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ABSTRACT 

Objectives: Chemoprevention, consisting of the admilÙstration of natural and/or synthetic compounds, appears to 
be an alternative way to common therapeutical approaches to preventing the occurrence of various cancers. 
Cladosporols, secondary metabolites from Cladosporium renuissimum, showed a powerful ability in controlling 
human colon cancer celi proliferation through a peroxlsome proliferator-activated receptor gamma (PPARy)
mediated modulation of gene expression. Hence, we carried out experiments to verify the anticancer properties 
of cladosporols in human prostate cancer cells. Pro5tate cancer repre5ents one of the most widespread tumors in 
which several risk factors play a role in determinlng its high mortality rate in meno 
Materials and methods: We assessed, by viability assays, PPARy silencing and overexpression experiments and 
western blotting analysis, the anticancer properties of cladosporols in cancer prostate celliines. 
Results: Cladosporols A and B selectively inhibited the proliferation of human prostate PNT-1A, LNCaP and PC-3 
cells and their most impactful antiproliferative ability towards PC-3 prostate cancer cells, was mediated by 
PPARy modulation. Moreover, the anticancer ability of cladosporols implled a sustained apoptosls. Finally, 
c1adosporols negatively regulated the expression of enzymes involved in the biosynthesis of fatty acids and 
cholesterol, thus enforcing the relationship between prostate cancer development and Iipid metabolism 
dysregulation. 
Concluslon: This is the first work, to our knowledge, in which the role of cladosporols A and B was disclosed in 
prostate cancer cells. Importantly, the present study highlighted the potential of cladosporols as new ther
apeutical tool5, whìch, interfering with celi proliferation and lipid pathway dysregulation, may control prostate 
cancer ilÙtiation aod progression. 

l. 	Introduction patients LII. During his lifetime, one in seven men will be diagnosed 
with prostate eaneer. The risk of prostate eaneer is bigher in older men, 

Prostate cancer is the most widespread eaneer in men in the United and, indeed, about the 65% of new cases are diagnosed in men aged 
States beyond skin caneer. The Ameriean Cancer Society foresees that in between 55 and 74 years. It is very rare to diagnose a case of prostate 
the United States, by 2023, 288,300 new cases of prostate caneer will eaneer before the age of 40. The average age at diagnosis is about 66 
oeeur and about 34,700 deaths will oeeur among prostate caneer years [II. In Europe, aeeumulated data from studies, performed until 

Abbreviatiol1$: AR, Androgen receptor; CCK-8, Celi Counting Kit-8; CRC, colorectal cancer; DMEM, Dulbecco's Modified Eagle Medium; DMSO, Dlmethylsulfoxide; 
FACS, f1uorescence-activated celi sorting; FBS, foetaI bovine serum; FCS, foetal calf serum; lBMX, 3-isobutyl-l-methylxanthine; MDI, differentiation medium; mRJ.IA, 
messenger RNA; NRs, Nuelear receptors; PPAR, peroxisome proliferator-activated receptor; PPARy, peroxisome proJiferator-activated receptor gamma; PPRE, PPAR 
response element; RPMI, Rosewell Park Memorial Institute 1640 Medium; RGZ, rosiglitazone . 
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2021, indicated that about 22% of newly diagnosed cancers in men, 
across alI ages, consisted ofprostate cancer. Lung and colorectal cancers, 
which constituted just over 50% of cancers in men, soon folIow. Prostate 
cancer was responsible for 10% of cancer deaths in males, translating 
into an age-standardized incidence rate of 148.1 and an associated 
mortality rate of 38.2 per 100.000 cases [21. 

Although some risk factors for prostate cancer have so far been 
highlighted (age, diet, smoking, gene tic mutations, inflammation and 
sexualIy transmitted infections), we need to leam much more about 
them and more extended studies will be necessary to describe how these 
factors induce prostate cells to become cancer cells I Prostate cancer 
progression has also been postulated to be promoted by a high-calorie 
diet r4.::;1. However, bits of evidence, that definitively sustain the as
sociation between a high-calorie diet and prostate cancer, still need to be 
consolidated i6]. Recently, two studies from independent laboratories 
established a close relationship between dietary lipids and prostate 
cancer progression to metastasis in mouse tumor models [7,81. How
ever, understanding the factors that contribute to prostate cancer for an 
early diagnosis is usually a crucial step in also determining the stage of 
prostate cancer and deciding on the best patient's treatment options. 
Surgery, radiation therapy, hormone therapy, chemotherapy and 
immunotherapy are the most efficient approaches used to treat prostate 
cancer. Several studies have pointed out the benefits of natural mole
cules in managing and treating prostate cancer. Compounds present in 
extracts from soy, pomegranate, broccoli and green tea are also able to 
limi t prostate cancer progression after surgery I America's bio
pharma research companies are just now testing about one thousand 
new drugs, derived from plants, fungi and microorganisms, to fight 
different types of cancer that affect millions of people across the world 
r1l) .11 J. The increased comprehension of molecular mechanisms un
derlying cancer, metabolism and other biological aspects has aroused 
the interest in identifying new molecules able to selectively target pro
teins involved in molecular pathways impaired by cancer and metabolic 
diseases, thus avoiding adverse effects assocìated with conventional 
medicine. 

The specìficìty oC the action of natural compounds depends strictly 
on their ability to bind a receptor to activate or repress different 
signaling pathways. Nuclear receptors (NRs) constitute an evolution
arily well-conserved class of proteins able to sense the external signals 
end to act as transcription factors regulating the expression of target 
genes. The nature and structure of ligands confer to NRs the ability to 
respond to injuries from the environment and to selectively stimulate 
pathways to modulate metabolism, celi growth, differentiation and 
other functions. It is well known that ligands or NRs are common drugs 
used to alleviate several diseases and constitute 10-20% of the phar
maceutical market worldwide [I2,J:lI. Ligands that bind to NRs origi
nate from inside the celI and also from the outside environment. 
Between these latter we can distinguish natural ligands obtained from 
microrganisms (bacteria, algae, fungi) and plants, or synthetic ligands 
produced in laboratories. 

Findings from recent reports focused on the role of cladosporols, 
secondary metabolites derived from Cladosporium tenuissimum, in con
trolling colorectal cancer (CRC) cell proliferation and also modulating 
adipocyte differentiation in 3T3-Ll murine preadipocytes. Particularly, 
we found that proliferation, migration and invasion of HT-29 colorectal 
cancer cells were inhibited by conditioned medium from cladosporol
treated 3T3-L1 mature adipocytes compared to the preadipocyte 
conditioned medium 11417]. These results, indeed, suggesting the 
relationship between metabolism of lipids and their accumulation and 
colon cancer promotion, are consistent also with the numerous evi
d~nces indicating the role of obesity and periprostatic adipose tissue in 
prostate cancer aggressiveness and mortality [18-201. 

We further demonstrated that cladosporols displayed these func
tions, acting as peroxisome proliferators-activated receptors gamma 
(PPARy) ligands in a different cellular milieu. Belonging to the first class 
or the NR superfami1y, PPARs regulate a wide range of biological 
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processes including glucose and lipid metabolism, differentiation, cell 
growth and inflammation in different tissues [2'1,221. On the basis of 
these reasoning, we proposed here that cladosporols A and B, as PPARy 
ligands, interfering with two relevant pathological processes (cell pro
liferation and lipid pathways dysregulation), could be efficient thera
peutic tools in controlling ofboth cancer and metabolism to prevent and 
manage diabetes, obesity and cancer !:n.24]. In this work, indeed, by 
viability assays, we investigated whether cladosporols A and B inhibited 
proliferation of prostate cancer cells, especially metastatic PC-3 cells. In 
addition, we found that the antiproliferative effects of cladosporols A 
and B are mediated by PPARy binding. By Annexin V assays and western 
blotting experiments, we also demonstrated that cladosporol-bound 
PPARy stimulates prostate cancer celi apoptosis through regulation of 
caspase-3, Bcl-2 and caspase-9 protein expression. Cladosporols A and B 
have been found to inversely regulate the synthesis and secretion of 
leptin and adiponectin in 3T3-Ll cells, thus influencìng the proliferation 
and migration of PC-3 prostate cancer cells cultured in the medium from 
cladosporol-treated 3T3-L1 mature adipocytes. Finally, cladosporols A 
and B treatrnents also affected some enzyme activities involved in the 
biosynthesis of fatty acids and cholesterol, suggesting that the impair
ment of lipid metabolism may result in the arrest of prostate cancer celi 
proliferation. 

