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 REPORT SUMMARY 

 
Light has profound effects on human and animal biology that do not involve vision. The natural 
cycle of light and dark affects the daily rhythms of physiology, metabolism, and behavior; and 
disruptions of these rhythms caused by artificial light may have serious health consequences. 
This report discusses the evidence for one such possible effect: the influence of light exposure 
during the nighttime on the incidence and development of solid cancers.   

Background  
Over-exposure of the skin to the actinic radiation of the sun has long been known to induce 
cellular DNA damage culminating in the development of skin cancer. However, the detrimental 
influence of inappropriate ocular light exposure on circadian rhythm activity and its impact on 
health is a relatively new and emerging focus of basic and clinical research. This white paper 
focuses on the possible effects of light on the development and growth of internal cancers.  

Objective  
• To present an overview of current knowledge on the effects of light on the incidence and 

growth of internal, solid cancers  

• To recommend directions for further research on this topic. 

Approach 
In research cosponsored by the McClung Foundation, the project team summarized available 
research results from both human and animal studies on the effect of light on the development 
and growth of internal, solid cancers. Their paper presents an overview of current knowledge 
regarding: 

• The nature of the circadian system and its regulation by light 

• Regulation of nighttime melatonin production by the pineal gland and the influence of light  

• Basic mechanisms of development and growth of internal, solid cancers 

• Basic mechanisms by which the endogenous, nocturnal melatonin signal regulates cancer 
development and growth 

• Experimental laboratory-based evidence for the impact of light on the development and 
growth of internal, solid cancers, particularly in the context of population-based evidence for 
increased cancer risk in night shift workers.   

Based on this information, the team speculated on the possible implications of current findings 
for lighting practice and recommended directions for future research. 
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Results 
An increasing amount of evidence supports the hypothesis that bright light present during the 
dark phase of an alternating light/dark cycle stimulates the development and growth of 
experimental rodent tumors, especially breast cancer, either through suppression of nocturnally 
produced melatonin, general circadian disruption, or both. Similar findings have recently been 
obtained with respect to the growth and metabolism of human breast cancer in female rats. Of 
the 24 scientific studies reviewed for this study, 62.5% demonstrate a stimulatory effect of light 
during darkness on tumorigenesis, 25% show mixed and/or no effects of light, and 12.5% 
indicate an inhibitory effect of light during darkness on tumorigenesis. Additionally, a few 
studies now indicate a dose dependent relationship among light, the suppression of nocturnal 
melatonin production, and the stimulation of the growth of rodent liver cancer. Taken together 
with epidemiological evidence that shows a significant increase in the risk of certain cancers in 
human night shift workers, these experimental results suggest that it may be prudent to avoid 
prolonged exposure to bright light during the night over a period of years. However, without 
more detailed cancer studies, it is premature at this time to make specific recommendations to the 
lighting industry regarding potential changes in current standards and practices for architectural 
lighting. Further research is clearly needed.  

EPRI Perspective 
Both natural and artificial light affect human health well beyond what has been traditionally 
studied as vision and visual performance. Enhanced interaction between the medical research 
and lighting design communities will be required to bring the benefits of what is being 
discovered into common lighting practice. Through its Lighting Research Office (LRO), EPRI 
has an on-going commitment to promote research in the area of light and health. Recent EPRI 
publications in this area include the 5th EPRI/LRO Lighting Research Symposium - November, 
2002 (EPRI report 1009370) and Lighting and Circadian Rhythms and Sleep in Older Adults 
(EPRI report 1007708).  

Keywords  
Lighting 
Circadian rhythms 
Cancer 
Melatonin 
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1  
INTRODUCTION 

When most of us think about visible light, we think about it in terms of our ability to see and 
interact with the world around us during both the day and night.  Light is currently defined as 
optical radiation entering the eye that provides us with our sense of vision [1].  Although, the 
concept of “good” or “healthy” lighting has typically related solely to the visual system, within 
the past few decades it has become evident that there are profound effects of light on the biology 
of higher organisms, including humans that do not involve vision per se.  One example of one of 
these so-called “non-visual” effects of light relates to the regulation of photopigment biology and 
vitamin D metabolism in the skin [2].  Another example is represented by the ability of light to 
influence daily (i.e., circadian) biological rhythms of physiology, metabolism and behavior [3] 
via specialized retinal photoreceptors believed to be different from the rods and cones [4]. In 
order for organisms to function optimally in relation to their environment, these circadian 
rhythms must be synchronized to the 24-hour cycles of day and night.  Thus, it is not surprising 
that the predominant synchronizing cue for these rhythms is the natural cycle of light and dark 
[3].   

Over-exposure of the skin to the actinic radiation of the sun has long been known to induce 
cellular DNA damage culminating in the development of skin cancer [2].  However, the 
detrimental influence of inappropriate ocular light exposure on circadian rhythm activity and its 
impact on health is a relatively new and emerging focus of basic and clinical research.  This has 
been particularly evident with respect to the impact of ocular light exposure during darkness on 
the development and growth of cancer which was reviewed and updated at the LRO “Light and 
Human Health” Symposium in 2002 [5].  As a follow-up to the 2002 LRO Symposium, this 
white paper will focus on and highlight the research results, from both animal and human 
studies, that the authors believe are of most importance to the lighting industry with respect to 
the effects of light on the development and growth of internal, solid cancers.  This white paper 
will present an overview of current knowledge regarding: 1) the nature of the circadian system 
and its regulation by light, 2) regulation of nighttime melatonin production by the pineal gland 
and the influence of light, 3) basic mechanisms of development and growth of internal, solid 
cancers, 4) basic mechanisms by which the endogenous, nocturnal melatonin signal regulates 
cancer development and growth, and 5) experimental laboratory-based evidence for the impact 
of light on the development and growth of internal, solid cancers, particularly in the context of 
population-based evidence for increased cancer risk in night shift workers.  The final aspect of 
this article will be to speculate, as far as the current research data allow, as to potentially 
workable recommendations that might be made with regard to current lighting practices and 
most importantly, to make recommendations for future research.  
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2  
REGULATION OF THE CIRCADIAN SYSTEM BY LIGHT 

In humans and other mammalian species, light enters the eyes, stimulates the retina and signals 
are sent from the retina to the visual centers of the brain.  Centuries of extensive scientific 
research have identified the underlying neuroanatomy and neurophysiology that support the 
sensory capacity of vision in humans.  In 1972, it was discovered that the eyes detect 
environmental light and subsequent neural signals are transmitted from the retina into portions of 
the brain, which are not part of the visual system [6].  Figure 3-1 illustrates a simplification of 
the neural system that transmits information about environmental light from the retina into non-
visual centers for the brain.  This nerve pathway, the retinohypothalamic tract or RHT, extends 
from the retina into a part of the brain called the hypothalamus [6-10].  The hypothalamus is a 
complex neural region that controls many basic physiological functions including hormonal 
secretion, body temperature, metabolism and reproduction as well as higher neural functions 
such as memory and emotion [11,12].   Major targets of the retinal projection into the 
hypothalamus are the paired suprachiasmatic nuclei (SCN).  These two nuclei are key 
components of the internal "biological clock" or circadian system.  Specifically, the SCN serve 
as the primary central circadian oscillators which regulate daily rhythms such as the sleep-wake 
cycle, body temperature rhythms and 24 hour secretory patterns of hormones.  The SCN 
modulate these diverse circadian rhythms by extensive nerve connections to many regions of the 
brain and spinal cord [14]. 

