra-
tion in rats undergoing EIU led to decreased aqueous 
humor levels of nitric oxide, TNF, IL-6, MCP-1, MIP-2 
and PGE2 compared to controls. Lutein suppressed the 
activation of NF-κB in the uvea as well as the expression 
of iNOS and COX-2. The same group recently showed 
that lutein could also inhibit CNV in a laser-induced 
model in mice [41].

Additional evidence implicating macular pigments 
in AMD comes from studies where it was shown that 
smokers have much lower levels of macular pigments 
than nonsmokers [34]. Smoking is the most important 
environmental risk factor for AMD, and it is possible that 
this effect is partially mediated via low levels of macular 
pigment.

Other nutritional factors that may exert anti-inflam-
matory effects in the retina include omega-3 fatty acids 
[81]. Observational studies have shown that a diet rich in 
omega-3 fatty acids (present in fish for instance) is asso-
ciated with a decreased risk of AMD [14].

In view of the current nutritional data, the National 
Eye Institute has developed the AREDS2 study, which 
has been devised to determine whether oral supple-
mentation with lutein and zeaxanthin or omega-3 
long-chain polyunsaturated fatty acids will decrease 
the risk of progression to advanced AMD. The study 
started enrolling patients in the fall of 2006. One-quar-
ter of the patients will be assigned the placebo, another 
quarter to lutein and zeaxanthin, another quarter 
to omega-3 fatty acids, while the final quarter are 
assigned to the combination of the two. The fact that 
such a large study has been planned is an indication 
that the investigators have found sufficient compelling 
evidence for a possible major role of these nutritional 
factors in the prevention of AMD.

8.8 Anti-inflammatory Drugs and AMD

Evidence is now accumulating that inflammatory events 
may play a role in AMD. This would implicate a pos-
sible beneficial effect of either local or systemic treat-
ment with anti-inflammatory drugs. Early studies did 
not support this hypothesis, since no association could 
be found between the use of systemic anti-inflammatory 
drugs (NSAIDs or corticosteroids) and either the cross-
sectional prevalence or longitudinal incidence of ARM in 
the population-based cohort of the Blue Mountains Eye 
study [89]. However, later studies showed that local treat-
ment may be beneficial, especially if anti-inflammatory 
drugs are selected with angiostatic activity.

8.8.1 Angiostatic Steroids

Triamcinolone is a promising drug with both anti-
inflammatory and angiostatic effects. In vitro and experi-
mental studies showed that it was able to inhibit choroidal 
neovascularization [15, 90]. The use of intravitreal tri-
amcinolone for AMD was first described in a number of 
uncontrolled studies [48]. Side effects of intraocular triam-
cinolone include an elevated intraocular pressure, cataract 
formation, postoperative endophthalmitis, and rhegma-
togenous retinal detachments [47, 85]. Randomized pla-
cebo-controlled studies with a one-year follow-up however 
showed that intravitreal triamcinolone was not beneficial 
for the treatment of minimally classic or occult CNV due 
to AMD in terms of visual acuity, contrast sensitivity, and 
central macular volume, and was associated with results 
similar to those associated with intravitreal injection of 
dexamethasone, which was used as placebo [59].

■ Nutritional factors may influence the composi-
tion of the retina. Important nutritional factors 
include the macular pigments, lutein and zeax-
anthin and the omega-3 fatty acids.

■ The macular pigments have been shown to have 
anti-oxidant properties. They can prevent oxi-
dation by passively filtering blue light and by 
actively scavenging free radicals.

■ Lutein was recently shown to have anti-inflamma-
tory properties.

■ Omega-3 fatty acids are considered to provide 
an anti-inflammatory environment in the outer 
retina.

Summary for the Clinician
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Anecortave acetate is another angiostatic steroid. It 
blocks blood vessel growth by inhibiting proteases that 
are necessary for vascular endothelial cell migration [75]. 
As compared to triamcinolone, anecortave acetate does 
not show the classical ocular corticosteroid side effects, 
such as high intraocular pressure or accelerated cataract 
formation. Recently performed randomized clinical tri-
als were not able to confirm the initial positive results 
with this drug [18]. Further clinical studies to compare 
the role of angiostatic steroids in combination with verte-
porfin photodynamic therapy (VisudyneR PDT) are now 
underway [10].

8.8.2 Antiangiogenic Therapy in AMD

The wet form of AMD is due to the formation of new 
choroidal vessels (neovascularization) or CNV in the 
central retina or macula. Treatment of wet AMD is aimed 
at destroying these new vessels. Until ten years ago, con-
ventional laser photocoagulation to destroy the vessels 
was the only available therapy that could slow down 
visual loss in eyes with CNV. However, as well as attack-
ing the CNV, conventional laser treatment destroys 
photoreceptor cells and other neuronal retinal cells. The 
introduction of photosensitizers such as verteporfin has 
led to a more selective targeting of the neovasculature. 
Large randomized clinical trials have now proven its 
effect, and photodynamic therapy (PDT) using verte-
porfin has largely replaced conventional laser therapy 
in eyes with subfoveal CNV [9].

Further refinement of the antiangiogenic therapy is 
directed at VEGF. VEGF is a key cytokine controlling 

angiogenesis and has been implicated in neovasculari-
zation during wet AMD [23]. The biological actions of 
VEGF are mediated via two receptors, VEGFR-1 and 
VEGFR-2. VEGF expression was shown to be increased 
in the maculae of human eye bank eyes with AMD [57], 
and also in surgically removed human CNV mem-
branes [58]. A small VEGF-inhibiting oligonucleotide 
(pegaptanib or Macugen) was shown to inhibit choroidal 
neovascularization and was the first anti-VEGF drug that 
was approved to treat AMD patients [70]. A major break-
through in the treatment of choroidal neovascularization 
came with the introduction of recombinant human-
ized monoclonal antibodies against VEGF (Avastin and 
Lucentis) [80, 84].

CNV can also be selectively targeted via chimeric 
fusion proteins composed of factor VII, the natural 
ligand for tissue factor, conjugated to the Fc domain of 
an IgG1 immunoglobulin. Factor VII binds with high 
affinity to tissue factor, which is selectively expressed 
on neovascular endothelial cells but not in the normal 
retinal or choroidal vessels. After the binding of the 
chimeric antibody, the endothelial cells are cytolysed 
via an Fc domain-mediated action involving natural 
killer cells and activation of the complement system. 
Treatment of animals (pigs) with this fusion protein 
prevented the formation of laser-induced choroidal 
neovascularization [86].

Other targets could include pigment epithelium-derived 
factor (PEDF), which is one of the most potent antian-
giogenic factors known to be present in the posterior 
segment of the eye. Intravitreal administration of an 
adenovirus vector expressing PEDF was shown to be 
effective in the inhibition of neovascularization in a 
murine model of CNV [67].

8.8.3 Immunotherapy for AMD

Nussenblatt considers AMD a disease in which a change 
has occurred in the ocular immune microenvironment 
[72]. Instead of a microenvironment that is character-
ized by a downregulation of the immune response, it 
has changed into an environment with an upregulated 
immune response, leading to  systemic recruitment of 
immune cells. According to this hypothesis, various 
systemic immunotherapies using antibodies against T 
cells, TNF (infliximab) or IL-2 receptor (daclizumab) or 
other immunosuppressive agents could be envisioned.

Given the importance of complement in the patho-
genesis of AMD, the role of pharmacological intervention 

Summary for the Clinician

■ No association could be found between the use 
of systemic anti-inflammatory drugs (NSAIDs 
or corticosteroids) and prevalence of AMD

■ Experimental studies indicated that angiostatic 
steroids such as triamcinolone or anecortave 
acetate could inhibit choroidal neovasculari-
zation

■ Randomized clinical trials with angiostatic drugs 
showed that the clinical results in wet AMD 
patients were comparable to those obtained with 
photodynamic therapy

■ Future treatments are aimed at combining pho-
todynamic therapy with angiostatic steroid 
therapy
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in this pathway needs to be explored. Various drugs tar-
geting the complement system are now being tested in 
clinical trials, including synthetic analogs of C5a [66, 78]. 
The FDA has recently approved eculizumab, an antibody 
directed against C5, for the treatment of paroxysmal noc-
turnal hemoglobinuria, but the indications are not limited 
to this disease [78]. Targeting C5, via intravitreal eculizu-
mab administration, may be relevant in AMD since RPE 
cells have a receptor for C5a and can be triggered to pro-
duce cytokines following activation of this receptor [25]. 
Recently, a small peptide drug has been developed that is 
able to prevent cleavage of C3. It is planned that this drug, 
named Compstatin (Potentia Pharmaceuticals), will soon 
enter phase 1 clinical trials for AMD [78].

8.9 Retinal Transplantations

Cell replacement in AMD is primarily directed at replac-
ing defective RPE cells. Rotation surgery for AMD involv-
ing relocation of the retina was reported as far back as 
the early 1990s [62]. Translocation of autologous Bruch’s 
membrane, choriocapillaris, and choroid from the mid-
periphery to the macular area has shown the survival of 
such patches for up to four years after surgery in patients 
with neovascular AMD [61]. Recently, the same proce-
dure was reported in patients with nonvascular AMD 
and was shown to be associated with a large number of 
complications and visual loss [49].

In view of these complications, a procedure where 
a sheet of RPE cells is transplanted has been favored. 
Transplantation of allogeneic or fetal RPE cells has often 
resulted in immunological rejection, and therefore most 
attention is focused on autologous transplantation [7]. 
Transplantation of autologous RPE cells in AMD faces 

a large number of technical difficulties, but some of the 
procedures that have been performed so far have been 
successful. The use of autologous RPE cells from aged 
donors has raised the question of whether a rejuvenating 
step should be introduced to enhance RPE cell function 
[6]. This can be performed by introducing a tissue culture 
step between the harvest and final transplantation proce-
dure. A culture period will also allow the placement of 
the cells on a matrix, which can be used to replace a worn 
out Bruch’s membrane. Further developments in this 
area are urgently needed, since this approach may also be 
beneficial for patients with dry AMD, for whom there are 
currently no available therapeutic options.
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9.1 Introduction

Retinal vasculitis is a generic name for the clinical syn-
drome of intraocular inflammation coupled with involve-
ment of retinal vessels. As such, it encompasses a broad 
spectrum of different diseases ranging from intraocular 
infection to malignancy. Most commonly, however, it 
is idiopathic, although systemic inflammatory diseases 
such as multiple sclerosis and sarcoidosis may develop 
with time.

Confusion in the nomenclature often arises, as the term 
vasculitis usually refers pathologically to a type III hyper-
sensitivity reaction with deposition of immune complexes 
within the vessel wall and resultant fibrinoid necrosis. 
Although this pathological process may occur in retinal 
vessels in conditions such as Wegener’s granulomatosis, 
polyarteritis nodosa and systemic lupus erythematosus, 
it is rare to find accompanying intraocular inflammation. 
Accordingly, the diagnosis of retinal vasculitis (RV) is a 
clinical one, which can be complimented by fundus flu-
orescein angiography (FFA) where either vascular leakage 

and staining of retinal vessel walls representing localised 
inflammatory breakdown of the inner blood retinal bar-
rier or vascular closure resulting from inflammation may 
be observed. Either pattern can be associated with retinal 
neovascularisation. RV usually affects the retinal venous 
system, but arterioles and capillaries can also be involved. 
Given the wide variety of diseases that give rise to the 
clinical picture of RV, a careful history and examination 
are required to achieve a diagnosis. Investigations should 
be tailored to the individual patient’s symptoms and 
signs, as numerous studies have shown that little infor-
mation is gained by blind investigation of the patient [1]. 
A high index of suspicion for infection and malignancy is 
required, as these conditions can be made worse by inap-
propriate treatment.

In this chapter, we will concentrate on the clinicopatho-
logical aspects of RV that occur in different diseases, and 
why these differences help in their differential diagnosis. 
We do not intend to evaluate the management of these dis-
orders, as this is a rapidly changing field and there is little 
evidence from randomised trials to provide guidance.
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Chapter 9

Core Messages

■ Identification of which retinal vessels are pre-
dominantly involved is key in establishing the 
underlying aetiology of RV.

■ Retinal arteriole involvement is almost always 
due to intraocular infection (commonly viral 
retinitis, toxoplasma); syphilis may involve retinal 
arterioles, but can also affect other vessels.

■ Retinal vein involvement is seen in Behçet’s dis-
ease, sarcoidosis, multiple sclerosis, inflamma-
tory bowel disease, seronegative arthropathy and 
in isolated idiopathic RV.

