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Abstract
We recently demonstrated that Sirt1, a NAD+ dependent histone deacetylase, was overexpressed
in prostate cancer (PCa) and its inhibition resulted in a significant anti-proliferative response in
human PCa cells. Studies have suggested a link between Sirt1 and circadian rhythms, the
disruption of which has been linked to cancer. Interestingly, a decreased production of the pineal
melatonin has been shown to deregulate the circadian rhythm machinery and increase cancer risk.
Further, disruption in melatonin production and circadian rhythmicity has been associated with
aging. Here, we challenged our hypothesis that melatonin will impart anti-proliferative response
against PCa via inhibiting Sirt1. We demonstrated that melatonin significantly inhibited Sirt1
protein and activity in vitro in multiple human PCa cell lines and melatonin-mediated Sirt1
inhibition was accompanied with a significant decrease in the proliferative potential of PCa cells,
but not of normal cells. Forced overexpression of Sirt1 partially rescued the PCa cells from
melatonin’s anti-proliferative effects, suggesting that Sirt1 is a direct target of melatonin.
Employing TRAMP mice, we also demonstrated that oral administration of melatonin, at human
achievable doses, significantly inhibited PCa tumorigenesis as shown by decreases in (i) prostate
and genitourinary (GU) weight, (ii) serum insulin-like growth factor-1 (IGF-1)/IGF-binding
protein-3 (IGFBP3) ratio, (iii) mRNA and protein levels of the proliferation markers (PCNA,
Ki-67). This anti-PCa response was accompanied with a significant decrease in Sirt1 in TRAMP
prostate. Our data identified melatonin as a novel inhibitor of Sirt1 and suggest that melatonin can
inhibit PCa growth via Sirt1 inhibition.
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Introduction
The likelihood of prostate cancer (PCa) diagnosis in men increases with age. In a recent
study, we demonstrated that Sirt1, a class III histone deacetylases (HDAC) known to be
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involved in aging, was overexpressed in human PCa cells and tissues and Sirt1 inhibition
resulted in FoxO1 activation-mediated decreased in the growth and viability of human PCa
cells [1]. In a follow-up study, we provided evidence that Sirt1 inhibition caused an increase
in apoptosis in a p53-independent fashion and an increase in senescence in a p53-dependent
fashion [2]. These studies and several other reports [3–5] in many experimental models
suggested that Sirt1 inhibition could be an interesting target for management of certain age-
related cancers including PCa. Recent studies have shown that Sirt1 regulates circadian
clock gene expression [6] and modulates Clock-mediated chromatin remodeling and
circadian control [7]. The mammalian circadian rhythm is controlled by a number of
metabolic and physiological core components and the expression of clock genes is a
characteristic feature of the central rhythm generator and peripheral oscillators. It is
composed of a central pacemaker in the suprachiasmatic nucleus (SCN) of the brain which
acts to synchronize clock component genes such as Clock, Bmal1, Periods (Pers), and
Cryptochromes (Crys) [8].

Interestingly, recently studies have connected the hormone melatonin (N-Acetyl-5-
methoxytryptamine) with the regulation of circadian rhythm and clock apparatus [9,10].
Melatonin is a small molecule secreted by the pineal gland and its synthesis shows a
circadian pattern as levels are low during light hours and high in dark hours. Of note is the
fact that both melatonin levels and the rhythmicity of the circadian clockwork circuitry
diminish and deteriorate gradually in the aged population. Therefore, it has been suggested
that loss of melatonin in the elderly may lead to a disruption of circadian rhythm
components resulting in a decrease in overall health and an increase in cancer susceptibility
or progression [11]. Further, studies have suggested that melatonin possesses anti-
proliferative, chemopreventive, oncostatic and tumor inhibitory effects in a variety of in
vitro and in vivo experimental cancer models [12]. Here we report that melatonin is a novel
Sirt1 inhibitor and it imparts anti-proliferative effects in vitro in human PCa cells as well as
in vivo in TRAMP (TRansgenic Adenocarcinoma of Mouse Prostate) mice via inhibiting
Sirt1.

