Chemoprevention of HCC by ACR

| RARE 1,RXRE 1 |

X

TGFo |, pEGFR |, pHER2 |,
pVEGFR-2 |,FGFR |

#

“etos 1,APA 1]

‘Ras activity |

" 4

Acyclic Retinoid
Oxidative | 48 | (NIK-333/Peretinoin) | =sh. pERK [, pAKT |,
stiess | ‘ ‘ PSTATS |
| Telomerase activity | | | INFR Lj
Activation of target gehe Inhibition of RXRao
expression (RARp, p21°77, etc) phosphorylation

Regulation of Cell

Induction of Apoptosis

Regulation of Cell Cycle

Proliferation

\

Progression

]
g( HCC chemoprevention }

Figure 3. Pleiotropic effects of ACR to prevent HCC development. One of the main effects of ACR is to activate the expression
of its target genes, such as RARS and p21°F!, by upregulating the promoter activity of RARE and RXRE. In addition, ACR
suppresses cancer cell growth by inhibiting activation and expression of some types of RTKs, including EGFR, HER2, VEGFR-
2, and FGFR, which contribute to the subsequent inhibition of Ras-MAPK activation and RXRo phosphorylation.
Phosphorylation of Akt and Stat3 proteins are also inhibited by ACR. Induction of RARP and restoration of the function of
RXRa due to dephosphorylation by ACR leads to cooperative regulation of cell proliferation, cell cycle progression, and
induction of apoptosis, thus preventing the development of HCC. ACR also induces the expression of IFN receptor (INFR),
inhibits transcriptional activity of c-fos and AP-1 promoters, and down-regulates telomerase activity in HCC and squamous cell
carcinoma cells. ACR also suppresses liver tumorigenesis by repressing oxidative stress. Detailed discussion of these findings

may be found in previous articles (6-8, 11-13, 36-50, 53, 58, 60-62).

particularly relevant to field cancerization. Once a liver is
exposed to continuous carcinogenic insults, such as
hepatitis viral infection and alcohol toxicity, the whole
exposed liver is regarded as a precancerous lesion which
possesses multiple as well as independent premalignant or
latent malignant clones. Hence, even if the first cancer is
diagnosed and removed early, the next clone essentially
arises to form a secondary HCC. Therefore, the most
effective strategy for HCC chemoprevention is the deletion
of latent malignant clones (clonal deletion) and inhibition
of the evolution of such clones (clonal inhibition) before
they expand into clinically detectable tumors. We have
proposed that implementation of this novel concept, “clonal
deletion” therapy, which is defined as the removal of latent
malignant (or premalignant) clones that are invisible by

diagnostic imaging from the liver when it is in a
hypercarcinogenic  state, is fundamental to the
chemoprevention of HCC (Figure 4) (6-8).

ACR has been used to effectively demonstrate
this concept in the clinical setting. In the clinical trial,
serum levels of lectin-reactive a-fetoprotein factor 3 (AFP-
L3), which indicates the presence of latent (i.e., invisible)
malignant clones in the remnant liver, were significantly
reduced by 12-month administration of ACR (52). This
observation indicates that ACR eliminates or removes the
AFP-L3 producing premalignant clones from the remnant
liver before they expanded into clinically detectable (i.e.,
visible) tumors, thereby inhibiting secondary HCC.
Moreover, ACR suppressed the appearance of serum AFP-
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Figure 4. The concept of “clonal deletion” therapy for HCC chemoprevention. Persistent inflammation caused by hepatitis viral
infection transforms the liver into a “precancerous field”, which consists of multiple latent malignant clones that arise through
multicentric carcinogenesis and are clinically undetectable by image analysis (invisible) (A). These multiple clones demonstrate
different grades of malignancy in the cirrhotic liver and, at some point, turn into clinical (visible) HCC (“field cancerization™)
(B). Even when primary HCC is found and removed early, the other clones survive in the remaining liver and grow into
secondary HCC, which is a major cause of the poor prognosis for patients with this malignancy (C). Therefore, one of the most
promising strategies to prevent secondary HCC is deletion of such transformed clones by inducing cell differentiation or
apoptosis before they expand into clinically detectable tumors (the concept of “clonal deletion” therapy) (D). ACR, which targets
phosphorylated RXRa (E), prevents the recurrence and development of secondary HCC via the mechanism described by this
concept; ACR decreased the serum levels of AFP-L3 and PIVKA-II, which are produced by latent malignant clones, thus
demonstrating the eradication and inhibition of these clones. Once such clones are deleted, the preventive effect on HCC lasts
several years without continuous administration of ACR. Therefore, ACR can significantly improve the survival rate of such
patients.

rather than preventive, and ACR prevents the development
of HCC by this mechanism.

L3 in patients whose AFP-L3 levels were negative at trial
enrollment, whereas the number of patients whose serum
AFP-L3 appeared de novo was significantly increased in
the placebo group; these patients had a significantly higher 8. “COMBINATION CHEMOPREVENTION” OF
risk of secondary HCC (52). This finding suggests that, in HCC USING ACR AS THE KEY DRUG

addition to elimination, ACR actively inhibits the
development of AFP-L3-producing clones, which have the
potential to become HCC. This is one of the reasons why

Combination therapy is often advantageous
because it provides the potential for synergistic effects

only a short-term administration (12 months) of ACR
exerted a long-term preventive effect on HCC development
for several years after termination of treatment (16). It
takes several years for the next cancer clones to arise
clinically once they are eliminated or inhibited. Therefore,
the promise of clonal deletion seems to be therapeutic

between specific drugs; ACR is no exception in this regard.
For instance, ACR acts synergistically with interferon
(IFN)-B in suppressing growth and inducing apoptosis in
human HCC cell lines via upregulation of type 1 IFN
receptor and Statl expression by ACR (53). The
combination of ACR plus vitamin K; (VK;) synergistically
inhibits cell growth and induces apoptosis in HCC cells



Chemoprevention of HCC by ACR

"Nuclear receptar
\ Ligands

Response
Element

*\ﬁ"‘

e

Growth Factors . /RTKs :

~ signaling
- Pathways

Target Gene | ok, _.’,( Synergistic

Expression z chemopreverntion

Hpac
_Inhibitors

Figure 5. The possibility of “combination chemoprevention” for HCC using ACR as the key agent. Dephosphorylation of
RXRo and subsequent restoration of the function of this nuclear receptor are critical to prevent the development of HCC.
Therefore, the agents which target growth factor and their corresponding RTKs (A), as well as their related signaling pathways
(B), including the Ras-MAPK and PI3K-Akt signaling pathways that phosphorylate RXRet, might be good partners for ACR to
exert synergistic effects on the chemoprevention of HCC. The ligands for the nuclear receptors, which form heterodimers with
RXR such as RAR and PPAR (C), are also able to enhance the chemopreventive effect of ACR through the activation of target
gene expression. HDAC inhibitors increase the expression of ACR-target genes by remodeling the chromatin template and
increasing histone acetylation, which suggests that the combination of ACR plus HDAC inhibitors may also be a promising

regimen for HCC chemoprevention (D).

without affecting the growth of normal human hepatocytes
(12). These findings are significant when considering the
clinical use of ACR because both IFN and VK, are
expected to exert preventive effects on the development
and recurrence of HCC (54-57). Therefore, we assume that
“combination chemoprevention” using ACR as the key
agent may be a useful strategy to prevent the development
of HCC.

