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Molecular mechanisms for chemoprevention of
colorectal cancer by natural dietary compounds
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Colorectal cancer is one of the major causes of cancer-related mortality in both men and
women worldwide. This review focuses on preventing the initiation and promotion of
neoplastic growth in colorectal cancer, particularly with natural dietary compounds.
Chemoprevention is defined as the use of natural dietary compounds and/or synthetic
substances that can delay, prevent, or even reverse the development of adenomas, as well as
the progression from adenoma to carcinoma. The molecular mechanisms of their chemo-
preventive action are associated with the modulation of signaling cascades, gene expressions
involved in the regulation of cell proliferation, differentiation, and apoptosis and the
suppression of chronic inflammation, metastasis, and angiogenesis. Here, we summarize the
currently known targets and signaling pathways whereby natural dietary compounds inter-
fere with the development of colorectal cancer, and thus providing evidence for these
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substances in colonic cancer chemopreventive action.
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1 Introduction

Colorectal cancer (CRC) is one of the major causes of
cancer-related mortality in both men and women in most
developed world [1]. The risk factors of CRC include age,
family history, inflammatory bowel diseases (IBD) including
ulcerative colitis and Crohn’s disease, and environmental
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3,3'-diindolylmethane; DSS, dextran sulfate sodium; EGCG,
epigallocatechin-3-gallate; EGFR, epidermal growth factor recep-
tor; IBD, inflammatory bowel disease; iNOS, inducible nitric
oxide synthase; MAPK, mitogen-activated protein kinase; MMP,
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and dietary procarcinogens [2]. Epidemiological study
showed that up to 40% patients with colitis developed colitis-
associated CRC [3]. In colonic tumorigenesis, the inflam-
matory cells contribute to the colitis by generating pro-
inflammatory cytokines and diversing reactive oxygen
species and RNS. Oxidative stress has the potential to affect
a large array of carcinogenic pathway, because their targets
including DNA, RNA, lipids, and proteins, involved in
enhanced malignant transformation and proliferation of
initiated cells (Fig. 1). Inflammation also promotes the
development of cancer by creating an inflammatory micro-
environment during tumor tissue formation. The inflam-
matory and immuosuppressive cytokines and chemokines
secreted from these cells not only promote proliferation,
angiogenesis, invasion, and metastasis but also suppress the
host’s immune system and facilitate tumor growth and
development in CRC [4]. Many molecules such as LPS/Toll-
like receptor 4/nuclear factor-kB (NF-kB) pathway, inducible
nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), and
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Figure 1. Mechanisms and molecular events that characterize the transition to CRC. Colon carcinogenesis is a complex multistep process,
the adenoma-carcinoma sequence, from small benign precursor lesions to metastatic carcinomas. Tissue damage caused by bacteria,
carcinogens, environmental insult result in inflammation. During the chronic inflammation, the inflammatory cells are recruited to the
damage tissues and induce chromosomal instability and DNA damage in proliferating cells bearing survival advantages and that ulti-
mately contribute to malignant transformation. The initial step in tumorigenesis is that of ACF formation, associated with loss of APC.
Early carcinomas acquire accumulation of mutations in additional oncogenes or tumor suppressor genes, such as K-ras, p53, and Smad4,
which is downstream of transforming growth factor-p. The Wnt/-catenin and EGFR/PI3K/Akt signaling pathways pathway also play a
central role in an early colorectal tumor development. The mechanisms of natural dietary compounds act through the modulation of gene
expression involved in the suppression of inflammation, regulation of cell proliferation, differentiation, cell cycle and apoptosis and

suppression of angiogenesis and metastasis.

PGE, contribute to colitis-associated CRC development in
IBD [5].