■ Significant retinal ischaemia is seen in tubercu-
losis, Eales disease, Behçet’s disease and ischae-
mic idiopathic isolated retinal vasculitis.

■ Neovascularisation may occur in the presence or 
absence of retinal capillary closure; in the latter 
case, adequate immunosuppression will suppress 
the neovascular process.

■ Branch retinal vein occlusion in the presence of 
intraocular inflammation is due to Behçet’s dis-
ease, until proven otherwise. It has been reported 
in patients with sarcoidosis and tuberculosis.

■ Few pathological studies are available on eyes with 
RV. Those that are available tend to have been 
removed for end-stage disease, and the pathological 
picture may be altered by the immunosuppression 
that the patient has received. Accordingly, little is 
known about the early processes underlying RV.
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9.2 Pathology of Retinal Vasculitis

9.2.1 General Pathology of Retinal Vessels

Little is known about the pathology of retinal vasculitis, 
as it is a disease that primarily affects the young, and 
enucleated eyes or those taken at post mortem tend to 
have end-stage, chronic disease. This means that early 
changes relating to pathogenesis cannot be observed 
and that treatment will have modified the pattern 
of inflammation. Key events in the course of retinal 
vasculitis always involve the breakdown of the inner 
blood–retinal barrier, but despite decades of clinical 
and experimental research, very little is known about 
this fundamental step. Simultaneously, there is a dia-
pedesis of inflammatory cells into the retina, which may 
remain in a perivascular location (giving rise to signs 
of periphlebitis), or may invade the retina (retinal infil-
trates). The pathological outcome of this initial insult 
around retinal vascular endothelial cells is that the ves-
sels either continue to leak, with the production of reti-
nal oedema, or they occlude, often with the neovascular 
and fibrotic consequences of this change. Fortunately, 
current treatment may reverse the barrier breakdown 
with resolution of symptoms and clinical signs. The 
pathological changes that occur in the healing phase of 
this inflammatory response often cause gliosis of retinal 
vascular walls, giving rise to the clinical appearance of 
peripheral venous sheathing. This term encompasses 
four entities: congenital sheathing (persistent embry-
onic connective tissue), post-inflammatory sheathing 
(perivascular gliosis), “halo” sheathing of venous scle-
rosis, and periphlebitic sheathing (active periphlebitis). 
Sheathing is actually collagenous thickening of the ves-
sel wall due to prior chronic flow impairment, either 
from associated arteriolar sclerosis (as in branch retinal 
vein occlusions) or from perivascular inflammation.

9.2.2  Pathology of Retinal Vessels 
in Specific Diseases

9.2.2.1 Behçet’s Disease

Charteris et al. reported on the histopathology of five cases 
of Behçet’s disease (BD) who had severe panuveitis at the 
time of enucleation [2]. They demonstrated intramural 
and perivascular infiltrates of CD4+ T lymphocytes. No 
CD8 T lymphocytes were identified and B-lymphocytes 
were an infrequent finding. No complement or immu-
noglobulin deposition was identified. They concluded 
that the high proportion of CD4+ T lymphocytes and 
the lack of immunoglobulin or complement deposition 

implicated a central role for cell-mediated immunity in 
the pathophysiology of BD. The findings of this study 
were reinforced by a further report of the pathology of the 
eyes from a patient who died from the systemic compli-
cations of BD, which showed marked hyaline thickening 
of the retinal and optic nerve vessels. The vessels had an 
intramural and perivascular infiltrate of T lymphocytes 
which stained positively for CD4 and IL-2 receptor 
surface markers [3].

George et al. also found T lymphocytes to be the 
predominant inflammatory cell type in ocular BD [4]. 
However, in contrast to prior reports, they found focal 
aggregates of B-lymphocytes and many plasma cells in 
the retina. In addition, the vascular endothelium showed 
extensive expression of adhesion molecules and major 
histocompatibility class (MHC) II antigens. Occluded 
vessels were shown to contain perivascular infiltrates of 
mononuclear cells, and proliferation of vascular endothe-
lial cells leading to varying degrees of obliteration.

Much discussion has centred around whether the 
pathophysiological process in BD involves immune-
complex deposition or cell-mediated immunity. The 
predominant ocular infiltrating cells in the above 
studies of patients with BD were immunocompetent 
T-helper cells and plasma cells. The abundant expres-
sion of MHC class II antigens suggests that there is 
active presentation of antigen to CD4 T cells, which 
plays a major role in cell-mediated immunity. However, 
as the eyes obtained in these studies were late stage, 
it may be that the pathological picture represented a 
steady state immune reaction rather than being indica-
tive of early disease. The abundance of these CD4 T cells 
and the relative lack of T-suppressor cells (CD8) may 
lead to B-cell stimulation and polyclonal B-cell activa-
tion, explaining the numerous plasma cells which were 
observed in the above study. This local production of 
antibodies may lead to immune-complex deposition. It 
is likely therefore that the immunological mechanisms 
underlying the pathophysiology of BD involve all parts 
of the immune response, with certain elements being 
more prominent at different times.

9.2.2.2 Tuberculosis

In 1911, Axenfeld and Stock were the first to propose 
a tuberculous cause for retinal periphlebitis [5], and 
Fleischer was the first to report pathologic changes in 
the retina consistent with tuberculous infection [6]. The 
retina is rarely affected by M. tuberculosis and is most 
commonly affected secondarily from adjacent choroi-
dal lesions. Donahue reported finding seven cases of 
periphlebitis among 10,524 patients with systemic TB. 
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In 1935, Gilbert reported finding tubercle bacilli sur-
rounding a retinal vein in a patient with retinal periphle-
bitis [8]. However, neither caseous necrosis nor acid-fast 
bacilli were found. The DNA of M. tuberculosis has also 
been detected in aqueous or vitreous humour taps and in 
epiretinal membranes.

Although a diagnosis of TB is not always confirmed, 
many clinicians attribute retinal periphlebitis to direct 
infection because of the response to antituberculous 
therapy [9, 10]. In addition, patients with retinal periphlebitis 
may show evidence of active or healed pulmonary tubercu-
losis (TB). Occasionally treatment with oral corticosteroids 
for retinal vasculitis may result in a disseminated TB, reaf-
firming the belief that TB may be the underlying cause.

It is highly debatable as to whether the vasculitis 
results from the presence of tubercle bacilli or whether 
it represents a hypersensitivity reaction to tubercular 
antigens. This latter mechanism is thought to underlie 
the pathophysiology of Eales disease. Retinal periphle-
bitis is a prominent finding in early Eales’ disease, but 
most patients present with the late complications of the 
disease. Few histopathological studies of eyes with Eales 
disease exist [11,12,13]. In those that are available, the 
uniform finding has been lymphocytic infiltration in and 
around retinal veins. Endothelial proliferation in the ves-
sel wall with narrowing or obliteration of the lumen has 
also been noted. Although the absence of giant cells and 
caseation does not exclude the diagnosis of TB, there is 
little evidence to support a direct infection by tubercle 
bacilli in the retinas of patients with Eales disease.

9.2.2.3 Sarcoidosis

The pathological findings in the eyes of patients with 
ocular sarcoidosis reflect those of systemic disease. 
Prominent features include perivenular and venular 
invasion by inflammatory cells and obliteration of the 
lumen by the inflammatory reaction. The retinal venules 
show moderate to marked lymphocytic and histiocytic 
infiltration. Vessels can also be completely occluded by 
noncaseating granulomata [14].

Chan et al. showed that 90% of the T lymphocytes were 
of the T-helper variety, again pointing to cell-mediated 
immunity in the pathophysiology of sarcoidosis [15].

9.2.2.4 Multiple Sclerosis

In a post-mortem examination, Arnold et al. examined 47 
patients with multiple sclerosis (MS) and found seven eyes 
with periphlebitis [16]. On gross examination, periphlebitis 
appeared as a segmental fluffy white haziness parallelling 

and in some regions obscuring vessels in the peripheral 
retina. Arterioles were not visibly affected.  Microscopically, 
a segmental perivenous lymphoplasmocytic infiltrate 
involving the anterior and posterior retinal veins was 
seen. In two cases, the infiltrate had subtle granulomatous 
features. The perivenular sheathing is similar to the perive-
nular cellular infiltrate in the CNS of MS patients [17].

9.2.2.5 Idiopathic Isolated Retinal Vasculitis

Idiopathic isolated retinal vasculitis is an inflammatory 
condition affecting retinal veins. It encompasses clinical 
entities such as intermediate uveitis and pars planitis, as 
well as posterior uveitis without choroiditis. The majority 
of the pathological findings in this condition are derived 
from observations of eyes taken from patients with pars 
planitis. These showed inflammation that was confined 
to the vitreous and retina, with no uveal inflammation. 
Retinal veins contained intramural inflammatory cells 
which were predominantly T-helper cells, whilst arteries 
were spared [18, 19]. Venular sheathing has been found 
in up to 50% of patients [20]. Often there was pathologi-
cal evidence of neovascularisation within snowbanks.

9.2.2.6 Acute Retinal Necrosis

Acute retinal necrosis is a fulminant obliterative vas-
culitis usually associated with infection of the retina by 
DNA viruses (herpes simplex, varicella, cytomegalovi-
rus and Epstein–Barr virus). One of the cardinal clinical 
signs is occlusion of retinal arteries [21]. Culbertson et al. 
described the histopathological findings of an enucleated 
eye secondary to acute retinal necrosis, which had no 
perception of light acuity after only nine days of disease 
[22]. They found sharp demarcation between involved 
and uninvolved retina, which is consistent with viral cell-
to-cell transmission. The arteries were heavily infiltrated 
and surrounded by inflammatory cells. Cellular thrombi 
filled the branch arteries near the surface of the disc. 
Large numbers of lymphocytes, macrophages and poly-
morphonuclear leucocytes were seen, which suggested 
an active inflammatory and cell-mediated response to 
the offending agent. Eosinophilic intranuclear inclusions 
were detected on electron microscopy. These findings 
have also been confirmed in other pathological studies.

9.2.2.7 Sympathetic Ophthalmia

Histologically, sympathetic ophthalmia is characterised 
by diffuse chronic granulomatous panuveitis, with a cellular 
infiltrate composed predominantly of lymphocytes and 
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scattered nests of epithelioid cells. In the infiltrate there 
may be numerous eosinophils, but plasma cells and poly-
morphonuclear leucocytes are rarely present. A study 
of a hundred cases of sympathetic ophthalmia looking 
specifically at atypical features showed retinal perivas-
culitis [23], mostly around venules in 55% of cases, and 
marked perivasculitis in 31%. There was no preferential 
location. There was mild retinal inflammation unrelated 
to perivasculitis in 18% of cases. The cells were mostly 
lymphocytes and occasionally polymorphonuclear leuco-
cytes. Retinal involvement was not related to the degree 
of choroidal inflammation.

It can be seen from the above pathological studies that 
the histological features of the diseases associated with 
retinal vasculitis closely mimic their clinical features. 
In particular, there is value in determining whether the 
inflammatory focus is predominantly centred on retinal 
arteries (acute retinal necrosis) or retinal veins (Behçet’s, 
sarcoidosis, MS, etc.).

9.3 Clinical Features of Retinal Vasculitis

The most important clinical clues can be derived from 
identifying the retinal vessels that are involved in the 
inflammatory process (see Table 9.1). Thus, inflammation 
of the retinal arteries (periarteritis) is almost always due 
to a viral retinitis, toxoplasmosis or systemic vasculitis. 
Syphilis can cause inflammation of any sort or calibre of 
retinal vessel. Predominant involvement of retinal veins 
occurs in Behçet’s disease, sarcoidosis, multiple sclerosis, 
inflammatory bowel disease, seronegative arthropathies, 
and in idiopathic isolated disease. Periphlebitis defined 
as a focal fluffy white cuffing of the retinal veins, which is 
characterised by focal leakage of fluorescein at these sites 
of inflammation, usually occurs in sarcoidosis and in TB. 
Intraretinal infiltrates are characteristic of acute  bacterial 
endophthalmitis, but in the absence of infection are 

pathognomonic for Behçet’s disease. Cotton wool spots 
are also found in association with systemic vasculitides. 
Swelling of the optic nerve head is a common nonspecific 
finding related to the intraocular inflammation but may 
also represent infiltrative disease of the nerve itself.

