Inhibitory effects of Momordica grosvenori Swingle

extracts on 12-O-tetradecanoylphorbol

13-acetate-induced skin inflammation and tumor

promotion in mouse skin
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Our previous data showed that the Momordica grosvenori Swingle extract (MSE) exhibited the antiinflammatory

effect through markedly suppressed LPS-induced up-regulation of inducible NO synthase

(iNOS), cyclooxygenase-2 (COX-2) and ODC (ornithine decarboxylase) gene expression in RAW 264.7

cells. Regarding the link between inflammation and carcinogenesis, we further investigated the biomolecular

mechanisms of both anti-inflammatory and anti-tumor activities in vivo using a TPA (12-Otetradecanoyl

phorbol 13-acetate)-stimulated mouse skin model. Pretreatment with MSE in mouse skin

has led to the reduction of TPA-induced nuclear translocation of the nuclear factor-kB (NFkB) subunits

as well as phosphorylation of IkBa and p65 subsequent reduction of IkBa degradation. In addition, the

MSE inhibitory effect on upstream of NFkB was found to involve the transcriptional effects of MAPK

signaling as indicated by strong suppression on TPA-induced activation of extracellular signal regulate

kinase (ERK)1/2, p38 mitogen-activated protein kinase (MAPK), c-Jun N-terminal kinase (JNK)1/2,

phosphatidylinositol 3-kinase (PI3K) and Akt. Moreover, MSE significantly inhibited 7,12-dimethylbenz[a]

anthracene (DMBA)–TPA-induced skin tumor formation in mice measured by the tumor multiplicity of

papillomas at 20 weeks. The results suggested that MSE contained promising functional ingredients

capable of preventing inflammation-associated tumorigenesis.

1. Introduction

The fruit of Momordica grosvenori Swingle, or Luo Han Guo in

Chinese, has been traditionally used by the Chinese to prepare

hot drinks for the treatment of sore throat. The sweetness of the

M. grosvenori fruit comes from a mixture of cucurbitane glycosides,

mogrosides with mogroside V as the major component. It

has been estimated that mogrosides are 100 times sweeter than

sucrose. The extract of M. grosvenori Swingle (MSE) or mogrosides

has been known to possess anti-inammatory, antioxidative,

anti-diabetic, and nephroprotective activity.1,2 A

report of Takasaki et al. has shown that mogrosides from MSE

exhibited anti-carcinogenic activity,3 but the molecular mechanisms

remain to be claried.

Accumulating evidence has shown that inammation plays a

crucial role in cancer development.4–7 Aberrant up-regulation of

proinammatory mediators has oen been observed in various

premalignant and malignant tissues.8 Therefore, the suppression

of the overproduction of proinammatory mediators and

the normalization of abnormally activated inammatory

signaling cascades may be a rational strategy for achieving chemoprevention.

Indeed, a number of dietary natural compounds

with potent anti-inammatory properties have been shown to

modify the cancer development process through interfering with

the intracellular signaling network and the production of

inammatory mediators.8–10 The mouse skin model has been

extensively used to study the molecular changes implicated in

multistep tumorigenesis.11 In the two-stage skin carcinogenesis

model, initiator 7,12-dimethyl-benzanthracene (DMBA) causes

formation of DNA adducts and irreversible DNA damage, which

leads to mutation of the oncogene in epidermal cells.12

Recently, we and others have shown that MSE markedly

inhibited lipopolysaccharide-induced inammatory enzymes in

RAW264.7 murine macrophages by blocking multiple upstream

signaling and activation of NF-kB by interfering with the
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activation PI3K/Akt/IKK and MAPK pathways.13,14 However, the

exact molecular mechanisms underlying the anti-inammatory

effect of MSE in mice remain largely unresolved. In this study,

we have evaluated the effect of MSE on TPA-induced iNOS, COX-

2, and ODC levels in mouse skin, examined the anti-inammatory

activity of MSE in mouse skin following TPA application,

and explored the inhibitory effect of MSE on mouse skin tumor

promotion using a two-stage skin carcinogenesis model by the

evaluation of tumor incidence, multiplicity and volume.

2. Materials and methods

2.1 Reagents

MSE was a gi from Ibis America, LLC (Branchburg, NJ, USA)

and the level of mogroside V in MSE used in this study was

25.9%. In addition to mogroside V, MSE also contained 4.1%

mogroside IV, 8.3% mogroside III and uncharacterized carbohydrates.