The expected mechanisms of ACR-based
combination  chemoprevention  are  schematically
summarized in Figure 5. Initially, specific agents that
target the Ras-MAPK signaling pathway and its upstream
RTKs are among the most promising partners for ACR
because these agents dephosphorylate RXRo. Indeed,
ACR and VK, cooperatively inhibit activation of the Ras-
MAPK signaling pathway, thus suppressing the
phosphorylation of RXRa and the growth of HCC cells
(12).  The combination of 9-cis RA (58) or ACR

(unpublished data) plus trastuzumab, a humanized anti-
human epidermal growth factor receptor-2 (HER2)
monoclonal antibody, synergistically inhibits growth and
induces apoptosis in HCC cells via cooperative inhibition
of the activation of HER2 and its downstream signaling
molecules, including ERK and Akt, and subsequent
dephosphorylation of RXRa. Combined treatment with
ACR plus valproic acid, a histone deacetylase (HDAC)
inhibitor, acts synergistically to induce apoptosis and Go-G,
cell cycle arrest in HCC cells by inhibiting phosphorylation
of RXRa, ERK, Akt, and GSK-3§ proteins (13).

In addition to dephosphorylation of RXRa,
induction of nuclear receptors that dimerize RXR, such as
RAR and PPAR (33, 59), and recruitment of their ligands
may also exert synergistic growth inhibition in cancer cells
when combined with ACR. Both valproic acid (13) and
OSI-461 (43), a potent derivative of sulindac sulfone,
enhance the ability of ACR to raise the cellular levels of
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RARB and p21°"™", thereby markedly increasing the RARE
and RXRE promoter activities and inducing apoptosis in
HCC cells. Therefore, these combinations may also be an
effective regimen for the chemoprevention and
chemotherapy of HCC.

9. PERSPECTIVE

The prevention of HCC is an urgent task on a
global scale, and one of the most practical approaches to
the accomplishment of this purpose is “clonal deletion”
therapy. Experimental studies strongly suggest that RXRo.
phosphorylation is  profoundly involved in liver
carcinogenesis and thus may be a critical target for HCC
chemoprevention. Clinical trials reveal that ACR, which
inhibits RXRo phosphorylation but induces RARJ
expression, is a promising candidate for HCC
chemoprevention by putting the concept of “clonal
deletion” in practice. ACR-based combination
chemoprevention,” which is expected to exert synergism,
also holds great promise as a master therapeutic for HCC
chemoprevention. In conclusion, ACR may play a critical
role in preventing HCC development when it is used alone
or combined with other drugs and, therefore, early clinical
application of this agent is greatly anticipated.
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Although gemcitabine is recognized as the standard drug for the treatment of advanced pancreatic can-
cer, the clinical outcome is not satisfactory. We recently reported that relatively high dose ultraviolet-C
(UV-C; 200]) inhibits cell growth by desensitization of epidermal growth factor receptor (EGFR) in
human pancreatic cancer cells. In the present study, we investigated the combination effects of low dose

Keywords: UV-C (10]) and gemcitabine on apoptosis and cell growth in these cells. UV-C enhanced gemcitabine-
zz’r‘:;‘?:;‘tci;:“cer induced suppression of cell viability. In addition, the combination use clearly induced apoptosis, while
UV-C neither UV-C nor gemcitabine alone did. Concurrently, combination use caused the decrease in the EGFR
Cemcitabine protein level and reduced EGF-induced activation of Akt pathway, subsequently resulting in accumula-
AMPK tion of B-catenin. The order of the treatment with UV-C and gemcitabine did not affect their synergistic

effects on apoptosis and cell growth. Interestingly, combination use synergistically induced phosphory-
lation of 5 AMP-activated protein kinase (AMPK) alpha at Thr172 and acetyl-CoA carboxylase at Ser79
as a downstream molecular target of AMPK, AMPK activator, 5-aminoimidazole-4-carboxamide-1-8-ribo-
side, induced apoptosis and suppressed cell growth in these cells, thus suggesting that combination
effects of UV-C and gemcitabine is due to the activation of AMPK. Together, our findings could provide

a new aspect of pancreatic cancer therapy.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Because of the difficulty in early diagnose of pancreatic cancer,
most patients with this malignancy have already reached an
advanced stage when the first symptoms appear. The standard
treatment for advanced pancreatic cancer is chemotherapy. Gem-
citabine is a nucleoside analogue of deoxycytidine that is enzymat-
ically activated inside the cell where it subsequently inhibits DNA
synthesis and induces apoptosis [1] and has been the first line drug
for pancreatic cancer. However, the median survival of patients
treated with gemcitabine is not satisfactory. Moreover, a number
of studies have compared gemcitabine alone with gemcitabine-
based combinations, such as fluorouracil, capecitabine, cisplatin,
docetaxel, irinotecan, oxaliplatin, or pemetrexed, but they added
no clear survival benefit [2]. Therefore, the breakthrough develop-
ment of treatments for unresectable pancreatic cancer is required
urgently.

The epidermal growth factor receptor (EGFR) is a member of the
ErbB family of receptor tyrosine kinases [3]. Binding of ligands such

* Corresponding author at: Department of Gastroenterology, Gifu University
Graduate School of Medicine, Gifu 501-1194, Japan. Fax: +81 58 230 6218.
E-mail address: seijiadachi0123@gmail.com (S. Adachi).

0006-291X/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc.2011.09.020

as epidermal growth factor (EGF) to the EGFR leads to receptor
dimerization and autophosphorylation {4]. The autophosphoryla-
tion of the EGFR at tyrosine residues activates downstream signal-
ling, including Akt-glycogen synthase kinase (GSK)-3f8 pathway,
thus resulting in the stimulation of cell proliferation [5]. The EGFR
has been reported to be overexpressed in pancreatic cancer [6].
We have recently reported that the blockade of EGF stimulation sig-
nificantly suppressed pancreatic cancer cell growth, suggesting that
the EGFR pathway plays an important role in proliferation of these
cells [7]. Therefore, EGFR-mediated pathways appear to be impor-
tant potential targets for new therapies for this malignancy. More-
over, the addition of EGFR-targeted therapy to gemcitabine in
advanced pancreatic cancer has been demonstrated to provide a
small, but statistically significant, survival benefit [8].