9.3.1 Primary, Idiopathic, Isolated RV

Isolated idiopathic RV is a sight-threatening inflamma-
tory eye disease mainly affecting the young. In a study 
by Graham et al., two-thirds of patients with idiopathic 
RV were under the age of 40. However, it can also be 
asymptomatic if the peripheral retinal vasculature is only 
involved, such cases usually being identified through rou-
tine visits to the optometrist. Patients mostly complain 
of painless blurring of vision with floaters. Symptoms of 
anterior uveitis are uncommon unless there is spill-over 
of the inflammation into the anterior segment.

RV is one of the cardinal signs of posterior segment 
inflammation. It classically affects the venules. A review 
of the retinal signs in 67 patients with idiopathic RV 
showed that “sheathing” or “cuffing” of the retinal vas-
culature was the most prevalent finding, affecting 64% of 
patients, followed by macular oedema in 60% [24].

RV is characterised by increased permeability of the 
retinal vasculature with extravasation of inflammatory 
cells, leading to cystoid macular oedema (CMO) and 
vitritis. Alternatively, it may be occlusive in nature, 
causing retinal ischaemia with new vessel formation 
and vitreous haemorrhage [25]. Thus RV can be broadly 
classified into nonischaemic and ischaemic forms. Signs 
of occlusive RV include retinal haemorrhages, cotton 
wool spots, retinal and optic nerve head oedema. Venous 
occlusion results in capillary nonperfusion, ischaemia 
and, depending on the extent of nonperfusion, neovas-
cularisation. Vascular leakage on the other hand leads to 
retinal swelling and exudation.

It is important to detect signs of retinal ischaemia, as 
the prognosis varies between the two forms of the dis-
ease. In ischaemic RV, areas of retinal capillary nonper-
fusion are seen either as large areas of capillary drop-out 
(Fig. 9.1) or as an irregular enlargement of the foveal avas-
cular zone. In a review of 345 angiograms of 135 patients 
with chronic posterior uveitis, 12 patients (four sarcoid, 
four Behçet’s, four idiopathic) were identified as having 
macular ischaemia on FFA, all of whom had a poor visual 
outcome [26]. Whilst reports from tertiary clinics are 
subject to referral bias, Palmer et al. showed that 33% of 
their population had ischaemic changes [27]. In a similar 
group of patients, George et al. found ischaemic changes 
in two-thirds of patients [1].

Summary for the Clinician

■ Few pathological studies exist of eyes with RV
■ Studies are usually carried out on eyes with end-

stage disease, where the patient has been on 
long-term immunosuppression, which will have 
modified the pathological response

■ Little is known about the early immunopatho-
logical events in RV

■ In the majority of eyes studied, the disease seems to 
be mediated through T-cell dominant processes
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9.3.2 Systemic Disease and RV

9.3.2.1 Behçet’s Disease

Behçet’s disease (BD) is a multisystem chronic 
 inflammatory disorder. In BD, the predominant clinical 
symptoms are related to inflammation of the veins, and 
this is applicable to the eye too. In 1985 the International 
Study Group for BD outlined diagnostic criteria for BD 
[28]. Ocular inflammation is one of the major criteria for 
the diagnosis of BD and occurs in up to 85% of patients, 
and retinal lesions are present in 50–93% of those with 
ocular involvement.

In the absence of intraretinal infection, the presence 
of yellow-white retinal infiltrates is pathognomonic for 
BD. Recurrent, ischaemic, inflammatory branch retinal 
vein occlusions (Fig. 9.2) in the presence of intraocu-
lar inflammation are due to BD until proven otherwise. 
Neovascularisation of the disc and elsewhere secondary 
to retinal ischaemia with ensuing vitreous haemorrhage 
is also a common finding.

FFA findings are characterised by diffuse microvascu-
lar leakage and vascular staining. Capillary closure occurs 
secondary to vein occlusions, resulting in retinal ischae-
mia and subsequent retinal and disc neovascularisation.

In an analysis of the retinal findings in 39 patients 
with Behcet’s disease, the most prevalent ophthalmologi-
cal findings were diffuse capillary leakage (100%), branch 

retinal vein occlusions (64%) and retinal infiltrates (33%). 
Retinal neovascularisation occurred in less than 10%. 
Extensive capillary closure was demonstrated in those 
with recurrent retinal vein occlusions [24].

9.3.2.2 Eales Disease

Eales disease classically presents with repeated  vitreous 
haemorrhage in young adult men. Men account for 
80–90% of cases. Fundal examination in the early phase 
of the disease reveals retinal periphlebitis, predominantly 
in the peripheral fundus and inflammatory vein occlusions, 
which are usually multiple. At the time of presentation 
the contralateral eye is involved in 50% of cases. Ultimately 
the involvement becomes bilateral in 80% of cases.

Eales disease starts with active periphlebitis. The 
inflamed venous walls stain on fluorescein angiogra-
phy and have narrowed lumens. The segmental venous 
inflammation produces varying degrees of venous 
occlusion, from slight narrowing to complete closure 
and engorgement of the capillary beds. Repeated venu-
lar occlusions can cause widespread retinal ischaemia, 
which can lead to new vessel formation. New blood ves-
sels typically appear in a sea-fan formation with loop-
ing. These are the most common sources of repeated 
vitreous haemorrhage in Eales. It should be noted that 
not all cases develop neovascular lesions. Recanalisation 

Fig. 9.1 Composite fluorescein angiogram of a 35-year-old 
patient with ischaemic idiopathic isolated retinal vasculitis 
showing extensive peripheral capillary closure and early neo-
vascularisation

Fig. 9.2 Colour fundus photograph of a 42-year-old patient 
with Behçet’s disease showing an inferotemporal branch vein 
occlusion. This was ischaemic on fluorescein angiography, and 
the patient subsequently developed new vessels elsewhere
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of inflamed venules, veno-venous capillary shunts and 
gradual degeneration of the retina often lead to stabili-
sation of a decompensated circulation.

9.3.2.3 Tuberculosis

Tuberculosis (TB) of the retina is a rare phenomenon 
and is always due to haematogenous spread. The most 
common retinal presentation is periphlebitis, but it 
may also result in vein occlusions, peripheral retinal 
closure and new vessel formation. Tuberculous RV is 
not  characteristic, and unless choroidal tubercles are 
present, the fundal appearance (Fig. 9.3) may be similar 
to that seen in sarcoidosis, Behçets disease or isolated 
retinal vasculitis, and so may be misdiagnosed [29]. 
A  definitive diagnosis of ocular TB requires the iden-
tification of Mycobacterium tuberculosis, which is 
often difficult to obtain. Hence it is often a presumed 
 diagnosis, even in the presence of systemic TB.

9.3.2.4 Sarcoidosis

Sarcoidosis is an idiopathic granulomatous multisys-
tem disorder. Ocular involvement occurs in 26–38% of 
patients and may be the initial manifestation in 10–20% 
of cases [30, 31]. Sarcoidosis is among the commonest 
causes of RV. Periphlebitis is the most common fundal 
feature (Fig. 9.4a and b) and is reported in up to 50% of 
patients [32]. Active periphlebitis appears clinically as 
a fluffy white haziness surrounding the blood column. 

Involvement is patchy, with irregular extension outside 
the vessel wall. It represents a chronic inflammatory cell 
infiltrate within and surrounding the vein wall, which 
may resolve without sequelae or may be replaced by 
venous sclerosis. In sarcoidosis, the RV tends to be focal 
or segmental and involves small branch veins in the equa-
torial fundus, with or without vascular narrowing. Other 
retinal manifestations include segmental venular cuff-
ing, sheathing and perivenous exudation, referred to as 
candle-wax drippings (tache de bougie), which represent 
non-necrotising granulomatous inflammation. This fea-
ture is not pathognomic for sarcoidosis, and can be found 
in syphilis, tuberculosis and Behçet’s disease. Periphle-
bitis in the presence of choroidal or retinal pigment 
epithelial disease also points strongly towards sarcoido-
sis-related RV. Macular oedema is the most frequent and 
sight-threatening consequence of sarcoid uveitis. Retinal 
vein occlusion is rare in sarcoid and partly serves to dis-
tinguish it from BD. Approximately 15% of patients with 
posterior uveitis due to sarcoidosis will develop neovas-
cularisation, which may occur in the presence or absence 
of retinal ischaemia.

Fundus fluorescein angiogram shows venule wall 
staining, focal leakage, capillary closure, cystoid macular 
oedema and neovascularisation. In a subgroup analysis of 
idiopathic RV, the most prevalent findings in sarcoidosis 
were retinal periphlebitis associated with focal leakage of 
fluorescein, which occurred in 11 patients (65%). Only 
three patients in this group developed retinal new vessels 
[24]. It has been reported that retinal involvement has a 
35% risk of being associated with central nervous system 
or neurological problems [30].

9.3.2.5 Multiple Sclerosis

Multiple sclerosis (MS) is an idiopathic demyelinating 
disorder with ocular manifestations. The retinal vasculitis 
that is observed in MS is usually mild, commonly asymp-
tomatic, and manifests as peripheral venous sheathing 
(Fig. 9.5). However, there is confusion in the nomen-
clature applied to this in the literature, with some authors 
using retinal periphlebitis interchangeably with retinal 
venous sheathing. This type of RV is quite characteristic 
of MS and is found in 8–18% of patients [16, 33]. The RV 
is transient and can completely resolve. It has been sug-
gested that virtually all MS patients will have had RV at 
some point during their disease [34] The prevalence of 
RV is higher in hospital patients than those in rehabilita-
tion centres, where MS is likely to be in a stable state; 
suggesting that retinal vascular involvement correlated 
with disease activity [35]. On FFA, patchy perivascular 
cuffing with leakage indicates activity, whereas venule 

Fig. 9.3 Composite colour photograph of a 24-year-old patient 
with ocular tuberculosis. Note the haemorrhage in the supero-
temporal quadrant and the widespread perivenular infiltration
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wall whitening with no leakage represents chronic scle-
rotic change [36].

Although rare, MS patients can also develop periph-
eral retinal neovascularisation. The recognition of ocular 
disease is important, as it may precede development of 
neurological signs and appears to signify a worse prog-
nosis for the patient’s systemic disease. In longitudinal 
studies of patients with pars planitis, 8–15% of patients 
went on to develop MS and 16–22% developed either MS 
or optic neuritis within 7.5 years [37,38,39].

9.3.3 Retinal Vasculitis Associated with Infection

9.3.3.1 Viral Retinitis

Retinal involvement in systemic viral infection  typically 
manifests as a necrotising retinitis with secondary reti-
nal vasculitis. The prominent findings in acute retinal 
necrosis (ARN) include a severe, occlusive vasculitis 
that primarily involves the arteries of the retina (Fig. 
9.6), and a discrete full-thickness necrotising retini-
tis. In the majority of cases, rhegmatogenous retinal 
detachment occurs as a late complication. The key to 
a good visual outcome is prompt accurate diagnosis. 
Bilateral involvement occurs in approximately one-
third of patients, but both eyes may not be affected 
simultaneously. There is a bimodal distribution in the 
ages of the affected patients, with the peaks at about 20 
and 50 years of age. The retinal vasculitis is manifested 
ophthalmoscopically by narrowing and sheathing of 
the larger vessels, especially in the mid-periphery, with 
accompanying areas of necrosis. One feature of ARN 
syndrome that sets it apart from most other types of 
infectious and inflammatory retinal conditions is the 
frequent development of full-thickness retinal holes. In 
HIV patients, a microvasculopathy consisting of cotton 
wool spots and intraretinal haemorrhages also occurs 
and is thought to be due to either localised damage 
to the retinal vascular endothelium by immune com-
plex formation, direct infection of the retinal vascular 

Fig. 9.4 a Colour photograph of a peripheral retinal vein in a 29-year-old patient with sarcoidosis; note the presence of periphlebitis. 
b Fluorescein angiogram of the same vessel showing focal leakage in the same area

Fig. 9.5 Colour fundus photograph in the superotemporal 
quadrant of a 33-year-old lady with relapsing–remitting multi-
ple sclerosis. Note the extensive perivenular sheathing
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endothelium by the virus with subsequent arteriolar 
occlusion, or abnormalities of blood viscosity [40].

9.3.3.2 Syphilis

The incidence of syphilis has markedly increased since 
the mid-1980s. As the ophthalmological manifestations 
of syphilis are protean, syphilis needs to be excluded 
in any patient with uveitis or retinal vasculitis. Retinal 
vascular changes are common in ocular syphilis; the 
commonest change being arterial involvement, but con-
comitant involvement of both arteries and veins and iso-
lated periphlebitis has also been reported [41,42, 43,44].
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10.1 Introduction

The term “masquerade syndrome” was first used in 1967 
to describe a case of conjunctival carcinoma that pre-
sented as chronic conjunctivitis [1]. Since then, the term 
has been applied to range of disorders that may present 
as intraocular inflammation. The disorders may be 
malignant or nonmalignant, but they share the common 
characteristic that intraocular inflammation is not due to 
an immune-mediated uveitides mechanism. Intraocular 
inflammation observed in a masquerade syndrome is sec-
ondary to another underlying disorder of the intraocular 
cells, and lesions are of a noninflammatory origin.