The analytical conditions and prole of HPLC of MSE

were described previously.13 TPA and DMBA were purchased

from Sigma Chemical Co. (St Louis, MO, USA). All other

chemicals used were in the purest form available commercially.

2.2 Animals

Female Institute of Cancer Research mice 5 to 6 weeks old were

obtained from the BioLASCO Experimental Animal Center

(Taiwan Co., Ltd, BioLASCO, Taipei, Taiwan). All animal

experimental protocols used in this study were approved by the

Institutional Animal Care and Use Committee of the National

Kaohsiung Marine University (IACUC, NKMU). All animals were

housed in a controlled atmosphere (25 _ 1 _C at 50% relative

humidity) and with a 12 h light–12 h dark cycle. Animals had

free access to food and water at all times. Aer 1 week of

acclimation, the dorsal skin of each mouse was shaved and

mice were randomly distributed into control and experimental

groups. DMBA, TPA and MSE were dissolved in 200 mL of

acetone and applied topically to the shaved area of each mouse.

Animals in the control group were treated with the same volume

of acetone as a vehicle.

2.3 Western blot analysis

The dorsal skin of each mouse was pre-treated with MSE for 30

min and then TPA was applied (10 nmol). All animals were

sacriced at the indicated time and the epidermis was separated

as described previously.15 The protein extraction from separated

epidermis fractions was performed using a Polytron tissue

homogenizer and lysed in 0.2 mL ice-cold lysis buffer [50 mM

Tris–HCl, pH 7.4, 1 mM NaF, 150 mM NaCl, 1 mM ethylene

glycol-bis(aminoethylether)-tetraacetic acid, 1 mM phenylmethanesulfonyl

uoride, 1% Nonidet P-40 (NP-40) and 10 mg

mL_1 leupeptin] on ice for 30 min, followed by centrifugation at

18 000g for 30 min at 4 _C. The total protein in supernatant was

measured by Bio-Rad protein assay (Bio-Rad Laboratories,

Munich, Germany). Equal amounts of total protein (50 mg) were

resolved by SDS-polyacrylamide minigels and transferred onto

immobilon polyvinylidene diuoride membranes (Millipore,

Bedford, MA, USA). The membrane was then blocked at room

temperature for 1 h with blocking solution (20 mM Tris–HCl pH

7.4, 125 mM NaCl, 0.2% Tween 20, 1% bovine serum albumin,

and 0.1%sodium azide) followed by incubation with the primary

antibody, overnight, at 4 _C. The membrane was then washed

with 0.2% TPBS (0.2% Tween-20–PBS) and subsequently probed

with anti-mouse, anti-rabbit, or anti-goat IgG antibody conjugated

to horseradish peroxidase (Transduction Laboratories,

Lexington, KY, USA) and visualized using enhanced chemiluminescence

(ECL, Amersham Biosciences, Buckinghamshire,

UK). Primary antibodies of specic protein were purchased from

various locations as follows: iNOS, p50, p65, and phospho-PI3K

(Tyr508) polyclonal antibodies (Santa Cruz Biotechnology, Santa

Cruz, CA, USA); ornithine decarboxylase and COX-2 monoclonal

antibodies (Transduction Laboratories, BD Biosciences, Lexington,

KY, USA); phospho-p65 (Ser536), phospho-p38 (Thr180/

Tyr182), phospho-extracellular signal regulated kinase (ERK)1/2

(Thr202/Tyr204), phospho-c-Jun NH2-terminal kinase (JNK)

(Thr183/Tyr185), phospho-Akt (Ser473), p38, ERK1/2, JNK and

Akt polyclonal antibodies (Cell Signaling Technology, Beverly,

MA, USA). The densities of the bands were quantitated with a

computer densitometer (AlphaImager™ 2200 System). All the

membranes were stripped and reprobed for b-actin (Sigma

Chemical) or PARP (Cell Signaling Technology, Beverly, MA,

USA) as a loading control.