2. Materials and Methods 

2.1. CeU lines 

3T3-Ll preadipocytes were a gift from Prof. Francesco Beguinot and 
Prof. Claudia Miele of the Department ofTranslational Medicai Sciences, 
"Federico II'' University of Naples, Italy. PNT-1A and LNCaP prostate 
cells were provided by Prof. Gabriella Castoria (Università della Cam
pania "L. Vanvitelli" Dip. Medicina di Precisione via L. De Crecchio, 7 
80,138 Napoli, Italy). PC-3 cells were provided by ATCC (Manassas, 
Virginia). PNT·1A, LNCaP and PC-3 prostate cells were selected as 
experimental models because they show a specific genetic profile and 
distinctive biological features. PNT-1A cells have been derived from 
normal prostates with mild hyperplasia. These cells are responsive to 
androgen hormones, synthetize and secrete PSA and are non
tumorigenic in nude mice [2S I. For these reasons, we considered this 
cell type as normal prostate cells and used them as control of the pro
liferation assays. PC-3, and LNCaP cells are the best-known prostatie 
carcinoma celllines [26]. LNCaP cells have a high affinity for nuclear 
androgen receptor (AR) and respond to androgens, that stimulate their 
growth, and form tumors in nude mice. Male mice develop tumors 
earlier than female mice, confirming their androgen responsiveness 
l:'b,:~6. PC-3 cells, on the contrary, do not express PSA and are gener
allyassumed to be hormone unresponsive. In summary, LNCaP cells are 
more differentiated than PC-3 cells, which, in turn, show a more 
aggressive phenotype. 3T3-Ll cells were grown as monolayers in Dul
becco's Modified Eagle's Medium (DMEM) and PC-3, PNT-1A and 
LNCap Rosewell Park Memorial Institute 1640 Medium (RPMI) sup
plemented with 1% (v/v) penicillin/ streptomycin, 10% (v/v) Fetal 
bovine serum (FBS) and 1% (v /v) L-glutamine. They were seeded in a 75 
cm2 culture flask at a density of 6.0 x 104 cells in the medium supple
mented with 1% (v/v) penicillin/streptomycin and 10% FBS. For their 
maintenance, these cells were cultured in 100 mm plates at 70-80% 
confluence in a 5% C02·humidified atrnosphere at 37 ·C. 

2.2. Fungw production and purification 01 c1adosporols A and B 

The selected fungal strain ITT21 from the destructive mycoparasite 
Cladosporium tenuissimum Cooke, recovered from Cronartium flaccidum 
aeciospore samples collected in 1996 on Pinus pinaster in Tuscany (Italy), 
was employed [271. The fungus effectively restricts the development of 
diseases in the field by parasitizing spores of rusts and other harmful 
plant fungal pathogens [;~ilJ. The fungus was grown in batch of 40 Roux 
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flasks containing 100 mi MPGGA (malt extract, peptone, glueose, glyc
eroi, agar, 20:2:20:10:15 g l-l). After two weeks the cultures were 
extracted twice with EthylAcetate-Methanol (EtOAc-MeOH) (99:1). The 
extracts (104 g) were dried over Sodiurn Sulfate (Na2S04), evaporated to 
dryness and purified by colurnn chromatography (eluent: Methilene 
Chloride (CH2CI2) /Methanol (MeOH) from 99:1 to 85:15). Collected 
fractions were further purified by Performance Liquid Chromatography 
(PLC) to give 310 mg ofcladosporol A as a white powder, mp 192-195 
°C dec.; [a]D + 136 (MeOH, c 0.1); RfOA (CH2CI2:MeOH 15:1) and lO 
mg of cladosporol B as a brown powder, mp 175-180 °C; [a]D + 58 
(Chloroform (CHCI3), c 0.05); Rf 0.7 (CH2CI2:MeOH 15:1). The spec
troscopic data matched with those reported in the literature Il ()I. In 
accordance with the protocols already adopted, cladosporol A, clado
sporol B, rosiglitazone (RGZ) and GW9662 were dissolved in DMSO, 
mixed with fresh medium to achieve the final concentration and injected 
into cells at 70% confluence [lL11TJ. DMSO was used as a control in 
medium with coneentrations less than 0.1 %. The cells were treated with 
increasing concentrations of compounds for different times, as 
indicated. 

2.3. Antibodies and reagents 

The manufacturer, the catalog nurnber and the dilution used of the 
antibodies mentioned in the work are reported below. Antibodies 
against total PPARy (SC-7273 1:500), BcI-2 (SC7382 1:1000), MMP9 
(SC-393859 1:1000), SREBP1 (SC-13551 1:1000), FABP4 (SC-271519 
1:1000), anti-goat (IgG HRP-conjugated Santa Cruz SC-2354 1:2000) 
were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). 
Antibodies against PPARy2 (PAl-824 1:1000), AdipoRl(PA1-059 
1:1000) were purchased from Thermo Fisher Scientific (Waltham, 
Massachusets, USA). Antibodies against Androgen Receptor (#4967 
1:5000), cyclin DI (#29785 1:1000), FAS (#4233 1:1000), ACC 
(#36625 1:1000), E-cadherin (#24E10 1:1000), caspase-3 (#9662 
1:1000), cleaved caspase 3 (96615 1:1000), caspase-9 (#9508 1:1000), 
adiponectin (#2789 1:1000), p-actin (#4967 1:5000), anti-rabbit (IgG 
HRP-conjugated Celi Signaling #7074 1:2000) and anti-mouse (IgG 
HRP-conjugated Celi Signaling #7076 1:2000) secondary antibodies 
were purchased from Celi Signaling Teehnology (Celi Signaling Tech
nology, Danvers, Massaehusetts, USA). Antibodies against p-catenin (BD 
610,153 1:1000) was purchased from Becton Dickinson (Franklin Lake, 
New Jersey, USA). Antibodies against leptin (Ab-16227 1:1000), HMG
CoAr (AbCam Ab-214018 1:1000) were purchased from Labcam 
(Cambridge,UK). Description of ali the consumables and reagents was 
reported below. ECL Western blotting deteetion kits (BIORAD 
#1705061), Tween 20 (BIORAD #1610156), Acrilamide 30% (BIORAD 
#1610156), TEMED (N,N,N,N,tetramethylethylenediammine) (BIORAD 
#1610801), Sodiurn Dodecyl Sulfate, SDS (BIORAD #1610416), Turbo 
transfer kit (BIORAD #1704270), PVDF membrane (BIORAD 
#1620177), Precision dual marker (BIORAD #1610374) and Loading 
Laemli buffer 4x (BIORAD #1610747) were purchased from Biorad 
(Hercules, California, USA). Dimethylsulfoxide, DMSO (SERVA 
#20385.02), Bovin serum alburnin, BSA (SERVA 11920.04) were pur
chased from Serva (Heidelberg, Deutschland). Phosphate-buffered sa
line, PBS (MERCK #D8537), FBS (MERCK #50615), GW9662 (MERCK 
#M6191), Rosiglitazone (MERCK #R2408), dexamethasone (MERCK 
#265005), insuline (MERCK #15500), Isobutylmethylxanthine, IBMX 
(MERCK 15879), Ammonium persulphate, APS (MERCK #A3678), 
Ponceau solution (MERCK #P7170), Oi! Red O reagent (MERCK 
#00625) were purchased from Merck (Darmstadt,). Penicillin
streptomycin (LONZA #DEl7-602E), L-glutamine (LONZA#BE17
605E) were purchased from Loma (Basel, Schweiz). DMEM (GIBCO 
#11965092), RPMI (GIBCO #21875034), trypsin-EDTA (GIBCO 
#25300054) were obtained from Gibco (Carlsbad, CA, USA). Lipofect
amine 3000 reagent (INVITROGEN #L3000001) was from Invitrogen 

(Carlsbad, CA, USA). Annexin V-Fitc Apoptosis Detection Kit (BD 
Pharmingen™) was from Becton and Dickinson (Franklin Lakes, New 
Jersey, USA). OranguTM CelI Counting Solution guidance systems (CCK
8 OROl-l000) was obtained from Celi Guidance Systems (Cambridge, 
UK). 

