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Abstract

Se-allylselenocysteine (ASC), an analogue of garlic bioactive compound, has been shown to inhibit mammary 
carcinogenesis in vivo and cell growth in vitro. However, the function of ASC on anti-inflammatory effects remains 
largely unknown. Therefore, we investigated whether ASC has an anti-inflammatory effect on lipopolysaccharide 
(LPS)-induced inflammation or an anti-tumor effect promoting on DMBA/TPA-induced skin tumorigenesis and 
tried to elucidate the mechanisms involved. Herein, the results showed that ASC inhibited LPS-induced produc-
tion of nitric oxide (NO) with a decreased protein level of inducible nitric oxide synthase (iNOS) in RAW 264.7 
cells. However, ASC enhanced LPS-induced cyclooxygenase-2 (COX-2) protein levels and mRNA expression. In-
terestingly, we found for the first time that topical application of ASC on the dorsal skin of DMBA-initiated and 
TPA-promoted mice significantly accelerated skin tumorigenesis and raised tumor multiplicity as compared to the 
positive control group (DMBA/TPA). The number of tumours that were 1–3, 3–5, and >5 mm in size per mouse in-
creased in a dose-dependent manner in the ASC pre-treated groups. Pre-treatment with ASC showed a significant 
increase in the expression of COX-2 compared with the positive control group. Thus, ASC may modulate the COX-2 
protein expression and promote DMBA/TPA-induced skin cancer in mice.

Keywords: Anti-inflammation; Se-allylselenocysteine (ASC); Nitric oxide synthase (iNOS); Cyclooxygenase-2 (COX-2); 7,12-dimethylbenz 
[a]anthracene (DMBA)/12-O-tetradecanoylphorbol-13-acetate (TPA)-induced skin tumorigenesis.

1. Introduction

Production of NO and prostaglandins by iNOS and COX-2, re-

spectively, are considered the most prominent molecular mecha-
nisms during inflammatory responses (Florentino et al., 2017; Kim 
and Kang, 2016) and are also involved in multistage carcinogen-



Journal of Food Bioactives | www.isnff-jfb.com80

Promoting effect of Se-allylselenocysteine on DMBA/TPA-induced skin tumorigenesis Cheng et al.

esis, especially the promotion stage (Pan and Ho, 2008). Exces-
sive and prolonged NO generation caused by the overexpression 
of iNOS has also been implicated in inflammation tumorigenesis, 
while COX-2-mediated prostaglandin production stimulates cell 
proliferation, invasion, and angiogenesis in cancer development 
(Qiu et al., 2017).

Garlic extract contains diverse array of organic polysulfide com-
pounds such as diallyl sulfide (DAS), diallyl disulfide (DADS), 
and S-allylcysteine (SAC) which have potent anti-inflammation 
and anti-cancer properties. LPS activates NF-κB, a transcription 
factor that is involved in inflammatory response. Previous studies 
have indicated that aged red garlic extract and garlic oil deriva-
tives such as DAS, DADS, and allyl methyl sulfide (AMS) could 
exert anti-inflammatory effects in LPS-stimulated RAW 264.7 
macrophages through inhibition of iNOS expression, NO produc-
tion, prostaglandin E2 (PGE2), and NF-κB (Liu et al., 2006; Shin 
et al., 2013; Lee et al., 2015; Ryu et al., 2015). ASC, an analogue 
of garlic compound, has been shown to exert an inhibitory effect 
on the growth of TM12 cells through modulating the expression 
of cell cycle regulatory proteins, inducing the loss of DNA integ-
rity, and increasing the rate of apoptosis (Zhu et al., 2000a; Zhu 
et al., 2000b; Jiang et al., 2001). ASC was also found to inhib-
it mammary carcinogenesis in vivo and cell growth in vitro (Ip 
et al., 1999). ASC did not induce the expression of cytochrome 
P450s (CYP) at a concentration of 100 μM. CYP, which is an im-
portant factor result in a risk at bioactivation of pro-carcinogens. 
ASC also elevates glutathione-S-transferase (GST) mRNA level, 
the induction of GST normally enhances the detoxification ability 
(AC’t Hoen et al., 2002). Our previous study found that ASC could 
induce autophagy and epigenetic regulation of protocadherin 17 
(PCDH17) in human colorectal adenocarcinoma cells (Wu et al., 
2015). However, the function of ASC on anti-inflammatory effects 
remains unknown.