2.4 Reverse transcriptase-polymerase chain reaction (RTPCR)

Total RNA was isolated from separated epidermis using Trizol

Reagent according to the manufacturer’s instructions (Invitrogen,

Carlsbad, CA, USA). A total of 2 mg RNA was transcribed

into cDNA using SuperScript II Reverse Transcriptase (Invitrogen,

Renfrewshire, UK, USA) in a nal volume of 20 mL at

42 _C for 50 min and 99 _C for 5 min. RT reactions were performed

at 50 _C for 50 min and 70 _C for 15 min in a Gene Cycler

thermal cycler (Bio-Rad). The thermal cycle conditions were

initiated at 95 _C for 1 min, and 30 cycles of amplication (94 _C

for 30 s, 58 _C for 25 s, and 72 _C for 1 min), followed by

extension at 72 _C for 3 min. Amplication of b-actin served as a

control for sample loading and integrity. PCR was performed on

the cDNA using the following sense and antisense primer: iNOS,

forward primer 50-CCCTTCCGAAGTTTCTGGCAGCAGC-30

(2944–2968), reverse primer 50-GGCTGTCAGAGAGCCTCGTGGC

TTTGG-30 (3416–3440); COX-2, forward primer 50-GGAGAGACTATCAAGATAGTGATC-

30 (1094–1117), reverse primer 50-

ATGGTCAGTAGACTTTTACAGCTC-30 (1931–1954); b-actin,

forward primer 50-AAGAGAGGCATCCTCACCCT-30, reverse

primer, 50-TACATGGCTGGGGTGTTGAA-30. The PCR products

were separated by electrophoresis on 2% agarose gel and visualized

by ethidium bromide staining.

2.5 Quantitative real-time PCR

Real-time PCRs were performed using a LightCycler® Master

SYBR Green I mix kit and LightCycler® 1.5 System (Roche

Diagnostics, Inc., Rotkreuz, Switzerland) according to the

manufacturer’s instructions. Specic primers used in this

experiment are designed to target the conserved regions of
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various genes using the LightCycler probe design soware

(Roche Applied Science, Indianapolis, IN, USA) and are listed as

described before.16 The thermal cycling conditions are 5 min at

94 _C followed by 45 cycles, in which each cycle was at 94 _C for

15 s and at 60 _C for 1 min. The relative expression level of the

gene in samples was calculated with the LightCycler soware,

normalized with housekeeping control (G3PDH).

2.6 Preparation of cytosolic and nuclear extracts from

epidermis

Cytosolic and nuclear protein extracts were prepared as

described previously.16 Briey, the epidermis was homogenized

in 0.2 mL of ice-cold hypotonic buffer A containing 10 mM Nhydroxyethylpiperazine-

N0-2-ethanesulfonic acid (pH 7.8), 10

mM KCl, 2 mM MgCl2, 1 mM dithiothreitol (DTT), 0.1 mM

ethylenediaminetetraacetic acid (EDTA) and 0.1 mM phenylmethylsulfonyl

uoride (PMSF) with a Polytron for 1 min. The

homogenates were incubated on ice with gentle shaking for 15

min and centrifuged at 1000 rpm for 5 min. The supernatant

was collected as cytosolic fractions. The pellet was washed by

resuspending in buffer A supplemented with 50 mL of 10%

NP-40, vortexed and centrifuged for 2 min at 14 000 rpm. The

nuclear pellet was resuspended in 200 mL of high salt extraction

buffer C (50 mM N-hydroxyethylpiperazine-N0-2-ethanesulfonic

acid (pH 7.8), 50 mM KCl, 300 mM NaCl, 0.1 mM EDTA, 1 mM

DTT, 0.1 mM PMSF and 10% glycerol). It was kept on ice for

30 min followed by centrifugation at 12 000 rpm for 30 min. The

supernatant was collected as nuclear fractions. Both cytosolic

and nuclear fractions were stored at _70 _C for further western

blot analysis.

2.7 TPA-induced mouse ear edema

Both ears of each mouse were pre-treated with MSE 2.5 and

10 mg for 30 min and then 1 nmol TPA was topically applied.

Mice were sacriced at 8 h aer TPA administration and the

ears were excised immediately. Ear punch biopsies (6 mm in

diameter) were obtained for measurement of the ear weight.

