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Abstract: Sarcophine-diol (SD), one of the structural modificns of sarcophine, has
shown chemopreventive effects on 12-dimethylbeanfhyacene-initiated and 12-
tetradecanoylphorbol-13-acetate-promoted skin tudewelopment in female CD-1 mice.
The objective of this study was to determine thenabpreventive effects of SD on UVB-
induced skin tumor development in hairless SKH-tena model more relevant to human
skin cancer, and to determine the possible medmsnsf action. Carcinogenesis was
initiated and promoted by UVB radiation. Femalerleas SKH-1 mice were divided into
two groups having 27 mice in each group: contral 8D treatment. The control group was
topically treated with 10@L acetone and SD treatment group was topicallyteceavith
SD (30 ug/100 uL in acetone) 1 hour before each UVB radiation 3@r weeks. Tumor
counts were recorded on a weekly basis for 30 weeftscts of SD on the expression of
caspases were investigated to elucidate the pessiBchanism of action. The proteins
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from epidermal homogenates of experimental miceewsed for SDS-PAGE and Western
blotting using specific antibodies against casfseaspase-8 and caspase-9 respectively.
TUNEL assay was used for determining DNA fragmerdpdptotic celldn situ. Results
showed that at the end of experiment, tumor mudiiyl in control and SD treatment
groups was 25.8 and 16.5 tumors per mouse resphcthurthermore, Topical treatment
of SD induced DNA fragmented apoptotic cells by napling the expressions of cleaved
caspase-3 and caspase-8. This study clearly seggésat SD could be an effective
chemopreventive agent for UVB-induced skin cancerifducing caspase dependent
apoptosis.
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1. Introduction

Non-melanoma skin cancer (NMSC), including basdl carcinoma (BCC) and squamous cell
carcinoma (SCC) are the most common malignant asopd in human [1]. It has been estimated that
more than one million cases of BCC and SCC arendised each year in the US alone [2], which is
equivalent to the incidence of malignancies iro#tiier organs combined [3,4].

Chronic exposure to ultraviolet (UV) radiation esponsible for about 90% of human NMSCs [5].
Over-exposure to UV from the sun can cause suniskin,damage and ultimately, skin canc®olar
UV radiation is conventionally divided into UVA (82400 nm), UVB (280-320 nm) and UVC (200-
280 nm). The UV light that reaches the earth isposed of about 90% UVA and 10% UVB; whereas,
UVC does not penetrate the earth's atmospherdn[@{ddition, the level of UVB reaching the earth's
surface is controlled largely by the amount of azonthe atmosphere [7,8]. Both UVA and UVB are
being studied for their skin cancer-causing posntiut currently UVB is thought to be the most
important etiologic factor. Thus, UVB is the mostduently used photocarcinogen in animal studies
[9,10]. UVB can act in mouse skin models as a ceteptarcinogen, meaning that UVB can function
as an initiator as well as a promoter [11,12].

These observations suggest that developing efee@pproaches and novel strategies to prevent
UVB-caused human NMSC is imperative to the soci&®gcently, there has been a considerable
interest in the use of marine natural productstf@ chemopreventive activity against skin tumor
development [13-18]. Our laboratory has reported #emisynthesis of sarcophine derivatives such as
sarcophine-diol (SD, Figure 1) showed high chemogmgve effects against 12-
dimethylbenz(a)anthracene (DMBA)-initiated and Qetradecanoylphorbol-13-acetate (TPA)-
promoted skin carcinogenesis [17]. The objectivéhaf study was to determine the chemopreventive
effects of SD on UVB-induced skin tumor development female SKH-1 hairless mice, an
experimental model more relevant to human skin eaxdevelopment. Tumorigenesis is associated
with loss of apoptotic death of cells [19]. Accarglly, in the present study, effects of SD treatnmant
apoptosis after UVB exposure to SKH-1 mice weresaieined to elucidate the possible mechanisms
of action of SD in the UVB-mouse model.
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Figure 1. The structure of sarcophine-diol (SD).

2. Results
D treatment did not affect body weight gain of SKH-1 mice

There was no significant difference in weight géetween control and SD treatment groups
throughout the entire experiment (data are not sho®D pre-treatment did not show any apparent
skin toxicity to SKH-1 mice and also did not infhee the normal growth and development of the mice
during the whole experimental period.

