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Cancer is a disease caused by out of control division of abnormal cells within a part of 

the body.  Breast cancer is a particularly devastating and common form of this disease.  In 

recent years, a considerable amount of research has been focused on the causes of and 

possible treatments for breast cancer.  It is estimated that 40,000 women will die from breast 

cancer this year, and that 1 in 8 will develop it in their lifetime.1 In a normal body, cells will go 

through the process of growing, multiplying, and dying.1 Breast cancer occurs when a group of 

abnormal cells divide and grow uncontrollably, eventually forming a malignant tumor in the 

breast.1 This group of cancer cells then invades surrounding tissues.1 In metastasis, the cells 

break off and spread to other parts of the body using the bloodstream or lymph vessels.1 

Researchers are still hunting for more treatments that could help prevent breast cancer and 

reduce its growth in the body. Of many studies that are being conducted on this issue, 

melatonin appears to be a promising treatment.  

Melatonin is a naturally occurring hormone in the human body that is secreted by the 

pineal gland in the brain.2 Its primary duties are to maintain the body's circadian rhythm and 

regulate other hormones, although many other benefits have been found.2 Melatonin is 

produced more when it is dark and less when it is light to maintain the body’s circadian rhythm, 

or internal clock.2 This cycle of melatonin production helps the body to determine when to 

wake up or fall asleep. Along with this essential function, melatonin also controls other 

hormones, such as estrogen.2 The regulation of the timing and release of these reproductive 

hormones determines the start, stop, and frequency of female menstruation.2 While these 

every day functions of melatonin are notable, its potential capability to inhibit breast cancer is 

even more impressive. Though more needs to be discovered about this hormone, studies have 

found several means that melatonin takes to fight breast cancer.  One way cancer is inhibited is 

the blocking of estrogen pathways. Melatonin also promotes apoptosis and has 

antiproliferative effects. These elements of melatonin and breast cancer were researched and 

are summarized below.  
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The link between estrogen levels and breast cancer has been known for some time. 

Estrogens are hormones produced by the body that develop and maintain female reproductive 

organs.3 Many epidemiological experiments have demonstrated how estrogens are significant 

in breast cancer development. Estrogens cause an increase in cell growth after binding to an 

estrogen receptor.3 This increase in proliferation increases the possibility of point mutations 

caused by errors in DNA replication.3 Also, estrogen is produced in larger quantities in 

postmenopausal women through local synthesis, instead of by the ovaries.3 This local synthesis 

allows for androgens and weak estrogens to be made into active estrogens, which increases the 

risk and feeds the growth of cancer.3 Through these estrogen pathways, levels of strong 

estrogens, estrone and estradiol, are observed to be elevated in postmenopausal women even 

though they circulate less estrogen.3 Since the risk of acquiring breast cancer can depend on 

how much of these estrogens a woman has been exposed to, it is no surprise that 

postmenopausal women are the most at risk. Still there is hope to block these estrogen 

pathways with melatonin, which has previously been found to be an inhibitor of estrogen 

synthesis.  

In two recent biochemical studies the capacity for melatonin to counteract the effects of 

estrogens in breast cancer was observed. The first was a study by Gonzalez et al. which 

investigated the role melatonin plays in the control of enzymes that are involved in the 

 formation of estrogens in breast cancer cells.3 Breast cancer tissue is known to contain many 

enzymes that enable it to be a local site for the synthesis of estrogens.3 Three crucial enzymes 

in estrogen synthesis are sulfatase (STS), 17-hydroxysteroid dehydrogenase type 1 (17-

HSD1), and estrogen sulfotransferase (EST).3 STS allows for a pathway by which estrogen 

sulfates are converted into estrone and estradiol.3 17-HSD1 similarly allows for reversible 

conversion of weak estrone, androstenedione and 5-androstenedione into strong estradiol, 

testosterone and 5-dihydrotestosterone.3 Finally EST is responsible for the formation of the 

biologically inactive estrogen sulfates.3 For this experiment MCF-7 cells were treated with 1 nM, 

100 nM or 10 M of melatonin and incubated for 20 hours.3 As a control some cells were 

incubated with ethanol.3 Activity assays were employed to monitor the growth of the enzymes. 