In a series of 828 consecutive uveitis patients seen in a 
tertiary centre, the prevalence of a masquerade syndrome 
was 5% (n = 40) [2]. These authors excluded bacterial and 
fungal endophthalmitis from their masquerade syndrome 
definition, although some investigators consider these to 
be masqueraders if running an indolent course. The diag-
noses and their frequencies in this uveitis masquerade 
syndrome series are summarised in Table 10.1 [2]. This 
series reported a 2.3% frequency of malignant masquerade 
syndromes, with a time to diagnosis ranging from 1 to 48 
months [2]. Early diagnosis of masquerading systemic dis-
orders, especially malignancies, may allow for earlier inter-
vention and hence improved sight and survival [3]. Thus, 
awareness, recognition and appropriate investigation of 
uveitic masquerade syndromes are of vital importance to 

the ophthalmologist. For the  purposes of this uveitis update, 
neoplastic masquerade syndromes that may present as 
intraocular inflammation are discussed. The discussion is 
divided into lymphoproliferative and nonlymphoprolifera-
tive malignancies, but also mentions juvenile xanthogran-
uloma. Emphasis is placed on  recognition and diagnosis of 
these entities rather than their management.

10.2 Lymphoproliferative Malignancies

Lymphoproliferative malignancies may simulate intraoc-
ular inflammation. Intraocular lymphomas can be divided 
into three main groups: primary intraocular lymphoma, 
primary uveal lymphoma and secondary intraocular 
lymphoma. Additionally, leukaemias and paraproteinae-
mias are briefly discussed.

10.2.1 Primary Intraocular Lymphoma

10.2.1.1 Introduction

Primary intraocular lymphoma (PIOL) is a subset of 
primary central nervous system lymphoma (PCNSL). 
PIOL involves retina, vitreous, or optic nerve head, with 
or without concomitant CNS involvement [4, 5]. It does 
not refer to a lymphoma arising outside CNS structures 
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Chapter 10

Core Messages

■ Many neoplastic diseases may mimic intraocular 
inflammation

■ Early diagnosis may result in sight- and life-pro-
longing intervention

■ A high index of suspicion is crucial to diagnos-
ing the underlying cause of intraocular inflam-
mation in masquerade syndromes

■ A neoplastic masquerade syndrome must be 
considered in any patient with a chronic uveitis 

without evidence of infection or other known 
cause of uveitis

■ Many neoplastic masquerades may show an ini-
tial response to corticosteroids or immunosup-
pression

■ Tissue biopsy with appropriate handling and 
laboratory analysis of specimens may be the 
key to diagnosis in many neoplastic masquer-
ade syndromes
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that metastasizes to the CNS or eye, in which case the 
uvea is mainly infiltrated (secondary intraocular lym-
phoma) [6]. The vast majority of PCNSL and PIOL is 
diffuse non-Hodgkin’s B-cell lymphoma; however, T-cell 
lymphomas have been reported rarely [7, 8]. PCNSL has 
been referred to in the older literature by a number of 
terms, including reticulum cell sarcoma, microglioma, 
perithelial sarcoma and lymphosarcoma [3]. PCNSL has 
replaced these older terms based on progress in immu-
nophenotyping techniques.

10.2.1.2 Epidemiology

PIOL is a rare malignancy. It is estimated to represent 
1% of non-Hodgkin’s lymphomas, 1% of intracranial 
tumours, and less than 1% of intraocular tumours [9]. 
PCNSL accounts for between 4 and 6% of primary brain 
tumours and 1–2% of extranodal lymphomas [10]. The 
exact incidence of PIOL is unknown [5]. However, the 
incidence of PCNSL has tripled from 0.027/100,000 in 
1973 to 1/100,000 in the early 1990s, and it is inferred 
that a similar rise in PIOL has taken place [5, 11, 12]. The 
increased incidence of PCNSL has occurred in both the 
immunocompromised and immunocompetent. While 
the increases amongst the immunocompromised have 
been attributed to the wider use of immunosuppressive 
medications and HIV, the rise amongst the immunocom-
petent is unexplained [13].

The age of onset is usually during the sixth and 
seventh decades. However, any age may be affected, 
with the youngest reported patient being a three-year-
old boy [14]. Opinion is divided regarding whether one 
gender is more commonly affected [6, 8]. There is no 
racial predilection [6].

10.2.1.3 Clinical Features

Both ocular and CNS features may present alone or 
together in PIOL. The eye is involved before the CNS in 
50–80% of cases [6]. 60–80% of cases with a purely ocu-
lar presentation develop CNS disease within a mean of 
29 months [15–17]. 50% of patients with PCNSL have 
multifocal disease at the time of presentation, with ocular 
involvement found in 15–25% [12, 18, 19]. Although 
most PIOL cases are initially unilateral, 75–80% eventu-
ally involve the other eye [5, 6].

In PIOL, the lymphoma cells are assumed to arise from 
and enter the eye through the blood stream. PIOL’s most 
common masquerade presentation is of a chronic pos-
terior uveitis. The most common symptoms are painless 
decrease in vision and floaters [2, 8, 14, 16]. Less common 
complaints include a red photophobic eye and ocular pain 
[20–22]. Visual acuity is usually dependent on the degree 
of vitritis, unless a coexistent optic neuropathy is present or 
lymphomatous deposits have involved the fovea. Macula 
oedema is rare. Even in the absence of an optic neuropathy, 
both colour vision and visual field may be reduced due to 
infiltration of the retina [23].

The frequency of anterior segment involvement reported 
in the literature varies. Slit lamp findings of mild anterior 
inflammation with cells, flare and keratitic precipitates are 
reported to be uncommon by Choi et al. [6], whereas others 
report between 50 and 75% of patients with anterior chamber 
cells at presentation [5, 8, 9, 24]. Pseudohypopyon has been 
reported [25]. Iris or angle neovascularisation with second-
ary glaucoma has been described [6]. PIOL has also been 
reported as a mass found in the iris or angle [24] (Fig. 10.1).

The most common and consistent ocular finding is 
hazy vitritis with clumps or sheets of vitreous cells being 

Table 10.1. Masquerade syndrome diagnoses in a series with 828 uveitis patients [2]

Malignant (n = 19) Nonmalignant (n = 21)

Lymphoma (n = 13) Retinal detachment (n = 2)
Leukaemia (n = 3) Diabetic retinopathy (n = 2)
Melanoma (n = 1) Ocular ischaemic syndrome (n = 2)
Metastatic carcinoma (n = 1) Hypertension (n = 2)
Retinoblastoma (n = 1) Vitreous degeneration (n = 2)

Dominant cystoid macular degeneration (n = 1)
Hyperhomocystinaemia (n = 1)
Hereditary Leber’s optic atrophy (n = 1)
Tapetoretinal degeneration (n = 1)
Fundus flavimaculatus and intraocular foreign body (n = 1)
Iris retraction syndrome (n = 1)
Radiation retinopathy (n = 1)
Branch retinal vein occlusion (n = 1)
Retinal vessel occlusion (n = 1)
Coats’ disease (n = 1)
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characteristic [5, 6, 8, 16, 26, 27]. Fundus appearances 
typically demonstrate scattered retinal white lesions and 
yellowish subretinal infiltrates or yellowish sub-retinal 
pigment epithelium (RPE) infiltrates [6] (Fig. 10.2). 
These are deposits of malignant cells [27]. They may 
be mistaken for white dot syndrome [6]. The sub-RPE 
deposits may enlarge and coalesce, resulting in detach-
ments of the overlying RPE. The “leopard skin” pattern 
produced is considered pathognomonic by some authors, 
although it is not always present [6]. Sub-RPE lesions 
have been known to resolve spontaneously. If this spon-
taneous resolution occurs, the appearance of the fundus, 
with its multifocal small scars, may resemble ocular 
histoplasmosis syndrome [6].

Atypical fundus appearances have been reported. 
Extension through the RPE can produce discrete white 

lesions that have been mistaken for acute retinal necro-
sis and toxoplasmosis [3, 28]. Fundus appearances have 
masqueraded as frosted branch angiitis, exudative reti-
nal detachments, nonpigmented choroidal melanoma, 
branch retinal artery occlusion with coexistent multifocal 
chorioretinal scars and retinal vasculitis [6, 29–32]. Infil-
tration of the optic nerve will produce signs of an optic 
neuropathy and may occasionally mimic a demyelinating 
optic neuritis [6].

CNS symptoms and signs may present at any time 
before or during the course of intraocular disease. 
Patients may present with general or focal neurological 
features. CNS lesions are most commonly found in the 
periventricular regions, and as a result the most com-
mon presenting features of PCNSL are personality altera-
tions and changes in alertness. The frequency of CNS 
symptoms and signs at presentation in PCNSL/PIOL is 
detailed in Table 10.2 [3]. Seizures of new onset are a 
strong predictor of CNS involvement in PIOL [21]. 1–2% 
of PCNSL cases arise in the spinal cord [3]. However, no 
focal features such as radiculopathies have been reported 
in relation to spinal cord tumour involvement. In spite of 
this, lymphoma cells are found in the cerebrospinal fluid 
(CSF) of 42% of PCNSL patients [33].

PIOL most commonly masquerades as a chronic uveitis and 
is often treated initially with corticosteroids. The masquer-
ade continues as initially there is a decrease in intraocular 
cells in response to corticosteroid therapy, as the majority 
of vitreous cells in PIOL are reactive, not malignant, and 
corticosteroids can be cytolytic to CNS lymphoma cells [6, 
16]. The response does not last and eventually the uveitis 
becomes resistant to corticosteroids and the disease often 
progresses to involve the CNS. Initial inappropriate treat-
ment with corticosteroids and immunosuppressives may 
contribute to low diagnostic yield from attempts at tissue 
biopsy such as vitrectomy [16, 20].

10.2.1.4 Fluorescein Angiography

The most common findings with fluorescein angiogra-
phy relate to RPE disturbances and are largely nonspecific. 
Cassoux et al., in a series of 44 patients with ocular and 

Fig. 10.1 Severe anterior uveitis with massive keratic precipi-
tates all over the cornea and obvious tumour in the superior iris 
in a patient with recurrence of intraocular lymphoma

Fig. 10.2 Typical fundus changes in advanced intraocular 
lymphoma. The view is hazy because of the intense vitritis, but 
it is possible to see large pale areas of subretinal infiltrates and a 
hint of arteriolar sheathing

Table 10.2. Frequency of CNS features in PCNSL/PIOL at 
presentation [3]

General Focal

Behavioural changes 
(24–73%)

Raised intracranial pressure 
(15–60%)

Hemiparesis (40–50%)
Cerebellar signs (15–40%)
Seizures (2–33%)
Cranial nerve palsies (5–31%)



100 10 Masquerade Syndromes

10

CNS lymphoma, reported punctate hyperfluorescent 
lesions in 55%, round hypofluorescent lesions in 34%, 
vasculitis in 14%, papilloedema in 4% and cystoid macu-
lar oedema in 3% [34]. Velez et al., in a 17 patient series, 
reported their most common findings as granularity in 
61%, RPE blockage in 55% and late staining in 45% [22]. 
The “leopard skin” pattern can look faint on fundoscopy 
but is highlighted on fluorescein angiography (Fig. 10.3). 
They found that these changes correlated well with his-
topathological findings of lymphoma cells between the 
RPE and Bruch’s membrane. Less commonly found were 
pigment epithelial detachments and punctate hyper-
fluorescent lesions. Perivascular staining or leakage and 
cystoid macular oedema were rare in eyes without prior 
diagnostic surgical interventions. They noted that clinical 

examination in some cases did not correlate well with 
fluorescein angiography.

10.2.1.5 Ultrasonography

Ophthalmic ultrasound may be useful for narrowing the 
diagnosis, but findings are nonspecific [3, 5]. Ursea et al. 
reported a 13-patient PCNSL/PIOL series, all of whom 
had abnormal ultrasonography [35]. The most common 
findings reported are vitreous debris (77%), choroidal–
scleral thickening (46%) and widening of the optic nerve 
(31%) [36]. Elevated chorioretinal lesions were reported 
in 23% of cases and retinal detachments in 15% [37].