D treatment did not significantly inhibit the incidence of skin tumorsin SKH-1 mice

The effects of SD treatment on the incidence af skimors in SKH-1 mice are shown in Figure 2.
Skin tumors appeared in the"™@eek of UVB-promotion phase in both control and 8&atment
groups. Skin tumor incidence was 100% in both abréand SD treatment groups respectively by 23
weeks of UVB-promotion. Results showed that SD tpeatment did not have significar® € 0.05)
effect on the incidence of tumor development thhmug the experiment.

Figure 2. Effects of SD treatment on tumor incidence in SKHmice. Skin tumors
appeared in the Yoweek of UVB-promotion phase in both control and 8&atment
groups. SD pre-treatment did not significantl € 0.05) decrease the appearance of
tumors throughout the experiment.
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D treatment inhibited tumor multiplicity in SKH-1 mice

The effects of SD treatment on tumor multiplicitlye &shown in Figure 3. The mean number of
tumors per mouse was 25.8 and 16.5 in control dhdr&tment groups respectively accounting for
36% inhibition in SD treated group at the end & &xperiment. Overall, SD pre-treatment resulted in
a significant P < 0.05) reduction in tumor multiplicity from f5week in the promotion phase to the
end of experiment (the 8Gveek of UVB-promotion).

Figure 3. Effects of SD treatment on tumor multiplicity irKB-1 mice. SD pre-treatment
significantly @ < 0.05) decreased tumor multiplicity from™&veek to 38 week of UVB-
promotion phase. Each point represents mean nuoifi@mor per mice £ SE derived from
27 mice.
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D treatment inhibited the percent of total tumor area to total back area of SKH-1 mice

The effects of SD treatment on tumor area are ptedein Figure 4. As shown in Figure 4, the
mean ratio of total tumor area to total back ares W8.0% and 5.0% in control and SD treatment
groups respectively accounting for 73% inhibitiontumor area in SD treated group at the end of the
experiment P < 0.05).

Figure 4. Effects of SD treatment on tumor area in SKH-1ani8verage ratio of total
tumor area to total back area of the SKH-1 mice.
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UVB radiation induced squamous cell carcinoma in SKH-1 mice

The histopathological examination of tumor progi@ssvas investigated after 30 weeks of the
promotion. Results suggested that both control $lDdreatment group were showing squamous cell
carcinoma in the skin (pictures not shown).

D treatment induced caspase-3, -8 expressions but not caspase-9 in SKH-1 mice

Epidermal lysates were collected from mice of baghtrol and SD treatment group with 19 weeks
of UVB promotion (shortened protocol), when firgtrtor appeared in both groups. The effects of SD
treatment on caspase-3 and caspase-8 expresseosla@vn in Figure 5. According to the density of
bands, SD treatment increased 1.5 times of theeegfun of cleaved caspase-3 at 17 KDa. Moreover,
as shown in Figure 5, the cleaved caspase-8 bah@l lkDa for control group is very faint and can be
hardly observed, whereas, the band for SD Treatmapgs very intense and dark. However, the bands
for cleaved caspase-9 in both control and SD tdegr@up were not observed meaning that SD
treatment did not increase the expression of caspddata not shown).

Figure 5. Effects of SD treatment on expressions of cleasespase-3 and caspase-8 in
SKH-1 mice. At the end of protocol for mechanisiadies as mentioned in materials and
methods, proteins were isolated from epidermaliéssof mice; lysates were prepared and
subjected to Western blot analysis to determineegpeession of different proteing-actin
was used to verify equal loading of the sampleg&mh membrane.
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D treatment increased DNA fragmented apoptotic cellsin SKH-1 mice
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DNA fragmentation is the biochemical hallmark obpjosis, an irreversible event that commits the
cell to die [22,23].TUNEL staining was used to localize apoptotic cellth DNA fragmentation in
the mouse skin samples from mechanistic study pobia situ. As shown in Figure 6A, all the cells
from control group expressed green color, whicheweormal cells without DNA fragmentation.
However, SD treatment for 19 weeks of the promotmitase modestly increased some DNA
fragmented apoptotic cells with brown color nuclesaining as shown in Figure 6B. Thus, SD
treatment induced DNA fragmentation of cells in SKHhice.
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Figure 6. Effects of SD treatment on DNA fragmentation ofil€eThe skin samples from
mechanistic studies were used to determine DNAnfeaged cells in situ. Normal cells
show green color and apoptotic cells with DNA fragntation display brown color nuclear
staining as showed by an arrow. (A) The image feowontrol mouse skin and (B) The

image from a SD treated mouse skin mainly reprefsemtindependent observations from
two mouse skins respectively.

