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Abstract
Vogt Koyanagi Harada disease (VKH) is a multisystem
disorder of an unknown, possibly immune etiology.
Sympathetic ophthalmia is also a bilateral panuveitis of
presumed immune origin where the inciting stimulus is an
injury to the eyeball. The etiopathogenesis of these two
diseases which manifest as panuveitis remains poorly
understood. In this review, an effort is made to draw a
possible etiological association between ciliary body
stem/ progenitor cells and sympathetic ophthalmia and
one between Vogt-Koyanagi-Harada disease and neural
derived crest cells.
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Introduction
Vogt Koyanagi Harada disease (VKH) is a multisystem
disorder of an unknown, possibly immune etiology
characterized by ocular, cutaneous, neurological and auditory
features [1]. It is also known as uveomeningeal syndrome. In
the eye, it presents as a bilateral panuveitis of sudden onset
and results in a fairly rapid decrease in vision if there is a delay
in diagnosis and treatment. Cutaneous features include
alopecia and vitiligo, neurological features are meningeal
irritation, cranial nerve palsies, pleocytosis on cerebrospinal
fluid analysis and convulsions and auditory symptoms,
transient vertigo, tinnitus and loss of hearing. The disease
normally progresses through the prodromal stage, ocular
stage, chronic stage and recurrent stage. Ocular inflammation
generally precedes the integumentary changes but may also
occur concurrently. The mainstay of treatment is
immunomodulatory therapy with corticosteroids and
immunosuppressives
(azathioprine,
methotrexate,
cyclosporine, mycophenolate etc.).
Sympathetic ophthalmia is again a bilateral panuveitis of
presumed immune origin where the inciting stimulus is a
major injury to the eyeball. The injury in the majority of

patients involves uveal tissue (iris, ciliary body and choroid) so
much so that the ciliary body is considered a danger zone for
the development of sympathetic ophthalmia. Not only trauma,
but even a minor or major surgical procedure that disturbs the
uveal tissue can incite sympathetic ophthalmia. The eye which
sustains the injury is called the exciting eye and the fellow eye
which becomes inflamed secondarily, as the sympathizing eye.
Involvement of the fellow eye may occur within 10 days of
sustain the injury to several years (with 90% of cases
developing within the first year) [2]. The risk of developing
sympathetic ophthalmia is highest when the penetrating
trauma involves the ciliary body (danger zone). Like VKH, there
is high risk of visual loss if the condition is not diagnosed and
treated early [3]. As in the case of VKH, treatment revolves
around the use of corticosteroids and immunosuppressives
[4,5].
Sympathetic ophthalmia and VKH have been known for
several centuries and are characterized by the above well
recognized clinical features. However, at the cellular and
molecular level they remain poorly understood and their
etiopathogenesis has remained an enigma [6-8]. With this
background, the current article tries to explore the possible
relationship between sympathetic ophthalmia and the
recently detected ciliary body stem cells. The second
relationship it presents is that between Vogt-Koyanagi-Harada
disease and neural crest cells.

Current understanding
How injury to one eye incites inflammation in the fellow eye
continues to remain an enigma. For over a century, it has been
speculated that sympathetic ophthalmia is an immune
mediated pathology with uveal pigment (melanocytes) being
the possible antigenic stimulus [9]. However studies have
shown that cell mediated immunity in sympathetic ophthalmia
is not only directed against uveal antigen but also against
retinal antigens found on photoreceptors and retinal pigment
epithelial cells [10,11]. The retina being an immune privileged
site and the choroid lacking in lymphatics, it is difficult to
conjecture as to how any antigen would produce a
sympathizing response in the fellow eye. To explain this some
authors proposed that following injury to the ocular coats, the
spread of antigens occurs through conjunctival lymphatic
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vessels [12]. The sensitizing reaction then occurs in the
regional lymph nodes and spleen. Another suggestion has
been that a transient antigen-antibody reaction is induced by
exposure to high dose of antigen in the immediate
posttraumatic period. Hence the current opinion is that there
are several retinal and uveal antigens against which
autoimmunity and cell mediated immunity is initiated in
patients with sympathetic ophthalmia. However the source of
these antigens still remains unknown. In this context it is also
important to emphasize that not all patients with significant
penetrating trauma develop sympathetic ophthalmia. The
prevalence being 1 in 5000 to 1 in 2000 patients with ocular
trauma and 1 in 10,000 patients following intraocular surgery
[13,14]. So, the sympathizing response is not universal. As
mentioned in the introduction, one established observation
has been that injury to the ciliary region is considered ‘danger
zone’ for the development of sympathetic ophthalmia. Why
this is so also remains unexplained. How these issues could be
explained by using the putative source of antigen as being the
ciliary body stem cells is discussed in the subsequent section.