Ultraviolet (UV) radiation from sunlight is sorted by wavelength
regions: long-wavelength UV-A (320-400 nm), medium-wave-
length UV-B (280-320 nm) and short-wavelength UV-C (200-
280 nm). In general, UV-A and UV-B are recognized as the major car-
cinogenic components of sunlight [9], and UV-C is used for studying
DNA damage and cellular DNA repair process, and commonly ap-
plied for equipments such as water sterilization. We recently re-
ported that UV-C irradiation suppresses cell growth via
downregulation of EGFR in human pancreatic cancer cells [10].
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Moreover, our recent study shows that UV-C can induce evasion of
colon cancer cells from oncogenic stimulation of EGF [11]. Hence,
UV-C might be applied for clinical strategy against human cancers.

5 AMP-activated protein kinase (AMPK) is a central cellular
energy sensor which may be a crucial factor in the interaction be-
tween metabolism and cancer [12]. AMPK activation results in the
restoration of energy levels through regulation of metabolism and
growth [13], and the loss of AMPK activity causes cell proliferation,
suggesting that AMPK is a potential target for anti-cancer therapy.
In this study, we tried the combination use of low dose UV-C and
gemcitabine in pancreatic cancer cells and found that this exerts
synergistic effects on the induction of apoptosis and suppression
of cell growth via activation of AMPK.

2. Materials and methods
2.1. Materials

Gemcitabine was obtained from Eli Lilly Co. (Indianapolis, IN,
USA) and 5-aminoimidazole-4-carboxamide-1-B-riboside (AICAR)
was obtained from Calbiochem-Novabiochem Co. (La Jolla, CA,
USA). EGF was purchased from Sigma Chemical Co. (St. Louis,
MO, USA). Antibodies against EGFR and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) were obtained from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). Other antibodies were purchased
from Cell Signalling (Beverly, MA, USA). 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetra-zolium bromide (MTT) cell proliferation
kit I and Cell Proliferation ELISA (BrdU) were obtained from Roche
Diagnostics Co. (Indianapolis, IN, USA).

2.2, Cell culture

Panc1 and KP3 pancreatic cancer cells were provided from Amer-
ican Type Culture Collection (Manassas, VA, USA). They were grown
in Roswell Park Memorial Institute (RPMI) 1640 (Invitrogen, San
Diego, CA, USA) supplemented with 10% heat-inactivated fetal calf
serum (FCS), penicillin (100 U/ml) and streptomycin (100 pg/ml)
in a humidified 5% CO, incubator at 37 °C.

2.3. UV-C exposure

UV-C exposure to cells was performed in UVC 500 UV Cross-
linker (GE Healthcare) with 0-500J/m? (J) UV at 254 nm. After
aspiration of the growth medium, the cells were exposed to UV-C
(0 or 10]) and then incubated in the growth medium for the indi-
cated periods.

2.4. Cell viability assay and BrdU incorporation assay

In cell viability assay, the cells (5 x 10%/well) were seeded onto
96-well plates and 24 h later, the cells were exposed to 10 J of UV-C
and/or gemcitabine at the indicated concentrations. These cells
were then incubated in RPMI for 48 h and the remaining cells were
finally counted by MTT cell proliferation kit. For the latter assay,
the cells (7 x 10%/well) were seeded onto 96-well plates and 48 h
later, the cells were exposed to 10] of UV-C and/or 10 uM of gem-
citabine or 10 mM of AICAR. These cells were then incubated in
RPMI without FCS for 48 h. BrdU incorporation was finally mea-
sured using Cell Proliferation ELISA. All assays were done at least
in triplicate.

2.5. Western blot analysis

The cells were lysed in lysis buffer and were examined by Wes-
tern blot analysis as previously described [14].

2.6. Immunofluorescence microscopy

Immunofluorescence microscopy was performed as described
previously [15]. The cells were first exposed to UV-C (10]) and
incubated for 24h at 37°C, followed by exposure to Hoechst
33258 (Wako, Tokyo, Japan) for 30 min. The cells were then exam-
ined by fluorescence microscopy, BIOREVO (BZ-9000) (Keyence,
Tokyo, Japan).

2.7. Image analysis

The protein band intensities in the Western blot analysis were
determined by integrating the optical density over the band area
(band volume) using the NIH image software program (Image ]
ver. 1.32). Based on the intensity of the control protein band on
the X-ray film, the protein samples were quantitatively compared.

3. Results

UV-C enhanced gemcitabine-induced cytotoxicity in Pancl and
KP3 pancreatic cancer cells

As shown in Fig. 1A, 10 uM of gemcitabine alone for 48 h caused
approximately 20% reduction in cell viability and only 30% reduc-
tion was seen even when the cells were treated with 100 pM of
gemcitabine alone in KP3 cells (Fig. 1A). However, pretreatment
with UV-C significantly increased gemcitabine-induced cytotoxic-
ity in KP3 cells, while 10] of UV-C alone did not affect KP3 cell
viability (Fig. 1A). Ten uM and 30 uM of gemcitabine combined
with UV-C caused 50% and 75% reduction in cell viability in KP3
cells, respectively. As well, we used another pancreatic cancer cell
line, Panc1, and observed similar effect to that in KP3 cells (Fig. 1B).
These results suggest that UV-C enhances gemcitabine-induced
suppression of cell viability in pancreatic cancer cells.

3.1. Combination use of UV-C and gemcitabine induced apoptosis in
pancreatic cancer cells

In order to elucidate how UV-C enhances gemcitabine-induced
suppression of cell viability, we next examined the effects of UV-
C and gemcitabine on cell apoptosis in KP3 cells. Apoptotic cells
are easily detected by the Hoechst 33258 staining. In addition, PARP
helps cells to maintain their viability, while cleavage of PARP
induces apoptosis. In Fig. 1C, while 10] of UV-C alone as well as
10 1M of gemcitabine alone slightly increased the number of Hoe-
chst 33258-positive cells in KP3 cells, combination use caused a
marked increase in the number of those cells (Fig. 1C). Similarly,
while either UV-C or gemcitabine alone did not induce PARP cleav-
age, this was clearly observed when the cells were treated with
both UV-C and gemcitabine (Fig. 1D). These results suggest that
synergistic effect of UV-C and gemcitabine on the suppression of
cell viability is, at least in part, due to the induction of cell apoptosis.