2.8 Two-stage mouse skin carcinogenesis

The two-stage skin carcinogenesis was performed to examine

the anti-tumor promoting activity of MSE. Female ICR mice

were randomly divided into four groups of 12 animals each. The

dorsal regions of all mice were shaved and treated with

200 nmol DMBA in 200 mL of acetone. One week aer DMBAinitiation,

the mice were topically treated with 200 mL of acetone

or 5 nmol of TPA in 200 mL acetone twice a week for 20 weeks.

For MSE treatment, the DMBA-initiated mice were administrated

with MSE (2.5 or 10 mg in 200 mL acetone) before each TPA

application. Papillomas of at least 1 mm diameter in an electronic

digital caliper were counted and recorded twice every

week and the diameters were measured at the same time. The

results were expressed as the average number of tumors per

mouse, percentage of tumor-bearing mice and tumor size

distribution per mouse.

2.9 Statistical analyses

All data are presented as the means _ standard deviation.

Comparisons were subjected to one-way analysis of variance

(ANOVA) followed by Fisher’s least signicant difference test.

Signicance was dened as p < 0.05.

3. Results

3.1 Inhibitory effects of MSE on TPA-induced iNOS, COX-2

and ODC expression in mouse skin

To determine whether MSE could mediate anti-inammatory

effects in TPA-stimulated mouse skin, we investigate their effect on

protein expression iNOS, COX-2 and ODC (ornithine decarboxylase).

Numerous studies have linked overexpression of iNOS,

COX-2 and ODC proteins with enhanced susceptibility to mouse

skin inammatory generation and tumorigenesis. The results

shown in Fig. 1 show that MSE (at 12.5 and 50 mg mL_1) application

for 30 min prior to 4 hour TPA treatment caused a signicant

and dose-dependent reduction of iNOS, COX-2 and ODC protein

levels in mouse skin. To investigate whether MSE inhibited iNOS

and COX-2 at transcription levels, we used the same model as

explained above, and the immunoblot test as shown in Fig. 2

suggested that MSE is a statistically signicant suppression iNOS

and COX-2 (b-actin as a control gene) mRNA gene expression in a

concentration-dependent manner in mouse skin.

Fig. 1 Inhibitory effects of MSE on TPA-induced iNOS, COX-2 andODC

expression in mouse skin. Female ICR mice were treated topically with

MSE (2.5 or 10 mg) dissolved in 0.2 ml acetone. After 30 min, mice were

treated topically with 10 nmol TPA in 0.2 ml acetone and killed 2 or 4 h

later. Control animals were treated with acetone in lieu of TPA. Total cell

lysateswere analysed for (A) iNOS, (B)COX-2 and (C)ODC expression by

immunoblotting. The western blot is representative of at least three

independent experiments. The values below the figure represent

change in protein expression of the bands normalized to b-actin.
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3.2 Effect of MSE on TPA-induced iNOS, COX-2 and ODC

mRNA in mouse skin

Previous data have shown that MSE was found to signicantly

inhibit TPA-induced iNOS, COX-2 and ODC protein expression

levels in mouse skin; we therefore reasoned that the inhibition

could be attributed to the pre-translocation mechanism, transcription

levels. The semi-quantitative RT-PCR method was

used to determine mRNA expression aer aer pre-treatment

with 2.5 and 10 mg of MSE for 30 min followed by challenge with

10 nmol TPA for 2 h for mRNA expression. Glyceraldehyde-3-

phosphate dehydrogenase (G3PDH) as housekeeping genes

(an endogenous control) is used in comparisons of gene

expression for quantitative RT-PCR analysis. The results were

expressed as mRNA gene expression relative to G3PDH

(normalized by GAPDH mRNA). The data shown in Fig. 3 gave

results consistent with Fig. 2. Interestingly, the results indicated

that MSE dramatically suppressed iNOS, COX-2 and ODC gene

expression in a concentration dependent manner.

The iNOS mRNA expression in mouse skin treated with MSE

concentration was signicantly inhibited by the low (2.5 mg) and

high (10 mg) MSE concentration, compared to the one of MSE

untreated mouse skin (* p < 0.001) (Fig. 3A), while the COX-2

and ODC mRNA expressions (p < 0.05 and p < 0.01) were

signicantly inhibited by the high MSE concentration (10 mg)

(Fig. 3B and C).