The two-stage skin carcinogenesis model is a well-char-
acterized model of multistep carcinogenesis. A single dose of 
7,12-dimethylbenz[a]anthracene (DMBA) was applied on mouse 
skin to mutate the Ha-ras gene at codon 61 (A to T) (Nelson et 
al., 1992), which resulted in the transformation of the original 
normal cells to cancer cells (Shen et al., 2014). Repeated treat-
ment with TPA could support the growth of transformed cells 
by activating inflammation-related cytokines (Chun et al., 2004; 
Passos et al., 2013), such as epidermal growth factor receptor 
(EGFR) (Casanova et al., 2002) and extracellular signal-regulat-
ed kinase (ERK) (Bourcier et al., 2006).The development of skin 
tumors in female ICR mice in response to treatment with DMBA 
and phorobol 12-myristate 13-acetate (TPA) can explain the mul-
tistep process of carcinogenesis including initiation, promotion, 
and progression (Balmain et al., 1984; Arora et al., 2013; Ma et 
al., 2013).

In this study, we examined the effects of ASC on LPS-induced 
inflammatory responses of RAW 264.7 murine macrophages. The 
association between the suppression of NF-κB and the inhibition 
of NO production was also assessed. We also investigated its an-
ticancer potential against DMBA and TPA-induced skin cancer. 
The results indicated that ASC suppressed the production of NF-
κB, thereby inhibiting the expression of iNOS in activated mac-
rophages. However, this study evidenced that ASC had tumor 
induction effects on a DMBA/TPA skin carcinogenesis protocol. 
Data showed that ASC could significantly accelerate mouse skin 
tumorigenesis and raise tumor multiplicity more than the positive 
control group. However, future investigations are warranted to 
determine the mechanisms of tumorigenesis effects of ASC on 
DMBA/TPA induced skin cancer.

2. Materials and methods

2.1. Materials

Lipopolysaccharide (LPS) (Escherichia coli 0127:E8), Phorobol 
12-myristate 13-acetate (TPA), and 7,12-dimethylbenz[a]anthra-
cene (DMBA) were purchased from Sigma Chemical (St. Louis, 
MO). Se-allylselenocysteine was provided by American Medical 
Holding, Inc. (New York, NY, USA). Reverse transcription poly-
merase chain reaction (RT-PCR) reagents were purchased from 
TaKaRa (Mountain View, CA, USA).

2.2. Animals

Female Institute of Cancer Research mice at 5–6 weeks age were 
obtained from the BioLASCO Experimental Animal Center (Bio-
LASCO Taiwan Co., Ltd, Taipei, Taiwan). All animals were housed 
in a controlled atmosphere (25 ± 1 °C at 50% relative humidity) 
and with a 12 hr light-12 hr dark cycle. All experimental protocols 
used in these animal experiments were approved by the Institu-
tional Animal Care and Use Committee (IACUC B201700174) of 
National Taiwan University.

The dorsal skin of each mouse was shaved with surgical clip-
pers before the application of the tested compound. ASC and TPA 
were dissolved in 200 μL of acetone and applied topically to the 
shaved area of each mouse.