A

3. Discussion

In recent years, marine natural products such eglaytol A, a cembranoid isolated from the
Okinawan soft coralSarcophyton, have gained considerable attention as cancer chenapive
agents [13-18], Sarcophytol was studied by the National Cancer Institute ateglmical trial level
for skin cancer [14]. However, the major limitatiovith sarcophytol A is its supply, since it is
available only in minute quantities in the softalde4].

Sarcophine, a fish toxin that acts as the chendedénse system against natural predators by
inhibiting various vital enzymes such as cholineste and phosphofructokinase, is one of the most
abundant cembranolides, also isolated from the $&$ar cophyton glaucum with yields up to 3% of
animal dry weight[14,15,20,25]. SD and sarophine-triol (ST) are tstcuctural modifications of
sarcophine. Studies showed that SD and ST weregisup@ Sarcophytol A in inhibiting Epstein-Barr



Mar. Drugs 2009, 7 159

virus early antigen (EBV-E) activation induced bRA [15]. Moreover, our laboratory has reported

that SD and ST show chemopreventive effects agakist carcinogenesis in mice [16-18]. For

example, ST has been shown to have chemoprevegiteets on both chemical- and UVB-induced

skin tumor development in mice by inducing exprassi of caspases [16,18]; SD has showed
chemopreventive effects on DMBA-initiated and TP#poted skin tumor development in female

CD-1 mice [17]. However, chemopreventive effect$SbBf have not been investigated on UVB-induced
skin tumor model, an experimental model more relet@human skin cancer development.

In the present study, for the first time we provaliear evidence that topical application of SD (30
pg/application) has modest chemopreventive effegésnat UVB-induced skin tumor development in
female SKH-1 mice. SD treatment significantlly & 0.05) decreased tumor multiplicity (36%
inhibition) and the percent of tumor area in mi@2% inhibition). Moreover, SD pre-treatment
inhibited UVB-induced skin tumor development in miat a very low concentration (3@ per
application) as compared to other reported chenveptere agents which resulted in similar effects at
milligram applications [21, 26-29]. For examplepital application ofa-santalol inhibited UVB-
induced skin tumor development in mice at 5 mg qgaplication [21,26]; topical application of (-)-
epigallocatechin-3-gallate (EGCG) at 1 mgfcrekin area per application prevented photo-
carcinogenesis in wild-type (C3H/HeN) mice [27];pimal application of silymarin protect
photocarcinogenesis in SKH-1 mice at 9 mg per appbn [28] and silibinin at 9 mg per application
prevented UV radiation-caused skin damages in SKidiless mice [29].

Loss of apoptotic cell death is one of the respmasior tumorigenesis [19]. Apoptosis, a
programmed cell death, is carried out by a familgysteine proteases which are caspases [30]. In a
classical apoptotic cascade, there are two pathfeayspoptosis: extrinsic pathway is related wib t
cleavage of caspase-8 and intrinsic pathway wiianediated by the activation of caspase-9, both of
which activate caspase-3. Activation of caspases@lts in the cleavage of the inhibitor of the easp
activated deoxyribonuclease (ICAD) and the caspatigated deoxyribonuclease (CAD) becomes
active leading to DNA fragmentation and apoptottt death [31,32].

Based on these observations, epidermal lysatesaaf from the mechanistic study protocol were
extracted to assess whether SD could inhibit tupemksis in UVB-model by inducing apoptosis.
Consistent with these notions, the results sugipestSD pre-treatment increased the expressions of
caspase-3 and caspase-8, and DNA fragmented selisrapared to control. However, SD did not
increase the cleavage of caspase-9. These findingsconsistence with our previous studies in
chemical-induced skin cancer mouse model [17]. dloee, SD treatment in both models may induce
apoptosis through extrinsic pathway rather thannsic pathway. When compared with ST which
contains one additional hydroxyl group, ST increlaee expression of caspase-9 in both chemical-
and UVB-induced skin tumor mouse models [16,18]théligh, both ST and SD are structural
modifications of sarcophine and differ from eachentjust by one hydroxyl group, their mechanisms
of action are not similar in both models.

Our previousin vitro studies also investigated the mechanisms of aaifo8D in the human
epidermoid carcinoma A431 cell line [33]. The résushowed that SD treatment led to a
concentration-dependent decrease in cell viabiit/d cell proliferation in human epidermoid
carcinoma A431 cells as assessed by MTT and BrdOrproration assays. Moreover, SD treatment
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induced a strong apoptosis and significarfly<(0.05) increased DNA fragmentation by upgradimg t
activity and expression of caspase-3 through aabiveof upstream caspase-8 in A431 cells. These
findings are consistent with the results of theenirinvestigation.

