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ARTICLE INFO ABSTRACT
Article history: Obesity, owing to adiposity, is associated with increased risk and development of various
Received 7 November 2014 cancers, and linked to their rapid growth as well as progression. Although a few studies
Accepted 19 November 2014 have attempted to understand the relationship between obesity and melanoma, the conse-
Available online 26 November 2014 quences of controlling body weight by reducing adiposity on cancer progression is not well
understood. By employing animal models of obesity, we report that controlling obesity either
Keywords: by orlistat treatment or by restricting caloric intake significantly slows down melanoma pro-
Obesity gression. The diminished tumor progression was correlated with decreased fat mass
Melanoma (adiposity) in obese mice. Obesity associated factors contributing to tumor progression
Orlistat were decreased in the experimental groups compared to respective controls. In tumors, pro-
Diet tein levels of fatty acid synthase (FASN), caveolin (Cav)-1 and pAkt, which are tumor promot-
Adipokines ing molecules implicated in melanoma growth under obese state, were decreased. In
Adiposity addition, increased necrosis and reduction in angiogenesis as well as proliferative markers

PCNA and cyclin D1 were observed in tumors of the orlistat treated and/or calorically
restricted obese mice. We observed that growth of melanoma cells cultured in conditioned
medium (CM) from orlistat-treated adipocytes was reduced. Adipokines (leptin and resistin),
via activating Akt and modulation of FASN as well as Cav-1 respectively, enhanced mela-
noma cell growth and proliferation. Together, we demonstrate that controlling body weight
reduces adipose mass thereby diminishing melanoma progression. Therefore, strategic
means of controlling obesity by reduced caloric diet or with antiobesity drugs treatment
may render obesity-promoted tumor progression in check and prolong survival of patients.
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1. Introduction

Obesity and overweight, resulting from excessive adiposity
is a serious public health problem worldwide with immi-
nent clinical complications and economic burden
(Fontaine and Barofsky, 2001; Kopelman, 2000). Epidemio-
logical studies and meta analyses support a possible link be-
tween obesity and risk of breast, colon, pancreatic and
cervical cancers as well as melanomas (Calle et al., 2003;
Calle and Kaaks, 2004). Approximately 20% of all cancers
are attributed to obesity and overweight causing late-stage
disease, poor prognosis, cancer aggravation and impairment
in chemotherapy by imposing chemoresistance (Wolin
et al., 2010). Adiposity deleteriously alters the production
of proliferative, inflammatory, anti-inflammatory factors
which influence the development and growth of cancer by
releasing several factors/hormones collectively termed as
adipokines (Park et al., 2011; Roberts et al., 2010). The pre-
cise mechanisms of tumor progression under obesity are
still not clear, and studies deciphering precise effects of
altered serum profile on cancer progression are scarce. In
order to counteract the tumor promoting effect of obesity
and adipokines, there is growing interest in exploring the
possibility of whether weight loss therapies could reduce
cancer-related deaths (McTiernan, 2008; Sirin and Kolonin,
2013).

Adipose tissue plays an important role in tumorigenesis,
invasion and metastasis. In obesity, secretory profile of adi-
pokines from adipose tissue is altered leading to develop-
ment of oxidative stress, pro-inflammatory and proliferative
microenvironment (Khandekar et al., 2011). Adipokines exert
their effects through receptors or membrane-associated mol-
ecules and activate various cellular signaling pathways (van
Kruijsdijk et al., 2009). Cancer cells express receptors for
most of the adipokines (Balistreri et al., 2010; Paz-Filho
et al., 2011). These adipokines activate multiple signaling
pathways including PI3K/Akt, MAPK and JAK/STAT. Activated
status of these pathways eventually supports cancer cell
growth and proliferation by modulating genes or proteins
involved in tumor progression. Leptin and resistin are the
major adipokines associated with obesity (Steppan et al,
2001; Vendrell et al., 2004), and their role in growth and pro-
liferation has been extensively explored in breast and pros-
tate cancers (Ando and Catalano, 2011; Kim et al., 2011).
However, the involvement of these adipokines in melanoma
is not well understood.

Melanoma is one of the most aggressive and obesity-
promoted human malignancies. It is a fatal form of skin can-
cer that occurs in the proximity of subcutaneous adipose tis-
sue. Being resistant to many anticancer drugs, it accounts for
about 75% of skin cancer-related deaths worldwide (Jerant
et al., 2000). Therefore, consideration of life style factors or
metabolic diseases becomes integral to the management of
various aspects of tumorigenesis and tumor progression. In
pharmacological front, orlistat, an FDA approved antiobesity
drug, is a relatively tolerable and safe agent used to induce
weight loss in obese individuals (Richelsen et al., 2007). It pri-
marily acts by preventing absorption of dietary lipids through
reversible inhibition of gastrointestinal lipases. At cellular

level, orlistat has also been shown to irreversibly inhibit fatty
acid synthase (FASN), a key enzyme in de novo synthesis of
fatty acids (Kridel et al., 2004). Orlistat, at higher dosage,
has been reported to exhibit antitumor properties as cancer
cells rely on availability of fatty acids and related molecules
for their survival (Menendez and Lupu, 2007; Seguin et al.,
2012). However, the equivalent anticancer dose of orlistat in
humans, due to its severe adverse side effects, could be clin-
ically unfeasible.

Although a number of antiobesity drugs are available,
diet-control interventions still remain to be the preferred
line of therapy for effective management of obesity. Also,
the role of dietary and nutritional factors towards cancer
risk has been recently reported by many research groups
(Kampman et al., 2012; Prieto-Hontoria et al., 2011; Rock
et al., 2012). However, the comprehensive investigations on
the impact of effective management of obesity on tumor pro-
gression are lacking. Therefore, we hypothesized that con-
trolling obesity would be an appropriate approach in
minimizing the risk of obesity-promoted cancer progression.
In this study, we investigated the implications of therapeutic
and dietary interventions for controlling obesity on the pro-
gression of melanoma. The underlying molecular events
and role of specific adipokines were explored using appro-
priate in vitro and in vivo models. We demonstrate that con-
trolling obesity is associated with normalization in levels of
obesity-associated factors which parallels with reduction in
melanoma progression and it may possibly be true for other
cancer types too.