3.3 Effect of MSE on TPA-induced NF-kB activation in mouse

skin in vivo

The transcription factor NF-kB is crucial to activate and subsequently

facilitate the transcription of COX-2 and iNOS genes

involved in inammation. The translocation of NF-kB to the

nucleus is preceded by phosphorylation, ubiquitination and

proteolytic degradation of IkBa. Blocking the phosphorylation

and the degradation of IkBa protein can prevent the activation

and translocation of NFkB to the nucleus resulting in the

inhibition of the downstream transcription activity. To see the

inhibitory effect of MSE on IkB protein degradation, western

blot analysis was applied to determine the phosphorylation and

cytoplasmic levels of IkBa and p-IkBa proteins in mouse skin.

Compared to a control, TPA induced the phosphorylation and

degradation of IkBa in mouse skin, MSE was capable of

reducing these effects in a dose-dependent manner (Fig. 4A).

We further examined the inhibitory effect of MSE on TPA-induced

NFkB subunits p50 and p65 activation at nuclear translocation

in mouse skin. Nucleus and cytosolic extracts were

prepared and immunoblot analysis was used to examine the

appearance of the p50 and p65 subunits of NF-kB. Poly(ADPribose)

polymerase (PARP), a nuclear protein, and b-actin, a

cytosolic protein, were used as internal controls. Results shown

in Fig. 4B revealed that topical application of MSE (2.5 and 10 mg)

ontomouse skin prior to 10 nmol TPA treatment reduced nuclear

localization of the p65 and p50 proteins in a dose-effect study.

3.4 Effect of MSE on TPA-induced activation of MAPKs, JNK

and phosphatidyl inositol kinase (PI3K), Akt/protein kinase

It is well known that NF-kB activation is regulated by the

mitogen-activated protein kinases (MAPKs) through multiple

mechanisms. Conventional MAPKs comprise the extracellular

signal-regulated kinases 1/2 (ERK1/2), c-Jun amino (N)-terminal

kinases 1/2/3 (JNK1/2/3), p38 isoforms (a, b, g, and d), and

ERK5. By far the most extensively studied groups of mammalian

MAPKs are the ERK1/2, JNKs and p38 isoforms since their

signaling pathways are involved in the TPA-mediated induction

of iNOS and COX-2 by various mechanisms, including the

modulation of signaling via NF-kB in mouse skin. Activation of

MAPK requires phosphorylation of threonine and tyrosine

residues.17 Therefore, we evaluated the effects of p38 MAPK,

JNK, ERK, PI3K and AKT on TPA-induced phosphorylation in

mouse skin. Immunoblot analysis with anti-PI3K antibody was

applied to examine whether the PI3K pathway was involved in

the inhibitory effect of MSE on TPA-induced NF-kB in mouse

skin. As can be seen in Fig. 5, TPA application causes a significant

increase in the phosphorylation of p38 MAPK, JNK, ERK,

PI3K and Akt in mouse skin compared to the control (acetone

application). Pre-treatment of MSE strongly attenuated TPAinduced

phosphorylation of p38 MAPK, JNK, ERK, PI3K and Akt

in a concentration-dependent manner. The results of our

immunoblot analyses suggested that the inhibitory effect of

MSE on iNOS and COX-2 expression might block TPA-induced

NFkB activation through ERk1/2, p38 and PI3K/Akt pathways by

inhibiting phosphorylation.

3.5 Inhibitory effects of MSE on TPA-induced biological and

histological parameters in mouse skin

In accordance with the TPA-induced enhancement of edema

formation, an increase in the epidermal thickness of mouse

skin was observed with TPA applications (Table 1; 13.0 _ 1.3 mm

in group 1 with acetone control versus 33. 5 _ 2.2 mm in group 2

with acetone/TPA treatment; p < 0.001). Pretreatment with MSE

at10 mg in group 4 dramatically suppressed the inammatory

activation, leading to the smaller epidermal thickness (13.8 _

1.5 mm; p < 0.001 in group 4).

