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New insights into Vogt-Koyanagi-Harada disease

Novos conhecimentos sobre a doenca de Vogt-Kovanagi-Harada

Francisco Max Damico'
Felipe Theodoro Bezerra ABSTRACT

Gaspar Carvalho daSilva* Vogt-Koyanagi-Harada disease (VKH), a well-established multiorgan
Fabio Gz.lsparin"‘ disorder affecting pigmented structures, is an autoimmune disorder of
Joyce Hisae Yamamoto* melanocyte proteins in genetically susceptible individuals. Several

clinical and experimental data point to the importance of the effector role
of CD4+ T cells and Th1 cytokines, the relevance of searching a target
protein in the melanocyte, and the relevance of the HLA-DRB1*#0405 in
the pathogenesis of the disease. Vogt-Koyanagi-Harada disease has a benign
course when early diagnosed and adequatey treated. Full-blown recur-
rences are rare after the acute stage of Vogt-Koyanagi-Harada disease is
over. On the other hand, clinical findings, such as progressive tissue
depigmentation (including sunset glow fundus) and uveitis recurrence,
indicate that ocular inflammation may persist after the acute phase.
Additionally, indocyanine green angiography findings suggest the pre-
sence of choroidal inflammation in eyes without clinically detectable
inflammation. The aim of this paper is to review the latest research results
on Vogt-Koyanagi-Harada disease pathogenesis and chronic/convales-
cent stages, which may help to better understand this potentially blinding
disease and to improve its treatment.
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INTRODUCTION

Vogt-Koyanagi-Harada disease (VKH) is a well-established multiorgan
disorder that affects pigmented structures, such as the eye, inner ear,
meninges, and skin. It is an inflammatory condition of autoimmune nature
in which cytotoxic T cell target melanocytes in genetically susceptible
individuals. VKH is one of the most common causes of uveitis in Japan and
Brazil. The classic clinical course of VKH can be divided into four stages".
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Revised Diagnostic Criteria (RDC) are more comprehensive as patients in
both acute and chronic stages are contemplated and some of the ancillary
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studies should be undertaken as extraocular manifestations may
be short-lasting, possibly influenced by treatment. Imaging
technologies, such as indocyanine green angiography (ICGA)
and optical coherence tomography, have proven very useful in
the diagnosis and follow-up of VKH patients and may be con-
templated in future revisions of the RDC. Knowing the RDC and
applying them early in the course of acute VKH is mandatory, as
evidences point out that early and vigorous treatment may in-
fluence outcome. Also of importance is recognizing and diag-
nosing chronic phase patients, which may otherwise be treated
as other uveitic entities. It seems improbable that patients with
VKH disease may go unnoticed once correctly evaluated in
either phase®®.

Although diagnosis of acute VKH is generally straight-
forward (Figure 1) and treatment tends to be effective in most
patients, little is known about convalescent and chronic sta-
ges. Full-blown recurrences are rare after the acute stage of
VKH is over. On the other hand, clinical findings, such as
progressive tissue depigmentation (including sunset glow
fundus) and uveitis recurrence indicate that systemic and
ocular inflammation may persist after the acute phase®®(Fi-
gure 2). Additionally, ICGA findings suggest the presence of
choroidal inflammation in eyes without clinically detectable
inflammation”.

The aim of this paper is to review the latest research results
on VKH pathogenesis and chronic/convalescent stages, which
may help to better understand this potentially blinding disease
and to improve its treatment.

AUTOIMMUNITY AGAINST MELANOCYTES

Clinical features of choroidal and skin depigmentation were
the first evidence of melanocyte role in the pathogenesis, and
histopathology findings support it. Transmission electron mi-
croscopy of eyes in the early stage shows a close contact bet-
ween melanocytes and lymphocytes in the uvea. Histopatho-
logy of eyes in the end stage of VKH shows a remarkable
disappearance of choroidal melanocytes, and immunohistoche-
mistry identified T and B lymphocytes in the choroids®.