Methods and Materials
Cell Culture

The human prostate carcinoma cells viz. LNCaP, 22Rν1, DU145, and PC3 (American Type
Culture Collection, ATCC, Manassas, VA, USA), and human kidney epithelial cells, HEK
293T (Invitrogen, Carlsbad, CA, USA) were maintained in vendor-recommended media
supplemented with FBS and antibiotics (penicillin/streptomycin). Normal human prostate
epithelial (PrEC) cells (Cambrex, East Rutherford, NJ, USA) were maintained in PrEBM
media with growth factors and supplements as recommended by the vendor. All cells were
maintained at standard cell culture conditions.

Treatment of Cells with Melatonin
Cells were grown to 60% confluency and then treated with 10nM - 2mM melatonin (Enzo
Life Sciences, Plymouth Meeting, PA, USA). Melatonin was dissolved in ≤ 200μL of 96%
ethanol (final ethanol concentration of ≤ 1%) and then diluted with PBS to the desired
melatonin concentration. Cells were incubated with melatonin, or 1% ethanol vehicle
control, for 24–48 hours or up to 14 days after which they were used for subsequent
experiments.

Trypan Blue Exclusion, Clonogenic and Soft Agar Assays
Trypan blue exclusion assay was performed as described previously [1]. Colony formation
was assessed as previously described [13]. For soft-agar assay, a base agar layer containing
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1.0% agar and 20% FBS supplemented media was prepared and allowed to solidify.
Following treatment with melatonin, the PCa cells were collected by trypsinization and
added to the top agar layer containing 0.7% agar and 20% FBS supplemented media. The
mixture was allowed to solidify and the plates were incubated at 37°C, 5% CO2 in a
humidified incubator for 28 days. Cells were then stained with 0.005% crystal violet (in
methanol: H2O; 1:1) for one hour at room temperature followed by a PBS wash. Pictures
were captured and colonies were counted.

CytoSelect Transformation Assay
PCa cells were suspended in an agar matrix and then plated on top of a base agar matrix.
Cells were then treated with melatonin (10nM-10μM) supplemented media for 7 days after
which the agar matrix was solubilized and quantitated with MTT solution according to the
vendor’s protocol (Cell Biolabs, San Diego, CA, USA).

Preparation of Protein Lysates and Western Blot Analysis
Protein lysates and Western blot analysis were performed as described earlier [1]. For the in
vivo experiments, prostatic tissues (10–100mg) from each animal were homogenized in 1X
RIPA lysis buffer with freshly added phenylmethylsulfonyl fluoride, 100mM sodium
orthovanadate, protease inhibitor cocktail and phosphatase inhibitor cocktail. Protein lysates
prepared from prostate tissue from each animal and then pooled (n=4) into three samples
and then averaged for densitometric analysis. Immunoblot analysis was performed using
primary antibodies: anti-Sirt1, (Cell Signaling, Danvers, MA, USA), anti-Ki-67, anti-PCNA,
anti-SV40 T Ag, and anti-actin (Santa Cruz, Santa Cruz, CA, USA) and secondary
antibodies: goat anti-rabbit and goat anti-mouse HRP-conjugated antibodies (Millipore,
Billerica, MA, USA), donkey anti-goat HRP-conjugated antibody (Santa Cruz, Santa Cruz,
CA, USA).

Immunoprecipitation and Sirt1 Enzyme Activity Assay
Immunoprecipitation of Sirt1 protein and Sirt1 activity assay were done as described
previously [1].

Quantitative Real Time Reverse Transcriptase-PCR
RNA was isolated from cells, pooled (n=4) into three different samples and quantitative RT-
PCR (qRT-PCR) was performed in triplicate as described previously [1]. The Ct values of
pooled samples were averaged for relative fold change calculations. Primer sequences are as
follows: mKi-67 Forward: CAGTACTCGGAATGCAGCAA, mKi-67 Reverse:
CAGTCTTCAGGGGCTCTGTC, mPCNA Forward: GGGTTGGTAGTTGTCGCTGT,
mPCNA Reverse: AGCACCTTCTTCAGGATGGA, mIGFBP3 Forward:
CAACCTGCTCCAGGAAACAT, mIGFBP3 Reverse: AACTTTGTAGCGCTGGCTGT,
mIGF-1 Forward: TCGTCTTCACACCTCTTCTA, mIGF-1 Reverse:
AAGCAACACTCATCCACAAT, mSirt1 Forward: CAGACCCTCAAGCCATGTTT,
mSirt1 Reverse: GATCCTTTGGATTCCTGAAA, mGAPDH Forward:
AACTTTGGCATTGTGGAAGG, mGAPDH Reverse: ACACATTGGGGGTAGGAACA.
Purity of product was checked by dissociation curve analysis as well as running the samples
on 3% agarose gel.

