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Bracci et al (1) conducted an important study of the 
expression of nine circadian genes and the levels of 
melatonin and estradiol among female nurses working 
a rotating shift schedule compared to nurses on a day-
only shift. Rotating shift is perhaps the most disruptive 
to circadian physiology and sleep (2). The authors found 
elevated estradiol levels in the blood of rotating- com-
pared to day-shift nurses, but no significant difference 
in the urinary melatonin metabolite 6-sulphatoxymela-
tonin. Their interpretation was that because there was 
a day off between last work shift and collection of 
overnight urine specimens, melatonin production in the 
night workers had rebounded from the last night shift 
worked, whereas the change in estradiol in blood was a 
longer lasting effect of chronic shift work and the cir-
cadian disruption that it entails. Elevated estradiol from 
exposure to light at night, via melatonin suppression, 
was the first mechanism offered for an elevated risk of 
breast cancer in women in the industrialized world (3).

In addition, Bracci et al (1) found greater levels of 
expression of certain circadian genes and lower levels of 
others. A couple of years ago, we published results from a 
small study of women working the night shift in Denmark 
compared to day-working women (4). We had hypoth-
esized that expression of CLOCK would be higher and 
CRY2 would be lower in the peripheral blood lympho-
cytes (PBL) of night-working women. Due to the type of 
samples available to us, we could not examine transcript 
levels and so rather we looked at the degree of promoter 
methylation with the inference that hypomethylation was 
consistent with increased gene expression and hypermeth-
ylation consistent with decreased gene expression. Our 
reasoning was that CLOCK acts a transcriptional activator 
within the circadian molecular machinery, whereas CRY2 
acts as a transcriptional repressor; therefore CLOCK may 
be more generally an “oncogene” and CRY2  a “tumor 
suppressor”. We had previously found that women with 
breast cancer showed hypomethylation of CLOCK (5) 
and hypermethylation of CRY2  (6) compared to popula-
tion controls, consistent with our prediction. Since shift-
working women have been reported to be at increased 
risk of breast cancer (7), we reasoned that shift workers 
in general would show these same changes systemically 
in CLOCK and CRY2  expression.

Using a more direct approach, Bracci et al (1) also 
found evidence for elevated CLOCK gene expression in 

PBL of night-working women compared to day workers, 
and lower expression of CRY2 . Although each of the nine 
or so core circadian genes has a specific function within 
the circadian feedback loop, it is becoming clear that each 
also has many other functions in physiology systemically 
(eg, 8); as much as 10% of the entire genome is under 
direct circadian control (9). The other gene expression 
changes Bracci et al (1) found undoubtedly have implica-
tions far beyond the cellular clock itself.

If the gene expression changes found by Bracci et 
al (1) and the DNA methylation changes we observed 
(4) are replicable, then they are quite important. These 
consistent changes should be examined in women and 
men working less disruptive non-day shifts such as per-
manent evening or night. In addition, even among day 
working people, greater exposure to light at night might 
also yield changes in gene expression pertinent to cancer 
risk.  With these expression markers of circadian disrup-
tion, there may ultimately result a better understanding 
of the links among electric lighting, circadian disruption, 
and breast cancer and other diseases. The long-term goal 
is, of course, better use of lighting for work, play, and 
health (10).
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