Role of CD4* T cells

Functional in vitro assays further contribute to the under-
standing of the effector cell in this autoimmune response
against pigmented cells. Uveal pigment inhibits leukocyte
migration of peripheral blood mononuclear cells (PBMC) of
patients with VKH. Cytotoxic leukocytes against melanoma
cells are present in peripheral blood and cerebral spinal fluid
(CSF) of patients with VKH. Cytotoxic CD4* and CD8* T
lymphocytes against human melanoma cells and melano-
cytes are present in the peripheral blood of patients with
VKH®. These findings support the main role of CD4* T cells
in the pathogenesis of VKH.

Immunohistochemical studies show that eyes with active
VKH present activated T lymphocytes in the choroid which
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express both early and late activation markers. Activated
CD4* T cells found in the skin in depigmented area® and
melanin-laden macrophages described in CSF of patients
with VKH reinforce the role of the melanocyte and systemic
nature of the disease.

Cytokines are major regulators of leukocyte traffic under
physiological and pathological conditions. Th, cytokine
profile is a common finding in most human organ-specific
autoimmune diseases. Th, cytokine profile is described in
PBMC of patients with VKH. T cell clones from infiltrating
cells of the aqueous humor and PBMC of patients sponta-
neously produce larger amounts of IL-6, IL-8, and IFN-y'?.
Gocho et al. isolated T cell clones from PBMC of patients
specific for tyrosinase family proteins with predominant Th
cytokine profile!'”. Damico et al. demonstrated that PBMC
of patients recognize an increased breadth of melanocyte
protein-derived peptides with higher affinity than control
subjects and do not produce IL-4, a Th, cytokine, in response
to disease-specific peptides'. Differences in cytokine con-
centrations in CSF and sera of patients with VKH corroborate
a Th -dominant condition in VKH"?.

Recently, two new T helper subsets were described in mice
and humans: T helper 17 (Th17) and regulatory T cells (Treg).
Th17 may be important in the development and progression of
inflammatory and autoimmune diseases and Tregs are charac-
terized by their immunoregulatory ability to inhibit the deve-
lopment of certain autoimmune diseases in animal models.
Both T helper subsets were described in VKH*19,

Immunogenetics

Genetic factor may play an important role in tolerance break-
down in VKH. The strong association of VKH with HLA-DR4/
DR53 in the Japanese population has long been known®. This
association was also found in Chinese, North American, and
Hispanic patients!'”. A secondary association with HLA-DR1 was
also described, involving a shared sequence linked to suscepti-
bility to rheumatoid arthritis. Goldberg et al. showed that HLA-
DRB1*0405 is also the predominant susceptibility allele in Bra-
zilian patients, a very ethnic heterogeneous population. In that
study, the different alleles originally proposed to be associated
with VKH were present separately, reinforcing the importance of
HLA-DRB1*0405 as the main susceptibility allele to VKH!®,

The importance of this allele in susceptibility to the deve-
lopment of VKH was reinforced by Damico et al., who showed
that patients bearing HLA-DRB1%*0405 recognized a larger
melanocyte-derived peptide repertoire than HLA-matched
control subjects!?.

Search for a target in VKH

Melanocyte differentiation proteins are the most studied
proteins in VKH pathogenesis. These proteins, tyrosinase,
tyrosinase-related protein 1 (TRP-1), tyrosinase-related pro-
tein 2 (TRP-2), gp100/PMel-17, and MART-1/Melan A, were
first described in melanoma-related studies and are recog-
nized by T cells from patients with melanoma.
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Figure 1 - Clinical findings in acute phase of VKH; A & B: Fundus pictures of both eyes show disc hyperemia, white-yellowish choroidal lesions,

and localized exudative retinal detachments; C & D: Fluorescein angiographies of both eyes show pin-point hyperfluorescence and dye pooling