2.3. Cell culture

RAW 264.7 murine macrophage cells obtained from the American 
Type Culture Collection (Rockville, MD, USA) were cultured in 
Dulbecco’s Modified Eagle Medium (DMEM), supplemented with 
10% endotoxin-free, heat-inactivated fetal bovine serum, 10,000 
units/mL penicillin, and 10,000 μg/mL streptomycin (GIBCO, 
Grand Island, NY, USA) and kept at 37 °C in a humidified atmos-
phere with 5% CO2 in air, according to ATCC recommendations. 
When the cells reached a density of 2–3 × 106 cells/mL, they were 
activated by incubation in medium containing LPS (100 ng/mL). 
Various concentrations of test compounds dissolved in ddH2O 
were added to the LPS.

2.4. Cell viability assay

The RAW 264.7 cells were cultivated at a density of 1 × 106 cells 
in a 24-well plate. The ASC studied was added to the medium 12 
hr after inoculation. The cells were harvested after 24 hr. Viability 
was determined by trypan blue.

2.5. Nitrite assay

The nitrite concentration in the culture medium was measured as 
an indicator of NO production, according to the Griess reaction. 
The cells were treated with LPS (100 ng/mL) for 24 h in the pres-
ence of ASC or vehicle solution. The conditional medium (100 μL) 
was taken and mixed with an equal volume of the Griess reagent 
(1% sulfanilamide in 5% phosphoric acid and 0.1% naphthyleth-
ylenediamine dihydrochloride in water). Nitrite production was 
determined by reading the absorbance at 550 nm. A standard curve 
was generated with NaNO2.
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2.6. Total protein extraction

Total protein extracts (for iNOS, COX-2, β-actin, p-IκBα, and IκBα) 
were prepared in a gold lysis buffer (10% Glycerol, 1% Triton X-100, 
137 mM NaCl, 10 mM NaF, 5 mM ethylenediaminetetraacetic acid 
(EDTA), 1 mM ethylenebis(oxyethylenenitrilo)tetraacetic acid 
(EGTA), 20 mM Tris pH 7.9, 1 mM Na3VO4, 100 mM-glycerol 
phosphate, and 1 mM sodium pyrophosphate) for 30 min at 4 °C. The 
supernatants containing total proteins were obtained by centrifuga-
tion at 10,000 × g for 30 min and stored at −20 °C until tested.

2.7. Western blotting

Whole protein extracts were obtained by homogenizing skin sam-
ples and cells, flash-frozen in liquid nitrogen, in a whole cell lysis 
buffer. Proteins from (50 μg) whole-cell lysates were resolved by 
10% SDS-PAGE, transferred onto polyvinylidene difluoride mem-
branes (Immobilon P, Millipore, Bedford, MA, USA), and then 
probed with a primary antibody followed by a secondary antibody 
conjugated with horseradish peroxidase. The immunocomplexes 
were visualized with Western Chemiluminescent HRP Substrate 
(ECL) (Millipore, Amersham, UK).

2.8. Reverse transcription-polymerase chain reaction (RT-PCR)

The level of COX-2 mRNA expression was measured by RT-PCR. 
Total RNA was isolated using TRIzol reagent (Sigma-Aldrich, St. 
Louis, MO, USA) as recommended by the manufacturer’s instruc-
tions. Briefly, total RNA (1 μg) was performed by PCR in a final 
volume of 50 μL containing 25 L 2 × 1 step buffer, 2 L PrimeScript 
1 step enzyme mix, 1 L upstream primer (20 mer), 1 L downstream 
reverse primer (20 mer), and RNase free dH2O. The specific PCR 
primers used in this experiment are listed as follow. COX-2: prim-
er sequence, sense: 5′-GGAGAGACTATCAAGATAGTGATC-3′, 
antisense: 5′-ATGGTCAGTAGACTTTTACAGCTC-3′; β-actin, 
sense: 5′-AAGAGAGGCATCCTCACCCT-3′, antisense: 5′-TA-
CATGGCTGGGGTGTTGAA-3′.