Although the neuroanatomy that supports the circadian system is largely independent of the 
pathways for vision and visual reflexes, there is a functional connection between the primary 
visual pathway and the circadian neuroanatomy by way of a projection from the intergeniculate 
leaflet to the SCN [9,13].  Recent studies have shown that the SCN receive input about 
environmental light from a specialized subset of photoreceptive retinal ganglion cells [4,14-17]].  
Such photic input entrains internal near 24-hour rhythms to the environmental 24-hour light-dark 
cycle.  Light appears to be the most potent stimulus to the internal time-keeping physiology of 
humans.  Detection of light and darkness and its transmission to the SCN keeps rhythmic 
physiological and behavioral processes synchronized with the external environment.  The human 
circadian pacemaker is exquisitely responsive to ocular light exposure, but it is well established 
that visual stimulation requires much less light than is required for circadian regulation [18-22].  
When humans experience a change in their ambient light-dark cycle, it can induce an advance or 
delay of circadian rhythms. In general, light exposure during late night and early morning hours 
results in advancing circadian rhythms while evening light exposure induces a delay of rhythms 
[23-25].   Thus, changes in an individual's exposure to light and darkness can induce changes in 
the phases of circadian rhythms, such as that experienced during shift work, transcontinental jet 
travel and space flight [3,26-31].   
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3  
REGULATION OF MELATONIN BY LIGHT 

Among the many nerve pathways extending from the SCN, the tract connecting the circadian 
pacemaker to the pineal gland has been very well characterized as shown in Figure 3-1.  After 
receiving signals from the retina about environmental light and darkness, the SCN transmits 
information sequentially to the paraventricular hypothalamus, the upper thoracic spinal cord 
intermediolateral cell column, the superior cervical ganglion and ultimately, the pineal gland [6-
10].  By this pathway, the ambient light-dark cycle entrains the rhythmic synthesis and secretion 
of the pineal hormone melatonin.  Numerous studies in humans and other species have 
demonstrated that high levels of melatonin are secreted during the night, and low levels are 
secreted during the day [32,33].  In addition to entraining this circadian rhythm of melatonin 
synthesis, unexpected exposure to light at night can elicit an acute suppression of the naturally 
high nighttime levels of melatonin. This rapid light-induced suppression of melatonin response 
has been consistently observed in many species, including humans.  The light-induced melatonin 
suppression response has been used extensively as a tool to investigate the ocular, neural and 
biochemical physiology of melatonin regulation and circadian rhythms [9,27,28,34].   
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Figure 3-1 
 

Along with circadian regulation of melatonin and acute, light-induced melatonin suppression, 
seasonal changes in night and day length (photoperiod) alters the duration of the elevated 
melatonin production.  Specifically, in a number of mammalian species, the duration of high 
nocturnal melatonin secretion is shorter in the summer due to shortened nighttime periods.  
Conversely, during the winter when nights are longer, the duration of high nocturnal melatonin 
production is increased [32,33,35,36].  The seasonal variation in the total amount of melatonin 
produced relative to the photoperiod is not as easy to observe in humans living under modern, 
industrialized conditions.  Careful, controlled laboratory studies, however, have confirmed that 
the human pineal gland modulates the duration of nocturnal melatonin secretion relative to 
photoperiod [37,38].  Overall, many studies have shown that light stimuli are the strongest and 
most consistent regulators of melatonin synthesis and secretion.  In addition, certain drugs can 
powerfully impact melatonin secretion while other non-photic and non-pharmacological stimuli 
such as body posture and exercise may modify melatonin levels [39-41]. 



  

4  
PHOTOSENSORY INPUT TO THE CIRCADIAN SYSTEM 

Since environmental light is the most potent regulator of the circadian system, it is important to 
determine how light signals are detected for circadian and melatonin regulation.  The 
photoreceptor physiology for circadian input has been a matter of continued debate. Earlier 
studies of mice that genetically lacked rod photoreceptors showed preservation of light-induced 
circadian responses [42,43].  Those results suggested a cone-like photoreceptor was involved in 
mediating light input to the circadian pathway.  More recent data suggest that a novel 
photoreceptor system may be primarily responsible for transducing light stimuli for circadian 
regulation.  Animal studies that support involvement of a novel photoreceptor system include 
light-induced circadian phase-shifting and melatonin suppression in mice that have been 
genetically altered so that their eyes contain no rods or cones for vision [44,45].  Furthermore, in 
studies on humans with complete visual blindness or humans with color vision deficits, 
melatonin can be suppressed by exposing the eyes to light [46,47].  Indeed, blind individuals 
who had no conscious light perception still detected light through their eyes for phase-shifting 
their circadian clock [48].   

In the past three years, a series of action spectra have further supported the concept that 
mammals have a photoreceptor system in the eye different from the classic photopic and scotopic 
systems for vision.  First, in normally sighted humans, a study on humans strongly indicated that 
the melatonin suppression response was independent of the three-cone visual system [49].  More 
recently, two more complete action spectra for melatonin suppression appear to be independent 
of the three-cone visual system and all of the individual classic visual photoreceptors [50,51]. 
Those studies show that the strongest light wavelengths for melatonin suppression in humans are 
in the blue portion of the visible spectrum.  Four other recent action spectra developed in 
separate animal and human studies also identified the blue region of the spectrum as strongest for 
evoking electroretinogram B-waves in humans, pupillary constriction and circadian phase-
shifting in rodless, coneless mice, and direct retinal ganglion cell response to light stimuli in rats 
[52-55].  When comparing the action spectra in relation to one another, it is important to consider 
that each examines a distinct physiological response in different mammalian species.  Each of 
these action spectra, however, suggests that a novel photopigment mediates circadian 
phototransduction and other non-visual, ocular-mediated responses.  