corresponding to areas of retinal detachments; E & F: Indocyanine green angiographies show areas of diffuse hyperfluorescence, dark spot,
and “hot-spots”
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Figure 2 - Clinical findings in chronic phase of VKH; A & B: Fundus pictures of both eyes show diffuse retinal depigmentation and peripapillary fibrosis;
C & D: Fluorescein angiographies of both eyes show diffuse window retinal pigment epithelium defects; E & F: Indocyanine green angiographies
show dark spots and diffuse late hyperfluorescence suggestive of disease activity
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Melanocyte proteins, believed to be expressed in melano-
somes, are involved in the synthesis of melanin pigment.
Most of those proteins were identified as melanoma antigens
by screening cDNA library with HLA-class I-restricted mela-
noma-reactive cytotoxic T lymphocytes. In pigmented cells,
melanin is synthesized within melanosomes through enzy-
matic reactions from tyrosine. The first reactions are cataly-
zed by tyrosinase which is regarded as the key enzyme in
melanin synthesis. Tyrosinase and the two other related en-
zymes, TRP-1 and TRP-2, play an important role in the initia-
tion of the process of melanization, and are expressed in the
eye, skin, and brain.

Tyrosinase, TRP-1 and TRP-2. Several authors showed
cellular immune response of peripheral T cells or T cells from
intraocular fluid against peptides derived from tyrosinase
and its related proteins>!9,

MART-1. Sugita et al. isolated CD8" T cell clones from
intraocular fluid with a specific cytotoxicity activity against
MART-1 in HLA-A2-positive patients with VKH®.

PMel-17/gp100. Chan et al. showed that experimental me-
lanin-protein induced uveitis can be ameliorated by a recom-
binant adenovirus construct encoding gp100@". However, so-
me authors studied peptides derived from this protein but VKH
relevant peptides were not found in VKH patients"?.

Several peptides selected from tyrosinase, TRP-1 and TRP-
2 are restricted to HLA-DRB1#0405 and are potential can-
didates for the autoimmune response observed in VKH. Evi-
dences from experimental VKH, established by Yamaki et al.,
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with tyrosinase, TRP-1, and TRP-2 peptides reinforce the role of
these proteins in VKH pathogenesis®?. In spite of these studies,
the exact role of tyrosinase and its related proteins in the
pathogenesis of VKH has not yet been clarified. Other attempts
to identify additional autoantigens involved in the anti-
melanocyte immune responses in VKH are under investigation.

Serological identification of tumor antigens by cDNA ex-
pression cloning with sera from a melanoma patient who deve-
loped anti-melanocyte/melanoma immune responses identified
an antigen called KU-MEL-1. KU-MEL-1 is an antigen strongly
expressed in most melanoma cell lines, melanoma tissue sam-
ples, and cultured melanocytes but weakly expressed in cell
lines derived from other types of tumors. Antibody anti-KU-
MEL-1 was detected in patients with VKH and was related to
some clinical aspects of the disease®. A protein called PAX3
and its isoform were isolated from melanoma and melanocytes at
relatively high frequency by systematic gene expression analy-
sis combined with rapid screening of patient sera for immuno-
genicity against a highly pigmented melanoma cell line. Anti-
bodies against this protein were detected in some patients with
melanoma and VKH, but not in healthy subjects®. Two other
autoantigens - lens epithelium derived growth factor (LEDGF)
and uveal autoantigen (UACA) - were also isolated by cDNA
cloning with a cDNA library made from bovine uvea and sera
from patients with VKH®29

Further methods for prediction of binding of putative antige-
nic peptides to HLA-DRBI1 alleles are recently being proposed®”.

Table 1 summarizes the candidate autoantigens in VKH.

Molecule Characteristics
Tyrosinase Expressed by melanoma

cells and normal melanocytes
Tyrosinase

TRP1 and TRP-2 Expressed by melanoma
cells and normal melanocytes
Tyrosinase and TRP-1
Tyrosinase and TRP-1 and TRP-2
MART-1/Melan-A Expressed by melanoma cells,
normal melanocytes and retina
Expressed by melanoma cells

and normal melanocytes

Gp100/PMel-17

and premelanosomal vesicles
Extracted from melanoma cells
75kDa, pH 6.0

Expressed by melanoma cells
and normal melanocytes
Expressed in uvea, retina
and melanocytes

Most abundantly in skeletal
muscles and in choroid, retina,
and epidermal melanocytes
Expressed by melanoma cells
and normal melanocytes