The PCR conditions were as follows. After an initial denaturation 
for 2 min at 94 °C, 30 cycles of amplification (denaturation at 94 °C 
for 30 s, primer annealing at 50 °C for 30 s and extension at 72 °C 
for 1 min) were performed and samples were kept at 4 °C following 
PCR. A 15 μL sample of each PCR product was electrophoresed on 
a 2% agarose gel and visualized by ethidium bromide staining. Each 
value was normalized to the expression of β-actin. The values pre-
sented are the mean ± SE of at least triplicate measurements.

2.9. Transient transfection and luciferase assay

NF-κB luciferase-stable RAW 264.7 cells were seeded and culti-
vated at a density of 1 × 106 cells in a 24-well plate. After 12 h, the 
cells were co-incubated with 100 ng/mL LPS with or without ASC 
for an additional 24 h. The cells were collected into an Eppendorf 
tube, centrifuged (1,000 × g, 4 °C, 10 min) and then we removed 
the supernatant. Luciferase activity was assayed by means of the 
reporter gene assay system (Perkin Elmer, Waltham, MA, USA), 
with 100 μL of cell lysate used in each assay.

2.10. Two-stage tumorigenesis in mouse skin

The anti-tumor promoting activity of ASC was examined by a 

standard initiation-promotion with DMBA and TPA, as reported 
previously (DiGiovanni, 1992). One group was composed of 12 
female ICR mice. These mice were given commercial rodent pel-
lets and fresh tap water ad libitum, both of which were changed 
twice a week. The dorsal region of each mouse was shaved with 
an electric clipper 2 days before initiation. Mice at 6 weeks old 
were started on 200 nmol DMBA in 200 μL acetone; control mice 
received 200 μL acetone only. One week after initiation, the mice 
were treated topically with 200 μL acetone or promoted with TPA 
(5 nmol in 200 μL acetone) twice a week for 20 weeks. In the other 
two groups, the mice were treated with ASC (1 and 5 mol in 200 
μL acetone) 30 min before each TPA treatment. Tumors of at least 
1 mm in diameter were counted and recorded every week. The re-
sults were expressed as the average number of tumors per mouse, 
percentage of tumor-bearing mice, and average tumor weight per 
mouse.

2.11. Statistical analysis

Quantitative data represent mean values with the respective stand-
ard error of the mean (SE) corresponding to three or more repli-
cates. A One-Way Student’s t-test was used to assess the statisti-
cal significance between the LPS and ASC plus LPS-treated cells. 
Data were considered statistically significant at p < 0.05.

3. Results

3.1. ASC suppresses LPS-induced NO production in RAW 264.7 
macrophages

We first tested the effect of ASC on cell viability to exam the cy-
totoxic effects of ASC on RAW 264.7 macrophages. RAW 264.7 
macrophages were treated with different concentrations of ASC as 
indicated. After 24 hr of treatment, the viability of cells was de-
termined by trypan blue exclusion assay. As shown in Figure 1, 
ASC did not show cytotoxic effects on RAW 264.7 macrophages 
at 5–50 μM of treatment. To evaluate the inhibitory effects of ASC 
on LPS-stimulated NO production in RAW 264.7 cells, the cells 
were treated with LPS (100 ng/mL) only or with different concen-
trations of ASC for 24 hr. At the end of incubation time, 100 μL 
of the culture medium was collected for nitrite assay. As shown in 
Figure 2, the nitrite in LPS-stimulated cells is about 10 times the 
concentration of the negative control group, and the LPS-induced 
nitrite production was reduced significantly in 50 μM of ASC treat-
ed RAW 264.7 macrophages.

3.2. Effects of ASC on the LPS-induced expressions of iNOS and 
Cox-2 proteins and mRNA

In unstimulated RAW 264.7 cells, iNOS and COX-2 proteins were 
undetectable. Following stimulation with LPS, elevated levels of 
iNOS and COX-2 proteins were detected in RAW 264.7 cells. Ac-
cording to previous data, nitrite production was reduced signifi-
cantly in RAW 264.7 cells treated with 50 μM of ASC. Likewise, 
iNOS expression was inhibited markedly by ASC at 50 μM in a 
similar manner (Fig. 3). These results indicate that the reduced ex-
pressions of iNOS by ASC were responsible for the inhibition of 
LPS-induced NO production. However, ASC could significantly 
enhance the levels of COX-2 protein (Fig. 3). To detect the effects 
of ASC on LPS-induced COX-2 mRNA expression by RT-PCR, 
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analysis showed that the expression of COX-2 mRNA was cor-
related with the levels of COX-2 protein (Fig. 4).