The development of CRC involves various genetic and
molecular changes in cell proliferation, cell survival, differ-
entiation, resistance to apoptosis, metastasis, and tumor
angiogenesis [1, 2]. Loss of adenomatous polyposis coli (APC)
function, mutation, and constitute activation of B-catenin and
K-ras lead to activation of Wnt/B-catenin/Tcf4 signaling
pathway, which subsequently causes the transcription of
downstream genes such as cyclin D1, myc, VEGF, and matrix
metalloproteinases (MMPs) that are involved in tumorigenesis
[6, 7]. Moreover, oncogenic mutation of K-ras results in acti-
vation of Ras and its downstream effectors, such as Raf/MEK/
mitogen-activated protein kinase (MAPK) and phosphatidyli-
nositol-3 kinase (PI3K)/Akt pathways [8]. Inactivation of
glycogen synthase kinase-3p through phosphorylation by Akt
caused stabilization of B-catenin and its nuclear accumulation
[9]. Epidermal growth factor receptor (EGFR) signaling and
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transforming growth factor-f pathway also involve in regu-
lating colonocyte growth and differentiation, and are upre-
gulated in hyperproliferative aberrant crypt foci (ACF) as well
as contribute to malignant growth of colon cancer [10, 11].
The progression cascades involve the accumulation of
mutation genes as well as the alteration of morphological and
cellular events [12]. Progression of this disease is commonly
characterized by histologically distinct steps i.e. colonic crypt
hyperplasia, dysplasia, adenoma, adenocarcinoma, and distant
metastasis [12]. During this progression, formation of ACF in
early stage is believed to be a histological biomarker of colonic
tumor development [13]. ACF also occurs at a higher
frequency in colon cancer patients which proposed as a
putative preneoplastic lesion [14]. Moreover, increased
number and multiplicity of ACF are believed to be associated
with an increased risk for the development of CRC [13, 14].
Inhibition of iNOS, COX-2, 3-hydroxyl-3-methylglutaryl-CoA
reductase, retinoid X receptor-o, ER-f, 5-lipoxygenase, p-cate-

www.mnf-journal.com



34 M.-H. Pan et al.

nin, signal transducer and activator of transcription-3, or
MMPs shows protective effects against colon tumor develop-
ment in different animal models, suggesting that they are
crucial targets for mucosa inflammation and colon tumor-
igenesis [1].

2 Chemopreventive natural dietary
compounds on CRC

During colon tumor progression, specific molecular processes
have been targeted for chemopreventic intervention, including
chronic inflammation, proliferation and differentiation
signaling, apoptosis, cell surface growth factor receptors,
angiogenesis, and metastasis (Fig. 1). Despite understanding
of the process and mechanism in colonic carcinogenesis,
present therapies including surgery, chemotherapy, radio-
therapy, and molecular-targeted therapy are still limited for
advanced tumors. Hence, a growing amount of scientific
attention has been focused on investigating the potential of
dietary substances for both prevention and control of colon
cancer through chemopreventive strategies [15]. Epidemiolo-
gical and laboratory studies suggest that the consumption of
fruits and vegetables is correlated with the decreased risk of
colon cancer [16, 17]. Many natural dietary compounds in
fruits and vegetables have been isolated and their health-
promoting properties have been demonstrated. The molecular
mechanisms of CRC underlying the chemopreventive effects
of selected natural dietary compounds are highlighted below.

3 Chemopreventive mechanisms of
flavonoids and flavonolignan on
colonic carcinogenesis

Flavonoids are plant secondary metabolites that are ubiqui-
tous in fruits, vegetables, nuts, seeds, and plants (Table 1).
Some of them exhibit a broad spectrum of pharmacological
properties such as antioxidant, free radical-scavenging, anti-
inflammatory, anti-carcinogenic, anti-viral, anti-bacterial,
anti-thrombogenic, and anti-atherogenic activities.

Quercetin is found typically in onion, broccoli, apples,
and it has been shown to be a potent antioxidant and anti-
carcinogenic agent that decreases cell growth through
disruption of the binding of B-catenin to Tcf-4 in SW480
colon cancer cells [18], inhibits EGFR signaling pathway in
HT-29 cells [19], and induces apoptosis through upregula-
tion of p53, p21, and AMPK signaling in HT-29 colon cancer
cells [20]. Moreover, quercetin reduces B-catenin/Tcf tran-
scriptional activity, induces G2/M cell-cycle arrest through
decreasing gene expression of cyclin D1 and survivin in
SW480 colon cancer cells [21].

Apigenin, present in parsley and celery, evokes its inhi-
bitory effect on carcinogenesis through the induction of
apoptosis in human colon cancer cells and reduces azoxy-
methane (AOM)-induced ACF number in rats [22, 23].
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5-Hydroxy-6,7,8,4'-tetramethoxyflavone, in citrus, exerts its
chemopreventive activity through the induction of apoptosis
and cell-cycle arrest in colon cancer cells [24].