2. Materials and methods
2.1. Experimental animals and diets

Mice were procured from Experimental Animal Facility (EAF)
at National Centre for Cell Science (NCCS), Pune, India. High
fat diet (24% fat) was purchased from Provimi Animal Nutri-
tion Pvt. Ltd., Bangalore, India, and normal diet (5% fat) was
obtained from Amrut Laboratory, Pune, India. Diet-induced
obesity was developed in the mice by feeding with high fat
diet as described previously (Pandey et al, 2012). The
composition of the diets used is shown in Supplementary
Table 1. Briefly, male C57BL/6] or female NOD/SCID mice
(6—8 weeks old) were divided into normal diet (ND) and
high fat diet (HFD) group. ND group (N = 12 NOD/SCID,
N = 40 C57BL/6]) was fed with normal diet and HFD group
(N = 12 NOD/SCID, N = 40 C57BL/6J) was fed with high fat
diet supplemented with ground nut and dried coconut for
6 months. NOD/SCID mice were fed with sterilized high fat
diet, ground nut and coconut. Body weight and serum chem-
istry profile were measured monthly to verify obesity-
associated changes. Water and food were provided ad libitum
to all the mice. All animal experiments were carried out as
per the requirement and guidelines of the Committee for
the Purpose of Control and Supervision of Experiments on
Animals (CPCSEA), Government of India, and after obtaining
permission of the Institutional Animal Ethics Committee
(IAEC).
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2.2. Cells and culture conditions

Murine melanoma cells B16F10, human melanoma cells A375
and murine preadipocyte cells 3T3-L1 were procured from
American Type Culture Collection (ATCC, Manassas, VA,
USA) and maintained at our in-house cell repository at Na-
tional Centre for Cell Science, Pune, India. Cells were routinely
cultured in Dulbecco’s Modified Eagles Medium (DMEM) sup-
plemented with 10% heat inactivated fetal bovine serum
(Hyclone, UT, USA or Gibco, NY, USA), penicillin (100 U/ml)
and streptomycin (100 pg/ml) (Invitrogen Life Technologies,
CA, USA) and maintained at 37 °Cin a 5% CO, humidified incu-
bator (Thermo Fisher Scientific, OH, USA).

2.3. Serum biochemical analysis

Blood glucose level was measured using rapid glucose
analyzer (Accu-Chek Sensor Comfort, Roche Diagnostics,
Mannheim, Germany) by collecting through an approved tail
cap method. For serum collection, blood was collected by
orbital sinus puncture and centrifuged at 6000 RPM at room
temperature. Triglycerides (TG), cholesterol, LDLc and free
fatty acids levels in fresh serum were estimated using colori-
metric kits (Spinreact, Girona, Germany) as per the manufac-
turer’s instructions. Insulin, leptin and adiponectin levels in
the serum was estimated by mouse specific respective ELISA
kits as described (Pandey et al., 2012). Resistin, IL-6 and TNF-
o levels in the serum were detected by indirect ELISA. Briefly,
standard curve was prepared with different concentrations of
respective recombinant proteins. ELISA plates (Becton Dicken-
son, NJ, USA) were coated with serum samples collected from
mice. Blocking was done using 2% BSA in phosphate buffered
saline (PBS, pH = 7.4). After washing with PBS, samples were
incubated with primary antibodies for resistin (1:100), IL-6
(1:100) and TNF-a (1:100) (Santa Cruz Biotechnology, CA,
USA) specified for ELISA. Following washing, samples were
incubated with HRP-conjugated secondary antibodies (1:200)
(Santa Cruz Biotechnology, CA, USA). ABTS [2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid)] (Sigma—Aldrich, MO,
USA) was used as a chromogenic substrate for HRP. After
developing the color, absorbance was recorded at 405 nm.

2.4. Orlistat treatment and/or diet shifting in HFD mice,
tumor challenge and follow-up

To control obesity in HFD mice, we employed two strategies:
(i) treatment with orlistat (ii) shifting of mice from high fat
diet to normal diet. The detailed experimental plan is illus-
trated in Figure 1A. Obese mice were administered orally
with orlistat (10 mg/kg on every alternate day) purchased
from Enzo Life Sciences, NY, USA and/or shifted from high
fat diet to normal diet. HFD C57BL/6] or NOD/SCID mice
treated with vehicle or orlistat were termed as HFD-HFD Ctrl
and HFD-HFD Orli (N = 6—10 per each group) respectively
whereas HFD C57BL/6] mice shifted to normal diet and treated
with vehicle or orlistat were grouped as HFD-ND Ctrl and HFD-
ND Orli (N = 10 per each group) respectively. After fifteen days,
these mice were injected subcutaneously (sc) with B16F10
(2 x 10°) or A375 (5 x 10°) cells in 100 pl of PBS and monitored
daily for the presence of palpable tumors and dimensions

were recorded on alternate days. Tumor volume was calcu-
lated using formula: 0.52 x length x width?, and was followed
up throughout the study. At the end of the experiment, mice
were sacrificed by CO, euthanasia. Excised tumors volume
and weight were recorded and the samples were immediately
preserved at —80 °C until further use. For histological studies,

organ and tissue samples were preserved in 10%
paraformaldehyde.
2.5. Orlistat treatment in ND mice, tumor challenge and

follow-up

To evaluate whether oral treatment with orlistat directly in-
fluences melanoma progression in C57BL/6] mice fed with
normal diet, these mice were divided in to two major groups
(N = 10 per each group): (i) ND mice treated with vehicle or
orlistat 15 days prior to injecting melanoma cells were termed
as ND-Pre Ctrl and ND-Pre Orli respectively; (ii) ND mice
treated with vehicle or orlistat after 2 days of injecting mela-
noma cells were grouped as ND-Post Ctrl and ND-Post Orli
respectively. Orlistat treatment was continued and tumor pro-
gression was followed up in these mice throughout the study
as mentioned above.

2.6. Immunoblotting

Melanoma tumor samples or cells were washed 3—5 times
with ice-cold PBS and lysed in ice-cold RIPA lysis buffer as
described previously (Pandey et al., 2012). Briefly, the samples
were centrifuged at 12000 RPM for 40 min and clear superna-
tants were stored at —80 °C. Protein concentrations were
determined by Coomassie Plus Protein Assay Reagent
(Thermo Scientific, IL, USA). Equal amounts of protein sam-
ples (50—-100 png) were resolved on 8-10% SDS-
polyacrylamide gel and then transferred onto PVDF mem-
brane (Millipore, MA, USA). The membranes were blocked
and further probed with antibodies against Cav-1 (1:1000),
FASN (1:1000), pAkt (Ser-473) (1:1000), total Akt (1:1000),
PCNA (1:1000), cyclin D1 (1:1000), active caspase-3 (1:1000),
active caspase-7 (1:1000) and B-Tubulin (1:1000) (Santa Cruz
Biotechnology, CA, USA). After washing, the membranes
were incubated with HRP-conjugated secondary antibodies
(1:2000) and blots were developed using luminescence detec-
tion reagents (Santa Cruz Biotechnology, CA, USA).