3.3. Effects of ASC on the LPS-induced IκB phosphorylations and 
NF-κB activation

In this study, we investigated whether ASC inhibited the LPS-stim-
ulated degradation of IκB in RAW 264.7 macrophages by Western 
blotting. Figure 5a shows that LPS-induced IκB-α degradation was 
significantly blocked by ASC. Transient transfection with pNF-
κB-Luc reporter plasmid was applied to confirm whether ASC in-
hibited NF-κB activity in LPS-activated macrophages. As shown 
in Figure 5b, LPS-induced NF-κB activity was elevated fivefold in 
these transfected cells, but the effects were reduced by ASC treat-
ment in a dose-dependent manner.

Figure 2. Inhibitory effects of ASC on NO production in LPS-stimulated RAW 264.7 cells. The cells were treated with LPS (100 ng/mL) only or with different 
concentrations of ASC for 24 hr. At the end of incubation time, 100 μL of the culture medium was collected for nitrite assay. The values are expressed as 
means S.E. of triplicate tests. *P < 0.05, **P < 0.01, ***P < 0.001 (control versus LPS alone; LPS alone versus ASC 5, 10, 25 and 50 μM).

Figure 3. Effects of ASC on LPS-induced iNOS and COX-2 protein level in 
RAW 264.7 cells. The cells were treated with different concentrations of 
ASC and LPS (100 ng/mL) for 24 hr. An equal amount of total proteins (50 
μg) were subjected to 8% SDS-PAGE. The expression of iNOS, COX-2 and 
β-actin was detected by western blot using specific antibodies. These ex-
periments were repeated three times with similar results. Relative protein 
levels were quantified using Image J.

Figure 1. Effects of ASC on cell viability. RAW 264.7 cells were treated 
with 5, 10, 25, 50 μM of ASC for 24 hr. The viability of cells was deter-
mined by trypan blue assay. The values are expressed as means S.E. of 
triplicate tests. *P < 0.05, **P < 0.01, ***P < 0.001.
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3.4. Tumour-promoting effect of ASC on DMBA/TPA-induced 
mouse skin tumorigenesis

For testing the effect of ASC on DMBA/TPA-induced mouse skin 
tumourigenesis, we examined the body weight of the mice for 20 
weeks and found no difference in weight between the ASC treated 
mice and those without treatment (Fig. 6a). Subsequently, tumours 
were analyzed histologically. As shown in Figure 6b and c, ASC 
significantly accelerated the frequency and progression of chemi-
cally-induced papillomas of the skin and raised an average number 
of tumours in the mice. 7 weeks after the ASC administration, the 
first skin tumours (≥1 mm diameter) occurred in mice treated with 
1 μmol/200 μL and 5 μmol/200 μL. Over the subsequent 11 weeks 
of tumour promotion, the number of tumours per mouse increased 
much faster in ASC 1 μmol /200 μL treated and the positive control 
mice. Moreover, 100% of the ASC 5 μmol/200 μL treated mice had 
developed numerous tumours at week 9.

Counting of tumours with an area of ≥1 mm2 revealed that ASC 
1 μmol/200 μL treated mice developed on average 31 and ASC 5 
μmol/200 μL treated mice displayed 35 papillomas of this size, 
both of which were higher than the positive control. The number of 
tumours that were 1–3, 3–5, 5–7, and >7 mm in size per mouse in-
creased in a dose-dependent manner in the ASC pre-treated groups 
(Fig. 6d). Tumour weight was also increased in ASC pre-treated 

groups (Fig. 6e). As shown in Figure 6f, characteristic squamous 
pearls were clearly observed on the uncovered dorsal skin of mice 
with topical applications of DMBA/TPA. ASC mice combined 
could induce more papillomas per mouse in total and larger size 
tumours per mouse than the positive control group in a dose-de-
pendent manner.