Green tea catechins are the most-studied health-
promoting flavonoids in recent years. Epigallocatechin-3-
gallate (EGCG) is the most abundant catechin in green tea.
Green tea and its constituents have been extensively studied
both in vitro and in animal models of carcinogenesis [25].
EGCG treatment suppressed AOM-induced colonic prema-
lignant lesions in mice, interfered with EGFR signaling, and
inhibited hepatocyte growth factor-induced cell proliferation
in human colon cancer cells [26-28]. Naringenin, a flava-
none present in orange, is believed to contribute to reduce
AOM-induced ACF number and increase apoptosis of
luminal surface colonocytes [23]. Cyanidin, an anthocyani-
din present in cherry and strawberry, significantly inhibits
cell proliferation and colonic inflammation in human colon
cancer cells [29]. Delphinidin, an anthocyanidin present in
dark fruit, has potential in inhibiting colon cancer growth
through induction of apoptosis and cell-cycle arrest in
human colon cancer HCT 116 cells [30].

Soybeans and soy foods, which contain phytochemicals
including isoflavones, saponins, phytic acid, and phytoster-
ols, exhibit anti-inflammatory and anti-oxidant effects.
Genistein, which is an isoflavone, is believed to contribute to
reduce colonic inflammation in  2,4,6-trinitroben-
zenesulfonic acid (TNBS)-induced colitis [31].

Silibinin, isolated from the milk thistle plant Silybum
marianum, is the best-documented of the flavonolignans in
displaying health-beneficial effects. Silibinin was reported to
inhibit cell proliferation and promote cell-cycle arrest in
human colon cancer cells [32]. More recently, silibinin has
been found to inhibit AOM-induced ACF through decreas-
ing iNOS, COX-2, and cyclin D1 expression in rats and
suppress P-catenin/GSK3f signaling and cyclin D and
c-Myc expression in APC™™* mice [33-35].

4 Chemopreventive mechanisms of
proanthocyanidin and other
polyphenolic compounds

Proanthocyanidins, an important part of the human diet, are
synonymous with condensed tannins and are found in fruits,
beans, berries, nuts, cocoa, and wine [36]. Proanthocyandins
inhibited the PI3k/PKB pathway and induced apoptosis in
colon cancer cells [37] (Table 2). Curcumin (difer-
uloylmethane), a dietary pigment from Curcuma longa L.,
gives the golden-yellow color and unique flavor to curry.
Several laboratories have shown that curcumin and/or
turmeric have potent anti-inflammatory activity [38]. Curcu-
min has also been reported to inhibit cell invasion by down-
regulation of COX-2 and MMP-2 expression and inhibit colon
cancer cell growth through suppressing EGFR gene expres-
sion and modulating Akt/mTOR signaling in CRC cells
[39—41]. In another study, curcumin has been found to

www.mnf-journal.com



35

Mol. Nutr. Food Res. 2011, 55, 32-45

$91A00U0]00 92eyIns |eulwn| jo sisoldode

Fad abueag o —l_o

[gz] S9SEaIOUl pUB JaquINu 4JV Padnpul-\ QY Seonpay uluabunen
UOISBAU] ||90 S9SBaII3P SB [[9M Se aseuD)
au1s0JA} J03dadau Jo uonejAioydsoyd jo uoissaiddns ybnoayy
[82] uollesayljoad |90 paonpui-10319e) ymoub a1Aooieday suqiyuj
[L2] |[99 J9oued uojod ul Buljeubis Y493 Yyum saiapiolu|
821W qp/gqp-rs)/1d.L9D Ul |9A9]
L@ uljoAd pue ‘g-XQ9 ‘ulualed-g ‘ge-NsD-d Buionpal
[9z] ybnouayl 4Jv abue| pue [e10} JO Jaquinu 8y} Sasealda( 5k
L-I9INl PUe ‘p-ad ‘2-Mad ‘Led Bunenpow
[v2] ybnouyl sisordode pue 1salie 9]9A2-||901H/05) saoNpu| auoAe|jAxoylawelal- y'g’ £ '9-AX0IpAH-G
L LI
$9]A00U0|09 89e)INS [eulwn| o sisoldode .
[gz] $9SBAIOU| PUB JaQWINU 4)Y PadNPUI-AOY S99Npay | 1a
S|]992 499uUed uo|0d
[z2] ul uoissaidxa ulalodd Hdy Buloueyus Ag sisordode saonpuj uluabidy
UIAIAINS pue | g UI[9A9 Jo
uolssaidxa auab Buiseasdap ybnouayl 1salie 819A2-|199 |N/2D
[zl saonpul ‘AlAIIOe |euondiiosued) O] /ulualed-g saonpay
Burjeubis MdINY e ¥
[0z] pue ‘L zd ‘egd jo uonenbaidn ybnouys sisoydode saonpu| "
S||@0 eWOUIDIED UO|0D ul Buljeubis
[6L] wieal}sumop pue Y493 jo uonejAioydsoyd ayj sassaiddng T
¥-49] 01 ulualed-d jo
[8L] Buipuiq ay} jo uondnisip ybnoayl ymouib |80 sasealdsaq u13ealaND
92INn0s
"Joy swsiueyosn Aelaig ain1oni1s punodwo)