3.2. UV-C enhanced gemcitabine-induced cell growth suppression in
pancreatic cancer cells

As depicted in Fig. 2A, UV-C had little effect on BrdU incorpora-
tion and 10 M of gemcitabine alone caused a slight suppression of
its incorporation (Fig. 2A). As expected, when the cells were ex-
posed to UV-C and then treated with gemcitabine for 48 h, BrdU
incorporation was significantly suppressed (p = 0.0047), compared
with gemcitabine-treated cells (Fig. 3A). We recently reported that
the EGFR pathway plays an important role in pancreatic cancer cell
proliferation [7]. Therefore, we next examined the effect of UV-C
and gemcitabine on the protein level of EGFR in KP3 cells. In
Fig. 2B, whereas either UV-C or gemcitabine had little effect on
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Fig. 1. (A and B) UV-C enhanced the inhibition of cell growth by gemcitabine in pancreatic cancer cells. The KP3 (A} and Panc1 (B) cells were first exposed to UV-C (0 or 10])
and then incubated with gemcitabine (GEM; 0-100 uM) for 48 h. Cell viability assay was then performed using the MTT cell proliferation kit I. Results are expressed as
percentage of growth with 100% representing untreated control cells. Bars designate SD of triplicate assays. Broken line: GEM alone; solid line: UV-C + GEM. (C) The
combination use of UV-C and GEM induced DNA fragmentation in KP3 cells. The KP3 cells were first exposed to UV-C (0 or 10 ]) and then incubated with or without 10 uM of
GEM for 48 h. They were then exposed to Hoechst 33258 (blue signal) and were examined by fluorescence microscopy. The numbers of Hoechst 33258-positive cells
(apoptotic nuclei) from five randomly chosen fields (x40) were counted, respectively. Bars designate SD of triplicate assays. The asterisk indicates significant difference
(p < 0.05), as compared with the cells treated with GEM alone (lane 3). (D) The combination use of UV-C and GEM induced PARP cleavage in KP3 cells. The KP3 cells were first
exposed to UV-C (0 or 10 ]) and then incubated with or without gemcitabine 10 uM of GEM for the indicated periods. Protein extracts were then harvested and examined by
Western blotting using antibodies against PARP and GAPDH. The arrow indicates cleaved PARP.

the EGFR protein level, combination use markedly decreased EGFR
level (Fig. 2B). Therefore, it seems that cell growth suppression by
combination use of UV-C and gemcitabine is due to the decrease in
EGFR protein level.

3.3. Combination use of UV-C and gemcitabine suppressed EGF-
induced activation of Akt-GSK-3p pathway in pancreatic cancer cells

Through EGF-binding to cell surface EGFR, it activates an exten-
sive network of signal transduction pathways including the Akt

pathways, which regulates multiple biological processes including
survival, proliferation, and cell growth [16]. Therefore, we next
examined the effect of UV-C and gemcitabine on EGF-induced
phosphorylation of Akt in KP3 cells. EGF induced phosphorylation
of Akt within 5 min and this was decreased thereafter (Fig. 2C).
UV-C and gemcitabine alone slightly suppressed EGF-induced
phosphorylation of Akt (Fig. 2C). Moreover, the combination use
markedly suppressed EGF-induced phosphorylation of Akt
(Fig. 3C). GSK-38 is a critical downstream element of the Akt path-
way, and its activity can be inhibited by Akt-mediated phosphory-
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Fig. 2. (A) The combination use of UV-C and gemcitabine (GEM) inhibited BrdU incorporation in KP3 cells. The KP3 cells were first exposed to UV-C (0 or 10]) and then
incubated with or without 10 uM of GEM for 48 h and the measurement of BrdU incorporation during DNA synthesis were performed using cell proliferation ELISA (BrdU).
Results are expressed as the absorbance (OD 405 nm-~492 nm). Bars designate SD of triplicate assays. The asterisk indicates significant difference (p = 0.0047), between the
indicated pairs. (B) The combination use of UV-C and GEM caused the decrease in the EGFR protein level in KP3 cells. The KP3 cells were first exposed to UV-C (0 or 10 ]) and
then incubated with or without 10 pM of GEM for the indicated periods. Protein extracts were then harvested and examined by Western blotting using antibodies against
EGFR and GAPDH. (C) The combination use of UV-C and GEM suppressed EGF-induced Akt pathway in KP3 cells. The KP3 cells were first exposed to UV-C (0 or 10]) and then
incubated with or without 10 uM of GEM for 24 h. They were then stimulated with EGF (5 ng/ml) for the indicated periods. Protein extracts were then harvested and
examined by Western blotting using antibodies against phospho-Akt, Akt, phospho-GSK3p, GSK3p and GAPDH. Right line graph shows the quantification data for the relative
phosphorylation levels of Akt, after normalization with respect to total Akt, as determined by densitometry. Bars designate SD of triplicate assays. *p < 0.05: compared to the
cells treated with GEM alone. (D) The combination use of UV-C and GEM caused the decrease in the B-catenin protein level in KP3 cells. The KP3 cells were first exposed to
UV-C (0 or 10]) and then incubated with or without 10 uM of GEM for the indicated periods. Protein extracts were then harvested and examined by Western blotting using
antibodies against p-catenin and GAPDH. Right line graph shows the quantification data for the relative levels of B-catenin, after normalization with respect to GAPDH as
determined by densitometry. Bars designate SD of triplicate assays. *p < 0.05: compared to the cells treated with GEM alone.

lation of GSK-38 at Ser9 [17]. As expected, EGF failed to phosphor-
ylate GSK-3B at Ser9 in the cells treated with UV-C and gemcita-
bine (Fig. 3C).

Deregulation of Wnt-B-catenin cascades has been reported in
many types of cancers, including pancreatic cancer [18] and phos-
phorylated form of GSK-3B caused the accumulation of B-catenin.
As shown in Fig. 2D, combination use of UV-C and gemcitabine
caused the decrease in the protein level of B-catenin, whereas
either UV-C or gemcitabine alone failed to affect. Together, our
results suggest that combination use of UV-C and gemcitabine

induces the suppressive effect on cell growth, at least in part, by
inhibiting the Akt pathway.

3.4, The order of the treatment with UV-C and gemcitabine did not
affect their synergistic effects on apoptosis and cell growth

We next examined which is more effective treatment to en-
hance the sensitivity to gemcitabine, pre- or post-treatment with
UV-C. Either gemcitabine or UV-C did not affect the protein level
of EGFR as well as cleavage of PARP (Fig. 3A). When the cells were
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densitometry. Bars designate SD of triplicate assays. No significant difference exists between the indicated pairs. (C) Some cells (grey bar) were first exposed to 10 J of UV-C
and then treated with GEM at the indicated concentrations for 8 h. The media were then exchanged to the fresh one and incubated for another 40 h. The other cells (black and
white bars) were first treated with GEM at the indicated concentrations for 8 h and then exposed to 10 ] of UV-C (white bar) or not (black bar), and subsequent incubation for
another 40 h in the fresh media. Cell viability assay was then performed using the MTT cell proliferation kit I. Results are expressed as percentage of growth with 100%

representing untreated control cells. Bars designate SD of triplicate assays.

pretreated with gemcitabine for 8 h and then exposed to UV-C
(gemcitabine — UV-C treatment), we observed the decrease in
EGFR protein level in addition to the induction of PARP cleavage,
which are similar to the results obtained from UV-C — gemcitabine
treatment (Fig. 3A and B). Moreover, similar results were observed
in cell viability assay (Fig. 3C). Taken together, our findings
strongly suggest that the order is not important for combination
use of UV-C and gemcitabine.

