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Introduction

The uveal tract is a layer of tissue located between the outer layer
(cornea and sclera) and the inner layer (the retina) of the eye. The front
portion (anterior) of the uveal tract contains the iris, and the back
portion (posterior) of the uveal tract contains the choroid and the stroma
of the ciliary body. The iris is exposed to both visible light and UV
radiation, and the choroid and ciliary body are mostly sheltered from
visible light and UV radiation. The uveal tract is deeply pigmented so that
the iris also acts as a light screen to eliminate excessive light entering
the lens and retina (Figure 1).
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Figure 1. Structure of the eye with uveal tract labeled red. The
uvea can be divided into three parts, the iris, the ciliary body,
and the choroids.

There are two different types of pigmented cells in the uveal tract, the
melanocytes and pigment epithelial cells. The melanocytes located in the
iris are constantly exposed to UV radiation, and this leads to the
malignant transformation of these cells to form a specific type of
malignant tumor, the uveal melanoma. As the choroidal and ciliary
melanocytes are shielded from UV radiation, only iris melanoma is
thought to be triggered by the detrimental effects of UV radiation

[Hu, 2005b, 2008].

Structure And Function Of The Uveal Tract

The wall of the human eye consists of three distinct concentric layers, the
outer layer (the transparent cornea and the opaque white sclera), the
middle layer (the uveal tract, or uvea), and the inner layer (the retina).
The uvea is composed of three parts: the iris anteriorly, an intermediate
ciliary body, and the choroid posteriorly. The uveal tract is a highly
vascularized connective tissue, and contains various cell types

[Hu, 2002].

The iris. The iris is the anterior part of the uvea, and forms a diaphragm
over the lens. There is a hole in the center of the iris, which is known as
the pupil. Pupil size is controlled by the light intensity entering the eye. It
contracts under intensive light irradiation, and expands under low
lighting, thus allowing more or less light to enter the lens and the
posterior portion of the eye.

The iris has three different layers. The first layer consists of melanocytes
and fibroblasts, which cover the anterior part of the iris. The second part
contains the main mass of the iris (iris stroma). The iris stroma is a layer
rich in blood vessels embedded in loose connective tissues, which contain
various cells, such as fibroblasts and melanocytes. The third layer
consists of two layers of pigment cells (iris pigment epithelium). The
anterior iris pigment epithelium is a layer of smooth muscle cells that
control the size of the pupil. The posterior iris pigment epithelium is a
layer of densely pigmented cells, which covers the posterior layer of the
iris [Jakobiec, 1982].

The color of the human iris varies from blue to dark brown, and the
difference of the iris color is mainly determined by the type and amount
of melanin in the melanocytes [Eagle, 1988; Imesch, 1996; Hu, 1995;
Prota, 1998; Wakamatsu, 2008; Wilkerson, 1996]. The melanin in the
eye is either eumelanin, which is black to brown, or pheomelanin, which
is yellow to reddish [Wakamatsu, 2008]. Iridal melanocytes in a dark
colored iris (brown and dark brown colored irides) contain a high ratio of
eumelanin/pheomelanin, and more melanin than melanocytes from light
colored irides [Prota, 1998; Wakamatsu, 2008]. In the light colored iris
(blue, yellow brown and green colored irides), iridal melanocytes contain
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less melanin, especially eumelanin. Iris pigment epithelium contain
mainly eumelanin. There is no difference in melanin content in the iris
pigment epithelium in normal irides of dark or light color. In albinism,
both melanocytes and iris pigment epithelium lack pigment, and the iris
becomes pink in color [Hu, 2008; Nordlund, 1998].

The iris has various functions, which include a light screening effect that
can eliminate stray light rays. The size of the pupil responds to the light
intensity entering the eye, and controls the amount of light entering the
lens and the posterior segment of the eye [Jakobiec, 1982].

The ciliary body. The ciliary body is located between the iris and the
choroid, and is attached to the outer layer of the eye (the sclera). It
extends for approximately 5-6 mm from the root of the iris to the
beginning of the choroid. The structure of the ciliary body is similar to
the iris, which consists of the stroma and the ciliary epithelium. The
ciliary epithelium covers the inner surface of the ciliary body, and
consists of two different layers of cells, the pigmented and non-
pigmented ciliary epithelial cells [Jakobiec, 1982].

The main function of the ciliary body is the production of the aqueous
humor which fills the space in front of and behind the iris. Contraction of
ciliary muscle controls the shape of the lens through the zonule, which is
attached to the ciliary body and the lens [Jakobiec, 1982].

The choroid. The choroid is the posterior part of the uvea, and is
located between the outer layer (sclera) and inner layer (retina) of the
eye. The choroid is a layer of connective tissue, which consists of large
amount of blood vessels. In contrast to the iris and ciliary body, the
pigment epithelium cells in this region (retinal pigment epithelium) are
classified as a part of the retina rather than the uvea. The main function
of the choroid is to support and nourish the retina [Jakobiec, 1982].