2.4. CeU viability 

To measure celi proliferation after exposure to cladosporols A and B, 
prostate cells were cultured in a 12-well plate at a density of 104 cells/ 
cm2

• PNT-1A, LNCaP and PC-3 cells were treated or not with 1, 5 and lO 
J1M of rosiglitazone, cladosporol A and cladosporol B for 24, 48 and 72 
hrs. After cladosporol treatment, the cells were washed with PBS, 
trypsinized, collected in culture medium and counted in BUrker cham
ber. The viability of the prostate cells was further evaluated using the 
CCK-8 Assay OranguTM (Cell Guidance Systems, Babraham, England). 
Briefly, prostate cells were plated in 96-well plates at density of 104 

cells/cm2
• At 70% confluence, 10% (v/v) of OranguTM solution was 

added to each sample. After 3 hrs of incubation, in a 5% C02 humidified 
atrnosphere, at 37°C, the absorbance was read at 450 nm in a standard 
plate reader (TECAN Infinite 200 PRO, Austria). 

2.5. Overexpressing and silencing ofPPARr in PNT1-A and PC-3 prostate 
cel/s 

After 2 days of expansion, PNT1-A prostate cells were transiently 
transfected with the PCDNA3 recombinant plasmid, bearing the entire 
cDNA fragment encoding for PPARy under the control of Cytomegalo
virus (CMV) promoter, by Lipofectamine 3000 reagent, in accordance 
with the manufacturer's instructions. After 24 hrs the cells were treated 
wi th both cladosporols (10 J1M). After further 48 hrs, cells were collected 
and used to evaluate, by western blorting, the expression oftotal PPARy 
and also to measure celi viability of prostate cells using the CCK-8 Assay. 
For transient PPARy knock-down, a mixture of siRNA, targeting PPAR,y 
on exon 5 of the gene (Human PPARy DsiRNA duplex 
(HSCRNAIN005037.12.3) from Integrated DNA Technologies (IDT) 
(Coralville, Iowa, USA», was used in transient transfection experiments 
of PC-3 cells by using Lipofectamine 3000 reagent. After 48 hrs cells 
were collected and used to evaluate, by western blotting, the expression 
oftotal PPARy and to measure cell viability ofprostate cells by using the 
CCK-8 Assay. 

2.6. Annexin V/Pl stainingfor apoptosis analysis 

To analyze the apoptotic effeets of both cladosporols on PC-3 met
astatie prostate caneer cells, Annexin V-FITC/propidium iodide staining 
was used. According to the manufacturer's protocol, PC-3 cells were 
treated with drugs or vehicle control (0.5% DMSO) for 48 hrs and then 
washed with cold PBS three times and resuspended in 200 J1L binding 
buffer. Successively, lO J1L of Annexin V-FITC and lO J1L of propidium 
iodide were added and the reactions were carried out for 30 min, at 4 °C 
and in the dark. Samples were analyzed by fluoreseence-activated celi 
sorting (FACS) using BD FACSCeiesta™ Cell Analyzer. 

2.7. Western blotting analysis 

Treated and untreated cells were Iysed in Ripa buffer (150 mM NaCI, 
50 mM Tris-HCI, pH 7.6, lO mM EDTA and 1 % NP-40) also containing a 
protease inhibitor cocktail and then centrifuged at 17,000 Relative 
Centrifugai Force (RCF) for lO min at 4°C. The supernatant containing 
total proteins was quantified and in the most of assays 80 J1g of each 
sample were separated on 12% SDS-PAGE. Western blotting assays were 
carried out as previously reported 1131. The proteins were then elec
trotransferred onto polivinilidenfluorure (PVDF) membranes. The 
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efficiency of the protein transfer was always appraised by protein 
visualization with Ponceau S. After incubation with primary antibodies 
and horseradish peroxide (HRP)-conjugated goal anti-rabbit and anti
mouse secondary antibodies, the relative intensity of the protein 
bands was measured using the Molecular Imager Chemi-Doc imaging 
system and evaluated using the Image Lab software (Bio-Rad, Hercules 
CA, USA). 

2.8. 3 T3-L1 diflerentìation and PC-3 reconditioning 

3T3-Ll preadipocytes were seeded in a 60 mm plate in a number of 8 
x 104 cells at 60% confluence in an expansion medium (4.5 gJl glucose 
DMEM supplemented with 10% FBS and 1% penicillin/streptomycin). 
After two days, cells reached 100% confluence and were induced into 
differentiating with MDI (a mix of differentiation composed of DMEM 
plus 0.5 mM l-methyl-3- isobutylxanthine (IBMX), l !JM dexamethasone 
and l !lg/ml insulin), MDI plus Rosiglitazone (MDI + RGZ), MDI plus 
Clado5porol A (MDI + CLA) and MDI plus Cladosporol B (MDI + CLB). 
After two days, the differentiation medium was removed and replaced 
each 2 days for 6 days with a maintenance medium containing DMEM, 
FBS and l !lg/ml insulin, RGZ, CLA and CLB. In the experiment described 
in j;ig, 7 A and shown in l'ig, 7 Band C only, for the last two days, CLA 
and CLB were removed from the medium (samples indicated as MDI
CLA and MDI-CLB). At day 8, all the media (from 3T3-L1 untreated, 
MDI, MDI + RGZ, MDI + CLA, MDI-CLA, MDI + CLB and MDI-CLB) were 
collected and used to culture PC-3 cells for 48 and 72 hrs. 

2.9. OU-Red O sraining 

Oil-Red O staining was performed to treat the prostate celIlines with 
10% formaldehyde for 5 min at room temperature. The cells were 
washed with PBS IX, incubated with isopropanol 60% for an additional 
5 min and dried completely. Fixed cells were stained with Oil-Red O in 
60% isopropyl a1cohol solution for 1 h at room temperature. The stained 
lipid droplets in the cells were imaged with a light microscope at 20X 
magnification. Intracellular stored lipids were quantified by extracting 
Oil-Red O stain with 100% isopropyl a1cohol and the absorbance was 
,'!1easured at 500 nm using a spectrophotometer to obtain a graph. 

2.10. Wound-healing assay 

PC-3 prostate cells were allowed to growth at a density of 5 x 105 

cells/well until they were 100% confluent in an adherent monolayer. 
Successively, by a sterile yellow lO !il Eppendorf tip a scratch in the 
centrai part of the well was done and three PBS washing of the cells in 
the plate was executed. The cells were then cultured in the absence or in 
presence of c1adosporols (lO and 20 !1M) and with reconditioned me
dium from 3T3-Ll for 48 and 72 hrs to verify a decrease in the wound 
area. The images of migrating cells were taken using a digitai camera 
connected to the microscope (Nikon Ec1ipse Ts2 Inverted) at 10X 
magnification to evaluate the c10sure of wound area at O, 48 and 72 hrs 
after treatrnent. The results were measured using the ImageJ software. 
Thé migration of PC-3 prostate cells was ca1culated as the percentage of 
the wound area at 48 and 72 hrs compared to the initial wound area at 
O hrs. 

2.11. Statistìcal procedures 

The experiments were carried out in triplicate with at least three/ 
foùr independent replicates. Data from viability, flow cytometry, west
ern' blotting and transient transfection experiments were expressed as 
means ± SD. Data between three groups were assessed using the 
Wilcoxon-Mann-Whitney test. p-values less than 0.05 were considered 
significant. 
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3. Results 

3.1. C/adosporols A and 8 differentiaUy inhibited the growth 01 PNT-1A, 
LNCaP and PC-3 human prostat:e celi lines 

To firstly investigate the anticancer role of c1adosporols A and B, we 
evaluated the growth of different prostate cells (PNT-1A, LNCaP and PC
3) exposed to increasing concentrations of the compounds at different 
time points. PNT-lA, LNCaP and PC-3 prostate cells have been treated 
with increasing concentrations of c1adosporol A (1, 5, lO !1M) for 24,48 
and 72 hrs. After this time, the surviving cells have been counted 
(Flg. I). The number of cells was decreased in a dose- and time
dependent manner in ali celi types and the reduction was particularly 
dramatic at the highest concentrations of c1adosporol A. Moreover, the 
inhibitory effect of the drug was stronger in PC-3 cells than in PNT-1A 
and LNcap cells. For example, tbe administration of lO !1M c1ado
sporol A for 48 hrs inhibited PC-3 cell proliferation of about 70% and 
caused a 40% inhibition of LNCaP cell growth. At the same dosage and 
for the same time, c1adosporol A provoked only 30% of inhibition of 
PNT-1A celI proliferation. Exposure to lO !JM c1adosporol B for 48 hrs 
inhibited PC-3 celI proliferation of about 67% and caused 34% inhibi
tion ofLNCaP and 26% inhibition of PNT-1A cell growth. These results 
demonstrated that cladosporols A and 8 differentially inhibited PNT-1A, 
LNCaP and PC-3 prostate celI proliferation and preferred to arrest the 
growth of the most susceptible PC-3 cells. Treatrnent with lO !JM rosi
glitazone (RGZ) for 48 hrs did not show the same effect on PNT-1A, 
LNCaP and PC-3 cell proliferation. 