3.5. The combination use of UV-C and gemcitabine induced activation

of AMPKe. in pancreatic cancer cells

In order to investigate the mechanism underlying combination
effects of UV-C and gemcitabine, we next examined several kinase
cascades including AMPK. Interestingly, whereas either UV-C or
gemcitabine had little effect on phosphorylation of AMPKa
(Thr172) and acetyl-CoA carboxylase (ACC; Ser 79) as a down-
stream molecular target of AMPK, the combination use caused a
marked phosphorylation of both proteins (Fig. 4A). These results
led us to speculate that activation of AMPK induced by UV-C and
gemcitabine exert anti-cancer effect, such as the induction of apop-
tosis and the suppression of cell growth.

To verify these findings, we used AMPK activator, AICAR and
found that increasing doses of AICAR caused cleavage of PARP
(Fig. 4B) and this increased Hoechst 33258-positive cells (Fig. 4C),
suggesting that activation of AMPK leads to apoptosis in pancreatic
cancer cells. Moreover, since AICAR suppressed BrdU incorporation
(Fig. 4D), indicating that activation of AMPK inhibits cell cycle. Ta-
ken together with the results shown above, it is most likely that the

synergistic effects of UV-C and gemcitabine are exerted through the
activation of AMPK.

4. Discussion

We have recently reported the availability of UV-C for the treat-
ment of human pancreatic cancers [10]. In that article, we used rel-
atively high dose UV-C (200]), and showed that UV-C has a
suppressive effect on cell proliferation in pancreatic cancer cells,
but not normal pancreas epithelial cells. In the present study, we
demonstrated the synergistic effects of low dose UV-C (10]) and
gemcitabine. First, we showed that UV-C enhanced gemcitabine-in-
duced cytotoxicity in Panc1 and KP3 cells (Fig. 1A and B). This com-
bination use caused cell apoptosis (Fig. 1C and D) as well as
inhibition of cell proliferation (Fig. 2A), concurrent with downregu-
lation of EGFR which exerts oncogenic signalling, such as the Akt
pathway (Fig. 2B-D). These results indicate that the synergistic
effect against pancreatic cancer cells on cell viability is due to the
induction of cell apoptosis and suppression of cell proliferation.

Gemcitabine is now regarded as the first-line agent for

. advanced pancreatic cancer, but the median survival time of pa-

tients treated with gemcitabine is not satisfactory. Importantly, it
has been reported that gemcitabine induces cell apoptosis by acti-
vating p38 mitogen-activated protein kinase (MAPK) in PK-1 and
PCI-43 human pancreatic cancer cell lines [19]. However, in this
study, the combination use of UV-C and gemcitabine did not
induce phosphorylation of p38 MAPK in Panct and KP3 cells (data
not shown). Therefore, it is likely that the synergistic effect of UV-C
and gemcitabine is independent of the p38 MAPK pathway.
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AMPK is a serinefthreonine protein kinase, which serves as an
energy sensor in eukaryotic cell types. Increasing evidence shows
that AMPK activation strongly suppresses cell proliferation in nor-
mal cells as well as in cancer cells, indicating that AMPK functions
as a suppressor of cell proliferation by controlling a variety of cellu-
lar events in these cells {20]. Metformin, which is widely used as an
anti-diabetic drug, has been recently reported to be associated with
a reduced risk of cancer associated with insulin resistance {12,21].
The effects of metformin are explained by the activation of AMPK,
which regulates cellular energy metabolism [22]. Of interest, in
the present study, the combination use of UV-C and gemcitabine in-
duced activation of AMPK (Fig. 4A). The order of the treatment with
UV-C and gemcitabine is not critical for their combination effect
(Fig. 3). Moreover, we observed the activation of AMPK in the cells,
which were first treated with gemcitabine for 8 h and then exposed
to UV-C, subsequent incubation for another 40 h (data not shown),
consistently with the results shown in Fig. 3. However, further
investigation is necessary to elucidate how the combination use
of UV-C and gemcitabine activates AMPK.

In summary, we presented that UV-C enhances the sensitivity
to gemcitabine in pancreatic cancer cells via activation of AMPK.
Our novel findings could provide a fresh development for human
pancreatic cancer therapy, although the development of devices
that supply UV-C efficiently, for example with endoscopic
approach, is also required for future clinical application.
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Obesity-related metabolic abnormalities, including chronic inflammation and oxidative stress, increase
the risk of colorectal cancer. Dysregulation of the renin-angiotensin system (RAS) also plays a critical role
in obesity-related metabolic disorders and in several types of carcinogenesis. In the present study, we
examined the effects of an angiotensin-converting enzyme (ACE) inhibitor and angiotensin-II type 1
receptor blocker (ARB), both of which inhibit the RAS, on the development of azoxymethane (AOM)-
initiated colonic premalignant lesions in C57BL/Ks]-db/db (db/db) obese mice. Male db/db mice were given
4 weekly subcutaneous injections of AOM (15 mg/kg body weight), and then, they received drinking
water containing captopril (ACE inhibitor, 5 mg/kg/day) or telmisartan (ARB, 5 mg/kg/day) for 7 weeks.
At sacrifice, administration of either captopril or telmisartan significantly reduced the total number of
colonic premalignant lesions, i.e., aberrant crypt foci and B-catenin accumulated crypts, compared to that
observed in the control group. The expression levels of TNF-o. mRNA in the colonic mucosa of AOM-
treated db/db mice were decreased by captopril and telmisartan. Captopril lowered the expression levels
of TNF-a,, IL-1, IL-6, and PAI-1 mRNAs, while telmisartan lowered the expression levels of COX-2, IL-1B,
IL-6, and PAI-1 mRNAs in the white adipose tissues of these mice. In addition, these agents significantly
reduced the levels of urinary 8-OHdG, a surrogate marker of oxidative damage to DNA, in the experimen-
tal mice. These findings suggested that both ACE inhibitor and ARB suppress chemically-induced colon
carcinogenesis by attenuating chronic inflammation and reducing oxidative stress in obese mice. There-
fore, targeting dysregulation of the RAS might be an effective strategy for chemoprevention of colorectal
carcinogeriesis in obese individuals.
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tumor necrosis factor-o (TNF-o) {4], which stimulates tumor pro-
motion and progression of carcinogenesis [5]. Oxidative stress,
which is induced by increased energy availability [6], has also been

1. Introduction

Mounting evidence indicates that obesity, a result of a positive

energy balance, and its related metabolic abnormalities raise the
risk of colorectal cancer (CRC) [1,2]. Obesity is regarded as a state
of chronic inflammation, which is closely associated with colorec-

tal carcinogenesis [3]. Increased levels of adipose tissue lead to the

expression of a variety of pro-inflammatory cytokines, including
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AOM, azoxymethane; ARB, angiotensin-1l type-1 receptor blocker; BCAC, B-catenin
accumulated crypt; COX-2, cyclooxygenase-2; CRC, colorectal cancer; db/db mice,
C57BL/Ks]-db/db mice; ELISA, enzyme-linked immunosorbent assay; H&E, hema-
toxylin and eosin; IL, interleukin; 8-OHdG, 8-hydroxy-2/-deoxyguanosine; PAI-1,
plasminogen activator inhibitor-1; RAS, renin-angiotensin system; RT-PCR, reverse
transcription-PCR; TNF-o, tumor necrosis factor-o..
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suggested to play an important role in the development of CRC
[1,2]. Thus, these findings suggest that targeting inflammation
and oxidative stress may be an effective strategy for preventing
the development of CRC, especially in overweight individuals. For
instance, a recent study shows that administration of pitavastatin,
a hypolipidemic drug, prevents obesity-related colorectal tumori-
genesis by attenuating chronic inflammation [7]. .