2.7. Histological analysis

Fine sections (4 pm) from tissue/organ samples (fixed in 10%
paraformaldehyde) were prepared and stained with hematox-
ylin and eosin (H&E) (Safeline Histology Centre, Pune, India).
Stained sections of tissue/organ samples were analyzed in a
blinded manner by pathologists at KEM Hospital, Pune, India.
The images were taken using Olympus camera (DP-71)
attached to microscope (Olympus, Tokyo, Japan).

2.8. Immunohistochemistry
Paraffin-embedded sections (4 pm) from tumor samples were

deparaffinized using xylene. After processing in ascending
and descending series with ethanol, antigen retrieval was
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In vivo experimental layout
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Figure 1 — Experimental strategy to study the impact of controlling obesity on melanoma progression in mice. (A) Impact of controlling diet-
induced obesity on melanoma progression in HFD C57BL/6] or NOD/SCID mice. (B) Effect of (a) pre-treatment, or (b) post treatment with
orlistat, at antiobesity dose (10 mg/kg, oral), on melanoma progression in ND C57BL/6] mice.

performed by boiling the sections in citrate buffer (pH = 4.0)
for 2 min. Next, BSA (2% in PBS) was used for blocking the
non-specific molecules at 37 °C for 2 h. These sections were
incubated with primary antibodies for CD31 (Santa Cruz
Biotechnology, CA, USA) specified for immunohistochemistry
at a dilution of 1:100 at 4 °C for overnight under humidified
condition. After washing with PBS, the sections were incu-
bated with HRP-conjugated secondary antibodies (1:200) at
37 °C for 1 h under humidified condition and again washed.
Diaminobenzidine (DAB) (Sigma—Aldrich, MO, USA) was
used as a substrate for HRP to detect the signals in the form
of brown color corresponding to specific binding of the pri-
mary antibodies. These sections were further counterstained
with hematoxylin and mounted. Normal immunoglobulin-G
was used as negative control for the primary antibodies.

2.9.  Treatment with adipokines in vitro

To study the effect of adipokines, we used recombinant hu-
man leptin (Sigma—Aldrich, MO, USA) and recombinant

human resistin (Calbiochem, CA, USA) to treat melanoma
cells in vitro. A375 cells were plated in culture dishes or 6-
well plates in DMEM containing 10% FBS. After 24 h, medium
was removed and cells were treated with varying concentra-
tions (range 0.01-100 ng/ml) of these adipokines in DMEM
containing 1% FBS for 24 or 48 h as per the experimental re-
quirements. Treated cells were then subjected to desired anal-
ysis by MTT assay or processed for immunoblotting or RT-PCR
or confocal staining.

2.10. Reverse transcriptase (RT) PCR

A375 cells were treated with leptin or resistin for 48 h in DMEM
containing 1% FBS. Thereafter, the cells were stored at —80 °C
in TRIzol reagent (Invitrogen Life Technologies, CA, USA) until
processing for RT-PCR. Total RNA was extracted as per the
manufacturer’s instructions. Synthesis of cDNA and RT-PCR
were performed wusing thermal cycler (Eppendorf,
Hamburg, Germany). The primer pairs were used as follows:
Cav-1: 5-AGACTCGGAGGGACATCTCTACAC-3' (F), 5'-
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ACTGTGTGTCCCTTCTGGTTCTG-3 (R); FASN: 5-
GGCCTGGACTCGCTCATGGG-3' (F), 5-TGGGCCTGCAGCTGG-
GAGCA-3' (R) and B-Actin: 5-ATCTGGCACCACACCTTCTA-
CAATGAGCTGCG-3 (F), 5-CGTCATACTCCTGCTTGCTGA
TCCACATCTGC-3' (R). The annealing temperature used for
both Cav-1 and B-Actin was 58 °C, whereas it was 62 °C for
FASN.

2.11. MTT assay

Melanoma cells or 3T3-L1 cells were plated at a density of
6 x 103 cells/well in 96-well plates and allowed to adhere. After
24 h, cells were treated with vehicle (PBS or ethanol), drugs or
adipokines as per the experimental requirements. After treat-
ment duration, medium was removed and 50 pl of MTT (meth-
ylthiazole tetrazolium, 1 mg/ml in DMEM without phenol red)
(Sigma—Aldrich, MO, USA) was added in each well and further
incubated for 4 h at 37 °C. Formazan crystals were solubilized
in 100 pl of isopropanol and absorbance was measured at
570 nm.

2.12. Long-term survival assay

B16F10, A375 and 3T3-L1 were plated cells at a density of
1 x 10° cells/well in 6-well plates. Next day, these were treated
with vehicle or orlistat as per the experimental requirements.
After 48 h, medium was removed and fresh medium was
added. Cells were allowed to grow for 10 days with medium
change on every 2—3 days. Thereafter, cells were fixed with
3% paraformaldehyde for 10 min and stained with 0.05% crys-
tal violet for 2 h at room temperature. Images were taken us-
ing digital camera (Olympus, Tokyo, Japan).

2.13. Immunodepletion of leptin and/or resistin from
serum collected from mice

Serum from HFD C57BL/6] mice was collected (as described
above). Leptin or resistin or both together were immunode-
pleted from the serum by using respective specific antibodies
(Santa Cruz Biotechnology, CA, USA) by incubating at 4 °C for
overnight. Antigen—antibody complexes were precipitated us-
ing protein A/G-plus agarose beads (Santa Cruz Biotechnology,
CA, USA) by incubating at 4 °C for 4 h. Next, supernatant con-
taining immunodepleted serum was collected by centrifuging
the tubes at 10000 RPM at 4 °C. B16F10 cells (3 x 10°) were
seeded in 35-mm dishes and cultured in DMEM containing
5% immunodepleted serum. After 48 h, the cells were har-
vested and lysates were prepared for immunoblotting.

2.14.
medium

Culture of melanoma cells in serum and conditioned

Approximately 1.5 x 10% B16F10 cells were plated in 24-well
plates and allowed to adhere. After 24 h, DMEM containing
5% serum collected from experimental C57BL/6] mice (as illus-
trated in Figure 1) was added and cells were cultured chroni-
cally for 10 days. Medium was changed on every 2—3 days.
Thereafter, cells were fixed with paraformaldehyde, stained
with crystal violet and images were taken (as described
above).

3T3-L1 cells were plated in 35-mm dishes and differenti-
ated as described (Vijayakumar et al., 2010), along with
vehicle or orlistat treatment (10—50 pM). Cerulenin (Calbio-
chem, CA, USA) (10 uM) was used as positive control for inhi-
bition of differentiation. The medium was changed every
alternate day and fresh medium containing orlistat or cerule-
nin was added to the cells. After 11 days, medium was
removed and cells were washed twice with DMEM. Fresh
DMEM was added and cells were incubated for further 18 h.
The levels of adipokines in conditioned medium (CM)
collected from these cells were measured using ELISA as
mentioned in the previous section. For culturing melanoma
cells, CM was mixed with fresh DMEM in 1:1. Approximately
3 x 10% B16F10 cells were plated in 12-well plates and
cultured chronically for 10 days in this CM. Thereafter, crys-
tal violet staining was performed to verify long term survival
and the plates were photographed.