To confirm these results, we performed the CCK-8 assay, through 
which we determined the cytotoxicity effect of cladosporols A and 8 on 
prostate cancer cells. As expected, cladosporol A great1y reduced PC-3 
celi proliferation with lCso values of 4.75 !1M, 3.87 !1M and 2.52 !1M 
for 24, 48 and 72 hrs long treatrnents, respectively, compared to the data 
obtained in PNT-1A (lCso values of 6.54,5.10 and 3.67 !1M relative to 
24, 48 and 72 hrs, respectively) and LNCaP (lCso values of 7.91, 6.22 
and 3.93 !1M relative to 24, 48 and 72 hrs, respectively) treated cells 
(Fig. 'lA and ùlhìr.'j). Also the results obtained from the treatrnent of 
PNT-1A, LNCaP and PC-3 prostate cells with cladosporol B demon
strated that PC-3 cells are more sensitive than PNT-1A and LNCaP cells 
to the exposure to this more oxidized drug, as shown from the com
parison of the ICso values (compare rcso values of 4.01, 3.03 and 2.07 
!1M found for PC-3 cells after 24, 48 and 72 hrs of treatrnent with those 
found for PNT-1A cells, namely 7.14,4.25 and 3.39 !1M, and for LNCaP 
celIs 3.98,3.26 and 2.6 !1M) reported in 28 and T'able '2. Altogether, 
these results demonstrated that cladosporols A and 8 inhibited PNT-1A, 
LNCaP and PC-3 prostate celI proliferation with the highest inhibitory 
effects for the most aggressive and metastatic PC-3 cells. 

3.2. Inhibiiion 01 growth 01 human prostate cancer cells due tf) 
dadosporo/s A and 8 was mediated by PPARr 

To investigate the molecular mechanisms by which c1adosporols A 
and 8 caused the above-described inhibition of prostate celI prolifera
tion, we firstly decided to verify the basallevel of PPARy expression in 
PNT-1A, LNcap and PC-3 prostate cells. As shown in Fig. :lA, a pro
gressive increase of PPARy expression was clearly evident, confirming 
the data from other laboratories which demonstrated a more intense 
PPARy expression in metastatic PC-3 prostate celIs when compared to 
PNT-1A and LNCaP (29,30]. We also analyzed, by western blotting 
assay, androgen receptor (AR) expression in the same cellular types 
because in several papers an inverse mode of expression of this receptor 
(compared to PPARy) was demonstrated [:jj ,:12j. The results of l'I/). 3B 
seemed to confirm that AR expression was higher in androgen
responsive PNT-IA and LNCaP cells when compared to the level of 
PC-3 celIs. These results are particular1y suggestive because a higher 
cladosporol-mediated inhibition of cell proliferation, as observed in PC
3 cells (see l:jg, 1), well correlated with a higher expression ofthe PPARy 
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Fig. 1. Cladosporols A and B dìfferentially inhibited the growth of the human PNTl-A, LNcaP and PC-3 prostate ce1l !ines. To evaluate the effect of both cladosporols 
and rosiglitazone on PNT-lA, LNCaP and PC-3 proliferation, thecells were treated or not with l,Sand lO IlM of rosiglitazone, cladosporol A and cladosporol B for 24, 
48 and 72 hrs, collected and counted. The data shown here are the mean ± SD of three experiments performed in triplicate. The results were similar in three in
dependent experiments ... p < 0.01, *** P < 0.001 and .... p < 0.0001 campared to the control (black bar), the untreated cells. O in the graph represents the irutial 
time at which the cells were seeded at the same density. For a better understanding of the data, the percentage numbers, above each graph, referring to the un
derlying bar enclosed in the ovai, are reported. These numbers indicate, as an example, the inhibition percentage for PNT-lA. LNCaP and PC-3, respectively, after the 
administration of lO IlM cladosporol A or B or rosiglitazone (RGZ) for 48 hrs. 

receptor in the same type of prostate cells. 3.3. The PPARr mediated inhibitton oj me growm oj cladosporol-treated 
To definitively verify whether cIadosporols A and B were able to human prostate caneer eells was associated wim an increase oj apoprosis 

inhibit human prostate cancer cell proliferation through the involve
ment of PPARy, we pretreated PNT-lA, LNCaP and PC-3 cells with 5 11M We decìded to deeply investigate the mechanisms through which 
GW9662, the welI-known antagonist and irreversible inhibitor of cIadosporols A and B caused the PPARy-mediated inhibition of PC-3 
PPARy, and then exposed the same celIs to cIadosporols A and B lO 11M prostate cancer celi growth. To this aim, we treated PC-3 cells for 48 
for 48 hrs. CelI extracts were analyzed, by western blotting analysis, to hrs with both drugs, stained with Annexin V-FITC/propidium iodide and 
evaluate PPARy expression. A visible decrease of PPARy isoforrn 2 analyzed for modifications in PC-3 membrane structures by flow 
expression, folIowing the cIadosporol A and B treatments in PC-3 cell cytometry. As reported in Fig. 5A-C, treatment with lO IlM of cIado
line, has been demonstrated (I·ìg. 'lA). Notably, a further reduction of sporols A and B induced an increase in pre-apoptotic and apoptotic PC-3 
PPARy2 isoforrn expression was found when the celIs were pretreated cells when compared to the control. The effect was further evident after 
with GW9662, thus confirrning that PPARy2 was the target of both treatment with 20 11M of both drugs. In the same experiment, we also 
cIadosporols, while PPARyl appeared not ful1y affected by GW9662 evaluated the number of necrotic cells following treatment with 
modulation (I;ig. 4B and C). These data cIearly indicated that also in different doses of cIadosporols. These numbers did not significantÌy 
human prostate cells cIadosporols A and B acted as a specific PPARy change ruling out necrosis as an alternative mode of celi death induced 
ligand, thus promoting celI growth inhibition. by cIadosporols. The decreased expression of well-known apoptotic 

To further demonstrate that modulation of celi proliferation was markers (caspase-3, BcI-2 and caspase-9) and the increase of cIeaved 
PPARy-dependent, we overexpressed PPARy in PNT-lA cells (Fig. ·10), caspase-3, analyzed by western blotting, conflrrned the effects of da" 
in which we found lower levels of PPARy expression (see Fig. 3A), and dosporols on PC-3 cells (Fig. 5D-J). . '" 
sPecifically silenced this receptor in PC-3 cells (Fig. ·tF), in which PPARy 
was expressed at higher levels (see Hg. 3A). The overexpression of 

3.4. Cladosporols A and B influeneed me proliferation and migration ojPPARy in cIadosporol-treated PNT-lA cells caused, as expected, a 
PC-3 cellsreduction of prolìferation, as demonstrated by CCK-8 assay (Fig. 4E), On 

the contrary, PPARy knock-down in PC-3 cells provoked an increase oC 
To quantitatively and qualitatively verify the inhibitory activity ofcell growth (Fig. '1G). These results, finally, confirrned the involvement 

celi proliferation and migration mediated by cIadosporol treatment on 
oC PPARy in the cIadosporol-mediated regulation of prostate celi 

PC-3 cells, a wound healing assay was perforrned. Cells were treated proliferation. 
with two different concentrations of cIadosporols A and B (lO and 20 
IlM) and images were captured at 0, 48 and 72 hrs, after wound Cor
mation. Images oC Fig. iiA demonstrated that treatment oCPC-3 cells with 
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Fig. 2. Cytotoxicity analysis after treatment with cladosporols A and cladosporol B of PNTl·A, LNCaP and PC·3 prostate cells. The dose-dependent cytotoxicity in 
prostate cells was detelTI1ined using the CCK-8 celi count assay to evaluate ICso values. PNT·IA, LNcap and PC-3 ce11s were seeded in 96-well plates to achieve celi 
density/cm2 under standard conditions at density of 5x103 cells/cm2

• After 24 hrs, cells were exposed to increasing concentrations of cJadosporol A (Hg. lA) and 
cJadosporol B (F;g 2B) (2.5 to 20 j.lM) and growth was evaluated for 24, 48 and 72 hrs by using CCK-8 reagent that was added to vital cells in the plate, followlng the 
protocol explained in Materiais and Methods Section. Absorbance was measured at 450 nm and ICso values, relative to prostate cancer cells treated with cladosporol 
A and cJadosporol B, were found. For l'lg. 2A *p < 0.05 **p < 0.01 compared to the control. For Fig. LB *p < 0.05 ***p < 0.001 ****p < 0.0001 compared to 
the control. 