3.5. Pro-inflammation effect of ASC on DMBA/TPA-induced 
mouse skin tumorigenesis

COX-2 is often undetectable in normal tissue, whereas its ex-
pression is observably higher in tumour tissue (Cao and Prescott, 
2002). The pro-inflammatory activity of ASC can be demonstrated 
by its effect on COX-2 expression in TPA-induced mouse skin. 
The results showed that topical application of TPA to mouse dorsal 
skin could upregulate the expression of COX-2 compared to the 
acetone treated control group, whereas pre-treatment with ASC 
caused a marked increase in COX-2 expression in a dose-depend-
ent manner compared to the DMBA/TPA control. (Fig. 7).

4. Discussion

First, we tested the effect of ASC on cell viability to exclude the 
possibility that the decreased nitrite production in ASC-treated 
cells was due to growth inhibition. As shown in Figure 1, ASC did 
not show cytotoxic effects on RAW 264.7 macrophages at 5–50 
μM treatment. According to Figure 2, nitrite production was re-
duced significantly in RAW 264.7 cells treated with 50 μM of ASC. 
We next tested the level of iNOS expression, in unstimulated RAW 
264.7 cells, iNOS proteins were undetectable. Following stimu-
lation with LPS, elevated levels of iNOS proteins were detected 
in RAW 264.7 cells. As shown in Figure 3, iNOS expression was 
also markedly inhibited by ASC at 50 μM. These results indicate 
that ASC could decrease inflammation by inhibiting LPS-induced 
iNOS expression and NO production.

NF-κB is a key regulator of the various genes involved in in-
flammatory responses (Xie et al., 1994). In unstimulated cells, NF-
κB is sequestered in the cytoplasm by its inhibitor, IκB. Under LPS 

Figure 4. RT-PCR analysis of the effects of ASC on LPS-induced COX-2 
mRNA expression. Cells were treated with LPS (100 ng/mL) and ASC (5, 
10, 25, 50 μM) for 6 hr, and total RNA was subjected to RT-PCR with the 
primers COX-2 with β-actin as internal control. The PCR product was re-
solved in 2% agarose gel. These experiments were repeated three times 
with similar results. Quantification of COX-2 expression was normalized to 
β-actin using Image J.

Figure 5. Effects of ASC on LPS-induced phosphorylation and degradation of IκB and NF-κB-luciferase (luc) activation. (a) RAW 264.7 cells were treated 
with LPS (100 ng/mL) and ASC, and total cellular lysates were prepared and analysed for the content of IκBα, p-IκBα, and β-actin by western blot. Quantifi-
cation of IκB and p-IκBα protein level were normalized to β-actin using Image J. (b) The cells were treated with LPS (100 ng/mL) with or without ASC for 24 
hr. Then, cells were collected for measuring luciferase activity assay. *P < 0.05, **P < 0.01, ***P < 0.001 (control versus LPS alone; LPS alone versus ASC 5, 
10, 25, and 50 μM)
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Figure 6. The promoting effect of ASC on DMBA/TPA-induced skin tumorigenesis in ICR mice. Female ICR mice received vehicle (acetone) or ASC (1 or 5 
μmol) 30 min prior to each topical application of TPA (5 nmol) twice weekly for 20 weeks following DMBA-initiation, as described in materials and methods. 
Control animals received vehicle alone and did not produced papillomas. (a) The body weight of mice during skin tumour promotion. (b) Average number of 
tumours per mouse (tumour multiplicity). (c) Percentage of mice with papillomas (tumour incidence). (d) Size distribution of papillomas. (e) Tumour weight 
per mouse on control groups and ASC-treated mice. (f) Representative photographs of each group are shown at the end of week 20. *Significantly different 
from the corresponding TPA value at *P<0.05, **P<0.01, and ***P<0.001.
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stimulation, IκB is phosphorylated and degraded by IκB kinase, 
ubiquitinated, and rapidly breaks away from NF-κB. NF-κB then 
translocate to the nucleus, where it binds to DNA and activates 
the transcription of iNOS and COX-2 (Rice and Ernst, 1993). As 
shown in Figure 5a and b, the LPS-induced IκB-α degradation was 
significantly blocked by ASC, and LPS-induced NF-κB activity 
was reduced by ASC treatment in a dose-dependent manner. The 
above findings show that ASC suppressed iNOS expression at least 
in part via the NF-κB-dependent mechanism.