10.2.2 Special Investigations

Given the nonspecificity of ophthalmic findings in PIOL, 
it is important to undertake a thorough general medical 
and neurological assessment, including chest radiograph, 
blood tests and other general investigations to screen 
for systemic illness and exclude specific causes of uveitis 
before embarking on special investigations.

10.2.2.1 Neuroradiology

Neuroradiological investigations are mandatory in cases 
of suspected PIOL due to the high risk of CNS involve-
ment. Radiological features of PCNSL vary between the 
immunocompetent and immunocompromised.

In the immunocompetent, CT typically shows mul-
tiple, diffuse, periventricular, iso or hyperdense lesions 
before contrast. After contrast injection, dense periven-
tricular enhancement appears and may involve the cor-
pus callosum. Systemic corticosteroid therapy may alter 
this appearance, with resolution of the periventricular 
enhancement [3]. When PCNSL recurs, lesions may 
appear different, with solid ring-like enhancement away 
from the ventricles [3]. Magnetic resonance imaging 
(MRI) typically shows hypointense lesions on T1 weight-
ing and hyperintense lesions on T2 weighting [18]. At 
diagnosis, neuroradiological lesions are single in up to 
70% of cases but are usually multifocal in later stages [5].

In AIDS-related PCNSL, CT findings typically show 
irregular, ring-like enhancement in the basal ganglia, 
with surrounding oedema and mass effect. This is radio-
logically indistinguishable from cerebral toxoplasmosis. 
Necrosis and haemorrhages are also common. MRI in these 
patients may show diffuse disease involving the deep grey 
matter nuclei and white matter tracts rather than a mass. 
T2-weighted images show extensive hyperintensities in 
the pons, cerebellum, white matter and basal ganglia.

Fig. 10.3 In patients with subtle fundal changes, fluorescein 
angiography can be very useful. It can demonstrate abnormal 
retinal pigment epithelium and deep leakage into the fovea (a) 
and (b). Infiltration of the retinal pigment epithelium may give 
a leopard spot appearance, as shown in the superior part of this 
fundus (c)
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10.2.2.2 Cerebrospinal Fluid Analysis

CSF from lumbar puncture may lead to a diagnosis of 
PIOL and obviate the need for the higher morbidity pro-
cedure of vitreous biopsy. Lymphoma cells have been 
identified in the CSF of 25% of patients with known MRI 
lesions [36]. If lymphoma cells are found in the CSF, then 
no other diagnostic procedures are necessary to achieve a 
tissue diagnosis. Some authors argue that CSF specimens 
contain less necrotic debris than vitreous sampling and 
lymphoma cells may be easier to recognize on conven-
tional cytology [16]. However, this should be balanced 
against lumbar puncture yielding fewer cells than vitreous 
sampling techniques for immunophenotyping studies [3]. 
Overall, consensus opinion recommends lumbar punc-
ture as the first step in reaching a tissue diagnosis [3, 5].

10.2.3 Tissue Biopsy

Given the often nonspecific clinical and general investi-
gative findings, tissue analysis is fundamental in estab-
lishing a diagnosis of PIOL.

10.2.3.1 Vitreous Sampling

Vitreous sampling is commonly used to obtain tissue for 
analysis. However, nondiagnostic sampling may result 
for a number of reasons. Vitreous samples are typically 
less cellular than the clinical appearance would suggest 
[9]. Many of the lymphocytes present in vitreous may 
be inflammatory, not neoplastic [9]. Previous corticos-
teroid therapy has been reported to be cytolytic to lym-
phoma cells and decrease the viability of lymphoma cells 
obtained in samples, further reducing the diagnostic yield 
[16]. Multiple vitreous samples may be required before a 
diagnosis is made [6, 9, 16].

The two techniques for vitreous sampling are fine 
needle aspiration (FNA) and pars plana vitrectomy (PPV). 
The sample size is limited in FNA; however, the technique 
results in less mechanical disruption to cell structures 
[19]. Bardestein reported the technique to be diagnos-
tic in several cases previously hampered by mechanical 
vitrector artifacts [9]. FNA can be performed safely and 
effectively in the outpatient setting [37]. In a series of 26 
patients with presumed PIOL, FNA alone was able to con-
firm or exclude the diagnosis in all but two patients, and 
both of these patients had prior treatment with corticos-
teroids [37]. PPV is more widely used than FNA for vitreous 
sampling. Despite a more invasive surgical approach than 
FNA, PPV affords a number of advantages. PPV may have 
a therapeutic effect in clearing vitreous opacity in the 
symptomatic patient [9]. Also, PPV yields a larger vitre-

ous sample for analysis. This may help compensate for low 
cellular concentration due to prior corticosteroid therapy, 
vitrector mechanical disruption and the presence of reac-
tive lymphocytes [6, 9].

Appropriate handling of the vitreous specimen after 
sampling is crucial to diagnostic analysis. The specimen 
must be transported to the laboratory as quickly as possible, 
as lymphoma cells undergo morphological degradation 
within 60 min [38]. However, this should also be done as 
gently as possible to minimise mechanical disruption to 
the fragile cells [38]. Whitcup et al. also suggested discon-
tinuing corticosteroids prior to vitrectomy and using cell 
culture media for storage instead of saline to improve the 
diagnostic yield of vitrectomy specimens [39].

10.2.3.2 Other Tissue Sampling Techniques

Retinal or chorioretinal sampling may be considered if 
vitreous samples are nondiagnostic. Several techniques 
for the subretinal aspiration of neoplastic lymphocytes 
deposited between the RPE and Bruch’s membrane have 
been described [19, 30, 40]. Subretinal aspiration preserves 
anatomic boundaries to contain the tumour and causes 
minimal tissue disruption [6]. Another technique is retinal 
or chorioretinal biopsy, which excises a segment of diffuse 
retinal or subretinal infiltrate [6]. A trans-scleral approach 
to the sub-RPE space has been described, although this is 
more invasive than trans-retinal approaches [41]. Other 
means of acquiring tissue for diagnosis that are rarely 
reported include anterior chamber paracentesis, iris biopsy 
or diagnostic enucleation if vision has been lost [25, 38].

10.2.4 Tissue Analysis Techniques

10.2.4.1 Cytology

Cytology is the gold standard for diagnosis of PIOL [19]. 
Abnormal lymphoid cells have several cytological 
 characteristics. They are usually large, pleomorphic cells 
with high nuclear/cytoplasmic ratios, irregular nuclear 
outlines, prominent nucleoli or chromocentres, occasional 
mitotic figures and coarse chromatin patterns [42, 43]. 
However, even with rapid and gentle transport to the 
laboratory, specimen analysis can be difficult. In spite 
of centrifuging to increase the concentration of them, 
few characteristic lymphoma cells are usually present in 
vitreous specimens. Most vitreous samples have a heavy 
 content of reactive lymphocytes, histiocytes, necrotic 
debris and fibrous material, obscuring lymphoma cell 
recognition even to an expert ophthalmic  cytopathologist 
[16]. Although cytology is the accepted gold standard for 
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diagnosis of PIOL, a false-negative rate of up to 30% has 
been reported in the literature [44]. It is thus recognized 
other tissue analysis techniques have an adjunctive role in 
the diagnosis of PIOL.

10.2.4.2 Immunohistochemistry

Categorization of vitreous cells by their cell-surface markers 
provides useful supplementary information in the diag-
nosis of PIOL [19]. Davis et al. have reported some cases 
in which cell-surface markers remain detectable even if 
the cytological preservation of cells is inadequate to reach 
a diagnosis on morphology alone [45].

Immunohistochemistry can be performed by either 
the microscopic examination of slides of properly stained 
cells or by flow cytometry. Both techniques have been 
used for the diagnosis of PIOL [19]. Both techniques rely 
on antibodies binding to specific antigens of interest on 
the cell surface. A “panel” of antibodies is selected based 
on the probable diagnosis and the number of cells that 
are available for labelling. Table 10.3 shows common cell 

surface markers used in the analysis of vitreous cells [19]. 
PIOL is typically a large B-cell lymphoma, and antibody 
selection concentrates on B-cell markers. Cell surface 
markers CD19 and CD20 are pan B-cell proteins that are 
highly expressed in B-cell lymphomas [6]. CD22 is found 
on early B-cells, and its presence is suggestive of B-cell 
lymphoma [6]. The kappa and lambda light-chain immu-
noglobulins are additional markers [6]. A significant 
preponderance of one type of light chain over another 
suggests B-cell lymphoma [19]. Immunohistochemistry 
has also been used to demonstrate BCL-2, BCL-6 and 
MUM1 on B-cell PIOL cells [46]. BCL-2 has an antiapoptotic 
function and is overexpressed following the translocation 
t(14:18). This places the BCL2 gene under the control of 
the IgH promoter. BCL-6 is a B-cell marker that is nor-
mally inactivated as B cells move from the germinal cen-
tre into the marginal zone during B-cell differentiation. 
MUM1 is a protein involved in the control of plasma cell 
differentiation [5]. Concomitant expression of BCL-6 
and MUM1 has been shown in systemic diffuse large 
B-cell lymphoma [5]. A similar pattern of expression has 
been demonstrated in a series of five patients with PIOL 

Table 10.3. Common cell surface markers used in the analysis of vitreous cells [19]

Markers Specificity Interpretation

T-cell markers
CD2, CD3, CD5, CD7 Pan T-cell High expression in active uveitis or T-cell lymphomas. Aberrant expression of 

some of the “pan” markers but not others increases suspicion of lymphoma.
CD4 T-helper Increased relative to CD8 in active uveitis; mycosis fungoides.
CD8 T-suppressor Increased relative to CD4 in inactive uveitis; mycosis fungoides with shift in 

immunophenotype.

B-cell markers
CD19, CD20 Pan B-cell High expression in B-cell lymphomas. Increased in inactive uveitis relative to 

active uveitis.
CD22 Early B-cell Supportive of B-cell lymphoma, but can also present on normal cells.
Kappa: Lambda Light-chain 

immunoglobulin
Heterogeneous populations of B-cells have roughly equal proportions of 
kappa and lambda light-chain immunoglobulins. B-cell lymphomas usually 
have a K:L or L:K ratio of >3. Lack of kappa or lambda expression in a 
predominantly B-cell population is suggestive of lymphoma.

Activation markers
HLA-DR MHC class II Immunologically active cells consistent with inflammation.
CD25 IL-2 receptor Immunologically active cells consistent with inflammation. Expressed on 

activated T and B lymphocytes.

Other cell lineages
CD14 Monocyte/

macrophage
May be increased in infections. Consistent with a heterogeneous 
inflammatory response.

CD56 Natural killer cells May be increased in infections. Consistent with a heterogeneous 
inflammatory response.

CD33 Pan myeloid Neutrophils, eosinophils, basophils. May be increased in infections. 
Consistent with a heterogeneous inflammatory response.
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[47]. T-cell lymphoma markers often used include CD3, 
CD4 and CD8. However, these may be elevated in active 
uveitis as well as T-cell lymphoma [6].

Flow cytometry allows up to three or four differ-
ent monoclonal antibodies to be applied to an aliquot 
of suspected lymphoma cells, as opposed to slide-based 
techniques in which a separate slide is required for each 
cell-surface marker [42]. This allows for a larger detec-
tion panel of antibodies to be used per vitreous speci-
men, improving the detection of T-cell lymphomas [19]. 
An algorithm of cell-surface marker testing based on the 
number of cells available for staining in flow cytometry 
has been developed by Wilson et al. to maximise the 
probability of detecting B-cell lymphomas [47].

10.2.4.3 Cytokines

Vitreal levels of interleukins IL-10, IL-6 and IL-12 meas-
ured by enzyme-linked immunosorbent assay (ELISA) 
have been proposed as an ancillary test in the diagno-
sis of PIOL. IL-10 appears to be preferentially secreted 
by malignant B-cells [19], whereas IL-6 and IL-12 are 
thought be produced more by inflammatory cells. The 
use of IL-10:IL-6 or IL-10:IL-12 ratios, despite biological 
plausibility, has been controversial, with conflicting evi-
dence from small studies [48, 49]. Elevated vitreal levels 
of IL-10 are considered suggestive but not diagnostic of 
B-cell lymphoma.