Table 1 
ICso values relative to prostate cancer cells treated with c1adosporol A were 
reported. The data represent the mean ± SEM of three independent experiments 
:md were expressed as the absorbance rado of the difference between treated 
and untreated cells. 

PNT-1 LNcaP PC-3 

24 Hrs 6.54 ± 0.34 11M 7.91 ± 0.40 11M 4.75 ± 0.35 ~M 
48 Hrs 5.10 ± L8911M 6.22 ± 2.80 11M 3.87 ± O. 72 ~M 
72 Hrs 3.67 ± 2.02 11M 3.93 ± 0.34 11M 2.52 ± 0.58 ~M 

Table2 
ICso values relative to prostate cancer cells treated with c1adosporol B were 
reported. The data represent the mean ± SEM oi three independent experiments 
and were expressed as the absorbance ratio of the difference between treated 
and untreated cells. 

PNT·1 LNcaP PC·3 

24 Hrs 7.14 ± 0.20 ~M 3.98 ± 0.23 11M 4.01 ± 0.01 11M 
48 Hrs 4.25 0.20 11M 3.26 ± 0.11 11M 3.03 ± 0.16 11M 
72Hrs 3.39 ± 0.52 11M 2.60 ± 0.36 11M 2.07 ± 0.02 11M 

both cladosporols, for 48 and even for 72 hrs, was responsible for a 
ieduced capability of the cells in proliferating and migrating. The 
quantitative evaluation, reported in Fig. 6B and C, confinned the 

antiproliferative effects of dadosporols. Modulation of the expression of 
proteins involved in cell proliferation and migration (~ -catenin, E
cadherin, MMP-9), observed by Western blotting analysis, proved the 
inhibitory function of cladosporols A and B (Fig, 6D-H). 

Adipose tissue usually influences the tumor microenvironment 
through the exchange of regulatory factors and metabolic substrates. We 
have already demonstrated that secreted factors from cladosporol· 
treated 3 T3-LI cells were able to regulate HT-29 cell growth and 
migration and, therefore, we wanted to investigate the same effects on 
prostate cell proliferation I.J 7]. To aclIieve this, we allowed 3T3-Ll 
preadipocytes to differentiate and collected the medium from cells 
treated with MDI, MDI plus 5 11M rosiglitazone or 5 11M cladosporol A or 
5 flM cladosporol B, respectively. We filtered the medium and used it as 
conditioned medium to analyze the effect on PC-3 cell proliferation and 
migration. To determine the effects of the 3T3-Ll-conditioned medium 
on PC-3 cell migration, we carried out a wound healing assay as above 
described and captured images at 0, 48 and 72 hrs after wound fonna· 
tion to evaluate the degree ofhealing. Conditioned medium from 3T3-Ll 
preadipocytes, differentiated adipocytes (treated with MDI) and treated 
with MDI plus RGZ promoted the migratory ability of PC-3 prostate cells 
(Fig. 7B). On the contrary, the migration of PC-3 cells was significant1y 
arrested after exposure to conditioned medium collected from 3T3·Ll 
cells treated with MDI plus cladosporol A or cladosporol B (Fig. 7B). 
The quantitative evaluation of these effects was reported in Fi);. 7C and 
D. These effects on proliferation and migration of the sarne celI type 
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Fig. 3. Prostate-derived cells differentially expressed PPARy and androgen receptor proteins. Western blotting analysis of PPARy (A) and androgen receptor (B) 
expression level on increasing dosages of total protein extracts (40 and 80 Ilg) from PNT-lA, LNCaP and PC-3 prostate cells. Normalization of the loaded samples was 
performed using an anti-p..actin antibody. 'file western blotting shown here is only a representative experiment. 'file bar graphs represent the mean ± SD of proteinl 
p..actin of at least three Independent experlments. * p < 0.05 compared to the control. 
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;.qlg.4. Antiproliferative activity of cladosporols A and Bis mediated by PPARy. (A) Western blotting analysis oi PPARy on extracts from PC-3 cells pretreated or not 
with 5 11M GW9662 and then treated with lO 11M cladosporol A and cladosporol B for 48 hrs. Normalization of the loaded samples was periormed using an anti-~-actin 
antibody. The western blotting shown here is only a representative experiment. (B, C) The bar graphs represent the mean ± SD of at least three independent ex
periments. "p < 0.01 ****p < 0.0001 compared to the control. Western blotting analysis on extracts from PNT-IA cells (D), in which PPARy was overexpressed and 
:;n extracts from PC-3 cells (F), in which PPARy was silenced, is shown. Celi viability was evaluated on PNT-IA cells (E) and on PC-3 cells (G) using the CCK-8 celi 
count assay and absorbance was measured at 450 nm as described in 2. The bar graphs represent the mean ± SD of at least three independent experiments. "*p 
< 0.001 ****p < 0.0001 compared to the control. 

appeared to be stronger than that shown in [·'ig. 6A. We also modified the 
protocol, as indicated in Materials and Methods section (see also scheme 
in Fig. 7 A), collectlng the conditioned medium from 3T3-LI cells 
exposed to MDI plus cladosporol A or cladosporol B after deprivation of 
l:oth ~rugs during the last two days of celi differentiation (the new 
s.amples are indicated as MDI-CLA and MDI-CLB in Fig. 7A). We changed 
t1:1is protocol to clarify that the inhibition of cell migration was due to the 
effects of cladosporols on 3T3-LI adipocyte differentiation and not 
directly to the presence of the drugs in the conditioned medium. In these 

new experimental conditions, the conditioned medium designed as MDI
CLA and MDI-CLB also caused inhibition of PC-3 celi migration 
(Fig. 78-D). The inhibitory effect was strongly confirmed by western 
blotting analysis shown in l'li;" 8A-K. A decreased expression of p-cat
enin, cyclin DI, caspase-3 and MMP-9 well correlated to an increased 
amount of E-cadherin and c1eaved caspase-3 in PC-3 prostate cells 
treated with the medium derived from 3T3-LI cells treated with MDI 
plus cladosporol A or cladosporol B. Note also that in this latter exper
iment we used doses ofcladosporols on 3T3-LI cells lower than the ones 
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Fig. 5. Cladosporol A and B stimulated apoptosis of human PC-3 prostate cancer cells. (A) Flow cytometric analysis of membrane alterations in PC-3 prostate caneer 
cells treated for 48 hrs wìth the indicated doses (lO and 20 flM) of cladosporol A and cladosporol B, respectively, followed by Annexin V-propidium iodide staining. 
(D) Necrotlc and preapo/apoptotic cells were evaluated in percentages versus viable cells and reported in the graphic representatlons. (C) Apoptosis rate in per
centage in the PC-3 population treated for 48 hrs wìth both cladosporols (lO and 20 flM) compared to the untreated cells (ctr, control). The bar graphs represent the 
mean ± SD of at least three independent experiments. **p < 0.01 compared to the control. (D) Western blottlng analysls of the expression of specific apoptotic 
markers (Bcl-2 and caspase 9), (E) (caspase 3) and (F) (c1eaved caspase-3) on extracts from PC-3 prostate cancer cells treated wìth lO and 20 flM cladosporol A and 
cladosporol B for 48 hrs. Normalization of the loaded samples was performed using an anti-~-actjn antibody. The western blotting shown here is only a representative 
experiment. (G-J) The bar graphs represent the mean ± SD of protein/P-actin oi at least three independent experiments. *p < 0.05 **p < 0.01 ***p < 0.001 
compared to the control. 