COX-2 is a rate-limiting enzyme produced during the produc-
tion of prostaglandins, and prostaglandins play an important role 
in inflammation and tumour progression (Seibert and Masferrer, 
1994; Wang et al., 2007). COX-2 is often undetectable in normal 
tissue, whereas its expression is observably higher in many epi-
thelial cancers (Cao and Prescott, 2002; Wang and Dubois, 2006). 
Epidemiological and clinical study has shown as higher as COX-
2 is expressed, a poorer of prognosis is associated (Sobolewski 
et al., 2010). These reports showed that COX-2 has a multi-step 
role in tumorigenesis, whether in tumour promotion at early stage 
or at late development of chemoresistance and metastatic forma-
tion (Sarkar et al., 2007). According to Figure 3, ASC significantly 
enhanced the levels of COX-2 protein. RT-PCR analysis of the ef-
fects of ASC on LPS-induced COX-2 mRNA expression showed 
that pre-treatment with ASC caused a marked increase in COX-2 
mRNA expression in a dose-dependent manner (Fig. 4). These re-
sults demonstrated that the COX-2-promoting effect of ASC was 
responsible for the pro-inflammatory effects in LPS-stimulated 
RAW 264.7 cells.

Selenium is one of the essential minerals for life but it detected 
to be toxic at low concentration and has been studied many years 
(Arnault and Auger, 2006). On the other hand, evidence showed 
that selenium could alter the metabolism of carcinogens in liver 
by played role in the mixed function oxidase system (Steinmetz 
and Potter, 1996). There are many studies demonstrating that ASC 
exhibits anti-carcinogenesis effects in vivo and in vitro (Zhu et al., 
2000a; Zhu et al., 2000b; Jiang et al., 2001). In order to study the 
effect of ASC on the tumourigenesis, we employed a well-estab-
lished two-stage model of chemical skin carcinogenesis in female 
ICR mice based on DMBA/TPA treatments (DiGiovanni, 1992) as 
papilloma formation can be induced by the two-stage carcinogen-
esis protocol (Kemp, 2005). Throughout the experiment, there was 
no noticeable difference in weight between the ASC-treated mice 

and those without treatment (Fig. 6a). In our previous study, ASC 
showed an anti-proliferative activity in colorectal cancer cell lines 
including HT-29 and COLO 205 cells at the concentration of ASC 
in 75 and 100 μM (Wu et al., 2015). These results indicated that 
the topical application of ASC did not result in systemic toxicity 
under a range of dosage condition. However, high dosage of Se 
could cause toxicity in plants. In general, the content of Se in plant 
tissues caused toxicity is around 5 mg kg−1 dry weight. The Se 
tolerance range in crop plants are quietly different, for instance, in 
rice 2 mg kg−1 dry weight is the maximum levels of Se, in wheat 
is 4.9 mg kg−1 dry weight, while Dutch clover can tolerant 330 mg 
kg−1 dry weight (Kolbert et al., 2018). Based on these results, we 
suggested that a relatively higher dosage of Se-compounds may 
cause cell toxicity and induce inflammation by increasing COX-
2 expression. On the other hand, topical application of ASC on 
the dorsal skin of DMBA-initiated and TPA-promoted mice did 
not suppress but significantly accelerated skin tumorigenesis and 
raised tumor multiplicity (Fig. 6b, c, d). Because our study is based 
on the model of applying the drug to mouse skin, it is a reasonable 
inference that ASC needs to metabolize to other derivatives in vivo 
to exert its inhibitory effect on cancer.