Retroviral Production and Creation of Stable Cell Lines
CaPO4 transfections were performed using HEK 293T cells to produce retroviruses. Briefly,
6μg GAG-pol, 5μg VSV-G,8μg pYESir (Plasmid 1769, Addgene, Cambridge, MA, USA) or
pBABE (empty vector) and sterile ddH20 were combined and then 50μl of 2.5M CaCl2 was
added. 500μl of 2X HBS buffer (pH-7.05) was then bubbled in a 15ml conical tube and
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DNA plasmids/CaCl2 were added. The cells were incubated overnight, medium was
replaced and incubated overnight again. After 48 and 72 hours, the supernatant from the
HEK 293T cells was collected and filtered (0.45μm filter). The supernatant was used to
infect target cells. The cells were infected three times daily with retrovirus supernatant
(pYESir2 or pBABE) in the presence of 6μg/ml of polybrene (Sigma-Aldrich, MO). After
48 hours, the viral supernatant was replaced with regular cell medium and incubated
overnight. Transfected cells were selected with 2μg/ml Puromycin (Sigma-Aldrich, St.
Louis, MO, USA). The surviving cells were then allowed to propagate, checked for Sirt1
overexpression via Western blot analysis and used for subsequent experiments.

Study Design and Melatonin Supplementation in TRAMP mice
Sixteen weeks old TRAMP mice (on C57BL/6 background), obtained from The Jackson
Laboratory (Bar Harbor, ME, USA), were divided into three groups of 12 animals each
where the mice were given melatonin (Enzo Life Sciences, Plymouth Meeting, PA, USA) in
tap water at two doses; 10 and 20 mg/L, or no treatment for 18 weeks. Melatonin was
dissolved in ≤ 200μL of 96% ethanol (final ethanol concentration of ≤ 1%) and then diluted
with tap water to the desired concentration. A fresh melatonin solution was prepared daily
and was given ad libitum to the animals in dark colored bottles between 6 PM and 9 AM
when lights were off in the animal facility and then replaced with regular tap water during
day (lighted) hours (9 AM to 6 PM). As previously reported, this method of melatonin
administration in drinking water has not been found to alter the amount of water consumed
or the drinking rhythm of mice [14]. All animals received AIN-76-B 40 diet (ICN
Biochemicals, Cleveland, OH, USA) ad libitum and were subjected to 12 hours of light-12
hours of dark. This dose regimen and protocol was based on a thorough search of the
literature where similar protocols were found to be effective. Additionally, as calculated by
the FDA guidelines and our published studies [15], this dosing regimen is clinically relevant
to human as it is equivalent to an approximate dosage of 4.86–9.72mg for a 60kg human
(Supplementary Fig. 1). The animal’s weight was recorded weekly to monitor signs of
toxicity. Blood was obtained from each mouse every three weeks, late in the day at similar
times, via saphenous/metatarsal vein puncture. Blood was then stored at 4°C overnight
followed by serum separation via centrifugation 24 hours later, and stored at −80°C. After
18 weeks of melatonin administration, the experiment was terminated and mice were
euthanized by cervical dislocation, and the urogenital tract (UGT) containing prostate and
seminal vesicles was removed.

Preparation and Analysis of Tissue
The UGT containing the prostate was excised, weighed and pictures were captured. The
prostate was then surgically removed, weight recorded, and pictures captured. The prostate
tissue was then divided into small portions for subsequent experiments.