4. Experimental Section
Materials and reagents

Sodium chloride, SDS and phenylmethylsulphonylfider(PMSF) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Tris(hydroxymgdkaminomethane and glycine were purchased
from USB corporation (Cleveland, OH, USA). Leupeptid pepstatin were from Roche Diagnostics
GmbH (Mannheim, Germany). Acrylamide was purchdsech Bio Rad Laboratories (Hercules, CA,
CA) and nitrocellulose membrane from Bioexpressy&dle, UT, USA). Primary antibody against
cleaved caspase-3 was purchased from Cell Signdieuipnology, Inc., (Beverly, MA, USA) and
primary antibodies against caspase-8, caspase-9 aactin were obtained from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA). Horséshdperoxidase conjugated goat anti-rabbit and
anti-mouse secondary antibodies were purchased BDnBiosciences (Rockville, MD, USA). ECL
Kit was bought from Amersham Biosciences (Piscayawl, USA). TACS TdTin situ apoptosis
detection kit was from R&D systems (Minneapolis, MBESA). Other reagents were obtained in their
highest purity grade available commercially.

Synthesis of SD

Sarcophine was isolated from the soft cdgatcophyton glaucum by multiple extractions with
petroleum ether at room temperature as reportedZ@}at the laboratories of Faculty of Pharmacy,
Misr International University, Cairo, Egypt. Thelatt extract was evaporated under reduced pressure
and chromatographed on silica gel column using iexathyl acetate (1:2) as eluent. Pure sarcophine
was obtained by crystallization from ethanol. SBswgnthesized according to the following procedure:
sarcophine was reduced to its lactone opened riapg (1 mmol) to which selenium dioxide (98%, 1
mmol) in dry 1,4-dioxane (30 mL) was added andrdaetion mixture was stirred at room temperature
for 15 min and followed by TLC to check for compdet of reaction. Water was then added to the
reaction mixture, and the product was extracteti Withb,Cl,. Saturated NaHC#solution was used to
wash the CHKCI, layer which was dried over anhydrous,8@. The solvent was evaporated and the
residue was chromatographed on silica gel usinguexethyl acetate (1:2) as an eluent to obtain SD
(90% yield) [14].

The structure of SD was fully characterized as showFigure 1 by spectroscopic methods and was
identical to analytical sample prepared accordmgrevious reported method of synthesis [14, 20].
Purity was confirmed by HPLC.
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Animals

Female SKH-1 mice were purchased from Charles Riaboratories (Wilmington, MA, USA). All
mice were housed in the College of Pharmacy anfamlity under climate-controlled environment
with a 12 hours light/dark cycle. Mice were allowfegle access to food pellets and water placedensid
the food chamber on top of the cage cover. The rexpatal protocol was approved by the
Institutional Animal Care and Use Committee.

UVB source

The UVB irradiation unit, manufactured by Daavlior@oration (Bryan, OH, USA) consists of four
UVB lamps. The exposure dose can be controlled figgutwo Daavlin flex control integrating
dosimeters. The dose of UVB exposure is expressatliijoules/cnf (mJ/cnf).

UVB-initiated and UVB-promoted skin tumor development protocol

The tumorigenesis protocol as described by Dwieedl. [21] was used. Female SKH-1 mice were
randomly divided into two groups having 27 mice geyup, control and SD treatment. Both initiation
as well as promotion was induced by UVB radiatid&Q mJ/crfi). During the initiation phase, control
group was treated with 100 pL of acetone and S&trtrent group was treated with 100 of SD (30
Mg/100 pL of acetone) 1 h prior to UVB exposure. Tieatment and UVB exposure were done every
day at the same time and was continued for 14 daysng the promotion phase, both control and SD
treatment groups were treated in the same way &g ere treated during the initiation phase.
However, the treatment was done only twice a wa@ele¢day and Friday) and was continued until the
next 30 weeks for the promotion phase. Tumor coantsgroup weights were taken once every week.

Effects of SD on tumor area of SKH-1 mice

Pictures of the mice were taken at the end of tigeaesis protocol (the $0week of UVB-
promotion). These digital photographs of the mierewsed to calculate the visual surface area for
each mouse and the tumor associated with each mdhseboundaries of each tumor was clarified
using Photoshop CS3 (Adobe Systems, San Jose, 6A),ldnd the areas were determined with the
measure-area feature of Image-Pro Plus 5.1 (Megh@i@etics, Inc., Bethesda, MD, USA).