Fig. 2 Inhibitory effects of MSE on TPA-induced iNOS and COX-2

mRNA in mouse skin. Dorsal skins of female ICR mice were treated

topically with MSE (2.5 or 10 mg) dissolved in 0.2 ml acetone. After 30

min, mice were treated topically with 10 nmol TPA in 0.2 ml acetone

and killed 2 h later. Control animals were treated with acetone in lieu of

TPA. Total RNA was subjected to RT-PCR with the primers iNOS or

COX-2 with b-actin as an internal control. The PCR product was

resolved in 1% agarose gel. This experiment was repeated three times

with similar results. The values below the figure represent change in

gene expression of the bands normalized to b-actin followed by

statistical analysis in comparison with TPA only.
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Fig. 3 Effect of MSE on TPA-induced iNOS and COX-2 mRNA in mouse skin. Shaven backs of female ICR mice were treated with MSE (2.5 or 10

mg) 30 min before TPA treatment. Control animals were treated with acetone instead of TPA. Animals were killed 2 h after TPA treatment and total

RNA was isolated from the dorsal skin and quantified. Relative (A) iNOS, (B) COX-2 and (C) ODC mRNA expression (2_DCt) was performed by realtime

PCR and calculated by subtracting the Ct value for G3PDH from the Ct value for iNOS and COX-2 which determined by real-time PCR

relative to G3PDH mRNA. DCt 
 CtiNOS,COX-2 or ODC _ CtG3PDH. #, p < 0.01, *, p < 0.005 and **, p < 0.001 (control versus TPA alone; TPA alone

versus MSE 2.5 or 10 mg plus TPA).
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As shown in Table 1, a greater number of leukocytes were

found to have inltrated the dermis by TPA application as

compared with the control (32.7 _ 2.3 mm_2 in group 1 versus

3567.7 _ 40.4 mm_2 in group 2; p < 0.001; 108-fold). Pretreatment

with 25 and 10 mg MSE signicantly inhibited leukocyte

inltration by 28.7% and 79.7% in a dose-dependent manner

(p < 0.05 and p < 0.001; respectively).

3.6 Effect of MSE on TPA-induced tumor promotion in

mouse skin

Anti-inammatory activity may play an important role in the

mechanism of anti-tumor promotion, and several anti-inammatory

substances are known to inhibit the action of tumor

promoters. In this study, inhibitory activities against mouse ear

edema were measured in a TPA-induced acute inammation

model, because inhibitory potency against TPA-induced

Fig. 4 Effect of MSE on TPA-induced NF-kB activation in mouse skin in

vivo. (A) Shaven backs of female ICR mice were treated either with

acetone orMSE (2.5 or 10 mg) 30min prior to TPA (10nmol) except control

animals, which were treated with acetone only. The cytosolic fraction

from mice treated with acetone, TPA alone, MSE (2.5 or 10 mg) plus TPA

were subjected to western blot analysis to examine the expression IkBa

and pIkBa using specific antibodies. (B) One hour after TPA treatment, the

epidermal cytosolic and nuclear extracts were prepared. Nuclear and

cytosolic protein (50 mg) was separated by 10% SDS-polyacrylamide gel

and immunoblot assay was performed by using a primary antibody

specific to detect p50, p65 and phospho-p65 (Ser-536) protein levels. The

data are representative of at least three independent experiments. The

values below the figure represent change in protein expression of the

bands normalized to PARP or b-actin.

Table 1 Inhibitory effects of MSE on TPA-induced biological and

histological parameters in mouse skina

Group

Epidermal

thickness (mm)

Inltrated leukocytes

(no./mm_2)

(1) Acetone 13.0 _ 1.3 32.7 _ 2.3

(2) Acetone–TPA 33.5 _ 2.2b 356.7 _ 40.4b

(3) 2.5 mg MSE–TPA 32.6 _ 9.8 254.3 _ 48.6c

(4) 10 mg MSE–TPA 13.8 _ 1.5b 72.3 _ 15.0b

a Three ICR mice were used in one experimental group. MSE (2.5 or 10

mg) was topically applied to the shaved area of dorsal skin 30 min before

application of TPA (10 nmol). Animals were killed 24 h aer TPA

treatment. b p < 0.001 [versus group (1)]. c p < 0.05 [versus group (2)].

Fig. 5 Effect of MSE on TPA-induced activation of PI3K/AKT and

MAPKs. Shaven backs of female ICR mice were treated either with

acetone or MSE (2.5 or 10 mg) 30 min prior to TPA (10 nmol) except

control animals, which were treated with acetone only. Animals were

killed 4 h after TPA treatment and total protein was isolated from the

dorsal skin and quantified. PI3K and phospho-PI3K, AKT and phospho-

AKT, ERK and phospho-ERK, p38 and phospho-p38, JNK and phospho-

JNK by immunoblotting. The data are representative of at least

three independent experiments. The values below the figure represent

change in protein expression of the bands normalized to b-actin.