Determination of IGF-1 and IGFBP3 Levels in Serum
As mice do not produce prostate specific antigen (PSA), PCa progression is often monitored
by following the serum levels of IGF-1 and IGFBP3. Studies have shown that elevated
levels of IGF-1 with concomitant lowering of IGFBP3 levels in serum is associated with
PCa risk and is sometimes used to predict PCa progression [16]. We have earlier shown the
utility of serum IGF-1, and IGFBP3 levels in monitoring PCa progression in TRAMP mice
[17]. The IGF-1 and IGFBP3 levels were determined by enzyme-linked immunosorbent
assay (ELISA) as described by the vendor (Diagnostic Systems, Webster, TX, USA).
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Statistical Analysis
Statistical analyses were performed using either Student’s t test or analysis of variance
(ANOVA) followed by Tukey’s test. In either case the data are expressed as means ± SD
unless specified otherwise. Statistically significant p-values are provided for each individual
experiment.

Results
To test our hypothesis, we first assessed whether or not melatonin is an inhibitor of Sirt1 in
PCa cells. We determined the effect of melatonin (100nM-2mM; for 48 or 72 hours) on
Sirt1 in a panel of four PCa cell lines (LNCaP, 22Rν1, DU145 and PC3). As shown in Fig.
1A, melatonin (1mM and 2mM; 48 hours) was found to significantly inhibit Sirt1 protein in
all four PCa cell lines. Further, employing a Sirt1 activity assay kit that used a fluorogenic
peptide (encompassing residues 379 to 382 of p53, acetylated on lysine 382), we also
demonstrated that melatonin (1mM and 2 mM; 48 hours) caused a significant decrease in
Sirt1 activity in all the cell lines (Fig. 1B). In addition, we compared the Sirt1 inhibitory
effect of melatonin with two known chemical Sirt1 inhibitors, nicotinamide and suramine.
As shown in Fig. 1C, melatonin (2mM; 72 hours) was found to have a comparable or better
Sirt1 inhibitory effect when compared to nicotinamide (50mM) and suramine (25mM) in
LNCaP cells. This suggested that melatonin is a novel Sirt1 inhibitor with a significant Sirt1
inhibitory response comparable to other known Sirt1 inhibitors. Further, because we
observed Sirt1 inhibition with high acute doses of melatonin, for a translational significance
of our data, we determined if chronic melatonin (at low doses) possesses a Sirt1 inhibitory
effect in PCa cells. Interestingly, chronic melatonin at much lower concentrations
(10nM-10μM; for 14 days) was found to significantly inhibit Sirt1 activity in PCa cells (Fig.
1D), suggesting that melatonin inhibits Sirt1 at physiologically achievable concentrations.

Next, employing multiple techniques, we determined the anti-proliferative potential of
melatonin in human PCa cells. The PCa cells (LNCaP, 22Rν1, DU145 and PC3) were
treated with melatonin (100μM to 2mM; for 48 hours) followed assessment of growth and
viability. We found that melatonin caused a significant dose-dependent inhibition in growth
and viability of PCa cells (Fig. 2A and B). Importantly, similar treatments did not affect the
growth or viability of normal PrEC cells (Supplementary Fig. 2). Further, we also found that
melatonin caused a significant inhibition in the colony formation ability of PCa cells (Fig.
2C).

Our experiments (discussed above) used relatively high melatonin concentrations (1mM and
2mM; single exposure), which may not be physiologically relevant. Therefore, we next
assessed the effects of chronic melatonin exposure with low concentrations (10nM, 100nM
and 10μM; 7–28 days) on the proliferation of PCa cells. Employing a soft agar assay, we
found that a chronic melatonin, even at the lowest concentration of 10nM, significantly
inhibited the colony formation of the PCa cells (Fig. 3A). In addition, we also used
CytoSelect Transformation Assay that quantitatively measures cell proliferation in a
semisolid agar media. As shown in Fig. 3B, we found a significant reduction in the
proliferation of cells treated with chronic melatonin (10nM-10μM) in 22Rν1 and PC3 cells
(Fig. 3B). Together, these data suggested that melatonin has remarkable anti-proliferative
effects in PCa cells, at physiologically achievable low concentration. However, for further
studies, we elected to use 1mM and 2mM concentrations of melatonin because of the ease of
experimental protocols for acute exposure (versus chronic exposure).