Soluble protein
KU-MEL-1
Lens epithelium derived

growth factor (LEDGF)
Uveal autoantigen (UACA)

PAX3

Table 1. Candidate autoantigens for Vogt-Koyanagi-Harada disease

Localized at membranes of melanosomes

Host Immune mediator Reference
Human T cell clone from PBMC 39
Human rat PBMC 19
Rat PBMC 40
Human T cell clone from PBMC 11
Human PBMC 12
Human T cell clone from PBMC 20

and intraocular fluid

Rat T cell 21
Human PBMC 28
Human Serum IgG 23
Human Serum IgG 25
Human Serum IgG 26
Human Serum IgG 24
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Infection and autoimmunity in VKH

Concerning the etiology of autoimmune diseases, efforts
are focused on the search for triggering factors®. Viral in-
fections and autoimmune disease have long been linked.
Viral symptoms often precede inflammatory signs in the tar-
get organ. Mechanisms used to explain the association of
autoimmunity and viral infection include molecular mimicry,
bystander activation, and viral persistence. VKH classically
starts with vague systemic symptoms suggestive of viral in-
fection but a clear association between a specific viral agent
and the disease has not been established yet. Molecular stu-
dies utilizing polymerase chain reaction showed presence of
Epstein-Barr virus genome in the CSF and vitreous of pa-
tients with VKH®. Some authors described a cross-reactive
T cell response between tyrosinase peptides and cytomegalo-
virus antigen in patients with VKH®?. Those inconclusive
data point to the need for further studies to clarify the trigger
of the autoimmune reaction in VKH.

OUTER RETINA AUTOIMMUNITY AND VKH

Cell-mediated and humoral immunity to photoreceptor
antigens were demonstrated in VKH®'~*?, However, retinal
autoimmunity is also found in other types of uveitis as well as
in non-inflammatory retinal disorders, such as diabetic reti-
nopathy, particularly after argon laser photocoagulation. The-
refore, the precise pathogenic role of retinal autoimmunity in
VKH is still uncertain. It may simply represent an epipheno-
menon that develops after retinal damage and may perpetuate
inflammation that was initiated by melanocyte specific im-
mune activation.

APOPTOSIS IN VKH

Apoptosis plays a central role in regulating the develop-
ment of lymphocytes and in their homeostasis. A breakdown
in apoptosis-related signaling mechanisms could result in
the development of autoimmune disorders. During the past
decade, a lot has been known about the various apoptotic
signaling pathways and their aberrant behavior in autoim-
mune disorders.

Specifically in VKH, lymphocytes of patients with the
disease were shown to be relatively resistant to apoptosis
mediated by anti-Fas antibody®?. In addition, the strong Bcl-2
expression by CD4* T lymphocytes of the CSF of patients with
VKH, may regulate CNS apoptosis of inflammatory cells®®.

CHRONIC AND CONVALESCENT STAGES

Studies including patients with chronic and convalescent
VKH have contributed to a better understanding of the clini-
cal features of the disease.
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Immunohistochemical studies showing lymphocytes in
the choroid of eyes in convalescent stage suggest the presen-
ce of active ocular inflammation after acute stage manifes-
tations. Sunset glow fundus, a very characteristic finding in
convalescent and chronic stages, seems to worsen over time
more rapidly in eyes with inflammation than in eyes without
manifest inflammation®. Chronic inflammation has been
reported in 17.5% of patients treated with high-dose corti-
costeroid therapy from initial onset®. In those 80 patients,
sunset glow-fundus had a prevalence of 62% in patients with
VKH without chronic ocular inflammation versus 93% in
those with chronic inflammation®. Additionally, some pa-
tients do not present sunset glow fundus after high-dose corti-
costeroid therapy, suggesting that this finding may be related
to poor inflammatory control. Functional tests support the
above findings. Multifocal electroretinogram responses are
reduced in patients in convalescent stage with no apparent
retinal atrophy and normal visual acuity, also indicating
subclinical retinal damage®.