The specific biochemical identity for the photopigment(s) which supply input to the circadian 
system continues to be debated.  The action spectra studies support the hypothesis that a vitamin 
A1 opsin photopigment provides the main input to the SCN [51-55].  Other investigators suggest, 
however, that cryptochromes [56] or combined activities of rod cells and blue cones [57] mediate 
circadian photoreception.  Among the different photopigments which have been proposed to 
mediate circadian phototransduction in mammals, melanopsin is a very strong candidate. 
Melanopsin is a vitamin A1, opsin-based molecule localized in both the rodent and human neural 
retina [14,58-60].  Studies on rodents have shown that melanopsin is found in a specific subtype 
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of retinal ganglion cells (RCGs) which have an expansive ganglion cell dendritic net and project 
to the SCN and other regions of the brain [14-17, 61].  One of these studies showed that the 
RGCs with projections to the SCN are intrinsically responsive to light [4].  

The light responses of these specific ganglion cells in rats appear to parallel those of photic 
entrainment and melatonin suppression, indicating that these cells are the primary photoreceptors 
involved in circadian regulation [4]. Recent studies of mice that have had their melanopsin gene 
“knocked out”, however, demonstrate that although melanopsin plays a central role in 
phototransduction for circadian regulation and the pupillary light reflex, other photoreceptors can 
contribute to this light-regulated physiology when melanopsin is absent. [61-63]. Thus, there 
may be redundant photoreceptor inputs to the SCN.  Further studies are required to determine the 
exact role of melanopsin in circadian phototransduction.  The following section presents the 
growing evidence that light exposure may play a role in the development of cancer.  Ultimately, 
it will be critical to determine if the newly discovered circadian photoreceptors also mediate the 
effects of light on cancer. 
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5  
DYNAMICS OF CANCER DEVELOPMENT AND 
GROWTH 

Normal cells that make up the tissues and organs of our developing bodies increase their number 
through successive rounds of cell division, also called the process of proliferation.  Tissues and 
organs develop and grow through exquisitely controlled biochemical and molecular mechanisms 
that result in just the right balance between cell division, survival and death – in other words, not 
too much cell growth or cell loss.  Cancer begins when a normal cell is transformed by a 
spontaneous event or more commonly by an environmental factor(s) (i.e., carcinogen) that 
induces a specific type of damage, called a mutation, in the genetic blueprint contained in our 
DNA, resulting in less controlled and more frequent cell proliferation.  The process of cancer 
development and growth, also called carcinogenesis, is initiated in a single cell through damage 
to a small portion of its DNA induced by an environmental carcinogen or even a virus.  Over the 
course of a decade or more, the altered cell and its descendants develop into what is referred to 
as a precancerous growth, also referred to as dysplasia.  Over the next 5 to 20 years, additional 
mutations occur in the affected cells, resulting in changes that “turn on” the expression of cancer-
promoting genes called oncogenes while simultaneously turning off the expression of tumor 
suppressor genes.  These alterations produce further dramatic changes in cellular metabolism that 
lead to the accumulation of defects in cellular growth control mechanisms, to less cellular 
specialization and to rapid expansion of the growth into a localized, small cancer which may 
remain in this state, called carcinoma in situ, for many years.  Under proper circumstances of 
stimulation by growth factors and hormones and further loss of growth inhibitory factors, the 
cancer takes over locally.  It does this by recruiting more blood vessels, via the process of 
angiogenesis, thus allowing it to extend outside its local boundaries and to invade surrounding 
tissues.  Eventually, vicious cancer cells leave the confines of the primary tumor via the 
circulation and spread to lymph nodes and more distant organs such as the liver, lung or bone, 
thus completing the process of malignancy.  It is this last stage of cancer progression that often 
leads to the death of the host [64,65]. 
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6  
REGULATION OF CANCER DEVELOPMENT AND 
GROWTH BY THE NOCTURNAL, CIRCADIAN 
MELATONIN SIGNAL FROM THE PINEAL GLAND 

The maintenance of normal cell physiology and metabolism requires that cells have the ability to 
detect, integrate and appropriately respond to a wide variety of external and internal signals that 
oscillate predictably over the 24-hour day [66].  As envoys of the external and internal 
environment, stimulatory and inhibitory growth factors and hormones provide temporally-
coordinated inputs to normal cells that establish the proper balance between cell proliferation, 
survival and death in the maintenance of the normal or differentiated state, of cells in tissues and 
organs.  As alluded to above, the characteristic uncontrolled proliferation of both precancerous 
and bona fide cancer cells results to a large degree from the loss of these regulatory influences 
and a breakdown in this balance.  In fact, most types of cancer cells overproduce and/or exhibit 
exaggerated responses to their own growth factors, leading to a sustained, self-stimulation of 
their own proliferation [64,65].  

The nocturnal production of melatonin, the premier circadian hormone of darkness, serves as a 
fundamental biological signal that literally “tells” every cell, tissue and organ of the body, 
including precancerous or cancer cells, about the status of the environmental photoperiod and 
thus the timing of the biological day.  Melatonin plays an important role in a number of 
physiological and pathophysiological processes, including circadian rhythm regulation, seasonal 
reproduction immune function and tumorigenesis [67,68]. Melatonin’s mechanism of action in 
the regulation of circadian rhythms and seasonal reproduction and many other processes 
including cancer, is generally thought to occur through its ability to bind to specialized cell 
surface proteins, called melatonin receptors that specifically recognize and respond to melatonin.  
Once melatonin binds to these receptor proteins it induces a change in their molecular structure 
that transmits a signal from the surface of the cancer cell to its interior. This signal, in turn, 
induces an inhibition of the production of cyclic adenosine monophosphate (cAMP), a crucial 
messenger molecule that influences changes in the activity of many interconnecting molecular 
pathways affecting a variety of cell functions [69,70].  Melatonin also modulates the internal 
workings of the cell by avoiding receptors all together by directly passing through the cell 
membrane and interacting with molecules inside the cell to effect changes in biochemical and 
cellular activities.  For example, melatonin enters cells to act as a direct scavenger of free radical 
molecules and reactive oxygen species generated during cellular functions including those that 
cause DNA damage that may initiate the process of carcinogenesis [71].   