2.15. Statistical analysis

Statistical analysis was performed using Sigma Plot 12.0
(Systat Software Inc., CA, USA). All data were represented as
the mean =+ standard deviation (S.D.). In most cases, bars
represent variations within the wells of an in vitro experiment
and the experiments were repeated multiple times. For ani-
mal experiments, two-tailed unpaired Student’s t-test was
used to compare the different groups of mice. The values of
p <0.05,p < 0.01 and p < 0.001 were considered as statistically
significant (*), very significant (**) and highly significant differ-
ence (***) respectively unless otherwise mentioned.

3. Results

3.1 Controlling obesity with orlistat or dietary
intervention hampers melanoma progression in mice

We have earlier reported that diet induced obesity promotes
melanoma progression (Pandey et al., 2012). Further, to study
the impact of controlling obesity on melanoma progression,
diet-induced obese mouse models were used. Chronic feeding
with high fat diet for six months significantly increased body
weight and altered serum chemistry profile, hallmarks of
obesity, in both HFD C57BL/6] and HFD NOD/SCID mice
(Table shown in Supplementary Figure 1) (p < 0.05) as
compared to mice exposed to normal diet (ND). Following
oral administration of orlistat (10 mg/kg on every alternate
day), on fifteenth day ectopic isograft and xenograft were
induced in obese mice by injecting B16F10 and A375 mela-
noma cells respectively. Subsequently, tumor progression
and obesity-associated parameters were regularly monitored.

In both C57BL/6] and NOD/SCID mice, body weight and fat
mass were significantly reduced in HFD-HFD orlistat group in
comparison to HFD-HFD control group (Table 1;
Supplementary Figure 2Aa and B) (p < 0.05). Parallel to the
changes in body weight, blood glucose, serum TG, cholesterol,
LDLc and free fatty acids, and the level of serum leptin, insu-
lin, resistin, IL-6 and TNF-a was decreased significantly in orli-
stat administered obese C57BL/6] and NOD/SCID mice
(p < 0.05 each), whereas adiponectin levels were increased
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Table 1 — Obesity-associated parameters in the experimental mice recorded at the end of the experiment. HFD C57BL/6] mice were divided into two major groups. One group was continuously fed with
HEFD, whereas the other group was shifted from HFD to normal diet. Mice of both the groups were orally treated with orlistat (10 mg/kg) or vehicle control on every alternate day for 8 weeks. Their body
weight was monitored weekly throughout the study and serum was collected at the end of the experiment. Blood glucose, serum TG, serum cholesterol, serum LDLc and serum free fatty acids were
measured. Serum factors including leptin, adiponectin, insulin, resistin, IL-6 and TNF-o were estimated by ELISA. Similarly, HFD NOD/SCID mice were treated orally with orlistat or vehicle control

on every alternate day for 8 weeks and serum parameters were measured. Parallely, ND C57BL/6] mice were divided into two major groups. One group was orally treated with orlistat or vehicle control on
every alternate day before inoculating B16F10 cells. The second group was orally treated with orlistat (10 mg/kg) or vehicle control on every alternate day after 2 days of inoculating B16F10 cells. The
treatment was continued for 8 weeks. Their body weight was monitored weekly throughout the study and serum was collected at the end of the experiment for further biochemical analysis. The results are
given as means * standard deviation; ¥, p < 0.05; **, p < 0.01; ™, p < 0.001; NS, not significant; # comparison with C57BL/6] HFD-HFD Ct:l; =3 comparison with NOD/SCID HFD-HFD Ctrl; 5
comparison with C57BL/6] ND-Pre Ctrl; ¥, comparison with C57BL/6] ND-Post Ctrl.

Parameters C57BL/6] HFD NOD/SCID HFD C57BL/6] ND
HFD-HFD Ctrl HFD-HFD Orli HFD-ND Ctrl HFD-ND Orli HFD-HFD Ctrl HFD-HFD Orli ND-Pre Ctrl ND-Pre Orli ND-Post Ctrl ND-Post Orli

Body weight (g) 32.35 + 2.61 25.22% +2.36 26.73% + 2.6 22.69% 4+ 2.13 33.10 + 2.18 27.22% + 2,19 20.61+1.39  20.67™N5 +1.71 20.81+ 177  20.78 *NS 4+ 1.67

Blood glucose 19234 +12.31  146.47" +10.21 168.94™ + 14.51 129.38" +896  171.23 +22.33 143.45% + 1552 16224 + 11.31  156.4"5 + 1021 161.63 + 14.51 159.24™5 + 11.96
(mg/dl)

Serum TG 84.54 + 4.31 65.32"* +7.32 68.56™ + 7.32 63.45™ + 5.17 78.36 + 5.62 66.35% + 5.37 56.54 + 4.31 58.32°NS + 5,61 55.36 + 7.32 57.12%NS + 517
(mg/d])

Serum 119.36 + 8.96 84.36™ + 6.98 97.54" +7.39 835" + 543  107.56 + 8.96 89.21% + 6.94 85.36 + 8.96 84.43%™NS 4 6,98 87.54 + 7.39 86.50%™S + 5.43
cholesterol
(mg/dl)

Serum LDLc 87.36 + 6.46 69.23" + 537 72.94* + 6.38 67.96" + 4.31 89.37 + 5.68 72.40% + 4.71 53.36 + 6.46  54.23"NS £ 537 52.94 + 6.38 52.96*NS + 4.31
(mg/dl)

Serum free 2.56 + 0.20 2.06* + 0.08 1.81% + 0.09 1.57%* 4+ 0.05 1.08 £ 0.05 0.66%* & 0.06 0.89 + 0.07 0.91%N8 + 0.06 0.90 + 0.05 0.92%N5 + 0.07
fatty acids
(mM/L)

Serum leptin 42.92 +4.93 29.55%* + 2.45 35.5" 4 1.69 241" 4+ 1.37 36.70 + 1.99 23.83% 1+ 1.50 14.32 + 1.93 13.98"N5 + 1.46 13.61 + 1.70 14.38%NS 1+ 1.38
(ng/ml)

Serum 3820 + 432.97  8650™ + 174.73 5805 & 238.42 9171"* £ 505.96 5426 + 360.74 9726%** + 310.05 12982 + 832.97 12246'NS & 674.74 13147 £ 738.23 13213%NS 1 805.97
adiponectin
(ng/ml)