Photobiology Of The Iris

Accessibility of the iris to light radiation. The iris is covered by the
cornea and the aqueous humor. Most visible light (400 - 750 nm) can
pass through the cornea and the aqueous humor, and reaches the
anterior surface of the iris. Virtually all UV radiation below 295 nm (UV-C
and part of UV-B) is blocked by the cornea, and does not reach the iris
[Boettner, 1962; Lerman, 1980; Hu, 2008; Roberts, 2000, 2001].

The transmission of UV radiation at 290 - 400 nm (UV-A and UV-B)
through the cornea and the aqueous humor can be expressed by two
different parameters: the direct transmittance and the total
transmittance. When UV radiation passes through a medium, part of it
can pass directly through the medium, part of it is absorbed or reflected
by the medium, and the remainder can be scattered by the medium. The
direct transmission is the UV radiation that passes directly through the
medium, and the total transmittance of radiation combines both the
direct transmission and the scattered radiation. The direct and total
transmittance of UV radiation that pass through the cornea and aqueous
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humor are 20% and 50% at 320 nm (UV-B); 32% - 42% and 55 - 70%
at 350 - 400 nm (UV-A), respectively [Boettner, 1962]. The transmission
of UV-A and UV-B through the cornea and the aqueous humor is age
dependent. The total transmission of UV radiation through the cornea
and the aqueous humor by 8, 24 and 80 year old individuals is 20%,
19% and 17% at 320 nm; 80%, 50% and 32% at 350 nm and 98%,
60% and 40% at 400 nm, respectively [Lerman 1980]. Therefore, the
light radiation that reaches the anterior surface of the iris is
approximately less than 5% of all UV-C, 5 - 20% of UV-B, 20 -60% of
UV-A and 60 - 90% of visible light in adult human being [Boettner, 1962;
Lerman, 1980].

Transmission of light radiation through the iris. The iris is a tissue
containing various pigments, mainly the melanin and hemoglobin.
Therefore the iris can absorb and scatter a larger proportion of visible
light and UV radiation entering its surface, and functions as a light screen
[Hong, 2006; Hu, 2008].

Photobiology of melanin. Melanin has a protective effect on the cells
and tissues, which consists of the photoscreening effect and the
biophysical/biochemical effect [Hong, 2006; Hu, 2008; Wang, 2006]. The
effect of uveal melanin is related to its location. In the anterior segment
(the iris), which is exposed to sunlight and UV radiation, the
photoscreening effect dominates. Melanin absorbs near-infrared, visible
light, and UV radiation, with absorption increasing at the shorter
wavelengths. In the iris, the pigment epithelium and the melanocytes
absorb and block visible light and UV radiation, thus, they possess
photoprotective effects [Hong, 2006; Hu, 2002, 2008; Sarna, 1992,
1998].

There are two chemical forms of melanin, eumelanin and pheomelanin.
Several studies have compared the reactivity of eumelanin and
pheomelanin, and they have found that both melanins act as a free
radical scavenger and inhibit UV-induced lipid peroxidation. However,
when pheomelanin is complexed with Fe (III), it stimulates UV-induced
lipid peroxidation, whereas eumelanin does not [Krol, 1998]. The
antioxidant property of melanin is related to the type of melanin: the
greater the ratio of eumelanin to pheomelanin, the better the antioxidant
capacity of the melanin [Chedekel, 1980]. The higher the melanin and
eumelanin content of cultured melanocytes the better the rate survival
after UVB irradiation [de Leeuw, 2001]. UV irradiation of pheomelanin
may also generate reactive oxygen species whereas eumelanin tends to
be stable [Takeuchi, 2004]. Recently, Samokhvalov (2005) found that
pheomelanosmes are more prooxidant than eummelanosomes and this
difference is attributed to the pigment content of the melanosome,
namely whether it contains eumelanin and pheomelanin.

Eye Diseases Related To Light Irradiation On The Iris
Iris melanoma. Melanoma is caused by the malignant transformation of

melanocytes. Studies on cutaneous melanoma have demonstrated that
the occurrence of this disorder is related to the detrimental effects
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caused by UV radiation, which cause gene mutations that lead to the
occurrence of melanoma. Oxidative stress also plays a role in the
malignant transformation of melanocytes [Nordlund, 1998].

Melanoma occurring in the uveal tract is uveal melanoma. A population
based study on the relationship of racial/ethnic groups and incidence of
uveal melanoma found that the incidence of uveal melanoma is highest in
non-Hispanic whites, followed by Hispanics, Asians and blacks, indicating
that the lighter colored eyes have a higher risk of uveal melanoma [Hu.,
2005a]. A meta analysis of the relationship between iris color and the
incidence of uveal melanoma based on 10 studies (1732 cases) revealed
that light colored irides (blue or grey) are a statistically significant risk
factor for the development of uveal melanoma [Weis, 2006].