Although some evidence suggests that melatonin may suppress cancer growth through 
mechanisms involving alterations to the neuroendocrine and/or immune function, the vast 
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majority of studies support a direct inhibitory action of melatonin on the proliferation of cancer 
cells themselves.  These antiproliferative effects are primarily exerted over a concentration range 
that encompasses the levels of melatonin normally present in the blood circulation during the 
night.  In fact, in some cancer cells, most notably human breast cancer cells, physiological 
nocturnal concentrations of melatonin slow down the rate of transit of cells through the cell 
division cycle.  It accomplishes this by stimulating tumor suppressor genes, inhibiting 
oncogenes, and by blocking the growth-promoting actions of the ovarian hormone estrogen, the 
pituitary hormone prolactin and growth factors [72-75] produced by the cancer cells themselves 
such as epidermal growth factor (EGF) and its homologue, transforming growth factor α (TGFα) 
[64].  As the rate of cell division slows down, cells begin to accumulate in a quiescent phase of 
the cell cycle which allows them to become more differentiated (i.e., more normal).  As they 
begin to look and act more like normal cells, they proliferate very slowly or not at all.  This also 
increases the chances that these quiescent cells will undergo programmed cell death (i.e., 
apoptosis) [75]. As alluded to previously, melatonin may suppress the initiation of cancer by 
limiting damage to DNA caused by carcinogens in normal cells.  Melatonin achieves this by 
directly scavenging DNA-damaging free radicals and/or by promoting the differentiated state of 
normal cells [71].  Finally,  melatonin also slows down the spread (i.e., metastasis) of cancer 
cells to distant sites by minimizing their invasive properties as well as by improving their ability 
to communicate with one another (i.e. intercellular communication) which is a characteristic of 
normal, differentiated cells.  As a newly acknowledged player on the ever expanding team of 
regulatory factors that control cell proliferation, survival, differentiation and loss, and metastasis, 
melatonin occupies a unique position as chronobiotic hormone (i.e., shifts the phasing of 
circadian rhythms) that inhibits, to one degree or another, the full range of altered cellular 
activities leading to cancer development and growth [72-75].   

An important molecular mechanism by which melatonin specifically inhibits the proliferation of 
human breast cancer cells containing estrogen receptors (ERs) in the petri dish is via a melatonin 
receptor-mediated suppression of cAMP production, leading to an attenuation of the estrogen 
growth signaling pathway [76].  Another major mechanism by which the endogenous, nocturnal 
melatonin signal inhibits the growth of cancer in animal models is also via a melatonin receptor-
mediated suppression of tumor cAMP production [77].  However, rather than affecting the 
estrogen response pathway, the melatonin inhibition of cAMP signaling results in a blockade in 
the ability of tumors to take up linoleic acid (LA), an essential dietary, omega-6 polyunsaturated 
fatty acid (PUFA).  As the most abundant PUFA in the western diet, LA is taken up by cancer 
cells and metabolized, by an enzyme called 15-lipoxygenase-1, to 13-hydroxyoctadecadienoic 
acid (13-HODE) which is a powerful signal for LA-dependent cancer growth [78].  Once formed 
inside the cancer cell, 13-HODE exerts a potent stimulatory effect on the ability of EGF to 
stimulate DNA synthesis and cell division.  By blocking the tumor uptake of LA, melatonin 
effectively blocks the production of the cancer growth-signaling molecule 13-HODE [77,78].   
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7  
EFFECTS OF CONSTANT BRIGHT LIGHT ON CANCER 
DEVELOPMENT AND GROWTH IN EXPERIMENTAL 
ANIMAL MODELS OF TUMORIGENESIS 

It has been known for many years that the surgical removal of the pineal gland from rodent 
species eliminates the expression of the nocturnal, circadian melatonin signal [32].  Similarly, the 
exposure of animals to constant bright light also eliminates the rhythmic melatonin signal 
characteristic of animals maintained on an alternating light-dark cycle [32,33,36].  Therefore, it 
is not surprising that exposure of animals to constant light has been used as a strategy to mimic 
the effects of pinealectomy in a variety of experimental situations, particularly in cancer 
experiments [32].  In fact, constant light exposure has often been referred to as a  “functional” or 
“physiological” pinealectomy.  While pinealectomy and constant light exposure both extinguish 
the circadian melatonin signal, they are not, in fact, equivalent procedures with respect to the 
effects they produce. For example, over time, exposure to the constant light condition causes the 
entire circadian system to eventually break down. This effect has been referred to as circadian 
disruption and represents a stressful circumstance for the organism. On the other hand, following 
pinealectomy, only the melatonin rhythm is obliterated, leaving the integrity of the general 
circadian system intact.  

For the past 40 years, scientists have been interested in the effects of either pinealectomy or 
constant light exposure on the development and growth of cancer, particularly in experimental 
models of mouse and rat mammary cancer.  With few exceptions, the majority of studies have 
demonstrated a marked stimulatory effect of either pinealectomy or constant light exposure on 
tumor development and growth (Table 1) [79-100].  In general, following pinealectomy or 
exposure to constant bright light not only do tumors appear earlier, but also a greater percentage 
of animals develop tumors and more tumors develop per animal as compared to control animals 
maintained on an alternating 12 hour light:12 hour dark cycle [79,80,82,85-87,89-93,95,98-100].  
Some studies show that under the conditions of constant bright illumination (i.e., 150 lux or 
greater), tumors grow at a faster rate than their counterparts on diurnal lighting [91,92,98-100].  
However, it is important to note that the effects of constant bright light exposure on the 
development of experimental cancer may depend on several factors.  These include the strain of 
animal used as well as the timing of the initial constant light exposure in relation to reproductive 
status of the mouse or to the administration of a chemical carcinogen in the case of rats.  For 
example, in some strains of mice, constant bright light exposure stimulates spontaneous 
mammary tumorigenesis, whereas in others it is inhibitory.  The lack of a stimulatory tumor 
response in the latter case may be due to the presence of genetically dependent retinal 
degeneration in that particular mouse strain [79].  In another special, transgenic strain of mice 
that overexpresses an oncogene called HER-2/neu, a member of the EGF receptor family, 
constant light exposure fails to both increase the incidence of spontaneous mammary cancer 
development and stimulate tumor growth or metastasis to lungs [97].  Paradoxically, although 
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the number of tumors per mouse actually increased following exposure to constant light, tumors 
appeared significantly later than in the L:D controls.  Thus, a number of genetic and epigenetic 
factors appear to modify the tumorigenic response to constant light exposure.  