Serum insulin  0.3935 + 0.03  0.2527"* + 0.02 0.309™ £ 0.011 0.2401™ £ 0.014 0.3496 & 0.027  0.225%* £ 0.011 0.1225 & 0.03 0.1214™5 £ 0.02  0.1162 + 0.014  0.121%NS + 0.012
(ng/L)

Serum resistin 2.13 +0.13 151" £+ 0.16 1.66™ + 0.14 1.1%* + 0.09 1.13 + 0.06 0.82% 4+ 0.04 0.99 + 0.09 1.01°N + 0.09 0.98 + 0.10 0.99%N5 1 0.08
(ng/ml)

Serum IL-6 40.62 + 4.13 29.62"* +2.90 33.45" + 2.86 26.8M** 4 3,72 33.17 + 1.81 21.42% £ 0.73 19.23 + 2.13 20.32%N5 4 2.90 19.86 + 2.87 19.45%N8 + 273
(pg/ml)

Serum TNF-a 28.35 + 3.01 14.02% + 1.42 17.6™ £ 1.51 12.07"™ £ 1.73 24.06 + 1.40 10.46% + 0.23 10.88 + 2.01 11.05™5 + 1.82 10.23 + 1.52 11.12%N + 1.73

(pg/ml)
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(Table 1). No noticeable changes were observed in serum
chemistry profile of ND C57BL/6] mice treated with orlistat un-
der identical experimental set-up (Table 1).

Orlistat treatment decreased not only body weight
(Figure 2Aa and Ba) but also tumor progression, in terms of
volume and weight, in both the HFD models as compared to
untreated counter parts (Figure 2Ab—c and Bb—c). Further to
assess the impact of controlling diet on melanoma progres-
sion in obese mice, HFD mice were shifted from high fat to
normal chow. Consistent with findings in orlistat treated
HFD mice, switch from high fat diet to normal diet led to
normalization of body weight and serum chemistry profile
in par with that of ND mice which was accompanied by

decreased tumor volume and weight (Table 1; Figure 2Aa—c).
Also, fat mass of these mice was reduced significantly as
compared to the control group (Supplementary Figure 2Ab).
Interestingly, the normalization in obese parameters and
reduction in tumor parameters were much more effective
and pronounced when dietary intervention was combined
with orlistat treatment (Table 1; Figure 2Aa—c). Further, no
noticeable changes were observed in H&E stained sections of
liver, heart, kidney, spleen and lung tissues from orlistat
treated HFD mice (Supplementary Figure 3A). In addition, we
did not find any change in the levels of serum enzymes asso-
ciated with organ functions (Supplementary Figure 3Ba-e)
which is suggestive of non-toxicity of orlistat at this dose.
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Figure 2 — Otlistat treatment and/or diet shifting reduces tumor progression and decreases tumor size in HFD but not in ND mice. (A) HFD
male C57BL/6J mice were divided into two major groups. One group was continuously fed with HFD (HFD-HFD), whereas the other group was
shifted from HFD to normal diet (HFD-ND). Mice of both the groups were orally treated with orlistat (10 mg/kg) or vehicle control on every
alternate day for 8 weeks (V = 10 mice per group). Body weight was monitored weekly throughout the study. At the end of the experiment, mice

were sacrificed, and tumors as well as adipose tissues were collected. (a) Changes in body weight of the mice, (b) Tumor progression, and (c)
Tumor weight. (B) HFD female NOD/SCID mice were orally treated with orlistat or vehicle control on every alternate day for 8 weeks (V = 6
mice per group). Body weight was monitored weekly throughout the study. At the end of the experiment, mice were sacrificed and tumors as wells

as adipose tissues were collected. (a) Changes in body weight, (b) Tumor progression, and (c) Tumor weight. (C) ND male C57BL/6] mice

(V = 10 mice per group) were orally treated with orlistat or vehicle control on every alternate day before or after inoculating B16F10 cells for 8

weeks. Body weight of the mice was monitored weekly throughout the study. At the end of the experiment, mice were sacrificed and tumors were

collected. (a) Changes in body weight, (b) Tumor progression, and (c) Tumor weight. The results are given as means * standard deviation; *,

P < 0.05; NS, not significant.
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3.2. Orlistat at antiobesity dose does not influence
melanoma progression in mice fed with normal diet

We investigated whether orlistat affects melanoma progres-
sion by directly acting on tumor cells or indirectly through
controlling obesity and adiposity by monitoring periodically
body weight and melanoma progression in mice fed with
normal diet as per the experimental layout shown in
Figure 1B. Orlistat treatment on every alternate day was initi-
ated in mice 15 days before injection of B16F10 cells or after
two days following injection of these cells and continued
till the termination of the experiment. Irrespective of
whether mice were administered with orlistat prior to or af-
ter injecting melanoma cells, no significant changes in body
weight, serum lipids and adipokines levels were observed in
ND mice (Table 1) as compared to the respective control
groups (p > 0.05 each). Also, with unaltered body weight
(Figure 2Ca), no noticeable difference in tumor progression
was detected in pre- or post-orlistat treated mice compared
to the control group as evident by unchanged tumor volume
and weight (Figure 2Cb and Cc) (p > 0.05 each). No adverse
effects were observed in tissue sections of vital organs
excised from the mice administered with orlistat as evident
by H&E stained sections of organs and by serum analysis

for normal functionality of organs (Supplementary
Figure 4A and Ba-e).
3.3. Orlistat at higher concentration affects growth and

proliferation of melanoma cells

To check the direct effect of orlistat, if any, on B16F10 and
A375 melanoma cells, and 3T3-L1 preadipocytes, cells were
treated with varying concentrations of orlistat in vitro. Sur-
vival of these cells was unaffected by orlistat up to 100 pM.
However, at 1000 uM concentration of orlistat, melanoma
cell survival was reduced significantly up to ~40%, whereas
3T3-L1 cells remained wunaffected (Supplementary
Figure 5A). Long term colony formation assay demonstrates
that orlistat at higher concentration (>250 uM) significantly
reduced of melanoma cells (Supplementary
Figure 5B and C) but not in 3T3-L1 cells (Supplementary
Figure 5D). Further, to ascertain that cell growth inhibition
by orlistat is not because of its direct action, but rather it is
a consequence of altered adipokines levels, B16F10 cells
were cultured in medium containing 5% serum collected
from mice fed with normal diet or high fat diet. These cells
were then treated chronically with 50 pM orlistat (concentra-
tion at which differentiation of adipocytes is inhibited in 3T3-
L1 cells) with changing of medium on every alternate day for
10 days. No difference in the survival was observed in orlistat
treated cells as compared to the respective control, although
increased survival was found in HFD cultured cells as
compared to those cultured in ND serum. These results sug-
gest that orlistat treatment did not affect the growth and pro-
liferation of melanoma cells cultured in serum from ND or
HFD C57BL/6] mice at this concentration (Supplementary
Figure 6A and B). Indeed, in vivo effect of orlistat is associated
with normalized levels of obesity-associated factors through
reduction in adiposity.