To establish if the anti-proliferative effects of melatonin are mediated via Sirt1 inhibition,
we determined if a forced overexpression of Sirt1 rescues PCa cells from the melatonin’s
anti-proliferative effects. To achieve this objective, we created stable Sirt1-overexpressing
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PCa cell lines. Using mammalian retroviral overexpression vectors, pYESir2 (Sirt1
overexpressing) and pBABE (empty vector), we created stable 22Rν1, DU145, and PC3 cell
lines that overexpressed Sirt1 protein (Fig. 4A). As expected, we found that overexpression
of Sirt1 caused a significant increase in cell growth in all PCa cell lines tested (Fig. 4B).
Interestingly, the forced overexpression of Sirt1 was found to result in a significant reversal
of melatonin’s anti-proliferative response in PCa cells as melatonin treatment was found to
cause significantly less cell growth in Sirt1-transfectant (pYESir2) cells versus control
(pBABE) cells (Fig. 4C). This result was further confirmed by colony formation (Fig. 4D)
and MTT (data not shown) assays where Sirt1 overexpression was found to have a
protective response against the growth inhibitory effects of melatonin. Thus, our data
suggested that the anti-proliferative effects of melatonin, at-least partially, are mediated via
its Sirt1 inhibitory response. Since we did not observe a complete protection, it is clear that
Sirt1 inhibition is not the only mechanism by which melatonin imparts its anti-proliferative
effects.

To establish the in vivo relevance of our in vitro results, we utilized the TRansgenic
Adenocarcinoma of the Mouse Prostate (TRAMP) model of prostate cancer. The TRAMP
model shows a number of features similar to human PCa [18] and is regarded as an excellent
in vivo model of PCa [19–21]. In our experiments, the selected melatonin dose regiment
(10mg/L and 20mg/L) was calculated to be physiologically achievable with a human
equivalent dose (HED) of 4.86 and 9.72 mg per day (for a 60kg person) (Supplementary Fig.
1) [15]. Our data demonstrated a remarkable prostate cancer inhibitory effect of melatonin in
TRAMP mice. As shown in Fig. 5A and 5B, melatonin supplementation resulted in a
remarkable decrease in prostate weight in mice. Importantly, melatonin supplementation did
not affect the average body weight (Supplementary Fig. 3) or any apparent toxicity in mice.
Because PCa in TRAMP model is driven by the expression of SV 40 transgene (T Ag) in the
prostatic epithelium, we assessed the effect of melatonin on the expression of the transgene
and found that T Ag expression is not affected by melatonin supplementation
(Supplementary. Fig. 4). Histological examination of TRAMP mouse prostate tissue at the
termination of experiment demonstrated that mice in the control group exhibited mostly
poorly differentiated adenocarcinoma (>70% of surface area) composed of scant cytoplasm
and marked nuclear pleomorphism. However, the histological findings in the melatonin
treated animals were drastically different. In the group that was given 10 mg/L melatonin,
the prostate tissues contained of moderately differentiated carcinoma (~60%) and well
differentiated carcinoma (~20%). There was ~15% of the area that was observed to be
poorly differentiated (Fig. 5C). The group that was provided 20 mg/L of melatonin exhibited
even better histopathology with multiple foci of well-differentiated carcinoma (>50%) and
moderately differentiated carcinoma (~40%) with only about 5–7% surface area covered by
poorly differentiated carcinoma.