Histopathological analysis of mouse tumors

Mice were sacrificed by cervical dislocation at teemination of above protocol. Skin collected
from mice was prepared for histopathological exatiam by immersion fixation in 10 % neutral
buffered formalin for several days at room temperatFixed tissues were processed for paraffin-wax
embedding, sectioned 4 to 6 micrometers thick,nsthiwith hematoxylin and eosin (HE), and
evaluated under light microscope.
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Tumorigenesis protocol for mechanistic studies

Female SKH-1 mice were randomly divided into twaups, control and SD treatment. Both
initiation as well as promotion was induced by Uvdliation. During the initiation phase, control
group was treated with 100 pL of acetone and S&trtrent was treated with 1@Q. of SD (30ug/100
uL of acetone) 1 h prior to UVB treatment (180 mifjc This was done every day and was continued
for seven days. One week after the initiation phps@motion phase was started. During the promotion
phase, control was treated with 100 ul of acetorteED treated with 100L of SD (30ug/100 pL of
acetone) 1 h prior to UVB treatment (100 mJxtwice a week (Tuesday and Friday) for 19 weeks.

Preparation of cell lysate for Western blotting

Mice from the mechanistic study protocol descrilbddve were sacrificed by cervical dislocation
and epidermis of mice from both control and SDtedaroups was collected. Cell lysate for Western
blotting and analysis of caspase-3, -8, and -9esgions were prepared as described earlier by Zhang
et al. and Kundooret al. [16-18]. Briefly, the fat and tumors in the skin thfese two groups were
removed and then epidermis was homogenized in O Tms-HCI (pH 7.4) containing 0.15 M
sodium chloride. The epidermal homogenate wasrditeby cheesecloth and then filtrate was
centrifuged at 10,000 g for 20 min in the Beckma@m1 Centrifuge. This pellet combined with 5%
SDS containing 100 mM PMSF, 0.5% leupepth and Qpg¥statin was allowed to pass through 25G
needle, centrifuged at 13,000 g for 20 min anddteat heating block (100 °C) for 5 min. Finally
proteins were collected and used for determininyessions of caspase-3, -8, and -9 by SDS-PAGE
and Western blotting.

Western blot analysis of caspase -3, -8, and -9 expressions

Protein concentration was measured in each celtdyby the protein assay (Pierce, lllinois) with
albumin as a standard. Equal amount of proteirtégsgOug) were resolved on SDS-poly-acrylamide
gels and transferred to nitrocellulose membranenbtanes were blocked for 1 h in 5% skim milk in
TBS (10 mM Tris, 100 mM NacCl), and then probed witimary antibodies against caspase-3, -8, and
-9. The secondary antibodies conjugated to horsdrgmbroxidase were used for development with the
enhanced chemiluminescence detection (ECL) kit. tévesblots were quantified using a UVP
Biochem Gel Documentation system (UVP, Inc., Upla@dlifornia). To ensure equal protein loading,
each membrane was stripped and reprobed witBaattin antibody.

Determination of DNA fragmented cells on skin sections

To identify DNA fragmentation of cells on the sksamples of mice from mechanistic study
procedure, TACS TdTin situ apoptosis detection kit was used according to pghecedure of
manufacturer (R&D systems, Minneapolis, MN, USAYiely, skin samples were first fixed to
prevent the loss of low molecular weight DNA fragitee To make the DNA accessible to the labeling
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enzyme, the cell membranes are permeabilized witteipase K reagent. Endogenous peroxidase
activity was quenched using hydrogen peroxide. Neixtinylated nucleotides were incorporated into
the 3-OH ends of the DNA fragments by terminal xigaicleotidyl transferase (TdT). The
biotinylated nucleotides were detected by usingpsatvidin-horseradish peroxidase conjugate followed
by the substrate, diaminobenzidine (DAB). DAB-stainsamples were examined using a light
microscope. The enzyme reaction generated an iolgsobwlored precipitate where DNA fragmentation
occurred.

Satistical analysis

The software INSTAT (Graph Pad, San Diego, CA, USA} used to analyze the data. Chi Square
was used for analyzing the data on tumor incideStaedent t-test was applied to compare the tumor
multiplicity, weight gain, percent of tumor areaspase-3, and caspase-8 expressions. Significance i
all the cases was consideredPat 0.05.

5. Conclusions

The results from present study suggest that SDnf@dest chemopreventive effects at |89 per
application and has an excellent potential to begatent chemopreventive agent at higher
concentrations for the non-melanoma skin canceeldpment by inducing apoptosis through extrinsic
pathway. Future studies on dose-response, timemesp and pre-and post-treatment are needed to
fully explore the skin cancer preventive effect$Saf.
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