Iris melanocytes are mainly located in the anterior surface, and are
exposed to sun radiation. Iris melanoma tends to occur in the inferior
sector of the iris, where exposure to sunlight is the greatest [Shields,
1992], indicating that the occurrence of iris melanoma is related to
exposure to UV radiation. The lower incidence of iris melanoma in dark
colored eyes is possibly related to the photoscreening effect provided by
a greater amount of iridal melanin [Hu, 2008].

Age-related macular degeneration. Age-related macular degeneration
is @ common ocular disease, which is the major cause of blindness
among the elderly in developed countries. Oxidative stress, including the
light induced production of various reactive oxidative species in the
presence of light sensitive factors, may play an important role in the
occurrence of age-related macular degeneration [Roberts, 2001; Beatty,
2000; Winkler, 1999]. Age-related macular degeneration is more
prevalent in white populations than in darkly pigmented races, indicating
that melanin may be protective against the development of age-related
macular degeneration [Age-Related Eye Disease Study Research Group,
2000; Frank, 2000; Friedman, 1999; Klein, 1995, 2003, 2006; Sandberg,
1994; Weiter, 1985]. The protective effects of melanin on the occurrence
of age-related macular degeneration in eyes with dark-colored irides are
most probably related to the biophysical/biochemical effect of melanin in
the choroid [Hong, 2006; Hu, 2008). However, the more effective light-
screening effects of dark colored irides, which can reduce the light
energy entering the posterior segment of the eye, cannot be ruled out.

Aniridia and albinism. Aniridia is the absence of iris. This can be
caused by genetic factors or environmental factors (trauma). Albinism is
a congenital defect, and is characterized by the absence of melanin in the
skin and eye. Both aniridia and albinism cause a significant increase of
light energy entering the retina, and result in photophobia (a symptom of
excessive sensitivity to light, and the aversion to sunlight or well-lit
places) [Yanoff, 1999]. The causal relationship between the increase of
light entering the eye in these two diseases, and early appearance of
cataracts or macular degeneration, has not as yet been thoroughly
investigated.

Photobiology Of The Choroid And Ciliary Body
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Accessibility of the choroid and ciliary body to light radiation. The
choroid is covered externally by thick and non-transparent sclera and
internally by the lens, the vitreous humor, the retina, and more
importantly, by the densely pigmented retinal pigment epithelium.
Neither visible light nor UV radiation can reach the choroid [Boettner,
1962; Hu, 2008; Lerman, 1980], although there is a window of UV
radiation at 320 nm that reaches the posterior section of the eye in the
first three years of life [Roberts, 2001].

The ciliary body is covered by the lens and aqueous humor internally and
externally by the sclera, only the light that passes through the lens can
enter the inner surface of the ciliary body. Virtually, no visible light or UV
radiation can pass through the ciliary pigment epithelium and enter the
stroma of the ciliary body [Boettner, 1962; Hu, 2008; Lerman, 1980].

Diseases of the choroid and ciliary body related to light radiation
(choroidal and ciliary body melanoma). Uveal melanoma is the most
common intraocular malignant tumor in human adults in the western
countries. Most uveal melanomas occur in the choroid and ciliary body
(posterior melanoma). Epidemiology studies indicate that the risk of
uveal melanoma is correlated with iris color, eyes with light colored irides
have a higher incidence of uveal melanoma as compared to those with
dark colored irides [Holly, 1990; Hu, 2005a; Pane, 2000; Vajdic, 2001;
Weis, 2006].

Controversy exists over the causal relationship between UV radiation and
the occurrence of posterior melanoma, and over the explanation of the
increased risk of melanoma in light colored irides. Previously, it has been
assumed that malignant changes in the melanocytes can be caused by
UV radiation. Choroid and ciliary body melanocytes in eyes with light
colored irides are exposed to a greater amount of UV radiation as
compared to eyes with dark colored irides. Therefore, the incidence of
choroidal and ciliary body melanomas is higher in eyes with light colored
irides.

The relationship between sun and UV radiation and the occurrence of
melanoma can be determined by two parameters, the incidence of
melanoma at different times and locations. If sun and UV radiation play a
role in the occurrence of uveal melanoma, as in cutaneous melanoma,
the incidence of uveal melanoma should have an upward trend during
recent years, and a trend in increasing incidence with decreasing latitude
(increasing sun radiation) [Hu, 2002, 2008; Popescu, 1990; Tuomaala,
2002; Yu, 2003, 2006].

These two factors have been studied previously in ocular melanomas,
and conflicting results were obtained. Analysis of previous studies found
that there were several factors leading to these conflicting results.