As regards VKH, the etiology still remains unanswered. A
viral infection in a genetically predisposed person setting off an
autoimmune reaction against melanocytes is the most
considered etiology presently [15]. Studies showing close
contact between lymphocytes and melanocytes, serum
containing lymphocytes with cytotoxic activity against B-36
melanoma cell line and IL-2 dependent T cells targeting normal
melanocytes and melanoma cells support this melanocyte
theory [16,17]. Melanocyte associated peptides related to
tyrosinase, TRP-1 and TRP-2 have been shown to be antigenic
in intraocular fluids [18]. Autoantibodies against Mueller cells
and photoreceptor outer segments have also been detected in
the sera [19]. These peptides have also been studied in an
experimental model of VKH [20]. High titres against an antigen
expressed by melanocytes, KU-MEL-1 have also been
demonstrated in patients with VKH [21]. These studies
highlight the possibility of melanocytes being the primary
antigenic stimulus in this disease. However they fail to address
other immune observations like the presence of antibodies
against retinal S antigen, interphotoreceptor retinoid binding
protein (IRBP), photoreceptors and Muller cells remains
unexplained. Most importantly however, this theory again fails
to explain the other multisystem components of VKH like
deafness, meningeal signs, cranial nerve palsies and auditory
features (deafness, vertigo and tinnitus). Also, the presence of
a viral infection is frequently lacking to support the
consideration of post-viral autoimmune mediated disease. In
the next section an effort is made to raise the possibility of
neural crest derived cells being a strong contender in the
pathogenesis of VKH.
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species, this zone is said to have progressively regressed and
almost become non-existent in mammals, including humans
[23]. However in the year 2000, it was postulated that the
ciliary body (the midzone of the uveal layer between the
anterior iris and posterior choroid) may harbor retinal stem
cells [24,25]. Although the mammalian ciliary body is largely
composed of small muscular tissue, the epithelium which lines
it has neuroepithelial features and shares a common origin
with the optic cup during embryonic development. Two
research teams independently reported that single pigmented
cells from the mouse ciliary epithelium could clonally
proliferate and had the ability of self-renewal. Interestingly,
these cells within the colony were shown to express genes
found in photoreceptors, bipolar cells and Mueller cells.
Subsequently, similar ciliary body stem cells were reported in
humans too. These stem cells also have only a limited ability of
proliferation and self-renewal. More recently several authors
have questioned the presence of true neural stem cells in the
human ciliary body. The conclusion from a current review
states that although true neural stem cells are absent from the
human ciliary body, there certainly exists a population of cells
with remarkable plasticity and characteristics of
neuroepithelial progenitors (and their markers) [26]. It has also
been shown that they can differentiate into rhodopsin positive
cells in specific vitro conditions [27]. The retinal and neural
markers expressed by these progenitor cells include Nestin,
Lhx2, Dach1, Chx10, Six 3, Sox 2 and Pax6 [28]. The number of
ciliary body epithelial cells with these progenitor properties is
considered to be only 0.2% to 2% [25,28,29].