This made any changes in activity due to melatonin apparent in the experiment. Real-time PCR 
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was also utilized to amplify and simultaneously quantify the mRNA expression of these 

enzymes. Brilliant SYBR Green PCR Master Mix was used as a fluorescent marker to quantify the 

samples.3  

From this study it was found that melatonin inhibits the activity and expression of STS 

and 17-HSD1.3 Sulfatase activity was inhibited 19%, 50%, and 55% in the presence of 1 nM, 

100 nM, and 10 M of melatonin.  17-HSD1 activity was diminished two to three times its 

normal activity with 1nm of melatonin. When exposed to 100 nM and 10 M of melatonin the 

percent inhibited were 58% and 36%. These results indicate that melatonin helps to restrain the 

formation of active estrogens, such as estradiol, in breast cancer cells.3 The levels of EST mRNA 

in treated cells was found to be three times higher than in the control cells with just 1nm of 

melatonin.3 Although increased melatonin saw an increase in EST, it was less than with 1nm of 

melatonin.3 This result indicates that melatonin stimulates the activity of EST in physiologic 

concentrations even more than in larger doses.3 These results suggest that melatonin 

suppresses the production of biologically active estrogens while increasing the production of 

inactive estrogens. This information demonstrates the many possibilities melatonin has in 

clinical breast cancer applications. 

A study performed by Knowner et al. hypothesized that the inhibition of estrogen begins 

in the breast adipose fibroblasts (BAFs), a main source of estrogen in breast tumors of post-

There, melatonin inhibits the transcription of the CYP19A1 gene that menopausal women.4 

encodes aromatase, which synthesizes estrogen.4 To test this theory, the authors used 

quantitative RT-PCR.4 Quantitative RT-PCR was utilized as a method to detect and quantify 

mRNA in genes for this study.4 The results of these quantifications were compared for different 

samples to visualize the amount of mRNA from a specific gene that was present in each sample. 

CYP19A1 mRNA expression following melatonin treatments was determined using this 

technique. Treatment of breast adipose fibroblasts and breast cancer-associated fibroblasts 

with melatonin resulted in significant suppression of CYP19A1 transcription and aromatase 

activity at varying levels.4 It was also found that melatonin suppression occurred through 

promoter-specific CYP19A1 mRNA.4 The information found in this study is vital because as 

women age and melatonin production decreases, they could be at higher risk for breast 
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cancer.4 As necessary as disrupting the estrogen pathway is, it is not the only way that 

melatonin works to inhibit breast cancer. 

A significant component to any cancer treatment would be to promote apoptosis and 

decrease cell proliferation. Apoptosis is known to be programmed cell death.5 In apoptosis cells 

will trigger their own death in circumstances such as having irreparable damage to their DNA.5, 

Even though their DNA is damaged, cancer cells do not undergo apoptosis. Because of this a 

positive feature of any cancer treatment would be a drug that could cause the abnormal cancer 

cells to kill themselves. Although melatonin has been known to inhibit the apoptosis of normal 

cells, studies have shown that it supports apoptosis in many types of cancer cells. Cell 

proliferation, also known as cell growth, is also important to the development of cancer. As 

stated earlier, cancer occurs when abnormal cells grow and divide at rapid rates. Thus, the best 

way to prevent cancer or to stop it from spreading is to decrease the growth of the cancerous 

cells. The cell growth inhibitory properties of melatonin have attracted the attention of 

researchers in recent years. Melatonin has been previously reported to inhibit cell growth in 

concentrations as small as a millimolar, or even a nanomolar.8 Combining the effects of an 

apoptosis promoter and an antiproliferative makes melatonin a great drug to be used in 

fighting breast cancer. 

Melatonin’s effect on apoptosis and proliferation was studied by Sánchez-Hidalgo et al. 

In this paper researchers sought to gain more information about how melatonin affects the 

growth and apoptosis of different human lymphoid malignancies.6 In previous studies only a 

certain malignancy, Burkitt’s lymphoma, was examined.6 Researchers recognized the need to 

examine different types of malignancies, as they may differ in response to melatonin.6 A small 

panel of cell lines representing Ramos (Epstein–Barr virus–negative BL), SU-DHL-4 (diffuse large 

B cell lymphoma), DoHH2 (follicular B non-Hodgkin lymphoma) and JURKAT (acute T cell 

leukemia) were studied.6 Each type of cell line was treated with three different amounts of 

melatonin, as well as DMSO as a solvent control. To add another control to the study the cells 

were also left untreated. Apoptosis assays and cell growth assays were performed to determine 

the effect of melatonin on the rate of cell death and cell growth. After these experiments were 

performed it was found that the Ramos and DoHH2 cells were most sensitive and the JURKAT 
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cells were least sensitive to melatonin.6 Ramos and DoHH2 cells  saw a decrease in growth of 

cells treated with 0.5 mM melatonin after 3 days and a strong suppression of growth with 1 or 2 

mM melatonin.6 SU-DHL-4 cells were less sensitive and were only responsive to ≥1 mM of 

melatonin after 3 days.6 With JURKAT cells a 60% increase in cell numbers was seen even when 

cells treated with 2 mM melatonin for 3 days.6 These results can be visualized in Figure 1 below.  