ICGA is a useful method of assessing choroidal status.
Typical signs of choroiditis were described in eyes with VKH
in acute stage®. Recently, ICGA of eyes in chronic stage
with apparent isolated anterior recurrence disclosed early
choroidal stromal vessel hyperfluorescence and leakage,
suggesting subclinical choroiditis®”. Authors also reported
two contralateral eyes without any sign of inflammation which
presented the same ICGA findings®”. The most frequent
ICGA finding in eyes with subclinical choroidal inflamma-
tion is the presence of hypofluorescent dark dots in interme-
diate phase that become isofluorescent in the late phase
(Figure 2). It is hypothesized that they represent choroidal
granulomas. Other less common findings may be present,
such as fuzzy vascular pattern of large stromal vessels, optic
disc hyperfluorescence, and choriocapillaris filling delay.
There are evidences that ICGA is very useful to monitor the
response to corticosteroid therapy by allowing semi-quanti-
fication of the degree of choroidal inflammation?. Interes-
tingly, ICGA signs of active choroidal inflammation during
chronic or convalescent stages show significant decrease
after systemic corticosteroid therapy, confirming the inflam-
matory nature of the findings®?.

CONCLUSIONS

Although the clinical picture of VKH is well established,
little is known about its pathogenesis. Based on the current
evidences, our simplified hypothesis for the pathogenesis of
VKH is summarized in Figure 3. Essentially, CD4* T cells
reactive to melanocyte specific proteins are triggered by an
infectious agent. The presence of HLA-DRB1*0405 facilitates
this process. This pathological condition may unmask cryptic
or subdominant self-epitopes from melanocyte specific proteins
and activate T cells that are normally silent®®. In perspective,
questions regarding the relevance of HLA-DRB1*0405, the
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Figure 3 - Hypothetical scheme of VKH pathogenesis

nature of the effector T cells, the trigger and the relevant self-
antigens in the pathogenesis of VKH should be further analy-
zed by future research.

Clinically, there is evidence supporting the concept of on-
going choroidal inflammation even after high-dose corticoste-
roid therapy and apparent quiescence in the eyes. As such, initial
therapy may not be sufficient to completely eradicate choroidal
inflammation in all patients. ICGA seems to be a sensitive me-
thod to assess choroidal involvement and an important tool
during the follow-up period. Further studies are needed to better
understand the clinical importance of ongoing choroidal in-
flammation, its effect on retinal function and the impact its
presence or eradication may have on vision in the long term.

RESUMO

A doencga de Vogt-Koyanagi-Harada (VKH) afeta varios 6rgaos
que tém em comum a presenca de pigmento. E doenca auto-
imune que agride os melandcitos de individuos geneticamente
susceptiveis. Inimeras evidéncias clinicas e experimentais
demonstram a importancia de células T CD4+ como células
efetoras da resposta imune celular, das citocinas pré-inflama-
térias Thl, da procura da proteina-alvo dentro do melandcito,
e da relevancia do HLA-classe II DRB1*0405 na patogénese
desta doenca. A doenga de Vogt-Koyanagi-Harada apresenta
bom prognéstico visual desde que o diagndstico seja precoce e
o tratamento instituido seja adequado. Recidivas com acometi-
mento do segmento posterior sdo raras apds a fase aguda da

doenca. No entanto, achados clinicos como a progressiva
despigmentacdo do fundo, incluindo o aspecto em por do sol,
e as recidivas da uveite indicam que a inflamacdo ocular
pode persistir mesmo apds a fase aguda da doenca. Os acha-
dos da angiografia com indocianina verde também sugerem a
presenca de inflamagdo da cordéide mesmo em olhos sem
inflamagdo clinicamente detectdvel. O objetivo do presente
trabalho é rever os mais recentes estudos sobre a patogénese
da doencga Vogt-Koyanagi-Harada e sobre os aspectos clini-
cos da fase cronica e/ou convalescente da doenga, permitindo
melhores conhecimentos sobre esta doenca potencialmente
morbida e oferecendo terapias mais adequadas.

Descritores: Sindrome uveomeningoencefilica; Uveite/etio-
logia; Doenga cronica; Doengas autoimunes/imunologia; An-
tigenos HLA-DR; Melandcitos/imunologia; Revisdo
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