Hyperactivity of the renin-angiotensin system (RAS), an endo-
crine system with critical roles in cardiovascular function, has been
implicated in the etiology of high blood pressure, obesity, and met-
abolic syndrome [8]. In addition, there is strong evidence that the
RAS is frequently dysregulated in human malignancies, which corre-
lates with poor patient outcomes. Abnormalities in the RAS influ-
ences cancer cell migration, invasion, and metastasis, all of which
are closely associated with chronic inflammation and angiogenesis
[9,10]. In cancer tissues, the RAS is upregulated through systemic
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oxidative stress and hypoxia mechanisms, which triggers chronic
inflammatory ‘processes to remodel the surrounding environment
[11].

Drugs that reduce the synthesis (angiotensin-converting en-
zyme [ACE] inhibitors) or action (angiotensin-II type-1 receptor
blockers [ARBs]) of angiotensin-II, the active product of RAS, are
widely used for the treatment of hypertension. These agents have
also been expected to exert beneficial effects that improve the
symptoms of metabolic disorders {12,13]. In addition, retrospec-
tive studies have shown that patients taking ACE inhibitors or ARBs
had decreased risk of developing some types of cancers, including
CRC {14-16]. The expression levels of ACE are higher in colorectal
adenomas and CRC epithelial cells than in the corresponding non-
neoplastic crypt and surface epithelia [17]. In a mouse model of
CRC liver metastasis, administration of an ACE inhibitor and ARB
significantly reduced tumor volume by blocking the RAS activity
[18]. These reports suggest that the RAS might be a critical target
for the treatment andjor prevention of certain types of human
malignancies, including CRC. However, the possibility of CRC che-
moprevention by targeting the RAS is yet to be considered.

The C57BL/Ks}-db/db (db/db) mouse is one of the most widely
used models of type 2 diabetes. The development of diabetes in
db/db mice results in the activation of RAS and induction of oxidative
stress, which promotes progressive inflammation [19]. In the pres-
ent study, we used male db/db mice injected with azoxymethane
(AOM) to examine the effects of captopril (ACE inhibitor) and telmi-
sartan (ARB) on the development of aberrant crypt foci (ACF) and
B-catenin accumulated crypts (BCAC), both of which are putative
precursor lesions for colonic adenocarcinoma [20,21], by focusing
on the attenuation of inflammation and reduction of oxidative
stress. This preclinical animal model is useful for investigating spe-
cific agents for their ability to prevent inflammation-related colorec-
tal carcinogenesis caused by obesity {7].

2. Materials and methods
2.1. Animals, chemicals, and diet

Male homozygous db/db mice aged 4 weeks (Japan SLC, Inc,
Shizuoka, Japan) were maintained at the Gifu University Life
Science Research Center in accordance with the Institutional
Animal Care Guidelines. AOM, captopril, and telmisartan were
purchased from Sigma Chemical Co. (St. Louis, MO, USA).

2.2. Experimental procedure

The animal experiment, as described previously [7,22,23], was
approved by the Committee of the Institutional Animal Experi-
ments of Gifu University: A total of 45 male db/db mice were di-
vided into six groups. To induce colonic preneoplastic lesions, at
5 weeks of age, the mice in Groups 4 (10 mice), 5 (10 mice), and
6 (10 mice) were given 4 weekly subcutaneous injections of AOM
(15 mg/kg body weight). The mice in Groups 1 (5 mice), 2 (5 mice),
and 3 (5 mice) were subcutaneously injected with saline once a
week for 4 weeks. Groups 2 and 5 received drinking water contain-
ing captopril (5 mg/kg/day) for 7 weeks, starting 1 week after the
last injection of AOM. Similarly, the mice in Groups 3 and 6 were
given drinking water containing telmisartan (5 mg/kg/day). Capto-
pril and telmisartan intake was maintained by adjusting the con-
centration of these agents in drinking water, whose volume was
measured three times a week. Groups 1 and 4 were given tap water
throughout the experiment. At the end of the study (16 weeks of
age), all the mice were sacrificed by CO, asphyxiation for colon
resection. The third portion of excised colons (cecum side) was
used to extract RNA, and the remaining part was used to determine
the numbers of colonic ACF and BCAC.

2.3. Counting the number of ACF and BCAC

The frequency of ACF and BCAC was determined according to
the standard procedures [7,22,23]. The colon samples fixed with
10% buffered formalin were stained with methylene blue (0.5% in
distilled water), and the number of ACF was counted under a light
microscope. To identify BCAC intramucosal lesions, the distal part
(1 cm from the anus) of the colon (mean area: 0.7 cm?/colon)
was embedded in paraffin, and 20 serial sections (4-pm thick)
per mouse were created by an en face preparation. The sections
were then subjected to H&E staining for histopathology and -
catenin immunohistochemistry to count the number of BCAC.
The anti-B-catenin primary antibody was purchased from BD
Transduction Laboratories (San Jose, CA, USA), and immunchisto-
chemical staining was performed using a labeled streptavidin-
biotin method (DAKO, Glostrup, Denrmark). B-Catenin-stained BCACs
were counted and the values were expressed as per cm? of mucosa
[7,22,23].

2.4. RNA extraction and quantitative real-time reverse transcription-
PCR

The expression levels of TNF-o and interleukin (IL)-6 genes in
the colonic mucosa and those of TNF-¢, cyclooxygenase (COX)-2,
IL-1B8, IL-6, and plasminogen activator inhibitor-1 (PAI-1) genes
in the white adipose tissues of AOM-treated db/dh mice were
determined by quantitative real-time reverse transcription-PCR
(RT-PCR) analysis [7,24]. Total RNA was isolated using the RNAqu-
eous-4PCR Kit (Applied Biosystems, Austin, TX, USA). cDNA was
synthesized from 0.2 pg of total RNA by using the SuperScript 111
First-Strand Synthesis System (Invitrogen, Carlsbad, CA, USA). The
specific primers used for the amplification of TNF-o, COX-2, IL-
1B, IL-6, and B-actin genes were as previously described [24]. The
specific primers used for amplification of the PAI-1 gene were as
follows: sense 5'-TTC AGC CCT TGC TTG CCT C-3’ and antisense
5-ACA CTT TTA CTC CGA AGT CGG T-3'. Real-time RT-PCR was per-
formed using a LightCycler (Roche Diagnostics GmbH, Mannheim,
Germany) with the SYBR Premix Ex Taq (TaKaRa Bio Inc., Shiga,
Japan). The expression level of each gene was normalized to that
of the B-actin gene by using the standard curve method.