 

Table 1  
Effects of inappropriate light exposure on the development and/or growth of various tumors in different 
model systems of experimental cancer.  Tumor signifies a malignant (i.e., cancerous) tumor unless 
otherwise designated as benign.  Light intensity? = light intensity not reported.  In each reference box, the 
overall effect of light on tumorigenesis in a given study is indicated as follows: S = light is stimulatory,  I = 
light is inhibitory;  M = mixed and/or no effect of light.  Types of carcinogens used in cancer studies: 
DMBA = dimethylbenzanthracene; NMU= nitrosomethylurea; NEU = nitrosoethylurea; DEN = 
diethylnitrosamine.

Tumor Type & 

Model  System 

Photoperiod & Light 

Exposure Conditions 

Effects on Tumorigenesis Reference 

Spontaneous mammary tumors 
in C3H-A adult female mice 
(intact retinae) 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
permanent constant light from 
birth to death 

Light intensity? 

↓ Latency to tumor onset 

↑ Tumor incidence 

↑ Death from tumor burden 

Jöchle (1964) (79) 

 

S 

 

 

 

Spontaneous mammary tumors 
in C3H-HeJ adult female mice 
(genetic retinal degeneration) 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Permanent constant light from 
birth to death 

Light intensity? 

↑ Latency to tumor onset 

↓ Tumor incidence 

↓ Death from tumor burden 

Jöchle (1964) (79) 

 

I 

 

 

DMBA-induced mammary 
tumors in adult female albino 
rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Constant light starting 7 wks 
prior to DMBA and continuing 
through tumorigenesis 

Light intensity? 

↓ Mammary tumor incidence 

↑ Ovarian tumor  

 incidence 

Khaetsky (1965) (80) 

 

M 

DMBA-induced mammary 
tumors in adult female albino 
rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Constant light starting 4 wks  
after last DMBA injection and 
continuing through 
tumorigenesis 

Light intensity? 

↓ Latency to tumor onset 

↑ Tumor number and growth 
rate 

Khaetsky (1965) (80) 

 

S 
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DMBA-induced mammary 
tumors in adult female albino 
rats 

Control photoperiod = 
Constant dark (no adaptive or 
control 12L:12D photoperiod), 
interrupted by dim light 
(intensity?) for animal care 

Experimental light exposure = 
Constant light starting after 
DMBA and continuing through 
tumorigenesis 

Light intensity? 

No effects on tumor incidence 
or number 

↑ Latency to tumor onset 

↑ Incidence of fibroadenomas 
(benign tumors) 

Jull (1966) (81) 

 

M 

DMBA-induced mammary 
tumors in adult female albino 
rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Constant light beginning 1 wk 
before DMBA treatment and 
continuing through 
tumorigenesis 

Light intensity = 30 lumens/sq. 
ft 

Fluorescent light 

↑ Tumor incidence (majority 
were fibroadenomas [benign 
tumors]);  

majority of tumors in control 
photoperiod were 
adenocarcinomas (malignant 
tumors) 

Hamilton (1969) (82) 

 

S 

DMBA-induced mammary 
tumors in adult female albino 
rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Constant darkness prior to 
DMBA injection and 
continuing through 
tumorigenesis 

↓ Serum levels of  follicle-
stimulating hormone, 
estradiol, corticosterone 

↓ Thyroid activity 

↑ Latency to tumor onset 

↓ Tumor incidence and 
number 

↑ Survival 

Kuralasov (1979) (83) 

 

I 

DMBA-induced mammary 
tumors in adult female albino 
rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Constant light beginning the 
day of DMBA administration 
and continuing through 
tumorigenesis 

Light intensity? Illumination 
by 40-W fluorescent tubes 2 m 
above cages 

 

No effect on tumor incidence 

↑ Latency to tumor onset 

Aubert et al. (1980) (84) 

 

M 

DMBA-induced mammary 
tumors in adult female albino 
rats 

Control photoperiod = 
10L:14D 

Experimental light exposure = 
Constant light from  birth 7 
wks before DMBA treatment 
and continuing through 
tumorigenesis 

Light intensity? Illumination 

↑ Tumor incidence 

↑ Tumor number 

↓ Latency to tumor onset 

Kothari et al. (1982) (85) 

 

S 
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by 40-watt fluorescent tubes 30 
cm above cages 

DMBA-induced mammary 
tumors in adult female albino 
rats 

Control photoperiod = 
10L:14D 

Experimental light exposure = 
Constant light from  birth 7 
wks before DMBA treatment 
and continuing through 
tumorigenesis 

Light intensity? Illumination 
by 40 watt fluorescent bulbs 30 
cm above cages 

↑ Tumor incidence 

↑ Tumor number 

↓ Latency to tumor onset 

Kothari et al. (1984) (86) 

 

S 

DMBA-induced mammary 
tumors in adult female albino 
rats 

Control photoperiod = 
10L:14D 

Experimental light exposure = 
Constant light from  birth 7 
wks before DMBA treatment 
and continuing through 
tumorigenesis 

Light intensity = 150 lux 
Illumination by 40-W 
fluorescent tubes 30 cm above 
cages 

↑ Tumor incidence 

↓ Latency to tumor onset 

↑ DNA synthesis in mammary 
gland 

↑ Terminal end buds and 
alveolar buds in mammary 
gland 

↑ Plasma prolactin levels 

No change in plasma estradiol 
levels 

Shah et al. (1984) (87) 

 

S 

DMBA-induced mammary 
tumors in adult female albino 
rats 

Control photoperiod = 
10L:14D 

Experimental light exposure = 
Constant light from  birth 7 
wks before DMBA treatment 
and continuing through 
tumorigenesis 

Light intensity?  

No effect on tumor incidence 
or number 

↑ Latency to tumor onset 

Subramanian and Kothari 
(1991) (88) 

 

M 

NMU-induced mammary tumors 
in adult female albino rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Constant light or constant 
darkness from 4 wks of age (2 
wks prior to NMU injection) 
and continuing through 
tumorigenesis 

Light intensity? 

Constant light: ↓ nocturnal 
serum melatonin levels 

↑ nocturnal serum prolactin 
levels,  

↓ latency to tumor onset 

↑ tumor incidence and number  

Constant darkness:  

No effect on serum melatonin 
or prolactin levels 

↑ latency to tumor onset 

↓ tumor incidence and number 

Anisimov et al. (1994) (89) 

 

S 

NMU-induced mammary tumors 
in adult female albino rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 

Constant light: ↓ nocturnal 
serum melatonin levels 

↑ nocturnal serum prolactin 

Anisimov et al. (1996) (90) 

 

S  
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Constant light or constant 
darkness (3 wks prior to NMU 
injections) and continuing 
through tumorigenesis 

Light intensity? 