9 

, : 

"O 

Caspase-3 



R. RopIblJll) et aL Biochemical Pharmacology 222 (2024) 116097 

A 


PC-3 CTR CLB 10~LM CLB 20f.lM 

oHrs 

48 Hrs 

72 Hrs 

Fig. 6. Cladosporols A and B inhibited PC-3 metastatic prostate cancer cell proliferatìon and migration. (A) Cells were plated at a subconfluent density (8.0 x 104 

cells/ml) in growth medium. Once they reached 100 % confluence, a wound was formed using the lO IlL plastic micropipette tipo Afterwards, cells were treated for 48 
à:ld 72 hrs with two different doses of cladosporols A and B (lO and 20 iJM). (B) In the table are reported the measurements of the closure (indicated in 1lll1) of the 
scratch executed on the PC3 prostate cancer cells and successively treated for 48 and 72 hrs with two different doses of cladosporol A and B (lO and 20 IlM). Data are 
represented as the mean ± SEM of three independent experiments. (C) 10 the graph is reported the evaluation of wound closure (in percentage) after treatment of the 
PC3 prostate cancer cells wlth two different doses of cladosporol A and B (lO and 20 IlM) for 48 and 72 hrs.. '''p < 0.001 ****p < 0.0001 compared to the control. 
(D) Western blotting analysis of the expression of specific markers of cell migration (Jl-catenin and B-cadherin) on the total extracts from PC-3 cells treated with lO 
and 20 iJM cladosporol A and cladosporol B for 48 hrs. (E) Western blotting analysis of MMP-9 expression on the total extracts from PC-3 cells treated with lO and 20 
:,1M dadosporol A and cladosporol B for 48 hrs. Normalization of the loaded samples was performed using an anti-p-actin antibody. The western blotting shown here 
is only a representatìve experiment. (F-H) The bar graphs represent the mean ± SD of protein/p-actin of at least three independent experiments. "'p < 0.001 ****p 
< 0.0001 compared to the control. 

used on PC-3 cells of the Fig. 6 (5 11M versus lO or 20 11M). lt is also displayed a regulatory function in lipid metabolism in prostate cells. 
reasonable, indeed, to assume that treatment of 3T3-Ll cells with cla To this aìm, we treated PNT-IA, LNCap and PC-3 cells with dadosporol 
dosporols could cause secretion of protein factors from adipocytes that A or cladosporol B, respectively, and then stained them with OH Red O. 
influenced PC-3 cell proliferation and migration. The increase of adi Ali the cellular types were able to accumulate lipids with the PC-3 cells 
?onectin receptor 1 (Adipo-Rl) expression in PC-3 cells cultured in the showing their bighest storage ability (compare the optical microscope 
dadosporol-conditioned medium (Fig. 8I) is, therefore, consistent with fields and the images of plate controls in A and B of the Fig. 9). Treat
ihe presence of bigher adiponectin protein leve1s in the medium ment of PNT-lA, LNCaP and PC-3 cells with cladosporols dramatically 
(Fig. HM) compared to those of leptin (Fig. HL). It is noteworthy that the inhibited lipid accumulation (see the evaluation reported in the graph of 
:~:.hibitory effects on PC-3 metastatic cells were higher than the ones Fig. 9C). It is very interesting that, in the most advanced and metastatic 
~':ealed in PNT-IA cells (compare Fig. 7E with Hg. 7B) as demon PC-3 caneer cells, the strong ability to accumulate lipids correlated with 
strated also by the quantitative evaluation reported in Fig. 'lD and G. the aggressiveness of cancer and was efficiently counteracted by cla
.lJtogether, these results confirmed that PC-3 cells, showing a higher dosporol treatment. Since aggressive prostate cancer promotion is in
seI'..sitivity to both cladosporols in terms of cell viability (see Figs. ] ·2), dependent on extracellular or circulating lipids and requires an 
l:!iSplayed also a sensible responsiveness in terms of motility inhibition. endogeneous lipid synthesis 11 i{ 20 J, we investigated whether dado

sporol A or dadosporol B inhibited lipid storage in PC-3 cells through a 
negative regulation of their synthesis. Indeed, we analyzed, by western .3.::;. Inhibition 01 the growth 01 human prastate cancer cells due to 
blotting, the expression of some enzymes directly involved in the lipid clçdosporols A and B was correlated to dysregulated lipid metabolism 
metabolism (sterol responsi ve element binding protein 1, SREBP-l; 
hydroxi-methyl-glutaril-CoenzymeA reductase, HMG-CoAr; acetylIn prostate caneer eells a higher de novo lipogenesis is a criticai 
CoenzymeA carboxilase, ACC; fatty acid binding protein 4, FABP4; fatty~olldition for sustaining an increased demand of lipids to permit mem
acid synthase, FAS). The results of Fig, l(lA-I indicated that, at steady:'i!'lllìe construction, energy storage, redox balance and activation of 
state, the protein levels of these enzymes were overall reduced by i!ltracellular pathways f331. We decided to verify whether dadosporols 
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cladosporol treatments. As expected, the pretreatment with GW9662 4. Discussion 
provoked a further reduction confirming that the negative regulatory 
effect on the lipid de novo synthesis was dependent on binding of cla Prostate cancer, a multifaceted disease, strict!y depends on different 
dosporols to the PPARy LBD. risk factors (age, race, diet, smoking, physical activity, genetic alter

adons and inflammation). While genetic mutations account for about 
10% of the causes of prostate cancer, epigenetic modifications due to 
environmentai conditions or lifestyle contribute to the remaining 90% 
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Fig. 7. Conditioned medium from 3 T3-Ll cells treated with cJadosporol A or cJadosporol B inhibited PC-3 celi migration and invasion. (A) Scheme describing the 
3T3-Ll preadipocyte differentiation and cladosporol treatment protocols followed for the migration assay shown below. 3T3-Ll preadipocytes were differentiated 
.. nd the medium from cells treated, respectively, with MDI, MDI plus SIlM rosiglitazone (MDI + RGZ) or MDI plus 5 11M cJadosporol A (MDI + CL A) or MDI plus Sj.lM 
cladosporol B (MDI + CL B) was collected.ln addition, other two medlum samples were prepared collecting the medium from 3T3-Ll cells treated with MDI plus CL A 
and CL B, but deprived of both drugs in the last two days or celi differentlatlon (the new samples are indlcated as MDI-CL A and MDI-CL B). (B) The wound healing 
assay was carried out, as described above for bA, but the conditioned medlum from 3T3-Ll cells was used to culture PC-3 cells for 24, 48 and 72 hrs. Cells were 
plated at a subconfluent density (8.0 x 104 cells/ml) in growth medium. Once they reached 100 % confluence, a wound was fonned using the lO j.lL plastic 
micropipette tipo (C) In the table are reported the measurements of the closure (indicated in jllll) of the scratch executed on the PC-3 prostate cancer cells and 
successivelyexposed for 48 and 72 hrs to the conditioned medium from undifferentianted 3T3-Ll cells (Pre-3T3-Ll), 3T3-Ll ceIIs treated with diffetentiation mix 
MDI, MDI plus 5 j.lM rosiglitazone (MDI + RGZ) or MDI plus 5 j.lM cladosporol A (MDI + CLA) or (MDI - CLA) or MDI plus 5 j.lM cladosporol B (MDI + CL Bl or MDI
CLB. Data are represented as the mean ± SEM of three independent experiments. (D) In the graph is reported the evaluation of wound c10sure (in percentage) of the 
scratch executed on the PC-3 prostate cancer cells and successively exposed for 48 and 72 hrs to the conditioned medium from undifferentianted 3T3-Ll cells or 3T3
LI cells treated with differentiatlon mix MDI or MDI plus 5 llM roslglitazone (MDI + RGZ) or MDI plus Sj.lM cladosporol A (MDI + CLA) or (MDI - CLA) or MDI plus 5 
j.lM cladosporol B (MDI + CL B) or MDI- CLB.....p < 0.0001 compared to the control. (E) The same wound healing assay was carried out on PNTI-A. (F) In the table 
are reported the measurements of the closure (indlcated in j.lm) of the scratch executed on the PNTI-A prostate cells and successively exposed for 48 and 72 hrs to the 
conditioned medium from undifferentianted 3T3-Ll cells (Pre-3T3-Ll) or 3T3-Ll cells treated with differentiatlon mix MDI or MDI plus Sj.lM roslglltazone (MDI + 
RGZ) or MDI plus 5 llM cladosporol A (MDI + CLA) or (MDI CLA) or MDI plus 5 11M cladosporol B (MDI + CL Bl or MDI- CLB. Data are represented as the mean ± 
SEM of three independent experiments. (G) In the graph is reported the evaluation of wound closure (in percentage) of the scratch executed on the PNTl-A prostate 
cells and successively exposed for 48 and 72 hrs to the conditioned memum from undifferentlanted 3T3-Ll cells (Pre-3T3-Ll) or 3T3-Ll cells treated with differ
entiation mix MDI or MDI plus SIlM rosiglitazone (MDI + RGZ) or MDI plus 5 11M cladosporol A (MDI + CLA) or (MDI - CLA) or MDI plus SIlM c1adosporol B (MDI + 
CL B) or MDI- CLB. Data are represented as the mean ± SEM of three independent experiments. ****p < 0.0001 compared to the control. 