10.2.4.4 Molecular Analysis

Molecular techniques that were developed to improve the 
diagnosis of systemic lymphoma may have an adjunc-
tive role in the diagnosis of PIOL [19]. Microdissection 
to isolate abnormal cells or laser-capture microscopy can 
be used to increase the diagnostic yield for molecular 
analysis. Isolated suspicious cells are then examined by 
polymerase chain reaction (PCR) [50]. Monoclonality in a 
B-cell population can be demonstrated by PCR for heavy-
chain immunoglobulin (IgH) gene rearrangements. In a 
survey of microdissected atypical lymphoid cells from 50 
cases of PIOL, Chan et al. demonstrated that 100% showed 
monoclonality with IgH gene rearrangements using PCR 
for the third hypervariable or complementarity-determin-
ing region (CDR3) [51]. PCR is not always effective. In a 
series of 36 patients with PIOL, Merle-Beral et al. found 
seven in whom IgH gene rearrangements could not be 
demonstrated. They attributed this to somatic hyper-
mutation preventing annealing of primers [38]. PCR has 
been used to detect gene rearrangements for the t(14:18) 

translocations at the major breakpoint region (mbr) and 
minor cluster region (mcr) of the bcl-2 protein in vitreous 
specimen lymphoma cells [5, 50, 51]. Rearrangement of the 
T-cell receptor gamma gene holds promise as a diagnostic 
technique for intraocular T-cell lymphomas [19, 52].

10.2.5 Treatment

The optimal treatment for PIOL has not yet been defined. 
Therapy for PCNSL may not be directly applicable to PIOL.

10.2.5.1 Radiation Therapy

Radiation therapy was historically considered a first-line 
treatment. Despite early remission with dramatic resolu-
tion of symptoms and signs, nearly all patients developed 
early CNS progression and died, with a two-year survival 
rate of less than 20% reported [53]. Radiation therapy 
cannot be repeated if the patient relapses. Neurotoxic-
ity has been a significant problem, especially in elderly 
patients [54]. Radiotherapy-associated ocular compli-
cations have been reported in several series [55]. These 
problems have led to an emphasis on chemotherapy [55], 
although ocular radiotherapy is beneficial in severely ill 
patients with a poor general prognosis.

10.2.5.2 Chemotherapy

The major hurdle with chemotherapy for PIOL has been 
the blood–ocular barrier, which prevents therapeutic drug 
concentrations being reached intraocularly. Methotrexate 
(MTX) and cytosine arabinoside (Ara-C) feature at the 
forefront of most chemotherapy regimens on account of 
their ability to penetrate the blood–ocular barrier [5].

Intravenous high-dose MTX and high-dose Ara-C 
have both been used alone or in combination with other 
chemotherapeutic agents with reasonable success [5]. 
Intrathecal MTX has been shown to have some effect in 
the treatment of PIOL [56, 57]. Intravitreal MTX has been 
used to treat both isolated and recurrent ocular lymphoma 
[58]. Intravitreal MTX, unfortunately, does not treat CNS 
disease. Chemotherapy followed by autologous stem-cell 
transplantation has been tried with some success, sug-
gesting that this technique may be useful in refractory 
or recurrent cases [59]. Trofosamide, an alkylating cyto-
static agent commonly used as maintenance therapy for 
haematological malignancies, has been used orally as an 
alternative to conventional treatments with good results, 
albeit in a study of two patients [60].
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10.2.5.3  Combination Chemotherapy 
and Radiotherapy

The current consensus on treating PIOL with concurrent 
CNS disease is systemic high-dose MTX-based chemo-
therapy with radiotherapy to the globes [5]. Isolated eye 
disease should be treated similarly, although radiother-
apy complications and promising results from high-dose 
MTX regimens may indicate a solely chemotherapeutic 
MTX-based strategy to be a superior choice [5]. Recur-
rence of intraocular lymphoma alone should be treated 
with intravitreal MTX. Further studies are essential to 
determine optimal treatment strategies and investigate 
new chemotherapeutic agents, but are difficult to per-
form given the rarity of these malignancies.

10.2.6 Prognosis

PIOL remains an ominous diagnosis. Most patients with 
PIOL will progress to CNS involvement within two years. 
However, newer treatments have improved median sur-
vival from 12–18 months to more than three years [6].

10.2.7 Primary Uveal Lymphoma

The primary uveal lymphomas are the least common 
of the intraocular lymphomas. Less than seventy cases 
have been reported in the literature. As primary uveal 
lymphomas are generally clinically indolent, they 
have previously been misnamed “reactive lymphoid 
hyperplasia” and “uveal pseudotumours”. However, the 
demonstration of monoclonality amongst infiltrating 
lymphocyte populations and immunophenotyping led 
to their redefinition as low-grade B-cell NHL [61, 62]. 
Most recently, Coupland et al. proposed their subtyping 
as extranodal marginal zone B-cell lymphomas of MALT 
type according to the REAL lymphoma classification 
[63] on the basis of their morphological, immunopheno-
typical and clinical similarities [64].

The typical patient is a man in the fifth decade, 
although the reported range varies from 30 to 81 years 
[3]. Presenting symptoms include recurrent episodes 
of blurred vision, gradual painless loss of vision and 
metamorphopsia [65]. Most are unilateral [65]. Ante-
rior uveitis with pain, redness, photophobia, keratitic 
precipitates and hypopyon have been described [3] 
(Fig. 10.4a). A vitritis is often absent or sparse in con-
trast to PIOL. Examination in the early stages may 
show multifocal, creamy choroidal lesions which may 
simulate inflammatory uveitides such as birdshot 
choroidopathy or sarcoidosis [3] (Fig. 10.4b). Cystoid 
macular oedema may be present [3]. Later manifesta-
tions include serous retinal detachments and diffuse 
choroidal thickening [3]. Fundus lesions evolve slowly 
and can remain stable in size and appearance over 
a number of years [3]. Raised intraocular pressure 
and glaucoma are common. This can arise from incre
ased episcleral venous pressure or from angle closure. 
Angle closure may be secondary to rubeosis iridis, ante-
rior synechiae or anterior movement of the iris–lens 
diaphragm [3]. Lymphocytic infiltration of angle struc-
tures and Schlemm’s canal is a common finding, and has 
been suggested as a mechanism for open-angle glau-
coma in these patients [66]. In advanced cases, subcon-
junctival or episcleral extension can develop [65] (Fig. 
10.4c). These may appear as a pink discoloration and 
thickening of the episclera or conjunctiva, and it is said 
that—unlike conjunctival lymphomas—they are not 
freely movable [3]. There may be an initial response to 
corticosteroid therapy [65].

In contrast to PIOL, ultrasonography is an extremely 
useful diagnostic procedure. On ultrasonography, the 
choroid is diffusely thickened with low reflectivity and 
lacks choroidal or scleral excavation [3]. Common dif-
ferential diagnoses considered include posterior scleritis, 

■ PIOL involves retina, vitreous, or optic nerve head, 
with or without concomitant CNS involvement

■ PIOL most commonly masquerades as a chronic 
posterior uveitis; hints on presentation are 
reduced colour vision, visual field and absence 
of cystoid macular oedema

■ Initial inappropriate treatment with corticoster-
oids and immunosuppressives may contribute 
to low diagnostic yield from attempts at tissue 
biopsy such as vitrectomy

■ CSF from lumbar puncture may lead to a diag-
nosis of PIOL and obviate the need for the higher 
morbidity procedure of vitreous biopsy

■ Vitreous sampling is commonly used to obtain 
tissue for analysis; however, nondiagnostic sam-
pling is common

■ Appropriate handling of the vitreous specimen 
after sampling is crucial to diagnostic analysis

■ Although cytology is the accepted gold standard 
for diagnosis of PIOL, a false-negative rate of up 
to 30% has been reported

■ Immunohistochemistry, vitreal cytokine levels 
and molecular analysis are useful adjunctive 
diagnostic techniques

Summary for the Clinician



uveal effusion syndrome and diffuse uveal melanoma [3]. 
Several ultrasonographic features may help distinguish 
these. Posterior scleritis has high reflectivity from scleral 
thickening [3]. Uveal effusion syndrome does not present 
with extrascleral lesions, and diffuse uveal melanomas 
tend to have less-extensive choroidal thickening [3].

Clinical and ultrasonographic features alone are not 
specific enough for diagnosis and tissue analysis must be 

performed. In the majority of primary uveal lymphoma 
cases the eyes have been ultimately enucleated due to pain 
from glaucoma or because of difficulties in clinically dif-
ferentiating the uveal changes from a malignant uveal 
melanoma [65]. Tissue biopsy techniques reported in the 
literature include biopsy of episcleral tumour nodules, cho-
rioretinal biopsy and fine-needle aspiration biopsy [65].

On microscopy, primary uveal lymphomas consist of 
a dense infiltration of small tumour cells with occasional 
blasts in the marginal zone surrounding reactive follicles 
[65]. Morphological features such as “follicular coloni-
sation” and “lymphoepithelial lesions” may be present 
[65]. These provide supporting evidence for the neoplas-
tic nature of these lesions [63]. Immunohistochemical 
studies show a B-cell dominance of the infiltrating lym-
phocytes, often with an aberrant expression of the T-cell 
antigen CD43 as well as monotypical expression of an 
immunoglobulin light chain and or heavy chain [64]. The 
degree of plasmacellular differentiation can be extensive 
in primary uveal lymphoma [62, 64, 66]. Neoplastic plas-
macytoid cells usually demonstrate a loss of plasma-cell-
related antigens compared with reactive plasma cells [64]. 
The monoclonality of the B-cell population can be dem-
onstrated using IgH-PCR [65], supporting the neoplastic 
basis of this entity.

Low-dose irradiation is considered the treatment of 
choice, although resolution has been achieved with mod-
erately high doses of systemic corticosteroids [65]. The 
prognosis for primary uveal lymphoma is very good, 
with only exceptional cases of dissemination or CNS 
involvement [67].

10.2.8 Secondary Intraocular Lymphomas

Secondary intraocular lymphomas are systemic lympho-
mas that have metastasized to structures within the eye. 
Secondary intraocular lymphomas tend to involve the 
uveal tract, in contrast to PIOL. Predominantly retinal 
disease without uveal infiltration is rare but has been 
reported [68]. Secondary intraocular lymphomas are 

Fig. 10.4 An elderly gentleman presents with a chronic uvei-
tis with granulomatous keratic precipitates (a), which persist 
despite treatment for three years. He then develops a large fleshy 
lesion in the superior conjunctiva (b) and is also found to have 
retinal pigment epithelial disease (c). Biopsy of the conjunctival 
lesion showed MALToma

■ Primary uveal lymphomas are the least common 
of the intraocular lymphomas

■ Common differential diagnoses considered 
include posterior scleritis, uveal effusion syn-
drome and diffuse uveal melanoma, and ultra-
sound may help differentiate these

■ The prognosis for primary uveal lymphoma is 
very good, with only exceptional cases of dis-
semination or CNS involvement

Summary for the Clinician
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invariably of non-Hodgkin’s type, with Hodgkin’s lym-
phoma presenting intraocularly being exceptional [69, 
70]. In patients with secondary intraocular lymphomas, 
systemic findings usually precede ocular findings, with 
most patients having a known history of systemic 
lymphoma [71], although ocular disease may be the pre-
senting sign of systemic lymphoma [72]. Treatment is 
dependent on the extent of the disease, type of lymphoma 
and comorbidities [67]. In patients with systemic NHL, 
the extent of intraocular involvement and visual loss 
tends to parallel the severity of systemic disease [71]. The 
long-term prognosis in patients with intraocular involve-
ment from systemic NHL is poor [71]. The mean interval 
from ocular diagnosis to death is 31 months [71].

10.2.8.1 Diffuse Large B-Cell Lymphoma

The most common systemic lymphoma subtype to affect 
the eye is diffuse large B-cell lymphoma (DLBCL) [67]. 
Conjunctival or orbital involvement is relatively common 
but intraocular involvement is rare [3]. In the posterior 
segment, signs may include a solitary choroidal mass with 
adjacent exudative retinal detachment, vitritis, retinal vas-
culitis, necrotizing retinitis and diffuse choroiditis or focal 
uveal masses [3]. In the anterior segment, granulomatous 
anterior uveitis with hypopyon has been reported [72]. In 
general, systemic NHL involving the eye tends to involve 
the uveal tract, whereas patients with PIOL have vitreous, 
retinal or sub-RPE involvement. However, patients with 
advanced disease are most likely to present with overlapping 
features [68]. Diagnostic approaches include vitrectomy, 
vitreoretinal biopsy, fine-needle aspiration biopsy, trans-
scleral choroidal biopsy, and diagnostic enucleation [68, 71].