(1) Ocular melanomas include at least two different melanomas,
conjunctival melanoma which is exposed to sunlight and uveal
melanomas, which are mainly not exposed to sunlight (iris melanoma is
located in the area exposed to sunlight, but it only accounted for less
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than 10% of uveal melanoma, most of uveal melanomas are located in
the choroid and ciliary body, and are not exposed to sun and UV
radiation). Several studies mixed these two different types of melanoma
[Scotto, 1976; Swerdlow, 1983]. This may neutralize any possible
effects, and make the results equivocal [Yu, 2006].

(2) Many studies on the relationship between sun exposure and
occurrence of uveal melanoma used case-control study methodology
[Gallagher, 1985; Holly, 1990; Pane, 2000; Tucker, 1985; Vajdic, 2001].
Case-control studies have inherent limitations, because they rely on
questionnaires about lifestyle that occurred many years before the onset
of disease. Sun exposure is difficult to estimate accurately using this
method. Recall bias also confounds the data, because one is prone to
reflect on the cause of their disease more than one not affected by the
disease. Answers may be influenced by unproven hypotheses (e.g., UV
light may cause uveal melanoma). Furthermore, using of inappropriate
subjects as controls also may lead to inaccurate results [Yu, 2006]

(3) Population based study is a more reliable method than case-
controlled study. However, uveal melanoma has a relatively low incidence
(only 0.6 cases per one million populations per year). [Hu, 2005a; Singh,
2003]. Such a low incidence may easily produce unstable or
nonsignificant results [Yu, 2006].

Recently, several studies were performed in a large cancer registry
population (approximately 14% of the United States populations), age-
adjusted incidence rates were calculated separately for melanomas of the
conjunctiva and uvea in non-Hispanic whites only [Yu, 2003, 2006].
These studies showed that the incidence of conjunctival melanoma has
an upward trend during recent years, and a trend in increasing incidence
with decreasing latitude (increasing sun radiation). On the contrary, the
incidence of uveal melanoma does not have these trends [Bergman,
2002; Yu, 2006]. This is consistent with the results of photobiological
studies (the choroid and ciliary melanocytes are not exposed to sun and
UV radiation). Furthermore, statistical analysis showed that the incidence
of uveal melanoma has a slight but significant decrease in recent years,
and in areas with more sun radiation (decreasing latitude) [Bergman,
2002; Yu, 2006].

These unpredicted results indicate that sun radiation may decrease the
incidence of uveal melanoma. This result may be relevant to the dual
effects of UV radiation on the occurrence of malignant tumors determined
by their accessibility of sun radiation. Sun radiation reduces the risk
and/or mortality of various systemic malignant tumors that are not
exposed to the sunlight, e.g., non-Hodgkin lymphoma, and prostate,
breast, colon and ovarian cancers. UV radiation increases vitamin D
synthesis in the skin, which converts to 1,25-dehydroxyvitamin D3, and
inhibits growth and induces apoptosis of various malignant tumor cells in
vitro and in experimental animal models [Hu, 2008; Osborne, 2002;
Robinson, 2005; Yu, 2006]. Therefore, sunlight has dual effects on
malignant tumors: a direct mutagenic effect on tissues exposed to the
sunlight, and an indirect protective effect on tissues not exposed to
sunlight. Cutaneous and conjunctival melanocytes are mainly exposed to
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sun radiation, therefore, the direct effect of UV radiation predominates
and causes an increase of incidence. Uveal melanocytes, mainly the
choroidal and ciliary body melanocytes, are not exposed to sun radiation.
No direct effect of sun radiation would be expected to occur in these
locations. Therefore, the indirect protective effect of sun radiation causes
a decrease of uveal melanoma [Hu, 2008; Yu, 2006].

The high risk of choroidal and ciliary body melanomas in eyes with light
colored irides can be explained by the antioxidant effect of melanin.
Oxidant stress can cause gene mutations and leads to the malignant
transformation of melanocytes. Antioxidant and free radical scavenger
effects of uveal melanin can protect melanocytes from oxidative stress,
and reduce the occurrence of melanoma. Melanocytes in dark-colored
eyes have a high quantity of melanin, which is more protective than that
in light-colored eyes, therefore, the incidence of uveal melanoma is
markedly less than that in the light colored eye [Hu, 2008].

Conclusion

The iris absorbs and scatters a large proportion of visible light and UV
radiation entering its surface, and functions as a light screen. Only light
passing through the pupil can enter the ocular tissues behind the iris
plane. The iris melanocytes are exposed to sun light (including UV
radiation), which may play a role in the occurrence of iris melanoma.
Melanocytes located in the ciliary body and choroid are protected by the
lens, and the pigment epithelium. Therefore, UV radiation cannot enter
these cells, and does not play a role in the occurrence of melanoma in
these locations.
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