[:341. Given the complexity of this disease, It is essential to diagnose and totally androgen-independent form, prompted researchers to look 
cancer prostate early to therapeutically manage patients and prevent for other putative targets and alternative therapeutical approaches r:18 ì. 
:nortality. To better diagnose prostate cancer, Prostate Specific Antigen More recently, PPARy became an exciting study object with the aim 
(PSA) evaluation, Digitai Rectal Examination (ORE), prostate bioPSY, of better revealing its features and using it as a new molecular target in 
and multiparametric Magnetic Resonance Imaging (MRI) are helpful. It the development of improved antitumor strategies for androgen
is noteworthy that patients affected by prostate cancer are usually independent prostate cancer. From PPARy gene, through the use of 
asymptornatic and that their disease may be fully diagnosed only after four rnajor transcription initiation sites, four mature mRNAs are 
65 years. Indeed, men do not show dear symptoms until the onset of the generated f221. Three of these mRNAs (PPARy l, 3 and 4) produce the 
àisease and a symptom may often be shared with benign prostate hy same PPARyl protein, whereas the messenger of PPARy2, through its 
perplasia PS,:l6). One of the most relevant risk factors associated with translation, leads to the formation of PPARy2 protein, which indudes a 
prostate cancer is the influence of endogenous hormones and, particu further 28 amino acids at the N-terminus. Both PPARyl and PPARy2 
~arly, androgens, which are recognized as responsible for the prolifera isoforms, sharing the same structure, have a cell-specific expression 
tion and differentiation of the luminal epithelium of the prostate and as pattem. PPARyl is expressed at relatively high levels in different tissues 
causative agents of the initiation and progression of cancer 1:17;. Based and in numerous cells of the immune system. PP ARy2 expression, 
on these data, the treatment protocols for managing prostate cancer instead, is mostly expressed in adipose tissue, where it acts as one of the 
patients consisted of androgen deprivation. Inhibition of androgen rnajor transcription factors in adipogenesis. PPARy2 promotes the in 
stimulation provoked a partial or full remission in several cases, but, vitro differentiation of adipocytes, while in vivo it reduces circulating 
successively, the reappearance of the disease in a much more aggressive non-esterified fatty acids (NEFA) and improves insulin sensitivity 1:,9]. 
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Fig. 7. (continued). 

We have largely demonstrated that PPARy is the molecular target of interesting, considering that too many drugs used in the anticancer 
dadosporols, secondary metabolites of Cladosporium tenuissimum, dis therapy show disastrous effects on normal cells. Indeed, it is hopeful to 
playing antiproliferative and proapoptotic activities towards colon have available specific anticancer drugs that are able to target late-stage 
cancer cells 114~ 161. We here extended these observations in prostate cancer ce11s without side effects. 
cancer cells, as demonstrated by the results of .Figs~ l ami 2. In partic To investigate the mechanisrns responsible of sensitivity to dado
ular, we demonstrated that ciadosporols A and B inhibited proliferation sporol treatrnent of metastatic PC-3 prostate cells, we evaluated the 
of the three types of prostate cells, but the greatest inhibitory effects expression of PPARy in PC-3 cells cornpared to PNT-lA and LNCaP ceUs. 
were obtained against the most aggressive and metastatic PC-3 cells. The data shown in Fig. :lA indicated a higher PPARy protein expression 
This selective ability of dadosporols towards PC-3 cells is very in PC-3 cells than that observed in PNT-lA and LNCaP cells. In addition, 
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the level of PPARy protein correlated well with the antiproliferative 
activity of c1adosporols in the three prostate cancer-derived cells. As 
expected, western blotting analysis on the same total protein extracts 
from PNT-IA, LNCaP and PC-3 cells showed an inverse relationship with 
AB. expression in accordance with previous experimental evidences 
[4 ().I. Therefore, we verified that AR protein levels were higher in PNT
lA cells than in PC-3 cells (l'i;.;. :lB). Variation in AR protein expression is 
only one of events interfering in Hs function and AR gene mutation or 
rearrangements, as well as proteolytic cleavage of full lenght AR, have 
also been hypothesized as mechanisms for generation oi AR variants 
I'11 I. These different AR isoforms consti tute a feature oi tumor samples 
from patients affected by androgen-independent prostate cancer and 
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Fig. 7. (continued). 
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El 48Hrs 
_ 72Hrs 

their finding suggests that a significant sensitivity of mutated AR could 
allow a certain sustained respanse to very low levels of androgen pro
duced autonomously by tumor 14:':.4:;1. Starting from the observation of 
the unequal distribution of PPARy and AR in the different prostate 
cancer cells, we decided to analyze whether PPARy really was the target 
of the cladosporols in PC-3 cells (F\g. 'lA). Western blotting analysis of 
total extracts from these prostate cancer cells indicated that PPARy2 was 
coherent1y modulated by exposure to c1adosparols whìch we have 
aiready demonstrated to work as PPARy inhibitors [14·161. Moreover, 
PPARy2 was further downregulated by treatment with GW9662, an 
irreversible inhibitor of PPARy itself, suggesting that cladosporols acted 
as PPARy ligands in these cells. As expected, we did not find a significant 
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Fig. 8. Modulation of markers involved in PC-3 celi migration, invasion and apoptosis in PC-3 cells cultured with conditioned medium from 3 T3-Ll cells treated 
with cladosporol A or cladosporol B. (A-D) Western blotting analysis of the expression of j} -catenin, MMP-9, Cyclin DI, E-cadherin, Adipo-RI, caspase 3 and cleaved 
caspase 3 on the total extracts from PC-3 cells treated for 48 hrs with conditioned media from 3T3-LI cells (MDI, MDI plus 5 11M rosiglitazone (MDI + RGZ), MDI plus 
5 11M c1adosporol A (MDI + CL A), (MDI-CL A), MDI plus 5 f1M cladosporol B (MDI + CL B), (MDI-CL B)). Normalization of the loaded samples was performed using an 
anti-~-actin antibody. Bach panel showing a western blotting is only a representative experiment. (E-K) The bar graphs represent the mean ± SD of a single protein 
marker/(:l-actin of at least three independent experiments.••p < 0.01 •••p < 0.001 ••••p < 0.0001 compared to the control. (L-M) 3T3-L1 preadipocytes were 
differentiated as described in Materials and Methods Section, and the medium from cells treated with differentiation mix MDI, MDI plus 5 11M rosiglitazone (MDI + 
RGZ) or MDI plus 5 11M c1adosporol A (MDI + CL A) or MDI plus 5 11M cladosporol B (MDI + CL B) or MDI-CL A and MDI-CL B was collected. Medium proteins were 
separated by sodium dodecyl sulfat~polyacrylamide gel electrophoresis and transferred to nylon membranes. Western blotting analysls of secreted leptin and 
adiponectin protein levels from 3T3-L1 cells was performed. To control the samples loaded and derived from untreated and cJadosporol A- and cladosporol B-treated 
3T3-LI cells and normalize the resl.Ùts, a comparison with the protein samples was used after the Ponceau staining. The bar graphs represent the mean ± SD of 
specific protein/red band of Ponceau of at least three independent experiments.••••p < 0.0001 compared to the controi. 