We next assessed the effect of melatonin on proliferation markers in TRAMP prostate.
Melatonin supplementation resulted in a significant decrease in Proliferating Cell Nuclear
Antigen (PCNA) and Ki-67, both at mRNA and protein levels (Fig. 6A). Additionally, we
measured the IGF-1 and IGFBP3 serum levels, as earlier studies have shown IGF-1/IGFBP3
ratio as a marker of cancer progression in TRAMP [19]. We found a progressive increase in
the serum IGF-1/IGFBP3 ratio in control mice as a function of age and disease progression
(Fig. 6B). Interestingly, melatonin supplementation resulted in a significant decrease in
IGF-1/IGFBP3 ratio in serum during disease progression (Fig. 6B). We also determined the
levels of IGF-1 and IGFBP3 in the prostate tissues of the TRAMP mice as IGFs can act in
an autocrine or a paracrine fashion and are produced locally [22]. Using qRT-PCR analysis,
we found melatonin supplementation caused significant decrease in IGF-1 and a
concomitant significant increase in IGFBP3 mRNA levels in TRAMP prostate (Fig. 6C).
Finally, we determined if the anti-cancer effects of melatonin are mediated via Sirt1
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inhibition. As shown in Fig. 6D, melatonin treatment resulted in a significant decrease in
Sirt1 expression in the prostate. These data correlate with and support our in vitro finding
that the anti-cancer effects of melatonin are mediated via an inhibition of Sirt1.

Discussion
The most novel information of this study is the evidence that the pineal hormone melatonin
is an inhibitor of Sirt1 in human PCa, which overexpress Sirt1. Sirt1 has been linked to
several metabolic processes and longevity [23,24] and its level has been shown to increase
in several age-related cancers [4,25]. We have demonstrated that Sirt1 is overexpressed in
human PCa and provided evidence that its inhibition could be a viable approach for the
management of this age-related malignancy. In this study, we tested our hypothesis that
melatonin is an inhibitor of Sirt1 in PCa. The reasoning and rationale for this hypothesis
come from several lines of evidence. First, two recent landmark studies have shown an
association of Sirt1 with circadian rhythm via regulating PER2 and CLOCK, and melatonin
is also known to regulate circadian rhythm [6,26]. Second, the production of melatonin has
been shown to decrease with aging and studies have shown that cancer patients (including
PCa patients) have lower circulating levels of melatonin [12,27]. Therefore, it is possible
that melatonin levels may have an inverse correlation with Sirt1 in PCa. Indeed, melatonin
has been reported to possess anti-proliferative effects in several cancers [12,27–30]. Studies
have also suggested that melatonin may be useful in cancer management as an adjuvant
therapy (reviewed in [31]). We have reviewed this area of research and promoted the idea
that melatonin should be explored as an agent for cancer management [12].

We have shown that melatonin strongly inhibits Sirt1 in a wide range of human PCa cells
(androgen-sensitive, androgen-insensitive, p53 positive, p53 mutated and p53 null) (Fig. 1).
The observed Sirt1 inhibitory response of melatonin was comparable to other known Sirt1
inhibitors, nicotinamide and suramine. This is a novel finding because there is intense
research ongoing to discover the non-toxic physiologically feasible inhibitors of Sirt1, which
could be evaluated for the management of those cancers where Sirt1 is overexpressed and
functionally relevant, PCa is one such cancer type. Our data (Fig. 2) and earlier studies
[29,32] have shown that melatonin has anti-proliferative effects against PCa. However,
previously published studies have shown effects at a much higher concentration of
melatonin that may not be physiologically achievable. We have shown that a low but
chronic (physiologically achievable) concentration of melatonin is capable of imparting anti-
proliferative effects in human PCa cells (Fig. 3). We reasoned that chronic low melatonin
exposure is physiologically more relevant to clinical situations than a single high exposure.
However, for mechanistic studies, because of experimental protocol limitations, a single
melatonin treatment is a more viable approach. Our data demonstrated that overexpression
of Sirt1 partially (but significantly) rescued PCa cells from the anti-proliferative effects of
melatonin, suggesting a cause-and-effect association of melatonin-mediated Sirt1 inhibition
and its anti-proliferative effects (Fig. 4). We did not see a complete rescue because it is
possible that melatonin is affecting other alternative pathways as it has been shown to work
through multiple mechanisms (reviewed in [12]).