2.5. Measurement of urinary 8-OHdG levels

Urine samples were collected at the time of sacrifice, and the
levels of 8-hydroxy-2/-deoxyguanosine (8-OHdG) were deter-
mined by using an enzyme-linked immunosorbent assay (ELISA)
kit (NIKKEN SEIL, Shizuoka, Japan) according to the manufacturer’s
protocol.

2.6. Statistical analyses

The statistical analyses were performed using the JMP 8 soft-
ware program (SAS Institute, Cary, NC, USA), and the results are
presented as mean (SD). Statistical significance was evaluated
using Dunnet’s t-test for multiple comparisons. Differences were
considered statistically significant when the two-tailed p-value
was less than 0.05.

3. Results
3.1. General observations
As listed in Table 1, the average body weight and relative liver

weight of the AOM-injected groups (Groups 4-6) at the end of
the experiment were significantly (p <0.01) lower than those of
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Table 1
Bedy, liver, and kidney weights of the experimental mice.
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Group No. Treatment No. of mice Body weight (g) Relative weight (g/100 g body weight) of:
Liver Kidney
1 Saline 5 54,6 + 8.8° 5.95+0.92 0.90+0.26
2 Saline + captopril 5 582+1.8 6.28 £0.44 0.79 £0.07
3 Saline + telmisartan 5 62.0£3.6 7.65+1.05 0.76 £0.10
4 AOM alone 10 409+5.5° 4,65 + 0.60° 0.93 £0.27
5 AOM + captopril 10 374 +8.4° 453 0.64" 1.05£0.22
6 AOM + telmisartan 10 422+8.8° 4.49 £ 0,55° 0.96£0.15
2 Mean £ SD.

b Significantly different from Group 1 (p <0.01).

the saline-injected group (Group 1). This might be caused by the
toxicity of AOM, as observed in previous experiments [7,22,23].
No significant differences were observed in the mean relative
weight of the kidney among the groups. No histopathological find-
ings suggesting toxicity of captopril or telmisartan in the liver, kid-
ney, and spleen of the mice were obtained (data not shown).

3.2. Effects of captopril and telmisartan on AOM-induced ACF and
BCAC in db/db mice

Table 2 summarizes the total number of ACF (Fig. 1A and B) and
BCAC (Fig. 1C and D) in the mice from all groups. Both ACF and
BCAC developed in the colons of all mice that received AOM
(Groups 4-6), but not in those without AOM treatment (Groups
1-3). When compared with Group 4 (AOM alone), administration
of either captopril or telmisartan in drinking water significantly re-
duced ACF frequency; the inhibition rates were 43% in Group 5
(AOM + captopril, p<0.01) and 39% in Group 6 (AOM + telmisar-
tan, p <0.01). Similarly, both captopril- (76% reduction, p < 0.01)
and telmisartan- (71% reduction, p <0.01) treatment groups had
significantly decreased numbers of BCAC than the AOM alone-
treated group.

3.3. Effects of captopril and telmisartan on the expression levels of
TNF-o. and IL-6 mRNA in the colonic mucosa of AOM-treated db/db
mice

TNF-o¢ is an important tumor promoter involved in obesity,
inflammation, and carcinogenesis [3-5]. As shown in Fig. 2A, quan-
titative real-time RT-PCR analyses showed that both captopril and
telmisartan significantly decreased the expression levels of TNF-o
mRNA in the colonic mucosa of AOM-treated mice (p < 0.05). On
the other hand, the expression levels of IL-6 mRNA in the colonic
mucosa (Fig. 2B), which also are possibly involved in obesity-
and inflammation-related colorectal carcinogenesis [3,25], were
not significantly lowered by treatment with these agents.

Table 2

3.4. Effects of captopril and telmisartan on the expression levels of
INF-o, COX-2, IL-18, IL-6, and PAI-1 mRNA in the white adipose
tissues of AOM-treated db/db mice

In the white adipose tissues of AOM-treated db/db mice, the
expression levels of TNF-« (Fig. 3A), IL-1B (Fig. 3C), IL-6 (Fig. 3D),
and PAI-1 (Fig. 3E) mRNAs were significantly inhibited by captopril
administration compared to the control mice (p <0.05 for each).
Drinking telmisartan also caused a decrease in the expression lev-
els of COX-2 (Fig. 3B), IL-1B (Fig. 3C), IL-6 (Fig. 3D), and PAI-1
(Fig. 3E) mRNAs in the white adipose tissues of AOM-treated mice
(p < 0.05). These findings (Figs. 2 and 3) indicated that administra-
tion of these agents attenuates the inflammatory response in the
colonic mucosa and in the white adipose tissues of obese mice.

3.5. Effects of captopril and telmisartan on the urinary levels of 8-
OHdG in AOM-treated db/db mice

Urinary 8-OHdG levels in AOM-treated db/db mice were deter-
mined using ELISA method (Fig. 4). The mice treated with either
captopril (6.5 + 2.0 ng/mL) or telmisartan (7.3 £ 2.2 ng/mL) showed
a significant decrease in the urinary levels of 8-OHdG compared to
the untreated mice (17.9 £3.5 ng/mL; p<0.01 for each compari-
son). These findings indicated that captopril and telmisartan sup-
presses abesity-related systemic oxidative stress.

4, Discussion

There is accumulating evidence to indicate that abnormalities
in the RAS play a critical role in several types of carcinogenesis;
therefore, agents targeting the RAS might augment cancer thera-
pies [9,10]. The results of the present study clearly indicated that
the RAS inhibitors captopril and telmisartan effectively suppress
the development of colonic preneoplastic lesions, ACF and BCAC,
in male db/db obese mice. This is the first report that shows the
preventive effect of an ACE inhibitor and ARB on the development
of chemically-induced colorectal carcinogenesis in any mouse

Effects of captopril and telmisartan on AOM-induced ACF and BCAC formation in the experimental mice.