Fig. 6 Inhibitory effect of MSE on TPA-induced mouse ear edema.

The ears of each female ICR mouse were topically treated with

different concentrations of MSE (2.5 or 10 mg) in 0.2 ml acetone 30 min

prior to TPA (1 nmol) except control animals, which were treated with

acetone only. Eight hours later, the mice were killed and the ears were

removed. The ear punches 6 mm in diameter were taken from each

mouse. Edema was measured as the difference between the weights

of the ear punch. Data are expressed as mean _ SE obtained from 3

mice per group. * Significantly different from the TPA alone treated

group (*, p < 0.005; **, p < 0.001).
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inammation may roughly parallel inhibitory activity against

tumor promotion. Pretreatment withMSE dose-dependently and

signicantly suppressed mouse ear edema induced with topical

application of TPA for 4 hours as indicated from the weights of

the ear punch shown in Fig. 6. The results here suggested that

MSE possessed the inhibitory effect on the acute inammation

as indicated by suppression of tumor promotion in mouse ears.

We further determined the effects of MSE on chronic

inammatory diseases using a two-stage mouse skin carcinogenesis.

MSE was applied by topical application (2.5 or 10 mg) 30

min prior to each topical application of TPA twice a week for 20

weeks following DMBA-initiation. MSE or TPA treated mice did

not affect body weight gains. We observed that a number of

tumors per mouse in all tested groups as shown in Table 2 were

developed, but the number of tumors per mouse in the MSE

topical application group was low and slowly developed

compared to the positive control group, which were treated with

TPA and DMBA. Aer 20 weeks, the number of tumors per

mouse in this group was 3.5 times higher than that of MSE

treatment groups. It took only 11 weeks to show 100% incidence

of mice with tumor formation, while the test animals, which

had ingested 2.5 and 10 mg MSE, took 7 weeks and 8 weeks,

respectively, to show only 9% and even 20 weeks to show 58%

tumor formation. Interestingly, the concentration effect of MSE

on tumor formation was the same aer 20 weeks. MSE at 2.5

and 10 mg caused reduction of the average tumor weight per

mouse by 37% and 50%, respectively. As shown in the multiplicity

of papillomas per mouse (Fig. 7), MSE reduced the size of

skin tumors promoted with TPA. MSE at 2.5 and 10 mg inhibited

skin papillomas per mouse by 60% for sizes of 1 to <3 mm

diameter and 75% for size of <5mmdiameter. Interestingly, our

data indicated that MSE at 2.5 mg signicantly inhibited skin

papillomas (sizes of 3 to <5 mm diameter) per mouse by 95%

compared to MSE at 10 mg (90% inhibition). The results

suggested that topical application of MSE exhibited a signi-

cant inhibitory effect on the tumor-initiation induced by DMBA.

4. Discussion

Studies have reported that the Momordica grosvenori Swingle

extract (MSE) exhibits many biological activities, including antioxidative

and anti-tumor promoter activity.1,18 Animal studies

also indicated that MSE signicantly suppressed DMBA-initiated

and TPA-promoted skin carcinogenesis in mouse skin. Several

pieces of epidemiological evidence point to a connection between

chronic inammation and a predisposition for the development

of various types of cancer. In tumor tissues, these inammatory

cells and tumor cells also create an inammatory microenvironment

and a network of signaling molecules that not only

promote proliferation, angiogenesis, invasion, and metastasis

but also suppress the ability of the host antitumor immune

responses by secretion of various immunosuppressive cytokines

and chemokines.8 We have demonstrated that 5-hydroxy-

3,6,7,8,30,40-hexamethoxyavone treatment strongly reduced

iNOS and COX-2 levels in skin tumor.16 Our previous study found

that MSE exerted anti-inammation through suppression of

LPS-induced upregulation of iNOS and COX-2 in murine

macrophages.13 However the anti-inammation mechanisms of

MSE are still not clear, we therefore applied TPA-induced

inammation and carcinogenesis promotion in mouse skin

protocols to clarify the anti-inammatory mechanisms of MSE.