survival

3.4. Reduction in adipocyte size influences tumor cell
proliferation and angiogenesis

Fat accumulation influences the adipocyte expansion by mass
and volume, and eventually adipokine secretion profile.
Therefore, to investigate the changes in tumor progression af-
ter controlling obesity, fat accumulation was assessed. Both
orlistat treatment and/or shifting of diet caused reduction in
adipose tissue mass (Supplementary Figure 2) in HFD mice.
Analysis of H&E stained adipose tissue sections indicates
that size of adipocytes were reduced in the experimental
groups compared to the control (Figure 3Aa). Adipocytes size
determines the serum levels of adipokines which are known
to modulate different aspects of tumorigenesis such as sur-
vival, proliferation, migration and metastasis (Khandekar
etal., 2011). To unravel the cellular and molecular events asso-
ciated with reduced tumor progression in HFD mice following
orlistat treatment or diet shifting (Figure 2), H&E stained tu-
mor sections were analyzed for occurrence of necrosis and
cell density. Increased necrotic areas were clearly visible in tu-
mors excised from mice administered with orlistat and/or
shifted to normal diet as compared to their respective controls
(Figure 3Ab). We also checked the expression level of CD31, a
marker for angiogenesis. Immunohistochemical analysis
shows that CD31 levels significantly reduced
(Figure 3Ac), which could lead to increase in necrosis in these
tumors because of decreased angiogenesis (Vaupel et al.,
1989).

FASN plays a crucial role in growth, survival and prolifera-
tion of cancer cells as it provides fatty acids for maintenance
of membrane architecture and energy generation under stress
(Kuhajda, 2000). Also, Cav-1 is a membrane associated protein
which performs dynamic functions in cells including signal
transduction (Liu et al., 2002). We have previously reported
the role of FASN and Cav-1 in melanoma progression in obese
mice (Pandey et al., 2012). Here, we sought to explore whether
these molecules are altered in our experimental system. As
anticipated, significant reduction in protein level of FASN
and Cav-1 was detected in tumors from both HFD C57BL/6]
and NOD/SCID experimental mice when compared to the con-
trol. These changes were associated with reduced levels of
activated Akt (Figure 3Ba and Bb). To evaluate whether
decrease in the tumor size is a consequence of apoptosis or
because of decrease in growth and proliferation, we checked
the status of apoptotic as well as proliferative markers. The
level of apoptotic markers caspase-3 and caspase-7 were un-
changed in all the tumors (Supplementary Figure 7A and B)
while a significant decrease in the level of proliferating cell
nuclear antigen (PCNA) and cyclin D1 was detected
(Figure 3Ba and Bb). However, the levels of these molecules
remained unaltered in tumors from orlistat treated ND
C57BL/6] mice (Figure 3Bc; Supplementary Figure 7C).

were

3.5. Increased tumor progression in obese mice is
attributed to the involvement of adipocyte secretory factors

Controlling obesity by orlistat treatment or diet-shifting was
associated with reduction in obese phenotype and normaliza-
tion in serum chemistry profile in HFD mice (Figure 2; Table 1).
To explore if the decline in obesity-associated factors have
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Figure 3 — Controlling obesity in HFD mice reduces size of adipocytes in adipose tissue, diminishes angiogenesis and proliferation in tumors. (A)

Histological analysis of sections of adipose tissue and tumor samples. (a) Adipose tissues from treated and untreated mice were excised and washed

with PBS and then kept in 10% paraformaldehyde at room temperature and sections were stained with H&E. Images were taken in Olympus (DP-
71) camera (Magnification: 40X). (b) The tumor samples were washed with PBS and then kept in 10% paraformaldehyde at room temperature and

their sections were stained with H& E. Histopathological examination was done, and images were taken. The arrow marks indicate necrotic area in

the tumors (Magnification: 40X). (c) Tumor samples were subjected to immunohistochemistry of CD31. Diaminobenzidine (DAB) was used as a

substrate for HRP. Images were taken in Olympus (DP-71) camera (Magnification: 40X). (B) Western blot analysis of lysates from tumors
subjected to SDS-PAGE and probed for levels of FASN, Cav-1, activated Akt, PCNA and cyclin D1 in (a) HFD C57BL/6] mice, (b) HFD NOD/

SCID mice, and (c) ND C57BL/6] mice.

any role in tumor progression, B16F10 cells were chronically
cultured in DMEM containing 5% serum collected from exper-
imental C57BL/6] HFD mice treated with or without orlistat
and/or shifted to normal diet. Survival was reduced signifi-
cantly in cells cultured in serum taken from HFD mice admin-
istered with orlistat and/or shifted to normal diet when
compared to those cultured in the serum from control HFD
mice (Figure 4Aa). Interestingly, no such changes in growth
property of B16F10 cells were noticed upon culturing them
in serum collected from ND mice administered with or
without orlistat (Figure 4Ab).

Further, to consolidate these observations, we used 3T3-L1,
an in vitro model system, to study the expression of lipogenic
factors and secretory adipokines. To check whether orlistat
induced tumor regression is associated with its effect on adi-
pocytes, differentiation of 3T3-L1 adipocytes was induced in
the presence and absence of orlistat (10—50 uM). Oil Red O

analysis of accumulated lipid droplets in differentiated cells
suggests that orlistat significantly inhibited differentiation of
3T3-L1 preadipocytes (Figure 4B). Estimation of secretory fac-
tors in conditioned medium (CM) collected from differentiated
adipocytes was found to be comparable to the levels in serum
collected from mice administered with orlistat and/or shifted
to normal diet (Supplementary Table 2). It indicates that orli-
stat, in addition to its inhibitory effect on gastrointestinal li-
pases, has a direct inhibitory effect on adipocyte
differentiation, thereby reducing the adipose mass.