Morphologically, it may be difficult to determine 
whether ocular DLBCL represents a primary or secondary 
intraocular lymphoma [67]. Although retinal infiltra-
tion usually suggests PIOL, there may be exceptions [67]. 
Coupland et al. have demonstrated that the expression of 
various immunoglobulin transcription factors in systemic 
DLBCL is different from those of PIOL/PCNSL [73]. 
Clonal analysis with PCR may help differentiate between 
clonal proliferations arising from the same tumour and 
two distinct primary lymphomas [67].

10.2.8.2  Intravascular B-Cell Lymphoma 
(Malignant Angioendotheliomatosis)

Intravascular B-cell lymphoma is a rare subtype of diffuse 
large B-cell lymphoma, characterized by the presence of 
tumour cells in the blood vessels, especially capillaries 
[74]. Clinically, dermatological and neurological mani-

festations dominate but ophthalmic involvement is fre-
quent [75]. Ocular findings reported include visual loss, 
vitreous cells, retinal artery occlusion, retinal vascular 
and pigment epithelial alterations, choroidal infarction, 
exudative retinal detachment, nystagmus and cortical 
blindness [74, 75]. Diagnosis has been reported from 
enucleation and necropsy [74, 75]. Intravascular B-cell 
lymphoma is a high-grade lymphoma with a grave prog-
nosis that responds poorly to chemotherapy [74].

10.2.8.3 T or T/Nk-Cell Lymphomas

Close to 50 cases of intraocular manifestations of T-cell 
lymphomas have been published in the literature [76]. 
Approximately 80% of these patients had a primary 
tumour located extraocularly; of these, one-third were 
diagnosed with mycosis fungoides and approximately one-
half with systemic (non-mycosis) lymphoma [76]. Of the 
rest, patients appeared to have PCNSL/PIOL of T-cell ori-
gin [76]. All these lymphoma entities are very aggressive, 
and patients usually die soon after initial diagnosis [67].

In the majority of case reports involving systemic 
T-cell lymphomas, patients present primarily with ante-
rior segment involvement mimicking an anterior uveitis 
[3]. This has been reported to progress to pseudohy-
popyon in some cases [25, 77]. Secondary glaucoma is a 
common finding with uveal involvement, probably due 
to direct tumour infiltration of the angle or secondary 
to angle neovascularisation [24]. Intraocular T-cell lym-
phoma has been reported as mimicking a ring melanoma 
[78]. In this case it was the first manifestation of systemic 
disease later found in the bone marrow [78]. Posterior 
segment involvement has also been described, with find-
ings including opacities of the vitreous body, vitritis, 
chorioretinitis, subretinal infiltrates and retinal vasculitis 
[31, 79–81].

Mycosis fungoides, a cutaneous T-cell lymphoma, not 
uncommonly involves periocular tissues [3]. Intraocular 
extension of mycosis fungoides is rare [3]. Clinicopatho-
logical features observed include granulomatous anterior 
uveitis, posterior synechiae, dense vitreous opacities, large 
creamy-white retinal infiltrates, retinal haemorrhages 
and tumour infiltration of the vitreous, inner retina, optic 
nerve and choroid. Diagnosis is usually confirmed from 
enucleation or at necropsy [81–85]. Interestingly, Lois 
et al. have reported a case in which the vitreous infiltrate 
showed a different immunophenotypic dominance to the 
skin biopsy taken seven years earlier, and suggested that 
the immunophenotypic shift may have been related to 
the poor outcome [85]. All of the patients reported in the 
literature had a long history of mycosis fungoides at the 
time of onset of intraocular disease; the median duration 
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being seven years [76]. Intraocular extension is a grave 
sign, with patients dying within weeks or months of ocu-
lar presentation [76].

Extranodal natural killer T-cell lymphoma (NKTL) 
is uncommon except in oriental, Native-American 
and  Hispanic populations [81]. It is in the spectrum of 
 disorders associated with Epstein–Barr virus infection 
[86]. The nasal cavity is the most common site of involve-
ment, but histopathologically identical tumours may be 
found in a range of extranodal sites [86]. Nasal NKTL 
is best known for orbital infiltration, but a number of 
cases with signs of intraocular inflammation have been 
described [80, 81, 86, 87]. Anterior uveitis, vitritis, pre-
retinal infiltrates, retinal and subretinal haemorrhages, 
rhegmatogenous retinal detachment and macular hole 
have been reported in association with NKTL [80, 81, 
86, 87]. Importantly, signs of intraocular inflammation 
may precede the diagnosis of NKTL [81]. Generally, the 
prognosis is grave [81].

Adult T-cell leukaemia/lymphoma (ATLL) is charac-
terized by an extremely aggressive clinical course, leu-
kaemic or lymphomatous proliferation of hyperlobulated 
peripheral T-cells, and an association with infection by the 
retrovirus human T-lymphotropic virus type I (HTLV-1) 
[88]. Intraocular lesions in ATLL may mimic intraocular 
inflammation. Retinal infiltrates, subretinal infiltrates, and 
a masquerade presentation as acute retinal necrosis or 
herpetic retinitis have been described [88, 89]. Diagnosis 
has been established by vitrectomy, chorioretinal biopsy 
or at post mortem examination [88–90].

10.2.9 Leukaemias

It is estimated that leukaemic involvement of the eye 
occurs in up to 90% of cases and eye symptoms are rarely 
the initial presentation of leukaemia [91]. The eye is 
involved, directly or indirectly, much more frequently in 
acute leukaemias than in chronic leukaemias [91]. Clini-
cally, the retina shows leukaemic involvement more often 
than any other ocular tissue [91]. Retinal findings include 

intraretinal haemorrhages, cotton wool spots, Roth spots, 
microaneurysms and peripheral neovascularisation [3]. 
Occasionally, leukaemic cells can break through the internal 
limiting membrane into the vitreous cavity to simulate 
vitritis [3]. Bilateral vitritis was the ocular presentation in 
a case of large B-cell lymphoma transformation of chronic 
lymphocytic leukaemia (Richter’s syndrome) [92]. When 
the choroid is infiltrated, exudative retinal detachments 
can occur [3]. Angiographically, this may mimic the typical 
pattern of Vogt–Koyanagi–Harada disease or posterior 
scleritis, demonstrating multiple, pinpoint serous detach-
ments of the retina and RPE [3]. Other masquerade pres-
entations include anterior uveitis, spontaneous hyphaema, 
heterochromia iridis or pseudohypopyon, which is typically 
grey-yellow in colour [3]. The presence of malignant leu-
kaemic cells may be confirmed by vitrectomy or aspira-
tion of anterior chamber pseudohypopyon [91] (Fig. 10.5). 
Secondary ocular manifestations may occur many years 
after initial diagnosis in chronic leukaemias [93].

10.2.10 Paraproteinaemias

Amongst the paraproteinaemias, only multiple myeloma 
has been reported to manifest features that could mimic 
intraocular inflammation. A few cases of myeloma 
patients with anterior chamber plasma cells and even 
pseudohypopyon have been described [94–96].

■ Secondary intraocular lymphomas tend to 
involve the uveal tract, in contrast to PIOL

■ Systemic findings usually precede ocular findings, 
with most patients having a known history of sys-
temic lymphoma, although ocular disease may be 
the presenting sign of systemic lymphoma

■ In patients with systemic NHL, the extent of 
intraocular involvement and visual loss tends to 
parallel the severity of systemic disease

■ The long-term prognosis is poor

Summary for the Clinician

■ It is estimated that leukaemic involvement of the 
eye occurs in up to 90% of cases

■ Eye symptoms may be the initial presentation 
of leukaemia

■ Secondary ocular manifestations may occur many 
years after initial diagnosis in chronic leukaemias

Summary for the Clinician

Fig. 10.5 A pseudohypopyon in a patient with a recurrence of 
acute lymphocytic leukaemia
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10.3 Nonlymphoproliferative Malignancies

Nonlymphoproliferative malignancies may also simulate 
intraocular inflammation. Uveal melanoma, retinoblas-
toma and ocular metastases are discussed. Additionally, 
juvenile xanthogranuloma is described.

10.3.1 Uveal Melanoma

Ocular melanomas include lesions of the uvea, conjunc-
tiva and eyelid. More than 85% of all ocular melanomas 
are uveal [97], and these are the tumours that most fre-
quently masquerade as intraocular inflammation [98]. 
Malignant melanoma of the uveal tract is the most com-
mon primary intraocular tumour in adults [97]. The 
overall incidence is estimated at five per million per year 
[97]. The tumours are more common in older individuals 
and in Caucasians [97]. They are more common in those 
with blue or grey eyes [97]. There is no sex predominance 
[97]. Unlike cutaneous melanomas, they are rarely if ever 
caused by inherited mutations [99]. They can develop 
from melanocytoma or ocular melanocytosis [99]. The 
role of sunlight is controversial [99].

10.3.1.1 Clinical Features

Melanoma can present anywhere along the uveal tract. 
The most frequent site is the choroid (90%) [99]. The cili-
ary body and iris are less commonly involved; 5–10 and 
3% respectively [99]. When the choroid is involved, 40% 
of tumours at presentation extend to within 3 mm of the 
optic disc or fovea [99].

45% of patients are asymptomatic at presentation, but 
conversely 21% of patients report that their tumour was 
not detected when they first presented [99]. Symptomatic 
patients may report flashing lights or scotomas [98]. If 
the macula is affected, the patient may describe meta-
morphopsia. An increase in hypermetropia or a decrease 
in myopia may be found [98]. When masquerading as 
intraocular inflammation, uveal melanoma may present 
as unilateral uveitis [98]. Iris lesions may produce ante-
rior chamber cells and flare [98]. Ciliary body melanomas 
may produce dilated episcleral vessels, classically termed 
sentinel vessels [100]. The patients may receive a misdiag-
nosis of episcleritis or scleritis [100]. Secondary glaucoma, 
cataract and exudative retinal detachments are recognized 
features [99, 101]. Posterior melanomas are less com-
monly mistaken for intraocular inflammation, but can 
produce a focal choroidal mass that resembles a sarcoid or 
tuberculous granuloma or posterior scleritis [98].

Extraocular extension can occur along sclera channels 
for posterior ciliary arteries, vortex veins and drainage 
vessels [99]. Metastatic disease occurs by haematogenous 
spread and is invariably fatal within a year [99].

10.3.1.2 Diagnosis

The diagnostic accuracy of an experienced examiner for 
a typical uveal melanoma is excellent [102]. The most 
characteristic findings are development of a collar-
button or mushroom-shaped configuration because of 
tumour rupture through Bruch’s membrane [98]. Other 
features suggestive of melanoma include associated sub-
retinal fluid and the presence of orange pigmentation, 
visualized because of the contrast between lipofuscin 
and melanin [98].

In the atypical masquerading case, diagnosis is more 
difficult and may be assisted by special investigations. 
Fluorescein angiography of choroidal tumours is widely 
performed, although it is recognized that indocyanine 
green angiography provides greater information about 
the tumour itself, also defining the tumour margins more 
clearly in some cases [99]. Ultrasonography is useful for 
measuring tumour dimensions and assessing response to 
treatments [103]. It is also useful for examining the poste-
rior segment when the media are opaque, and can identify 
extraocular extension [103]. High-frequency ultrasound 
is valuable for iris and ciliary tumours [103]. The internal 
acoustic reflectivity may be useful in difficult diagnostic 
cases [103]. Other imaging modalities such as CT, MRI 
and CT/PET have been used for diagnostic purposes in 
uveal melanoma, but ultrasound is considered superior 
[103]. With some small lesions, the diagnosis may some-
times only be made during close progressive follow-up. 
Where diagnosis remains in doubt, fine-needle aspiration 
biopsy with appropriate immunohistochemical analysis 
may be considered [99]. It seems likely, with advances 
in cytogenetics, that biopsy will be used more widely to 
guide optimal management strategies [99].

10.3.1.3 Management

Treatment options for the primary tumour include 
brachytherapy, proton beam radiotherapy, transpu-
pillary thermotherapy, trans-scleral local resection, 
endoresection and enucleation [99]. No single method 
has proved to be superior in preventing metastatic dis-
ease [104]. It appears that all methods of local treatment 
are associated with a similar prognosis [104]. Risk fac-
tors for metastatic disease include tumour dimensions, 
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ciliary body involvement, cell type, extravascular 
matrix patterns and cytogenetics [99]. Abnormalities 
related to chromosomes 3, 6 and 8 are strongly related 
to tumour behaviour and survival probability [105]. 
Results of systemic treatments for metastatic uveal 
melanoma continue to be discouraging [104]. Overall, 
uveal melanoma related mortality is 30% by 5 years 
and 45% by 15 years [106].