The data showed that MSE was a strong inhibitor of iNOS and

COX-2 protein and gene expression in TPA-induced mouse skin

by inhibiting the activation of NFkB via blocking the translocation

of p65 to the nucleus and interfering with the MAPK

activation pathway including PI3K/Akt and ERK/MAPK. NFkB is

composed of two main proteins, p50 and p65 and this heterodimer,

in the resting cell, is held in the cytosol through interaction

with IkB inhibitor protein.19 Proinammatory stimuli

cause IkB to initiate phosphorylation, ubiquitination and

Table 2 Antitumor-promoting effect of MSE on DMBA–TPA-induced

skin tumorigenesis in female ICR micea

Treatment

Body

weight (g)

No. of tumors

per mouse

% of mice

with tumors

Tumor weight

per mouse (g)

Acetone 32.4 _ 2.5 — — —

TPA 31.2 _ 2.0 17.2 _ 0.9 100 0.76 _ 0.04

MSE

2.5 mg–TPA

31.7 _ 2.0 6.0 _ 0.4 60 0.52 _ 0.10

MSE

10 mg–TPA

33.0 _ 1.9 5.0 _ 0.7 60 0.33 _ 0.07

a Female ICR mice received vehicle (acetone) or MSE (2.5 or 10 mg) 30

min prior to each topical application of TPA (5 nmol) as described in

Materials and methods. Tumors of at least 1 mm in diameter were

counted and recorded weekly. Statistical analysis was done by

Student’s t-test.

Fig. 7 Effect of MSE application on the size distribution of papillomas

in DMBA–TPA-treated mouse skin. Female ICR mice received vehicle

(acetone) or MSE (2.5 or 10 mg) 30 min prior to each topical application

of 5 nmol TPA twice a week for 20 weeks following DMBA-initiation, as

described in Materials and methods. Control animals received vehicle

alone and did not produce papillomas. The diameters of papillomas

were measured using an electronic digital caliper and the size was

recorded as length _ width (mm) per mouse. * Significantly different

from the corresponding TPA value at *, p < 0.05; **, p < 0.005.
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degradation, and then the released NFkB dimers are translocated

into the nucleus following the induction of target gene

transcription. From the results, MSE reduced iNOS and COX-2

expression by blocking transcription of their genes, a conclusion

supported by the observation that it reduced the steady state of

iNOS and COX-2 mRNA levels and promoter activity.

Phosphorylation plays a key role in activation of protein

tyrosine kinase. Many signaling pathways, including PI3K/Akt

and ERK/MAPK, are responsive to TPA stimulation,16,20 and PI3K

activation attributed to phosphorylation of phosphatidylinositides,

which later activate the downstream main target, Akt,

which plays various crucial roles in modulating cellular growth,

differentiation, adhesion and inammation.21 Our results

demonstrated that TPA application activated p38, JNK, ERK,

PI3K and Akt, and MSE, directly applied to mouse skin prior to

TPA, reduced the phosphorylation of p38, JNK, ERK, PI3K and

Akt in mouse skin, resulting in lowering the extent of the

inammatory development and tumor promotion process. The

regulation of inammation and tumor promotion induced by

TPA is reported to be controlled by protein kinase C (PKC)

through the activation of one or more PKC isoforms.22 Further

study is required to determine the effect of MSE on PKC in the

TPA-induced inammation process. As seen from the biological

and histological parameters tested, the present study clearly

demonstrated that topical application of MSE at doses of 2.5

and 10 mg before TPA treatment during the tumor promotion

process signicantly lowers the number and size of papillomas

at 20 weeks, the epidermal thickness and the level of leukocyte.

Here we proposed the basic mechanism on the anti-inammatory

and anti-tumor promoting activity of MSE in mouse skin

that MSE suppressed protein levels of iNOS and COX-2, induced

by TPA, by inactivation of NFkB through blocking upstream

activation of p38 MAP kinase.

In conclusion, the data suggest that MSE promotes a strong

protective effect against TPA-mediate epithelial carcinogenesis

through inhibition of inammation. This investigation shows

that MSE contains promising compounds for developing as

anti-cancer agents for the treatment of inammation associated

with tumorigenesis, especially in the prevention as well as

treatment of epithelial skin cancer.
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