Next, to verify the involvement of adipocyte-secreted fac-
tors in melanoma cell growth, B16F10 cells were chronically
cultured for 10 days in conditioned medium collected from
day 11 of differentiated 3T3-L1 cells treated with or without
orlistat. Number of colonies was drastically reduced in
B16F10 cells cultured in CM from orlistat treated 3T3-L1 cells
as compared to those cultured in CM from the untreated
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Figure 4 — Effect of adipocyte secreted factors on the survival of melanoma cells. (A) Long term culture of B16F10 cells in serum collected from (a)
HFD C57BL/6] and (b) ND C57BL/6] experimental mice. B16F10 cells (1.5 x 102 cells/well) were plated in 24-well plate. After 24 h, medium was
removed and fresh medium containing 5% serum collected from experimental mice described in Materials and methods. The medium was changed
on every 2—3 days. After 10 days, the cells were stained with 0.05% crystal violet and images were taken. The cell survival was quantified using
Image J software. (B) Oil Red O staining of 3T3-L1 cells treated with orlistat. 3T3-L1 cells were induced to differentiate and treated with
indicated concentrations of orlistat. Cerulenin served as positive control for inhibition of adipocyte differentiation. Medium was changed and
orlistat treatment was given on every alternate day. After 10 days, cells were stained with 0.3% Oil Red O and images were taken on Olympus (DP-
71) camera (Magnification: 40x). (C) Long term culture of B16F10 cells in conditioned medium (CM) collected from 3T3-L1 cells. B16F10 cells
(3 x 107 cells/well) were plated in 12-well plate. After 24 h, medium was removed and conditioned medium collected from 3T3-L1 cells was added.
The medium was changed on every 2—3 days. After 10 days, the cells were stained with 0.05% crystal violet and images were taken. The cell
survival was quantified using Image J software. The results are given as means * standard deviation of the experiments repeated multiple times; *,
2 < 0.05;™, p < 0.01; #, comparison with ID Ctrl; NS, not significant; PA, preadipocytes; ID, differentiated 3T3-L1 cells induced by IBMX and
DEX; Ofrli, orlistat; Ceru, cerulenin.

differentiated cells (Figure 4C). This observation further con-
firms that orlistat by inhibiting adipocyte differentiation re-
duces the levels of adipocyte-secreted factors, which in turn
affect melanoma cell proliferation.

3.6. Leptin and resistin are involved in modulation of
growth promoting molecules in melanoma cells

Adipocyte-secreted factors favor growth, survival, prolifera-
tion and invasiveness of cancer cells (Khandekar et al,

2011). We therefore speculated that altered levels of these fac-
tors might be involved directly or indirectly in melanoma pro-
gression. Leptin and resistin are major adipokines reported to
promote proliferation of many cancer cells (Kim et al., 2011;
Somasundar et al., 2004). However, the role of these adipo-
kines in melanoma is not very clear. As we noted decreased
serum levels of these adipokines in HFD mice treated with
orlistat and/or shifted from high fat to normal diet, the
involvement of these adipokines on melanoma growth was
explored. A375 cells were treated with varying concentrations
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of recombinant human leptin and resistin individually, and it
was found that both these adipokines enhanced proliferation
of cells (Figure 5A and B respectively).

Akt pathway is reported to be hyper activated in melanoma
in obese mice (Pandey et al., 2012). Interestingly, we found that
leptin and resistin treatment not only caused activation of Akt
but also enhanced the protein levels of FASN and Cav-1
respectively in A375 cells (Figure 5Ca). To confirm this finding
in murine melanoma cells, we collected serum from HFD
C57BL/6] mice and immunodepleted it of leptin and/or resis-
tin. As expected, in B16F10 cells cultured in serum depleted
of leptin and resistin, protein levels of FASN and Cav-1 were
reduced respectively, with concomitant reduction in the
levels of activated Akt (Figure 5Cb). When both the adipokines
were depleted simultaneously, FASN as well as Cav-1 protein
levels were reduced (Figure 5Cb). At transcription levels,
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however, no differences in both FASN and Cav-1 were
detected (Figure 5D) which was also consistent with the unal-
tered protein levels and nuclear localization of transcription
factors which regulate FASN and Cav-1 (Data not shown).

4. Discussion

Different mechanisms have been suggested to explain the link
between obesity and many cancer types. Increased amount of
white adipose tissue, elevated serum levels of adipokines and
lipids, and accompanying insulin resistance are considered to
be contributing factors for increased cancer risk (Khandekar
et al,, 2011; van Kruijsdijk et al., 2009). We, therefore, in this
line, speculated that controlling obesity either with antiobe-
sity drug or dietary intervention may restrict or impede
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Figure 5 — Leptin and resistin promote proliferation, and modulate levels of FASN and Cav-1 respectively, in melanoma cells. (A) MTT assay in

leptin treated melanoma cells. A375 cells were plated in 96-well plates. After 24 h, treatment with recombinant leptin was given at indicated

concentrations in DMEM containing 1% FBS and cells were incubated for 48 h. (B) MTT assay for resistin treated melanoma cells. A375 cells

were plated in 96-well plates. After 24 h, treatment with recombinant resistin was given at indicated concentrations in DMEM containing 1% FBS
and cells were incubated for 48 h. (C) Western blotting analysis of FASN, Cav-1 and activated Akt. (a) A375 cells were plated in 35-mm culture
dishes. After 24 h, treatment with recombinant leptin or resistin was given at indicated concentrations in DMEM containing 1% FBS and cells
were incubated for 48 h. These cell lysates were then subjected to SDS-PAGE and Western blotting, (b) B16F10 cells were cultured in serum

(collected from HFD C57BL/6] mice) which was immuno-depleted of leptin and/or resistin for 48 h. Lysates of these cells were prepared and were
subjected to SDS-PAGE and Western blotting. (D) RT-PCR analysis of 3T3-L1 cells treated with leptin and/or resistin. A375 cells were treated
with leptin and/or resistin (100 ng/ml) for 48 h as described in Materials and methods. The results are given as means * standard deviation; *,

P < 0.05; L, leptin; R, resistin.
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melanoma progression. Considering the close vicinity of mel-
anoma to subcutaneous adipose tissue, present study was
aimed at investigating whether reducing adiposity has any
impact on rampaging melanoma malignancy.

Obesity-associated chronic metabolic malfunctioning can
be controlled by long term pharmacological or dietary inter-
ventions or through physical activity. We employed both
pharmacological as well as diet-control approaches to address
the role of obesity-associated factors in tumor progression.
Although, either of the approaches is individually effective
in reducing obesity, we employed combination of both these
strategies in diet-induced obese mice so as to have pro-
nounced effect on adiposity in influencing obesity-promoted
melanoma progression. This study clearly demonstrates that
controlling body weight either by pharmacological interven-
tion or through dietary restriction halts rapid progression of
melanoma. By either means, normalization in body weight
as a consequence of reduction in fat accumulation (adiposity)
correlated with reduced serum levels of lipids and pro-
inflammatory or proliferative factors. Employing both the
strategies simultaneously had a profound impact on tumor
progression than the either of the strategies exploited inde-
pendently. Unaffected tumor progression under orlistat
administration in ND mice substantiates the fact that orlistat
exerts its effect on melanoma progression indirectly by
reducing adiposity.