During constant darkness short 
intervals of red light exposure 
(light intensity?) for animal 
care 

levels,  

↓ latency to tumor onset 

↑ tumor incidence  

↓ life span 

Constant darkness:  

No effect on serum melatonin 
or prolactin levels 

↑ latency to tumor onset 

↓ tumor incidence  

no effect on life span 

Tissue-isolated transplantable rat 
hepatoma 7288CTC in male 
albino rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
dim light (indirect) 
contamination during the dark 
phase of 12L:12D photoperiod 
or constant light  1 wk before 
tumor implantation and 
continuing through 
tumorigenesis 

Light intensity  = 0.2 lux (dim 
light) and 810 lux (constant 
light) at rodent eye level 

Illumination by three 32-W 
fluorescent tubes for constant 
light and indirect light from 
light leak through door jam 

↓ Nocturnal melatonin blood 
levels 

↑ Tumor LA uptake and 13-
HODE production 

↓ Latency to tumor onset 

↑ Tumor growth rate 

 

Dauchy et al. (1997) (91) 
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Tissue-isolated transplantable rat 
hepatoma 7288CTC in male 
albino rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
dim light (direct)  during the 
dark phase of 12L:12D 
photoperiod or constant light  1 
wk before tumor implantation 
and continuing through 
tumorigenesis 

Light intensity  = 0.2 lux (dim 
light) and 300 lux (constant 
light) at rodent eye level 

Illumination by three 32-W 
fluorescent tubes for constant 
light and two 15-W fluorescent 
tubes (cool white) wrapped 
with neutral density filters 

↓ Nocturnal melatonin blood 
levels 

↑ Tumor LA uptake and 13-
HODE production 

↓ Latency to tumor onset 

↑ Tumor growth rate 

 

Dauchy et al. (1999) (92) 

 

S 

DEN-induced liver tumors in 
adult male albino rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Constant light 3 wks after DEN 
administration and continuing 
through tumorigenesis 

Light intensity =250 lux at 
cage level 

↓ General circadian activity 

↓ Circadian rhythm of urinary 
6-sulfatoxymelatonin 
excretion 

↑Incidence, number and size 
of liver tumor nodules 

Van den Heiligenberg et al. 
(1999) (93) 

 

S 

DMBA-induced mammary 
tumors in adult female albino 
rats 

Control photoperiod = 8L:16D 

Experimental light exposure = 
Constant light at 26 days of age 
(26 days prior to DMBA) and 
continuing through 
tumorigenesis 

Light intensity = 120 – 250 lux 
at cage level 

↓ Tumor incidence and 
number 

↑ Number of rats with 
lactation nodules 

No effect on survival 

Anderson et al. (2000) (94) 

 

I 

Transplacental carcinogen-
induced peripheral nervous 
system and kidney tumors in 
adult male and female albino rat 
offspring from pregnant dams 
treated with NEU 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Constant light or constant 
darkness from the time of NEU 
injection during pregnancy and 
continuing for 4 wks after 
delivery (lactation period) of 
offspring followed by 12L:12D 
through tumorigenesis and 
death 

Constant light ↓ Latency to 
tumor onset 

Constant darkness ↑ Latency 
to tumor onset 

Constant light ↑ tumor 
incidence and number 
(majority malignant tumors) 

Constant darkness ↓ tumor 
incidence and number (except 
kidney tumors; majority 

Behiashvilli et al. (2001)  

(95) 

 

S 
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Light intensity? benign tumors) 

Constant light ↓ survival 

Constant darkness ↑ survival 

NMU-induced mammary tumors 
in adult female pigmented rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
five, 1-minute incandescent 
light exposures every 2 h 
during dark phase beginning on 
day of NMU injection and 
continuing through 
tumorigenesis 

Light intensity = 61 to 193 lux 
(lower to upper cage tiers) at 
cage floor level 

No effect on tumor incidence, 
number or weight  

No effect on survival 

↓ Nocturnal serum melatonin 
(after 1-day exposure) 

↑ Nocturnal serum melatonin 
(after 26 wks of exposure) 

Travlos et al. (2001) (96) 

 

M 

Spontaneous mammary tumors 
in adult female albino HER-
2/neu transgenic mice 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Constant light from 2 mos of 
age continuing through 
tumorigenesis to 11 mos of age 

Light intensity? 

No effect on tumor incidence, 
size or metastasis to lungs 

↑ Tumor number 

↑ Latency to tumor onset 

 

Baturin et al. (2001) (97) 

 

M 

Tissue-isolated, transplantable 
NMU-induced mammary tumors 
in adult female albino rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Constant light beginning 1 wk  
prior to tumor implantation and 
continuing through 
tumorigenesis   

Light intensity = 300 lux at 
rodent eye level 

↑ Tumor LA uptake and 13-
HODE production 

↓ Latency to tumor onset 

↑ Tumor growth rate 

 

Blask et al. (2002) (98) 

 

S 

Tissue-isolated ER+ MCF-7 
human breast cancer xenografts 
in adult female pigmented nude 
rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Tumor-bearing rats transferred 
from 12L:12D to constant light 
beginning 40 days after  tumor 
implantation and continuing 
through tumorigenesis   

Light intensity = 300 lux at 
rodent eye level 

↓ Nocturnal melatonin blood 
levels 

↑ Tumor LA uptake and 13-
HODE production 

↑ Tumor growth rate 

Blask et al. (2003) (99) 

 

S 

Tissue-isolated transplantable rat 
hepatoma 7288CTC in male 
albino rats 

Control photoperiod = 
12L:12D 

Experimental light exposure = 
Indirect reflected light during 
the dark phase of 12L:12D 
photoperiod   2 wk before 
tumor implantation and 

Dose-response ↓ nocturnal 
melatonin blood levels 

Dose-response ↑ tumor LA 
uptake and 13-HODE 
production 

Dose-response ↓ latency to 

Dauchy et al. (2003) (100) 

 

S 
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continuing through 
tumorigenesis 

Light intensity  = 0 (complete 
darkness or 0 lux), 0.02, 0.05, 
0.06, 0.08 or 345 µW/sq. cm 
(constant light or ∼ 840 lux) at 
rodent eye level 

Illumination by one 32-W 
fluorescent tube wrapped with 
neutral density filters 

tumor onset 

Dose-response ↑ tumor 
growth rate 

As alluded to above, in animals with chemically-induced mammary tumors a differential 
responsiveness to constant light exposure is predicated by the timing of the initiation of constant 
light exposure in relation to the onset of puberty as well as to the timing of the carcinogen 
administration.  For example, when constant light treatment is begun approximately two months 
prior to multiple weekly administrations of the mammary gland carcinogen DMBA, the 
incidence of mammary tumor development is less than in the animals on a L:D cycle [94].  
However, when constant light exposure begins a month following the last injection of DMBA, 
mammary tumorigenesis is stimulated as compared with L:D controls.  Not only do more tumors 
develop per rat, but also they appear sooner following constant illumination [80].  In most of 
these studies, the level of light intensity was not reported and circulating melatonin levels were 
not measured.  However, it was generally assumed that constant light-induced suppression of 
pineal melatonin production was responsible for its stimulatory effects on carcinogen-induced 
mammary carcinogenesis (Table 1).  Other than constant light-induced stimulation of pituitary 
prolactin secretion, a hormone important for the development of experimental mammary cancer 
in rats [87,89,90] no assessment was made of the mechanism(s) by which constant illumination 
either stimulated or inhibited tumor development in these investigations. 