During the formation of the neural tube (which finally
develops into the spinal cord), some neural embryonic cells get
separated and no longer remain as a component of the central
nervous system. These cells, called neural crest cells migrate to
various regions of the body and transform into several cell
derivatives. Some of neural crest cell derivatives include
melanocytes, odontoblasts, meningeal covering of the brain,
Schwann cells, sensory ganglia, thymic cells, sympathetic and
parasympathetic ganglia, cranial neurons, facial bones and
cartilage, some cells of the adrenal medulla and ossicles
(bones of the middle ear-anvil, malleus and stapes) [30,31]. In
the eye neural crest cell derivatives include choroidal
melanocytes. Owing to their ability to form various cellular
forms (multipotency) and limited ability of self-renewal, neural
crest cells are considered to bear the hallmarks of stem cells
and progenitor cells. Markers for pluripotency, NANOG,
POU5FI and SOX2 have also been found to be expressed on
neural crest cells further strengthening their ability to behave
like stem cells [32,33]. It is however likely that similar to ciliary
body cells, not all adult neural crest cells possess the
capabilities of stem cells. There could be only a small fraction
of these cells still retaining stem cell/ progenitor cell property.

Ciliary body stem cells and neural crest derived
Possible etiopathological relationship
cells
In fish and amphibians, it has been proven that the retina
continues to grow throughout life and is also able to
regenerate. This has been attributed to the presence of stem
cells in the ciliary marginal zone [22]. With evolution of
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Not all patients with intraocular trauma develop
sympathetic ophthalmia. The prevalence being 0.01%-0.05%.
This can be explained by studies which show that the number
of ciliary body epithelial cells with progenitor properties is only
0.2% to 2%. Hence, even if the ciliary ‘danger’ zone is involved
in the trauma, sympathetic ophthalmia is likely to develop only
in those patients in whom ciliary body progenitor cells get
activated and become antigenic.
In addition to uveal antigen, those against retinal
photoreceptors have also been consistently demonstrated in
patients with sympathetic ophthalmia. This is explainable by
reports which demonstrate that ciliary body progenitor cells
also express markers for photoreceptors, bipolar cells and
Mueller cells.
Vogt-Koyanagi-Harada disease and neural crest cell
derivatives: As mentioned early on, VKH is a multisystem
disease involving ocular, cutaneous, neurological and auditory
organs. While the ocular and cutaneous features (alopecia and
vitiligo) can be explained with the melanocyte as the antigenic
source, the other two, neurological and auditory features
cannot be accounted for. If however one considers the neural
crest derived cells to be the primary antigenic stimulus or cells
that become antigenic secondary to antigenic conversion of
melanocytes, then we could explain the neurological and
auditory features. Neurological features are explained the
neural crest origin of meningeal covering, Schwann cells and
cranial ganglia. Auditory signs could be explained by the neural
crest origin of the three ossicles and glial cells of the cochleavestibular nerve in the inner ear.
If indeed neural crest derived cells happen to be the
antigenic stimulus for the development of VKH, it raises the
possibility that injury to any of its derivatives may incite the
condition. VKH is not very common and varies in prevalence
various populations. Other than genetic reasons this could also
be related to the percent of neural crest cells that actually
retain the property of stem cell/ progenitor cell into
adulthood.

Conclusion
Stem cells have been widely studied for their ability to
differentiate into several cells lines and self-renewal capability.
So concerns with the therapeutic use of stem cells has been
the risk of oncogenecity and genetic instability. After birth, it is
also possible that under certain conditions (e.g. injury) residual
cells with stem cell/ progenitor cell properties become
exposed and turn antigenic. This initiates an immune cascade
against all cells carrying similar antigens. I have herein
discussed such a possible relationship in disease pathogenesis
with regards to two autoimmune disorders of the eye, the first
being the relationship between sympathetic ophthalmia and
ciliary body stem cells and the second, that between VKH and
neural crest derived cells. Molecular studies on patients to
isolate markers for these cells and experimental studies would
be useful to further improve our understanding of these two
enigmatic immune mediated disorders. In the body, similar
© Copyright iMedPub
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