Update on the Positive Effects of Light in Humans
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The adverse effects of sunlight, from melanoma to cataracts, are well known and
frequently reported. (1) However, since humans evolved under sunlight, it is not
surprising that there are many positive effects of light on human health. Light that
reaches the human eye has two fundamental biological functions: regulation of the Visual
Cycle and of Circadian Rhythm. We report here the most recent developments in both of

these areas.

Regulation of the Visual Cycle:

Human day vision (photopic) is regulated by three cone photoreceptors, while
vision in dim light or darkness (scotopic) is regulated by rod photoreceptors. This light
input then triggers a response through the optic nerve to the visual cortex in the brain.

This visual response is cyclical.

The photosensitive pigment for scotopic vision is thodopsin, which is found in the
rod photoreceptors of the retina and has a characteristic absorption maximum at 500
nanometers. Rhodopsin has been the model for studies of the G-protein coupled
receptors, of which several hundred have been identified. (2, 3) This particular receptor
has as its ligand, 11-cis retinal, which acts as an inverse agonist and holds the protein in
an inactive conformation. The ligand is covalently linked to the protein via a Schiff base
linkage, which is protonated for most pigments. The ligand confers photosensitivity to
the protein, interacting in a manner still poorly understood with the protein through its
Schiff base linkage to the polyene chain of the retinal. The action of light is to
photoisomerize the 11-cis bond to the all-trans conformation. The movement of the
ligand into this form forces conformational changes on the protein, allowing the binding
of G-protein (transducin in the rod photoreceptors). The ligand in this state is acting as
an agonist. The resulting steps in the signal cascade are to close the membrane channels,

thus acting to send the neural impulse, deactivate the opsin, and remove the ligand from



the binding site and the photoreceptor so that it can be reisomerized to regenerate the

photosensitive pigment.

As the ligand is key to the generation of the photosensitive pigments in both the
rod and cone photoreceptors, there is considerable research on the “retinoid cycling”
process. There is also mounting evidence that the absence or dysfunction of any of a
number of binding proteins/enzymes involved in this process can cause clinical disorders,
often resulting in blindness (4). One of best studied models of disruption of this process
is the RPE65 knock out mouse (5). RPE65 is abundantly expressed in the retinal pigment
epithelium and is known to be critical for the production of 11-cis retinal. In spite of
extensive study, its exact role in the process of producing 11-cis retinal is not yet known.
It is recognized that retinyl ester is the substrate for the isomerization process (6) and that
the protein RPE65 can bind retinyl esters.(7, 8) Interestingly the RPE65 knockout
animals have a trace of photosensitive pigment, which has been identified as containing
the 9-cis retinal.(9) The source of this isomer is not yet known. There is extensive

ongoing research on this and other animal models of the retinoid cycle.

The photopigment G protein-coupled receptors (opsin) responsible for photopic
vision have characteristic absorption maxima at 414 (blue), 500 (green), and 560 (red)
nanometers. (10) In several species (mouse, salamander and pig) a single cone can
contain more than one opsin. (11) However, in primates, short wavelength sensitive
cones (S cones) and medium- or long-wavelength-sensitive cones (L/M cones) are two
separate populations. Each cone type has a different developmental time course,

contributes to different intra-retinal circuits, and transmits different types of information

to the brain (12).

The opsin proteins expressed for Short (S)-wavelength [blue]-sensitive cones and
Medium [green] and Long [red]-wavelength sensitive cones have been sequenced for
many species (for a recent review see (2)). Substitution of key amino acids in these
sequences can drastically shift wavelength sensitivity. For instance, mice can see in the

UV because their shortest wavelength sensitive cones have an absorption maximum of



358nm. A single amino acid substitution in this UV mouse opsin results in an 80 nm shift
to the blue cone pigment having an absorbance maximum of 438 nm.(13) The molecular
basis of the “spectral tuning” (14) of the wavelength of visual pigments as they interact

with opsin is currently being defined for several species.

This current research distinguishing rod from cone function not only further
defines night versus color vision but enhances our understanding of the evolution of

vision.

Regulation of Circadian Rhythmn:

Mammals, including humans, experience an increase and decrease in the
production of most hormones and neurotransmitters over a 24 hour period. (15). The
circadian (latin: circa dies- about a day) system refers to the coordination of these daily
biological actions. The human circadian system is regulated by both environmental
stimuli and endogenous clocks. (16) The most powerful external regulator of the
circadian response in humans is visible light, which is transmitted through the eye (15) .
When visible light impinges on the retina, it sends a signal to the suprachiasmatic nucleus
(SCN) in the hypothalamus (17, 18), leading to a cascade of hormonal changes in the
pituitary, pineal, adrenal and thyroid glands. In some forms of blindness the circadian
response may be blunted (19) while in others it remains intact (20). This observation has
led to the innovative concept that while the mammalian photoreceptors, rods and cones
and their well-characterized photopigments are responsible for sight, there are other

photoreceptor(s) and photopigments responsible for regulating the circadian response.

Within the last five years: 1) the human “circadian” photoreceptor has been
located; (21) 2) the putative photopigment has been identified (22-25) and confirmed
with knockout mice; and 3) the action spectrum responsible for circadian regulation (26)

(at least for neural melatonin modulation) has been established.



The primary photoreceptor that regulates the neurohormonal fluctuations of the
24-h circadian clock has been located in the retinal ganglion cells (21). Knockout mice
have shown that there is little contribution to circadian regulation by the rod and cone
photoreceptors (27). The identity of the photopigment for this ganglion photoreceptor is
most likely melanopsin (22-25), which is phylogenetically similar to invertebrate opsins.
Visible light excitation of melanopsin within these ganglion cells provides a direct signal
through the optic nerve to the SCN, which controls the resultant circadian hormonal
cascade. One of the neurohormones regulated by this light induced circadian mechanism
is melatonin. The action spectrum for melatonin regulation in humans has been found to

be in the range of 446-477 nm, in the longer blue light region (26).

The oscillation of hormones under visible light regulation has a profound effect
on most physiological functions in the body (15). When this process is disrupted through
environmental light changes, it may lead to some of the more damaging emotional and
physiological effects associated with seasonal depression (SAD), jet lag, and shift work.
(28) Furthermore both visible light and the absence of light at night (LAN) can
powerfully affect the human immune response (29). Francois Levi (30) has found that
the immune response fluctuates in a rhythmic pattern during the day and evening.
Immune cells have receptors for neurohormones and transmitters, and this rhythmic

immune cell activity appears to be under an as yet undetermined neuroendocrine control.

Because of this circadian fluctuation of immune responses, it is possible to adjust
the time of day a particular disease is treated to optimize the immune response. This is
known as chronotherapy. Steroid hormone-dependent cancers (such as breast and
prostate) may be particularly susceptible to chronotherapy (Baldwin and Barrett (31)).
For instance, Levi(32), Lissoni (33), Maestroni (34), have found that treating cancer in
the evening, when the NK cells are activated, is much more effective than administering
the treatment at random times of day. On the other hand, inappropriate exposure to

visible light at night leads to a greater risk for both breast and prostate cancer (35-37).



Based on animal studies, chronotherapy is proposed as a possible adjunct to
treatment of disorders other than cancer for instance autoimmune disorders, heart disease

and diabetes, which all have circadian components. (38)

It has become evident that cyclical visible light and darkness are very powerful
tools in modifying human health. Control of circadian rhythm through these
environmental stimuli opens up a whole new dimension to photobiology that goes far

beyond merely modifying our mood and sense of well-being.
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