Although constant light exposure seems to stimulate tumorigenesis in the majority of 
investigations (Table 1), clearly one-third of the studies conducted report either inhibitory, mixed 
or no effects on the development of experimental cancer. Interestingly, more consistent 
stimulatory actions of continuous illumination appear to occur with respect to the growth of 
established tumors.  Moreover, mechanistic information is now available on how constant light 
enhances the growth of transplantable tumors.  In rats bearing either tissue-isolated rat liver 
cancer (i.e., hepatoma) or rat mammary cancer, exposure of these animals to constant bright light 
(i.e., 300 lux at rodent eye level) for one week prior to tumor implantation and continuing 
thereafter, there is a complete absence of the nocturnal, circadian rise in circulating melatonin 
levels as compared with L:D controls.  Moreover, not only do tumors appear much earlier as a 
result of constant light exposure but their average daily growth rate accelerates by a factor of 2.5- 
to 6-times over the average growth rate of tumors in the L:D control group.  The marked increase 
in the rate of tumor growth results from a substantial augmentation in the rate of tumor uptake of 
LA and its conversion to 13-HODE as a consequence of the suppression of the circadian 
melatonin signal (see above) [91,92,98-100].  However, it is also possible that a dysfunction in 
general circadian activity, in addition to melatonin suppression, contributes to the tumorigenic 
effects of constant bright light exposure since complete circadian disruption occurs following 
several weeks of constant light exposure [101,102].
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8  
EPIDEMIOLOGICAL EVIDENCE THAT INDIRECTLY 
SUPPORTS THE LIGHT AT NIGHT HYPOTHESIS 

While studies on the effects of constant light exposure in experimental models of rodent 
tumorigenesis have been extremely important in providing an initial biological link between light 
during darkness, circadian and melatonin disruption and increased carcinogenesis, there have 
been no similar investigations on carcinogenesis in humans.  Obviously, it would be technically 
impossible, not to mention unethical, to expose human subjects, who either have cancer or who 
are at high risk for cancer, to conditions of prolonged light exposure at night for the many years 
that it would take for cancer to develop and grow.  Population studies in night shift workers 
support the hypothesis of Stevens that light at night may be a significant risk factor for human 
breast cancer [103] and other cancers as well as a result of melatonin suppression [104].  These 
epidemiological studies essentially use night shift work as a surrogate for light at night, since 
prolonged exposure to light at night results in an increased likelihood of melatonin suppression 
and other types of circadian disturbances that would be a feature of this type of work.  In fact, in 
female night shift workers (i.e., nurses) the risk of breast cancer increases up to 60% and the risk 
of colorectal cancer increases up to 35% with the degree of risk being directly related to the 
number of years of shift work [105-108].  That this increased cancer risk in shift workers may be 
related, at least in part, to LAN-induced melatonin suppression is supported by the fact that blind 
individuals, who may be protected from the melatonin-suppressive effects of light, have a 
substantially lower risk (i.e., up to 50%) of breast cancer with the degree of risk being inversely 
related to the degree of visual impairment [109-113].  The reader is encouraged to consult the 
individual references cited above for the details regarding the results of these important 
population studies.  
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9  
EFFECTS OF CONSTANT BRIGHT LIGHT ON HUMAN 
BREAST CANCER GROWTH IN RATS 

For the reasons cited above, testing the light at night hypothesis with regard to human 
carcinogenesis has eluded an experimental approach since no model system existed that would 
permit the examination of the effects of constant bright light suppression of the nocturnal, 
melatonin signal on human carcinogenesis.  Recently, this problem has been partially 
circumvented through use of a special breed of female rat (i.e., athymic nude rat) that lacks a 
thymus gland. The absence of the thymus gland, an important organ of the immune system, 
prevents these animals from mounting an immune response against and preventing the rejection 
of implanted human cancer xenograft tissue [99].  Nude rats, which like all laboratory rats are 
nocturnally active, exhibit a robust nocturnal, circadian melatonin rhythm that is quite similar, in 
terms of timing, amplitude and duration, to that observed in pre- and postmenopausal healthy 
women.  Most importantly, the melatonin signal is completely suppressible by exposure of these 
animals to 300 lux of constant bright light.  Human breast cancer xenografts, derived from the 
ER+ human breast cancer cell line, MCF-7, grow quite well following their implantation into  
female nude rats.  During a two week period following their transfer from a 12L:12D light:dark 
cycle (i.e., intact circadian melatonin signal) to constant bright light (i.e., 300 lux) (i.e., no 
melatonin signal), the average daily rate of tumor growth in constant light-exposed rats increases 
by 7-fold in comparison to the tumor growth rate in animals remaining on an L:D cycle.   This 
accelerated rate of human breast cancer growth was initiated and sustained as a result of 
increases in the rate of tumor uptake of LA and its metabolism to 13-HODE.  This augmented 
rate of tumor LA uptake and metabolism results from constant light-induced suppression of the 
circadian melatonin signal which normally drives the inhibition of these processes during the 
dark phase [75,77,78] (see above).  Since it is likely that the function of the general circadian 
system is preserved in these animals over two weeks, the specific suppression of nocturnal 
melatonin rather than general circadian disruption is most likely responsible for accelerated 
tumor growth.  This is the first experimental evidence to date showing a link between 
inappropriate exposure to continuous bright light and increased growth and fatty acid metabolism 
of human breast cancer.  This also represents the most definitive support, thus far, for the 
hypothesis that light-induced suppression of nocturnal melatonin production may be a new risk 
factor for human breast cancer [103], particularly in night shift workers who also consume diets 
high in fat during the night [114]. 
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10  
EFFECTS OF LOW INTENSITY LIGHT EXPOSURE 
DURING DARKNESS ON CANCER GROWTH IN 
EXPERIMENTAL ANIMAL MODELS OF 
TUMORIGENESIS 