Employing TRAMP mice, we have also established the in vivo relevance of our in vitro
findings and have demonstrated that melatonin, at a physiologically human-achievable dose
regimen, significantly inhibits PCa progression (Fig. 5) without any unwanted toxic
response. The TRAMP mice on C57BL/6 background appear to be an appropriate model for
our study as it has been shown that C57BL/6 mice synthesize melatonin, with low basal
levels [33]. We also demonstrated (Fig. 6) that the melatonin inhibits i) the tissue levels of
PCNA and Ki-67, which are excellent markers of proliferation, and ii) serum and tissue
levels of IGF-1/IGFBP3 ratio, which are believed to be excellent markers of PCa in the
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human population [34,35] as well as in TRAMP mice [19,36]. Our data also suggest that the
anti-cancer effects of melatonin may be mediated via inhibition of Sirt1 (Fig. 6). A recent
study has shown that Sirt1ko/ko mice had diminished IGF-1 levels in adipose tissue [37] and
we have also found that melatonin-mediated Sirt1 inhibition decreases IGF-1. This is
important because IGF-1 has been shown to be involved in PCa progression [19,34–36].

In conclusion, we have shown that melatonin is a novel inhibitor of Sirt1 and Sirt1 inhibition
is a viable approach for the management of PCa. Indeed, some studies have suggested a
tumor suppressor function of Sirt1 in PCa cells [38,39]. Several other studies [40,41],
including our published reports [1,2] and the data presented here clearly demonstrated that
Sirt1 inhibition should be thoroughly investigated for the management of PCa as well as
other age-related malignancies. Further, alternate mechanism(s) of the anti-cancer effects of
melatonin needs to be investigated. Further studies in this direction are ongoing in our
laboratory.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Effect of melatonin treatment on sirtuin protein and activity levels in PCa cells. A) Effect of
melatonin on Sirt1 protein levels: Following treatment of cells with melatonin
(100nM-2mM; 48 hours), protein levels were detected by Western blot analysis. Equal
loading was confirmed by re-probing the blot for β-actin. Data represent three experiments
with similar results; B) Effect of high acute melatonin treatment on Sirt1 activity: Following
treatment of cells, Sirt1 protein was immunoprecipitated and the enzyme activity was
assessed using Sirt1 activity assay kit (AK-555; Biomol, PA). The data are expressed as
relative percent inhibition compared to controls; C) Sirt1 inhibition by melatonin compared
to other known Sirt1 chemical inhibitors: Following treatments of cells with nicotinamide,
suramine or melatonin at specified concentrations (for 72 hours), Sirt1 protein was
immunoprecipitated and enzyme activity was assessed. The data are expressed as relative
fold change in AFU normalized to control; D) Effect of low chronic melatonin treatment on
Sirt1 activity: Following treatment of cells with melatonin (10nM-10μM melatonin; 14
days), Sirt1 protein was immunoprecipitated using a Sirt1 antibody and enzyme activity was
determined. The data were calculated as relative percent inhibition compared to controls.
The data in Fig. 1 are expressed as mean ± SE of three experiments (p-value ≤ 0.01*).
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Fig. 2.
Effect of melatonin treatment on the proliferation of human PCa cells and normal prostate
epithelial cells. A) Effect of melatonin on cell growth in PCa cells: Following treatment of
cells with melatonin (100μM-2mM; 48 hours), cell growth was assessed by Trypan Blue
assay. Cell growth is expressed as percent growth (from total number of cells); B) Effect of
melatonin on cell viability in PCa cells: Following treatment of cells with melatonin
(100μM-2mM; 48 hours), viability was assessed by Trypan Blue assay. Cell viability is
expressed as the percent viable cells out of the total number of cells. C) Effect of melatonin
on colony formation ability of PCa cells: Cells were treated with melatonin (1mM or 2mM;
14 days) with fresh melatonin-supplemented medium being replaced every three days. After
14 days, colonies were fixed and stained with 0.5% crystal violet. The data presented are
representative of three separate experiments with similar results. The data in Fig. 2 are
expressed as mean ± SE of three experiments (p-value ≤ 0.01*).
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Fig. 3.
Effect of low chronic melatonin treatment on the long-term proliferative capacity of human