Group No. Treatment No. of mice Length of colon (cm) Total No. of ACFs/colon Total No. of BCACs/cm?
1 Saline 5 11.1+08° 0 0
2 . Saline + captopril 5 11.9+09 0 0
3 Saline + telmisartan 5 11.7+£08 0 0
4 AOM alone 10 10.6+0.8 134.0+£24.5 34+18
5 AOM + captopril 10 10.6£1.3 76.924.3° 08+09°
6 AOM + telmisartan 10 10.8 £0.7 81.8+14.0° 1.0£1.0°
* Mean + SD.

b Significantly different from Group 4 (p < 0.01).
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Fig. 1. Histopathology and B-catenin-immunohistochemistry of ACF and BCAC in AOM-exposed db/db mice (Group 4). Arrows indicate ACF (A) stained by methylene blue on
the colonic mucosa. Representative photographs of ACF (B) and BCAC (C) stained with H&E. Basophilic cytoplasm and hyperchromatic nuclei are observed in the atypical
cryptal cells in BCAC (C). Immunohistochemistry of B-catenin protein in BCAC (D). The localization of the accumulated B-catenin protein is apparent in the cytoplasm and

nucleus of atypical cryptal cells. Scale bars, 100 um (A) and 50 pm (B-D).
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Fig. 2. The effects of captopril and telmisartan on the expression levels of TNF-o and IL-6 mRNAs in the colonic mucosa of AOM-treated db/db mice. cDNA was synthesized
from scraped colonic mucosa, and real-time RT-PCR was performed using specific primers for TNF-¢ {A) and IL-6 (B). The expression levels of these genes were normalized to
that of the B-actin gene. Data represent mean £ SD (n = 8). *p < 0.05 vs. AOM-treated control group.

model. The finding seemed to be significant in clinical medicine be-
cause these drugs are widely used for patients with hypertension
who frequently are obese. Furthermore, high blood pressure is in-
volved in the increased risk of development of CRC and colonic
adenomas [26-28], thus indicating that obese and hypertensive
patients might be regarded as a high-risk group for CRC develop-
ment. On the other hand, a recent retrospective study shows that
use of an ACE inhibitor is significantly associated with reduction
in the incidence and size of colorectal adenomas, the precancerous
lesions for CRC [29]. This report [29] along with the results of the
present study suggests that inhibition of RAS might be an effective
strategy for the prevention of colorectal tumorigenesis, especially
in obese individuals.

A key feature of obesity is increased inflammation in the
adipose tissue, which might be involved in cancer promotion and

progression [3]. Angiotensin-II is considered a pro-inflammatory
mediator because activation of its receptor induces a number of
molecules that participate in inflammatory responses [8-10]. For
instance, mice with elevated adipocyte angiotensinogen expres-
sion have increased the expression of TNF-o, [L-6, and IL-18 in
the adipose tissue [30]. Treatment with ARB decreased plasma lev-
els of TNF-o and IL-6 in patients with congestive heart failure [31].
In the present study, either captopril or telmisartan decreased the
mRNA levels of TNF-o, COX-2, IL-1B, IL-6, and PAI-1 in the white
adipose tissue of AOM-treated db/db mice. Therefore, the chemo-
preventive effect of an ACE inhibitor and ARB on obesity-related
colorectal carcinogenesis is most likely associated with the attenu-
ation of systemic inflammation. In addition, the inhibition of the
expression levels of TNF-o. mRNA in the colonic mucosa might also
contribute to this beneficial effect because this cytokine promotes
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Fig. 3. The effects of captopril and telmisartan on the expression levels of TNF-¢, COX-2, IL-1B, IL-6, and PAI-1 mRNAs in the white adipose tissues of AOM-treated db/db mice.
cDNA was synthesized from the white adipose tissues of the retroperitoneum, and real-time RT-PCR was performed using specific primers for TNF-o (A), COX-2 (B), IL-1B(C),
IL-6 (D), and PAI-1 (E). The expression levels of these genes were normalized to that of the B-actin gene. Data represent mean + SD (n = 8). *p < 0.05 vs. AOM-treated control

group.
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Fig. 4. The effects of captopril and telmisartan on urinary 8-OHdG levels in AOM-
treated db/db mice. At sacrifice, urine samples were collected from the experimental
mice, and the levels of urinary 8-OHdG were measured by ELISA. Data represent
mean + SD (n=8). *p < 0.01 vs. AOM-treated control group.

inflammation-related colorectal carcinogenesis, and thus, are crit-
ical targets for CRC chemoprevention [5,7,32].

Increased oxidative stress, which is associated with obesity due
to metabolic and inflammatory changes [6], promotes damage to
cell structures including DNA; this plays a key role in cancer devel-
opment [33]. Certain types of chemopreventive agents, such as
polyphenolic compounds, inhibit colorectal carcinogenesis by

exerting anti-oxidant effects [34,35]. Activation of the RAS by en-
hanced levels of angiotensin-1l leads to an increase in oxidative
stress [36], but this is significantly reduced by treatment with
RAS inhibitors {37,38]. In prostate cancer cells, candesartan, an
ARB, also significantly reduces angiotensin-II-upregulated oxida-
tive stress [39]. In the present study, both captopril and telmisar-
tan decreased the levels of urinary 8-OHdG, which is a useful
marker of DNA damage induced by oxidative stress, and this might
be associated with inhibition of colorectal carcinogenesis. These
findings, together with the results of recent studies [36-39], sug-
gest that increased oxidative stress might be a critical target of
RAS inhibitors for suppression of CRC.

Recent studies have revealed that insulin resistance and hyper-
insulinemia, which are closely related to obesity, are some of the
key factors in the development of obesity-related CRC, and thus,
may be critical targets for the prevention of this malignancy
[1,2,22,23]. In addition, activation of the RAS has been implicated
in the etiology of obesity and insulin resistance [8,40]. Therefore,
in the present study, it was expected that captopril and telmisartan
might improve insulin resistance. However, contrary to our expec-
tations, there was no clear evidence indicating an improvement in
insulin resistance by these agents (data not shown). Therefore, at
least in the present study, insulin resistance might not be a critical
target of ACE inhibitors and ARBs to prevent colorectal tumorigen-
esis in obese mice.

The present experimental study was performed using db/db ob-
ese mice, which exhibit increased RAS activation and oxidative
stress [19]. These mice are also highly susceptible to the colonic
carcinogen AOM compared to the wild (+/+) and heterozygous
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db/+ mice, neither of which exhibit obesity [41,42]. However, a
question whether RAS inhibitors can prevent CRC development un-
der non-obese condition has not yet been determined. Therefore,
further studies that can clarify the effects of RAS inhibitors on
the development of CRC under physiological RAS condition are re-
quired to confirm the possibility that these agents can be widely
used as chemopreventive drugs for CRC.

In summary, prevention of CRC by targeting chronic inflamma-
tion and oxidative stress, which is caused by obesity and is related
to RAS activation, might be a promising chemopreventive strategy
for obese people, who are at an increased risk of developing CRC.
Therefore, the agents targeting RAS, including ACE inhibitors and
ARBs, appear to be potentially effective candidates for this purpose
because these drugs attenuate inflammation while reducing oxida-~
tive stress.
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