As alluded to above, the ability of ocular light exposure to suppress pineal melatonin production 
depends on the intensity, wavelength, duration and timing of light.  As important as the constant 
bright light studies are, they address only one aspect of the intensity issue.   However, studies 
have demonstrated that the exposure of rats to low intensity light (i.e., 0.2 lux at rodent eye level) 
during the dark phase for one week prior to the implantation of tissue-isolated rat hepatomas and 
continuing thereafter, results in a dramatic suppression of circulating melatonin levels that is 
nearly as great as that induced by constant bright light [91,92].  In contrast to constant bright 
light exposure, general circadian function is preserved in rats exposed to 0.2 lux of light during 
the dark phase.  However, the tumor growth rate, LA uptake and metabolism to 13-HODE are 
nearly as rapid as in constant light-exposed animals indicating that low intensity light-induced 
melatonin suppression during the dark phase, rather than general circadian disruption, is 
responsible for increased tumorigenesis. 

Recent studies have examined the light intensity issue in greater detail by determining the effects 
of different light intensities during darkness on nocturnal circulating melatonin levels and the 
growth and LA metabolism of rat hepatoma 7288CTC [100].  Exposure of tumor-bearing rats to 
light intensities (at rodent eye level) ranging from complete darkness to constant bright light (345 
µW/sq. cm or ∼ 840 lux) results in a dose-dependent suppression of melatonin levels with a 
concomitant dose-related stimulation of tumor growth, LA uptake and 13-HODE production.  
Although preliminary, these findings represent the first evidence that stimulation of tumor 
growth and metabolism is dependent on the degree of the suppression of melatonin production 
that is, in turn, dependent upon the intensity of light present during darkness. 
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11  
SUMMARY AND RECOMMENDATIONS REGARDING 
CURRENT LIGHTING PRACTICES 

As reviewed above, an increasing amount of evidence more clearly supports the hypothesis that 
bright light present during the dark phase of an alternating light/dark cycle (i.e., constant light) 
stimulates the development and growth of experimental rodent tumors, especially breast cancer, 
either through suppression of nocturnal production melatonin, general circadian disruption or 
both. Similar findings have recently been obtained with respect to the growth and LA 
metabolism of human breast cancer in female rats (Fig. 11-1).  Of the 24 scientific studies 
reviewed above (Table 1), 62.5% demonstrate a stimulatory effect of light during darkness on 
tumorigenesis, 25% show mixed and/or no effects of light while 12.5% indicate an inhibitory 
effect of light during darkness on tumorigenesis. Additionally, a few studies now indicate that as 
light intensity increases from very dim light to bright light, a dose-dependent suppression of the 
nocturnal, circadian melatonin signal leads to a dose-dependent stimulation of rodent liver cancer 
and LA metabolism. Taken together with the epidemiological evidence showing a significant 
increase in the risk of certain cancers in human night shift workers, these experimental results, at 
a minimum, provide a strong argument for prudent avoidance of prolonged exposure to bright 
light during the night over a period of years.  Architects and engineers have traditionally 
designed indoor and outdoor lighting with the primary purpose of optimizing visual stimulation, 
maintaining visual comfort, providing an aesthetically pleasing environment and conserving 
energy [1,5,15].  For more than 20 years, rigorous scientific evidence has supported the concept 
that, separate from vision and visual reflexes, light perceived by the eye can influence human 
physiology, mood and behavior [3,18,26,27].  These findings could provide the basis for 
fundamental changes in future lighting strategies that could help foster some aspects of human 
health and well being.  However, with respect to the process of carcinogenesis, it is premature at 
this time, absent additional and more detailed cancer studies, to make specific recommendations 
to the lighting industry regarding potential changes in current standards and practices for 
architectural lighting. Therefore, our major recommendation to the various constituencies of the 
lighting industry is that further research is needed as summarized below. 



  11-2 
 

 

 

Figure 11-1



  

 12-1

12  
RECOMMENDATIONS FOR FUTURE RESEARCH 

In spite of the advances made over the past 40 years with respect to the effects of inappropriate 
exposure to light during darkness on tumorigenesis in animal models of experimental cancer we 
are currently just at the threshold of our understanding regarding this topic.  There is no question 
that additional research is required to further and more precisely characterize the effects of light 
during darkness with respect to cancer development and growth, for a variety of different cancer 
types and model systems and the mechanisms mediating these effects.  Such research would also 
be important in helping to resolve some of the conflicting results reviewed above on the effects 
of constant bright light exposure on tumor development and growth.  For example, it will be 
crucial to determine the influence of exposure to different light intensities and wavelengths 
during darkness on tumorigenesis, including the intensities and spectra that would normally be 
encountered at night in both the home and workplace.  Studies would also need to address the 
influence of both the duration and timing of light during darkness at given intensities and 
wavelengths on carcinogenesis, especially over long periods of time.   

Studies aimed at the influence of light during darkness on tumor development will continue to be 
largely restricted to animal models of either spontaneous or carcinogen-induced animal tumors.  
However, in order to more directly and specifically relate the photobiological effects of light 
during darkness on human carcinogenesis, animal models accommodating the growth of 
transplantable xenografts of human cancers will increasingly need to be developed and used in 
imaginative ways.  In this regard, a major challenge will be to somehow develop a model system 
that directly couples the assessment of the influence of light during darkness on the circadian 
system of the human host with human tumorigenesis in the same model system.  Such an 
approach, if successful, would greatly minimize the need to extrapolate, as is presently the case, 
from light-induced circadian alterations in animal hosts bearing either animal tumors or human 
cancer xenografts.    

Many questions remain to be answered regarding the mechanisms by which light during 
darkness influences tumorigenesis by way of central circadian clock/pineal melatonin output 
signals and their interactions at the cellular, molecular, and biochemical/metabolic level (i.e., 
signal transduction pathways, fatty acid metabolism, clock gene function, etc.) in both 
developing and established tumors.  Moreover, new interactions between light during darkness 
and other environmental (i.e., dietary fat) [75] and genetic and epigenetic factors (i.e., clock gene 
polymorphisms and expression) [104] influencing carcinogenesis should be actively investigated.  
Finally, additional prospective epidemiological investigations that are “driven” by the results of 
such laboratory studies will be necessary to more accurately assess the impact of light during 
darkness in human populations at increased risk for developing cancer as a result of living and 
working in our 24-hr/day society in which artificial light at night is a prominent feature. 
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