Reduction in adiposity and subsequent retardation of tu-
mor progression was associated with increased necrosis in tu-
mors of these experimental mice. Adipokines like TNF-o and
IL-6, proangiogenic factors (Cohen et al., 1996; Fajardo et al.,
1992; Park et al., 2010), were decreased in these HFD mice. It
is important here to note that orlistat treatment and/or diet-
shifting not only reduces circulating levels of lipids and pro-
inflammatory cytokines, but also lowered blood glucose and
serum insulin levels, which are considered to be important
for cell growth and proliferation (Han et al., 2011; Okumura
et al., 2002). It has also been reported that adipocytes promote
tumor growth by aiding tumor favorable microenvironment
and fueling tumor cells by providing free fatty acids (Nieman
etal., 2011). Concommitantly, we noted that orlistat treatment
or dietary intervention decreases serum free fatty acids levels.
Similarly, results obtained from in vitro studies on prolifera-
tion of B16F10 cells cultured in serum collected from experi-
mental mice or CM of differentiated adipocytes indicate that
serum chemistry profile contributes to tumor progression.
Together, diminished tumor growth could also be a conse-
quence of reduced supply of nutrients like free fatty acids
and glucose owing to retarded angiogensis. Decreased prolif-
erative molecules while unaltered levels of apoptotic markers
in tumors suggest that orilstat treatment and/or reduced
caloric intake in obese mice exert a growth inhibitory effect
rather than inducing apoptosis thereby reduction in tumor
progression.

Dysregulated lipid metabolism is a characteristic feature of
cancer cells (Fritz and Fajas, 2010; Santos and Schulze, 2012).
Lipid metabolism-related genes like FASN, SCD1, OLR1 and
ACC are usually upregulated in cancer cells (Hirsch et al,,
2010) and these lipogenic genes are known to favor cancer
cell survival and growth (Lu and Archer, 2010; Yamashita
et al., 2009). For rapidly growing or proliferating cells like

cancer cells, enhanced membrane synthesis is required. Being
an important component of plasma membrane, lipids play an
integral role in cellular proliferation. At cellular level, fatty
acid synthesis is regulated by FASN. Therefore, its elevated
expression as well as activity is required to meet the high pro-
liferation rate of cancer cells (Zeng et al., 2010). In this context,
we have reported that FASN protein level increased in mela-
noma from obese mice (Pandey et al., 2012). As an inhibitor
of FASN, orlistat has been reported to have anticancer activity
and effectively targets tumor at an intraperitoneal dose of
240 mg/kgbody weight in mice (human equivalent dose would
be 20 mg/kg body weight) (Carvalho et al.,, 2008). However,
such a high dose of orlistat could be intolerable to humans
and would lead to severe side effects. Intake of relatively toler-
able dose of 120 mg three times daily is reported to reduce
body weight in human by 5-10% with few side effects
(Sjostrom et al., 1998; Tiikkainen et al., 2004). In this study,
we have shown that at a tolerable dose of orlistat (10 mg/kg,
oral) in mice, significant reduction in body weight was
observed and accompanied by normalization of obesity-
associated factors in HFD mice without exerting any general-
ized or organ-specific toxicity. At identical orlistat dosage
without any toxicity, such effect was not seen on body weight
or tumor progression in ND mice suggesting the important
role of adiposity in melanoma growth. Thus, controlling
obesity either by pharmacological or dietary intervention
could be helpful in reducing obesity-enhanced tumorigenesis.
However, dietary intervention could be more helpful in
reducing tumor progression as it is clinically relevant and
does notinvolve any side effects. In this study, we have shown
that FASN protein level was reduced in tumors of obese mice
subjected to orlistat treatment and/or switched to normal diet
indicating the role of obesity-associated factors in FASN
modulation.

A membrane-associated protein involved in signal trans-
duction and maintenance of membrane architecture is Cav-
1. Depending upon the cancer type, it can be either tumor sup-
pressor (Quann et al., 2013) or tumor promoter (Felicetti et al.,
2009). Due to its involvement in drug resistance (Lavie et al.,
2001; Meena et al., 2013), Cav-1 which is stabilized by FASN
through palmitoylation (Di Vizio et al., 2008), has been re-
ported to be a tumor promoting factor in prostate cancer
and in melanoma (Lavie et al.,, 1998). We earlier reported
that mutual interdependence of Cav-1 and FASN is integral
to melanoma progression (Pandey et al., 2012). Thus, our study
shows that while FASN and Cav-1levels are unaffected by orli-
stat under normal serum chemistry in ND mice, controlling
adiposity reduces the protein levels of Cav-1 which correlates
with diminished FASN in HFD mice suggesting the crucial role
of adipokines and nutritional factors in tumor progression.

Obesity causes elevation in the levels of many pro-
inflammatory and proliferative factors which are implicated
in increased growth and proliferation of cancer cells
(Balkwill, 2004; Honma et al., 2002; Lin and Karin, 2007).
Also, in vitro studies have revealed the growth promoting phe-
nomenon in melanoma cells cultured in serum of ob/ob mice
(Kushiro and Nunez, 2011) suggesting the influence of adipo-
kines on tumor progression. As observed in our study, by con-
trolling obesity tumor growth is restricted partly through
normalization in the serum levels of leptin and resistin.
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Figure 6 — Proposed model of impact of targeting obesity on melanoma progression. Obesity-associated factors increase melanoma progression by

inducing chronic low-grade inflammation and tumor-favoring microenvironment (solid arrow marks). On the other hand, controlling obesity

causes reduction in fat mass, serum lipids and pro-inflammatory adipokines. This in turn reduces melanoma growth and progression through

modulating molecules and pathways associated with increased tumor progression (dotted arrow marks).

Also, as reported in our previous study, hyper activated Akt
pathway was associated with increased protein levels of
FASN and Cav-1 (Pandey et al., 2012). Therefore, we studied
the influence of leptin and resistin which are Akt-activating
adipokines (Pang et al., 2013; Yan et al., 2012) on proliferation
of melanoma cells. Treatment of melanoma cells with adipo-
kines (leptin and resistin) in vitro leads to increased levels or
activation of proteins that in turn augment cellular growth
and metabolism. Although both the adipokines activated
Akt, leptin specifically enhanced FASN protein level and resis-
tin influenced Cav-1 protein level. Intriguingly, there was no
change in the transcript levels of these two molecules in cells
treated with leptin and resistin. The modulation of FASN and
Cav-1 by these adipokines could be due to increased stability
or through reduced degradation which is yet to be verified
and further investigated. Normalized serum levels of these
adipokines, via reduced adiposity, could be associated with
reduction in FASN, Cav-1 and activated Akt levels leading to
reduced progression of melanoma in the experimental HFD
mice.

Conclusively, our study establishes a link between control-
ling obesity and melanoma progression through involvement
of obesity-associated factors. The study suggests that

controlling obesity could be crucial to prevention of obesity-
promoted cancer progression by virtue of normalizing the
serum levels of adipokines that affect tumor promoting mole-
cules and signaling pathways (see the schematic overview in
Figure 6).
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