modulation on PPARyl expression after these treatments, reinforcing destruction of matrix collagen and basement membrane thus displaying 
the above results and indicating, at same time, that PPARy2 played a a crucial role in tumor invasion and metastasis l41:lA91. Inactivating 
specific role in controlling the proliferation of PC-3 prostate cancer celIs metalloproteinase actlon is a potential strategy for inhibitlng cancer 
(llg. 4A-C). The PPARy overexpression and silencing assays of progression and invasion through the modulation of PPARy activity. 
Fig. 4D-G confirmed these latter data. PNT-lA cells expressing higher Here, we demonstrated that downregulation of MMP-9 due to c1ado
protein levels of total PPARy and treated with cladosporols displayed a sporol/PPARy interaction could be a useful anti-tumorigenic procedure 
reduced ability to proliferate (see the two last bars in the graph of in prostate cancer management. As reported in Fig. 6D-H, decreased 
l'Il',. ,lE). These data suggested that to inhibit proliferation in PNT-lA expression of MMP-9 and p-catenin welI correlated with an increase of 
cells, an increase in the PPARy expression was requlred. PPARy knock E-cadherin after c1adosporol treatment of PC-3 celIs. These results were 
down in PC-3 cells (I:i;;. 4F) caused an increase in cell proliferation as also in accordance with the ability of both drugs to limit cell migration 
shown in the graph of Fig. 4G. In other words, a higher PPARy protein as shown in Fig. 6A-C. A more sustained inhibition of celI proliferation 
levels were necessary to obtain a strong c1adosporol-mediated inhibition and migration was also obtained by the exposure of PC-3 celIs to the 
of cell proliferation. These results have been confirmed by the work of conditioned culture media from 3T3-Ll celIs treated with c1adosporol A 
different laboratories that indicated in the PPARy2, the longer isoform of or B (Fig. 7B-D). It is noteworthy that in this experiment the dosage of 
this nuc1ear receptor, the protein displaying a strong proapoptotlc and c1adosporols was lower than the one used in the assay shown in Fig. 6A 
antiproliferative activity in prostate cancer celIs. PPARyl, instead, acts (5 J.lM versus lO or 20 J.lM). Inaddition, it is remarkable that migration of 
as an oncogene, that is a mediator of increased celI growth PC-3 celIs, exposed to the conditioned culture medium from 
Results shown in hg. 5A-C definitively demonstrated that PC-3 celi c1adosporol-treated 3T3-Ll cells and then cultured in medium without 
proliferation decrease is caused by a sustained celi apoptosis. The in c1adosporols for additional two days (the samples are denoted as MDI-CL 
crease of c1eaved caspase-3 and the reductlon of caspase-3, Bc1-2 and A and MDI-CL B in the scheme of Fig. 7 A and B), was inhibited in equalIy 
caspase-9 expression strenghtened this hypothesis (Fig. 5D-J). strong manner than the cells continuously treated with c1adosporols 

Metalloproteinases are a homogenous enzyme family involved in the (these samples are denoted as MDI + CL A and MDI + CL B in the scheme 
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Fig. 8. (continued). 
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111g.9. Cladosporol A and B reduce the accumulation of lipid depots in prostate cancer cells. (A) PNT-1A, LNCaP and PC-3 prostate cells were treated with lO 11M 
cladosporol A and c1adosporol B for 48 hrs and lipid content was stained wlth Oi! Red O. (B) Petri dishes, in which the same cells were treated, were photographed. 
(C) Quantitative evaluation of the OH Red O staining elution was reported in the graph. Absorbance was measured at 500 nM. The bar graphs represent the mean ± 
SO of at least three independent experiments. 'p < 0.05 "p < 0.01 compared to the control. 
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Fig. lO. Cladosporol A and cladosporol B reduced lipid metabolismo (A-D) Western blotting analysis of the expression level of factors ìnvolved in the synthesis of 
cholesterol (SREBP-l; HMG-CoAr) and (E-I) in the synthesis of fatty acids (ACC; FABP4; FAS) on total proteìn extracts from PC-3 celIs pretreated or not with 5 11M 
GW9662 and then treated with lO ).1M cladosporol A and cladosporol B for 48 hrs. Normalization of the loaded samples was performed usìng an anti-~-actin antibody. 
The western blotting shown here is only a representative experiment. The bar graphs represent the mean ± SO of protein/~-actin of at least three independent 
experiments. "p < 0.01 H'p < 0.001 compared to the contro!. 

of Fig. 7A). Reduction of Il -catenin, cyc1in DI, caspase-3 and MMP-9, 
with the coneomitant inerease of E-cadherin and c1eaved caspase-3 in 
PC-3 cells, eonfirmed the involvement of a secreted protein faetor as a 
regulator of prostate caneer cell proliferation. The increase in adipo
nectin receptor 1 (Adipo-Rl) expression in PC-3 cultured in the 
c1adosporol-conditioned mediurn (Fì!(. 8I) well correlated with the 
higher amount of adiponectin present in the medium culture derived 
from 3T3-LI eells treated with cJadosporols (Jiìg, HM). These results 
interestingly suggested that adiponectin, synthetized and released in the 
medium from 3T3-Ll cells treated with cJadosporols, broke the dialogue 
between mature adipocytes and PC-3 eells, in the turnor microenviron
ment, to inhibit celI proliferation and migration (Fìg. '1B-D). 

Lipid metabolism and cancer are strictly eonneeted and and thereby 

a dysregulated lipid metabolism is one of the most important hallmark of 
cancer50,511. Turnor eells eontinously need fatty acids for membrane 
synthesis to sustain the exeessive proliferation rate !521. Fatty acids 
biosynthesis requires the transcriptional activation of several genes 
encoding for specific enzymes involved in this metabolie pathway (ATP 
cytrate lyase, ACLY; Aeetyl-CoA Carboxilase, ACC; Fatty Acid Synthase, 
FASN). This latter event is mostly dependent on SREBP-I transcription 
factor which is also responsible for cholesterol synthesisr,:n In this 
work, we confirmed that the fundamental prerequisite for prostate 
carcinogenesis is fat aceurnulation and that this was eounteracted by 
cJadosporol treatments of PC-3 cells (Fìg. 9A-C). We further demon
strated that fat accumulation correlated with an inerease in the 
expression of enzymes involved in fatty acid and eholesterol 
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biosynthesis and that cladosporols were able to inhibit not only SREBP-l 
itself, but also these specific SREBP-l targets (FAS, HMG-CoA reductase) 
(Fig. lOA-I). De novo biosynthesis of cholesterol, activated by SREBP-l, 
has also been shown to support de novo intratumoral biosynthesis of 
androgens occurring during the prostate cancer re-growth, when pa
tients are usually kept in a low concentration condition because theyare 
under honnonal ablation therapy [5455J. Our data on cladosporol's 
inhibitory function on PC-3 metastatic prostate cancer-derived cells are 
very encouraging, because we may hypothesize that, by interrupting the 
meta boli c pathway that induced cholesterol synthesis, we also inhibited 
the intratumoral de novo biosynthesis of androgens. Since PC-3 cells 
show a reduced concentration ofAR, but may display a higher sensitivity 
to endogeneously produced androgen honnones, the inhibitory action of 
cladosporols towards these SREBP-l-dependent targets, causing a 
stronger proliferation arrest of PC-3 cells, can result in even more 
increased anticancer effect. 

Although many studies will be necessary to highlight the different 
aspects of cladosporol action in the control of initiation and progression 
of prostate cancer, the results described in this paper are interesting 
because they stimulate more investigations about these natural mole
cules that, together with others, could be a part of a new equipment to 
prevent and treat metastatic prostate cancer. Cladosporols, as ther
apeutical tools, constitute a good example of new molecules that are 
recognized as PPARy ligands and, alone or in combination with con
ventional anticancer drugs, interfere with two relevant pathological 
processes, Le. cell proliferation and lipid pathway dysregulation. 
Translation of this study in 3D culture and in vivo mode1s will be the 
necessary future step in order to improve the infonnations about the 
cladosporol role. 
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