Capsaicin, a pungent ingredient of chili peppers, has widely 
reported anticancer activities (Lin et al., 2016; Qian et al., 2016) 
and was suggested to have a clinical significance in tumor therapy 
(Dasgupta et al., 1998; Sharma et al., 2013). However, topical ap-
plication of capsaicin on the dorsal skin of DMBA/TPA-induced 
skin tumorigenesis could significantly promote tumor formation 
and induce more numerous and larger skin tumors by modulating 
inflammation (Liu et al., 2015). The similarity between our find-
ings and Liu’s report suggests that the tumour promoting effects 
by ASC may occur via inflammation regulating (Liu et al., 2015). 
Previous studies have indicated COX-2 overproduction following 
DMBA/TPA treatment in a variety of cell types, leading to the sug-
gestion that COX-2 production in microenvironment cells modu-
lates tumor progression (Müller-Decker et al., 2002). Jiao et al. 
(2014) also indicated that COX-2 elevation in DMBA/TPA-treated 
epithelial cells is required for DMBA/TPA-driven papilloma ap-
pearance and progression. The effect of ASC on DMBA/TPA-in-
duced mouse skin tumourigenesis showed that pre-treatment with 
ASC causes a marked increase in COX-2 expression in a dose-
dependent manner compared to the DMBA/TPA control (Fig. 7). 
These results demonstrated that the COX-2-promoting effect of 
ASC was responsible for the pro-inflammatory and papilloma pro-
gression activity in DMBA/TPA induced mouse skin.

Several studies have indicated that angiogenic activators play 
an important part in the growth and spread of tumors. Disturbance 
of the balance between endogenous activators such as vascular 
endothelial growth factor (VEGF) and inhibitors of angiogenesis 
in the tumor microenvironment strongly induce tumor angiogen-
esis (Yamamizu et al., 2015). Angiogenesis is a normal and vital 
process in growth and development as well as in wound healing. 
Previous study substantiated that aged garlic extract exerts benefi-
cial effects on wound healing (Ejaz et al., 2009), and garlic likely 
prevents the formation of peritoneal adhesions in a rat model (Sah-
baz et al., 2014). Therefore, we presume that the tumor-promoting 
effect of ASC on DMBA-initiated and TPA-promoted skin tumo-
rigenesis may be in part due to its effects on wound healing via 
angiogenesis.

In summary, the present results speculate that ASC may modu-
late inflammatory processes via different signal-generating path-
ways in complex microenvironments. COX-2 plays a crucial role 
in the tumour-promoting and papilloma progression effects of ASC 
on DMBA/TPA-induced skin cancer in mice. However, future in-
vestigations need to clarify the underlying molecular mechanisms 

Figure 7. ASC up-regulate COX-2 protein level on DMBA/TPA-induced 
skin tumorigenesis. Shaven backs of female ICR mice were treated with 
ASC (1 or 5 μmol) 30 min prior to TPA (5 nmol) twice weekly for 20 weeks 
following DMBA-initiation, and control animals were treated with acetone 
only for 20 weeks following DMBA-initiation. Mice were sacrificed after 20 
weeks and skin fractions were prepared from the skin/tumours of each 
group. The protein expression was determined by western blot analysis as 
described in the text. Quantification of COX-2 protein levels were normal-
ized to β-actin using Image J. The data is representative of three different 
sets of animals giving a similar trend.
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of cancer-promoting effects of ASC on DMBA-induced skin car-
cinogenesis in mice.
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