
Circadian Rhythm Shifts in Melanocytes vs. Melanoma  

Cells and the Effect on Gene Expression Levels  

The Circadian Rhythm 

-Circadian rhythm: 24-hour cycle of body processes  

-Controlled by suprachiasmatic nucleus, found in hypothalamus 

 -Light signals transmitted from environment via retina to brain 

-In turn, SCN sends signals to other parts of the body, regulating  

 hormone secretion, appetite, sleep schedule 

-Controlled on a genetic level with a series of feedback loops    

              (Wolverton, 2013) 

Circadian Rhythm Disruption 

-Can be disrupted by both environmental and genetic factors 

 -Environmental: jet lag, shift work, excessive exposure to light at 

 night, travel across time zones 

 -Genetic: mutations in circadian genes 

-Disruption can lead to a multitude of diseases, one being cancer  

               (Shanmugam 2013) 

http://www.nature.com/nrc/journal/v3/n5/fig_tab/nrc1072_F1.html 

-Melatonin, a hormone whose levels are controlled by the circadian 

rhythm, has oncostatic effects, meaning it slows cancer growth 

-When the circadian rhythm is disrupted, melatonin secretion is  

also disrupted, restricting the oncostatic effects of the hormone, 

and leading to an increased incidence of cancer 

-Women who worked shifts at night were found to have a higher  

incidence of breast cancer         (Jasser, 2006) 

-Mutations of circadian genes, such as PER and Cry, can lead to the 

growth of cancer, seeing as circadian genes are involved in cell 

growth and repair 

-Mutations in p53, a circadian-regulated gene, results in a higher 

 incidence of cancer         (Shanmugam, 2013) 

-Combination of p53 and Cry mutations,  which both speed cancer 

growth separately, slows cancer growth   (Gaddameedhi, 2013) 

Circadian Rhythm and Skin Cancer 

Hormonal Connections Genetic Connections 
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http://www.qscience.com/doi/pdfplus/10.5339/jlghs.2013.3 
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-The circadian rhythm is regulated by a series of environmental 

light signals that regulate changes throughout the body 

-Circadian-timed changes throughout the body are regulated on 

a hormonal level by both melatonin and cortisol (Savvidis, 2012) 

-On a molecular level, genes and proteins whose levels and  

activity are regulated by the circadian rhythm are involved in cell 

and DNA growth and repair (Filipski, 2009) 

-Cancer is caused by DNA damage and subsequent replication of 

damaged DNA; based on circadian timing different genes  

involved in cell repair can be more or less active, dictating the 

body’s response (Eriguchi, 2003) 

-Nucleotide excision repair is system responsible for recognizing 

UV ray induced DNA damage and repairing it (Gaddameedhi, 

2015) 

-The primary protein involved in nucleotide excision repair is XPA; 

XPA levels are regulated by the circadian rhythm  

-In mice, XPA levels are highest in the evening, meaning repair is 

most active, while replication is most active in the morning. This 

would imply that DNA damage inflicted by UV rays in the morning 

is more detrimental than damage inflicted in the evening, because 

cells have a lesser capacity to repair the damage, and are more 

likely to replicate this damage onto new cells. 

Circadian Role in Cell Repair UV Damage and Skin Cancer 

Future Research 

-Use established connections between the circadian rhythm and skin 

cancer to improve regulations concerning daily UV exposure; body 

does need a certain amount, but best time to be exposed to UV rays 

should be examined 

-Develop ways in which the circadian rhythm can be used not only to 

prevent but also to treat skin cancer 

https://sites.google.com/site/jcampbell2nd2014/home/part-3-unity-and-diversity-of-life 

Objectives 

Hypotheses 

 Determine the difference in gene expression in healthy melanocytes 

versus melanoma tumor cells in mice 

 Better understand connections between circadian rhythm and skin 

cancer 

  H0:  Clock gene expression will be the same in healthy melanocytes 

and melanoma cells. 

 H1:  There will be a phase shift in the expression of clock genes Bmal1 

and Cry1 in tumor cells as compared to healthy cells. 

Methods 

 -Skin samples and melanoma tumor samples taken from mice, 
3am/3pm 

 -DNA converted to cDNA for more accurate analysis 

      -Qiagen Rneasy used to extract RNA 

      -Samples analyzed for concentration using NanoDrop  

     spectrophotometer 

      -Samples of equal concentration combined with enzymes to  

     encourage reaction to form cDNA 

-PCR (Polymerase Chain Reaction) completed 

      -Levels of Actin (control), Bmal1, Cry1 measured 

 -Determined relative levels of Bmal1 and Cry1 

      -Average CT (cycle threshold) 

      -Difference in mean CT in Actin vs. Bmal1/Cry1 

      -2-ΔCt to determine change in levels at different times 

      -Time with higher 2-ΔCt named relative level 1; time with      

     lower  gene level recalculated relative to 1 

Results 

Levels of Cry1 With Respect to Actin Levels of Bmal1 With Respect to Actin 

-The levels of the gene in the cell type with the lesser concentration (i.e. level of Cry1 in tumor cells at 3am, level of Bmal1 in tumor cells at 
3am, level of Bmal1 in skin cells at 3pm) appear to be zero on the graphs because the level of the genes in these types of cells was marginal 
when compared to the level of the genes in the other types of cells 

Discussion and Conclusions 

-Cry1 levels were higher in skin cells than tumor cells at 3am, whereas at 3pm, Cry1 levels were higher in tumor cells than in skin cells 

-Bmal1 levels were higher in skin cells than tumor cells at 3am, whereas at 3pm, Bmal1 levels were higher in tumor cells than in skin cells 

-There is evidently a difference in the levels of both Cry1 and Bmal1 in tumor cells and healthy melanocyte cells at the two different times, 
3am and 3pm 

-These relative differences indicate a phase shift in the circadian rhythms of tumor cells and healthy cells 

-Cry1 levels were higher in skin cells than tumor cells at 3am, whereas 

at 3pm, Cry1 levels were higher in tumor cells than in skin cells 

-Bmal1 levels were higher in skin cells than tumor cells at 3am, 

whereas at 3pm, Bmal1 levels were higher in tumor cells than in skin 

cells 