PCa cells. A) Effect of melatonin on anchorage-independent PCa growth: Cells were treated
with melatonin (10nM-10μM; 48 hours) and anchorage-independent growth was assessed as
described under ‘Methods’. Colonies were manually counted; B) Effect of melatonin on the
transformation of PCa cells: Following melatonin treatment, the effect on cell
transformation was assessed by CytoSelect Transformation Assay according to the vendor’s
protocol (Cell Biolabs, CA). The data in Fig. 3 are expressed as mean ± SE of three
experiments (p-value ≤ 0.01*).
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Fig. 4.
Overexpression of Sirt1 in PCa cells partially rescues cells from the anti-proliferative effects
of melatonin. A) Sirt1 overexpression: Following retroviral infection (pYESir2 or pBABE)
of cells and selection for stable clones with Puromycin, Sirt1 protein levels were detected by
Western blot analysis. Equal loading was confirmed by re-probing the blot for β-actin. Data
represent three experiments with similar results; B) Effect of Sirt1 overexpression on PCa
cell growth: Stable PCa transfected cells were analyzed by Trypan Blue assay to assess cell
growth. Cell growth is expressed as percent growth (from total number of cells); C) Effect
of melatonin on cell growth in PCa cells overexpressing Sirt1: Stably transfected cells were
treated with melatonin (1mM or 2mM; 48 hours) and analyzed by Trypan Blue assay to
assess cell growth. Cell growth is expressed as percent growth (from total number of cells);
D) Effect of melatonin on the colony formation ability of PCa cells overexpressing Sirt1:
Stably transfected cells were treated with melatonin (1mM or 2mM; 14 days), colonies were
fixed and stained with 0.5% crystal violet. The data in Fig. 4 are expressed as the mean ± SE
of three experiments (+p ≤ 0.01 and *p≤ 0.05).
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Fig. 5.
Effect of melatonin supplementation in TRAMP model. Sixteen-week old TRAMP mice
were divided into three treatment groups (0, 10 and 20 mg/L melatonin) of 12 animals each.
Blood samples were periodically obtained and at the termination (at 18 weeks of treatment),
the mice were euthanized and tissues were collected. A) Effect of melatonin treatment on
UGT and prostate size: At the termination of experiment, UGT apparatus and then prostates
were removed and photographs were captured. Representative pictures from each group are
shown; B) Effect of melatonin on prostate weight: Following dissection, prostates from each
mouse were weighed and recorded. The data were obtained from each group (n=12) and are
expressed as mean ± SE (*p ≤ 0.01). C) Effect of melatonin treatment on histological
morphology of the TRAMP prostate: Histological morphology of TRAMP prostate tissues
in control and melatonin treated (10mg/L and 20mg/L) mice at ~34 weeks of age were
analyzed by H&E staining. Representative pictures from each treatment taken at 30x
magnification are shown.
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Fig. 6.
Effect of melatonin treatment on proliferation markers and Sirt1 expression in TRAMP
model. Protein and RNA were isolated from prostate tissues of individual mice and then
pooled (n=4) into three different samples followed by cDNA synthesis and protein lysates
preparation. A) Effect of melatonin on PCNA and Ki-67 mRNA and protein levels: The
relative expression levels of PCNA and Ki-67 transcripts were determined by qRT-PCR and
the data was normalized to GAPDH. PCNA and Ki-67 protein levels were detected by
Western blot analysis. Equal loading was confirmed by re-probing the blot for β-actin. Data
represent three experiments with similar results; B) Effect of melatonin treatment on serum
IGF-1 and IGFBP3 levels: Serum IGF-1 & IGFBP3 levels were determined by ELISA as
described in ‘Methods’; C) Effect of melatonin on IGF-1 and IGFBP3 mRNA levels: The
relative expression levels of IGF-1 and IGFBP3 transcripts in TRAMP prostate tissues were
determined by qRT-PCR and the data were normalized to GAPDH; D) Effect of melatonin
on Sirt1 mRNA and protein levels: The expression level of Sirt1 transcripts in TRAMP
prostate tissues was determined by qRT-PCR and the data were normalized to GAPDH.
Sirt1 protein levels were detected by Western blot analysis. Equal loading was confirmed by
re-probing the blot for β-actin. Data represent three experiments with similar results. The
data in Fig. 6 are expressed as mean ± SE of three experiments (*p ≤ 0.01 and !p ≤ 0.05).
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