 

Figure 1. The results of the cell growth assays performed on the four cell lines
 
*P < 0.05, **P < 0.01, and  

***P < 0.001.
6 

(Melatonin inhibits cell proliferation and induces caspase activation and apoptosis in human 
malignant lymphoid cell lines, Figure 1) 

 

When looking at apoptosis rates JURKAT was the only cell line with no noticeable changes.6 All 

cell lines saw a decrease in proliferation with increased exposure to melatonin. It is uncertain 

why different cancers respond better to melatonin, but it is imperative to learn so this new 

treatment can be better understood and applied to different forms of cancer. Even though this 

study did not involve breast cancer, it allows us to see what properties melatonin possesses as 

a possible cancer drug. 

The next study actually looked at these processes in breast cancer cells. It was 

performed by Cucina et al. and focused on melatonin-related apoptosis and the specific 

apoptotic pathways involved in breast tissues.7 Although melatonin had been proven to aid in 
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fighting estrogen-responsive breast cancer many still debated whether it had apoptotic 

properties.7 This study sought to determine whether physiological concentrations of melatonin 

could produce growth inhibition and apoptosis in breast cancer growth.7 Human MCF-7 breast 

cancer cells were treated with 1 nm of melatonin and subjected to flow cytometry analysis and 

ELISA.7 Flow cytometry was utilized to determine the percentage of apoptotic cells in the 

sample.7 To allow the sample to be quantified it was stained with Annexin V/7-AAD.7 ELISA, or 

enzyme-linked immunosorbent assay, was also used in this experiment with the Cell Death 

Detection ELISA Plus kit to determine the rate of DNA fragmentation in the experiment.7 The 

rate of apoptosis is reflected by the enrichment of nucleosomes in the cytoplasm, which is 

equivalent to the rate of DNA fragmentation.7 It was found that melatonin significantly inhibits 

the growth of MCF-7 cells while also having pro-apoptotic effects.7 These apoptotic effects can 

be seen in Figure 2 below.  

 

Figure 2. Melatonin induced apoptosis. (A) percentage of apoptotic cells analyzed by flow cytometry. (B) 
quantification of DNA fragmentation performed by the Cell Death Detection ELISA Plus kit.

7
 *P < 0.0001; **P < 0.001; 

***P < 0.01 by t-test. (Evidence for a biphasic apoptotic pathway induced by melatonin in MCF-7 breast cancer cells, 
Figure 3) 
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Both flow cytometry analysis and DNA fragmentation quantification performed by ELISA were 

able to document early and late apoptosis in the treated cancer cells.7 This was important since 

no other study was able to show the apoptotic effect of melatonin alone on MCF-7 cells.7 This 

study demonstrated the importance for more biochemical research on how melatonin affects 

tumor cells as it could be a promising cancer treatment.  

Although current research is promising, there are still many questions that need to be 

answered about melatonin and its breast cancer fighting abilities. Significant questions that 

were brought up in research include the conditions under which melatonin should be taken. 

Would melatonin only be useful to those who already have cancer? If so, does it matter what 

stage of cancer they are in? Could it be taken as a supplement to prevent cancer? Another 

question revolves around the age of those taking melatonin. A lot of research has said that 

melatonin is useful for post-menopausal women, as their production levels are low. However, 

would melatonin be any less effective if taken by a younger woman with cancer? Finally there is 

a question to the more broad use of melatonin with other cancers. Which cancers are most 

affected by melatonin, and why? All of these questions require more research into the 

mechanisms of this hormone to better understand how it works.  

The research discussed previously reveals many properties about melatonin’s effect on 

estrogen pathways, apoptosis, and proliferation.  Melatonin increases the production of 

 and inactive estrogens suppresses the production of biologically active estrogens in doses as 

CYP19A1 transcription and aromatase activity are suppressed at varying small as 1nM. Also 

levels inhibiting the estrogen pathway.  Depending on the type of cancer cells melatonin has 

varying results on increasing apoptosis and reducing proliferation. Breast cancer cells proved 

responsive in a study by Cucina et al. which found that melatonin significantly inhibits the 

growth of cells while also having pro-apoptotic effects. These results all point towards 

melatonin being a useful breast cancer treatment. However, there is still substantial 

disagreement among professionals about how and why these processes take place. Although it 

may be a while before these questions about melatonin are answered, there is still a significant 

promise for clinical use in breast cancer as well as other cancers. 
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