10.3.2 Retinoblastoma

Retinoblastoma is a malignant tumour of the immature 
retina. It is a rare malignancy with an incidence of 1 in 
20,000 live births [107]. There is no gender or race predi-
lection. The disease may occur in utero and up to the age 
of four years, the average age at appearance of first signs 
being seven months for bilateral cases and 24 months for 
unilateral cases [107]. Retinoblastoma occurs uncom-
monly in older children and exceptionally in young adults 
[107]. Although rare, retinoblastoma accounts for 80% of 
all primary ocular cancers in children up to 15 years old 
[107]. Fortunately, advances in therapy have improved 
survival to over 95% [107]. However, treatment at a late 
stage jeopardizes prognosis and hence emphasises the 
need for early diagnosis [107].

About two-thirds of all cases are unilateral and one-
third of cases are bilateral [108]. Cases may be heredit-
able or sporadic. Genetically, germline RB1 mutations 
have been identified in 91% of bilateral patients, 70% 
of familial unilateral patients and 7% of unilateral 
patients with no family history of the disease [109]. 
The “two-hit” hypothesis of oncogenesis with regards 
to somatic and germline mutations in retinoblastoma 
has been questioned recently, drawing attention to 
the role of epigenetic factors and aneuoploidy [110]. 
Patients with germline mutation retinoblastoma are 
at risk for neuroblastic intracranial malignancy in the 
first five years of life [108]. Patients with germline 
mutations are also at risk of second nonocular primary 
tumours occurring with a cumulative incidence of 1% 
per year [107].

10.3.2.1 Clinical Features

Leukocoria (60%) and strabismus (20%) are the most 
common presenting signs [107]. The remaining 20% of 
patients present atypical signs often masquerading as 
inflammation [107]. These atypical signs usually present 
late and are associated with a poorer prognosis [107]. 
Classically, early lesions appear as flat, transparent or 
slightly white, placoid masses within the neurosensory 
retina [98]. With enlargement, these tumours have a 
white appearance containing flecks of calcification [98].

Growth patterns may be endophytic towards the 
vitreous, exophytic spreading in the subretinal space, 
resulting in detachment, or a mixed growth pattern. In 
2% of cases a diffuse infiltrating (plaque-like) growth 
pattern is observed with retinoblastoma developing in 
a flat irregular greyish plaque on or beneath the retina, 
progressing until the anterior segment is reached and 
pseudoinflammatory signs present, including pseudo-
hypopyon [98, 107].

Other atypical presentations include spontaneous 
hyphaema, iris nodules or secondary glaucoma [98]. 
Tumour necrosis may produce anterior or posterior inflam-
mation [98]. Tumour seeding into the vitreous cavity may 
be confused with an inflammatory vitritis [98]. Orbital 
inflammation may occur in the absence of orbital invasion 
mimicking an orbital cellulitis or panophthalmitis.

10.3.2.2 Diagnosis

The diagnosis of retinoblastoma can be made clinically by 
indirect ophthalmoscopy. If the fundus view is obscured, 
ultrasonography and computed tomography are indi-
cated. Calcification is characteristic of retinoblastoma 
and is not frequently seen in other entities considered in 
the differential diagnosis. Diagnosis may be more diffi-
cult with inflammatory presentations, in particular dif-
fuse infiltrative retinoblastoma. In this growth pattern, 
imaging investigations are less useful due to the absence 
of a tumour mass and a lower incidence of calcifications 
[98]. Intraocular diagnostic procedures are generally 
considered to be contraindicated due to the high risk of 
fatal iatrogenic seeding [98].

10.3.2.3 Management

Current first-line treatment approaches comprise sys-
temic chemoreduction of lesions until they are amenable 
to adjuvant focal treatment methods. Focal treatment 
methods include cryotherapy, photocoagulation, 

■ More than 85% of all ocular melanomas are uveal, 
and these are the tumours that most frequently 
masquerade as intraocular inflammation

■ Risk factors for metastatic disease include tumour 
dimensions, ciliary body involvement, cell type, 
extravascular matrix patterns and cytogenetics

Summary for the Clinician
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chemothermotherapy, thermotherapy, brachytherapy, 
stereotactic conformal radiotherapy and accelerated 
proton beam irradiation [107]. Enucleation and exter-
nal radiotherapy are now reserved for advanced cases 
[107]. The most significant risk factors for metastatic 
disease are optic nerve or orbital invasion and massive 
choroidal infiltration [107]. The International Classifi-
cation of Retinoblastoma can reliably predict chemore-
duction outcome based on tumour size, location and 
associated seeding. Excellent survival rates have been 
achieved with advances in treatment approaches.

10.3.3 Ocular Metastases

Metastatic tumours are the commonest intraocular 
malignancy in adults, but these rarely mimic intraocu-
lar inflammation. Most patients with metastatic ocular 
lesions are systemically ill with advanced disease and are 
not seen by the ophthalmologist. However, approximately 
one-third of patients have no history of primary can-
cer at the time of ocular diagnosis [111, 112]. Tumours 
metastasize to any ocular tissue. The uveal tract is most 
commonly affected, but retinal metastases are extremely 
rare [3]. Metastatic lesions may rarely be mistaken for 
intraocular inflammation [3].

Carcinomas are the most common primary lesions 
that produce ocular metastases [98]. The origin of pri-
mary tumour is gender dependent. Lung metastases are 
the most common in men and breast metastases are the 
most common in women [113]. In breast cancer, the 
primary tumour has been treated in 90% of cases by the 
time the ocular lesion presents [98]. In contrast, ocular 
metastases from renal and lung primaries may be the first 
presentation of disease in up to 80% of cases [98].

Ocular metastases are haematogenously disseminated. 
The choroid is the most frequent metastatic site on account 
of its rich vascular supply. It is affected approximately 
10–20 times more often than the iris or ciliary body. The 
frequency of involvement of other ocular sites in patients 
with uveal metastases is described in Table 10.4 [112].

10.3.3.1 Clinical Features

Iris and ciliary lesions are most likely to present diag-
nostic difficulty and masquerade [98]. Iris metastases 
arise most often from breast carcinoma, followed by 
carcinoma of the lung, carcinoid tumour and melanoma 
[113]. They present as unilateral lesions of varied colour, 
depending on the site of primary involvement [113]. 
The typical white or grey-white gelatinous nodule may 
be associated with iridocyclitis, secondary glaucoma, 
rubeosis, hyphaema or pupil irregularity [113]. Ciliary 
body tumours typically present as yellow sessile or dome-
shaped masses [98]. They may induce iridocyclitis and 
spontaneous hyphaema [98]. Retinal metastases tend 
to be white with a perivascular distribution appearing 
similar to cotton-wool spots [113]. Progression of retinal 
lesions produces a singular well-circumscribed retinal 
mass [113]. The tumour cells seeding into the vitre-
ous may mimic an inflammatory vitritis [113]. Lesions 
metastatic to the vitreous most commonly originate from 
cutaneous melanoma and lymphoproliferative disor-
ders [113, 114]. They appear as clumps of pigmented or 
nonpigmented cells [113, 114]. Choroidal metastases are 
generally creamy yellow subretinal masses with overly-
ing pigmentary changes that produce secondary retinal 
detachments [98].

10.3.3.2 Diagnosis

A careful medical history may be the key to diagnosis. 
Ocular metastases have been reported many years after 
primary removal, especially with carcinoid and renal 
tumours [98]. History and examination may suggest 
the correct diagnosis in most cases. However, if the pri-
mary tumour is unknown, the ophthalmic examination 
alone is unlikely to be diagnostic except in the rare case 
of a cutaneous melanoma metastatic to the eye in which 
brown pigment may be visible [98]. Of the patients with 
no known primary at the time of ocular presentation, 
the site of origin will never be identified in half [112]. 
Both fluorescein angiography and ultrasonography may 
help in delineating the borders of a choroidal tumour, but 
are of limited value in definitively differentiating these 

■ Treatment at a late stage jeopardizes prognosis and 
hence emphasises the need for early diagnosis

■ 20% of patients present with atypical signs often 
masquerading as inflammation

■ Intraocular diagnostic procedures are generally 
considered contraindicated due to the high risk 
of fatal iatrogenic seeding

Summary for the Clinician

Table 10.4. Frequency of metastasis to other ocular sites in 
patients with uveal metastases (n = 420) [111]

Optic nerve N = 24 (5%)
Conjunctiva N = 8 (<1%)
Orbit N = 7 (<1%)
Retina N = 5 (<1%)
Eyelids N = 3 (<1%)
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lesions from primary choroidal neoplasms [113]. Vitre-
ous aspirates may be of use in making a diagnosis with 
ocular metastases of unknown primary [113]. The short-
term prognosis for vision with ocular metastases is usu-
ally good, but the systemic prognosis is poor [111].

10.3.4 Juvenile Xanthogranuloma

Juvenile xanthogranuloma (JXG) is a rare histiocytic dis-
order. It is the commonest form of non-Langerhans’ cell 
histiocytosis [115]. It is predominantly a disease of infancy, 
although adult onset is possible [116]. JXG is character-
ised by primarily cutaneous involvement, though other 
organs and tissues may also be affected [116]. The prog-
nosis is generally benign, with cutaneous lesions under-
going spontaneous regression over several years [116]. 
However, CNS or other vital organ involvement and ocu-
lar involvement may be life- and sight-threatening [116]. 
The eye is the most frequently affected extracutaneous 
site. The incidence of eye involvement in patients with 
cutaneous JXG was estimated to be 0.3–0.5% [116]. In 
contrast, at least 41% of patients with ocular involvement 
had cutaneous lesions that were always multiple [116]. 
In up to 45% of patients with coexistent cutaneous JXG, 
skin lesions developed after those in the eye [116]. 51% of 
patients never develop skin lesions [117]. As a result, JXG 
may first present to the ophthalmologist [117].

10.3.4.1 Clinical Features

The eye is severely red and painful, mimicking 
inflammation. The characteristic skin lesions are 
firm rubbery papules or nodules with a reddish-
yellow colour [3]. Ocular involvement occurs most 
often during the first 2 years of life but adult onset 
is also possible [116]. The most common ocular 
manifestations are a unilateral iris lesion, spontane-
ous hyphaema and potentially blinding secondary 
glaucoma [117]. The eyelid is the second most com-
monly affected site [116]. Patients may also present 

with an anterior uveitis or acquired heterochromia 
if iris involvement is diffuse [3]. Other ocular sites 
infrequently reported include conjunctiva, cornea, 
episclera, retina, choroid and optic nerve [117]. Poste-
rior segment involvement may result in retinal detach-
ment [3]. Rare cases of orbital involvement have been 
described [116].

10.3.4.2 Diagnosis

Ocular JXG requires prompt diagnosis and intervention 
in order to minimise complications [117]. Misdiagnosis 
can lead to inappropriate measures such as enucleation 
for presumed malignancy [117]. Tissue biopsy from skin 
lesions, aqueous tap, iris biopsy or excisional biopsy are 
useful for confirming clinical suspicions [117, 118].

Histologically, cutaneous lesions are classically 
described as a mass of large mononuclear cells with foamy 
cytoplasm with the presence of fat containing Touton-
type giant cells [116]. The lipid contains apolipoprotein 
A and can be demonstrated with oil red O staining [116]. 
Iris lesion histiocytes show foamy cytoplasm and Touton 
giant cells less often than in skin lesions [117]. Newly 
formed thin-walled blood vessels are often present in the 
iris stroma [117]. Immunohistochemical findings may 
help diagnose atypical variants of JXG and differentiate 
JXG from other histiocytic disorders [116].

10.3.4.3 Management

Uveal lesions must be treated early due the risk of blind-
ing secondary glaucoma [117]. Treatment of secondary 
glaucoma consists of aggressive topical and oral pres-
sure-lowering agents [117]. Corneal or limbal lesions may 
be treated by local excision and or lamellar graft [118]. 
Intraocular and orbital lesions may respond to topical, per-
ibulbar or systemic corticosteroid therapy [117]. Resistant 
cases may require irradiation or immunosuppression [3].

■ Approximately one-third of patients have no history 
of primary cancer at the time of ocular diagnosis

■ Metastatic lesions may rarely be mistaken for 
intraocular inflammation

■ Ocular metastases have been reported many 
years after primary removal, especially with car-
cinoid and renal tumours

Summary for the Clinician

■ The eye is the most frequently affected extracu-
taneous site

■ JXG may first present to the ophthalmologist
■ Ocular involvement occurs most often during 

the first two years of life
■ The most common ocular manifestations are 

a unilateral iris lesion, spontaneous hyphaema 
and potentially blinding secondary glaucoma

Summary for the Clinician
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