s1sauaBouloied 91U0j0d U0 UBUBI|OUOAR|) PUB SPIOUOAR|} JO SWISIUBYIBW BAIIUBABIdOWSY)D 'L d|qel

www.mnf-journal.com

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



Mol. Nutr. Food Res. 2011, 55, 32-45

M.-H. Pan et al.

36

‘gJg-aseun) aseyluAs uabooA|b ‘ge-)SH

aoIW 4, ddV Ul uononpoud
auP01AD pue ‘OAN-0 ‘Q Ulj9Ad O uoissaidxa uialoud ‘Buljeubis

[g€ ‘PE]  dedISDH/uUlualea-g jo uoissaiddns eia sdAjod [eunnsaiul sasealoaQ
1eJ ul uoissaidxa L uljoAd pue ‘g-X09 ‘SON!
[e€] Buisealoap ybnoayy uonewso} 43y PadNpul-NOY SHAIYY|
uoissaldxs uieloid szd a0 L gd
sasealoul pue Ajaioe Jajowoud HH-uljdAd Jo uoniqiyul
[gel eiA 1salie 9|9A2-|199 ybBnouayl uollelayijold 199 suqgiyu| uluiql|Is
s]ed S111]02 21uU04Yd padnpul-SgNL ul
[Lel uolssaidxa ausb g-xX(OD pue uollewwe|jul 21UO|0D S8INpPaYy ulalsiuan
Buijeubis gi-4N o uoissaiddns pue ‘uiayoud
Z-19g Buiseaosp pue uisjoid xeg Buisealoul ‘speossed
[o€] sasedsed Jo uolneanoe ybnouayy sisoydode saonpu uipiuiydieq
S|]92 499UBd U0|09 Ul uoissaidxa
[62] auab z-X0J pue ‘SON! ‘uolnesajjold |99 suqIyu| uipiueA)
92INn0s
"oy swsiueyos Aelaiq ain1onns punodwo)

panunuoy ‘L s|qeL

www.mnf-journal.com

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



37

Mol. Nutr. Food Res. 2011, 55, 32-45

8y ‘Ly]

[ov]

[g¥]

vl

[ev]

[ey]

Ly ‘oF]

[6€]

[L€]

uolssaidxa auab Alojewuweljul pue ‘Buljeubis gi-4N

‘PIV/MEID ‘H4DT ‘ulusled-g/iupA Jo uolle|nbaiumop
ybBnouyi sisauabouidIed 91U0|0d PBINPUI-ANQVY SHJIYU|

¢ HO0
OH

apeosed ged Bunenbaiumop ybnouayy uoissaldxs
Z-X0D pue SON! sessaiddns ‘uoissaidxa | g uljoAd
pue 2A-0 Buisealdap AQ uoilesajijod |99 s9oNpay

HOO susqsoIely

HO ; OOI

HO |oJ1el9ASDY

S||99 PAAIIOP-UO|0D Ul UOIIeZ]|BIO| Ujudled-g
Je|njj@aesyul Jo uonenbais pue Buljeubis JUAA SHIYu|

"Z-X0J pue ‘SON! ‘L-S3Dd ‘ged Jo uone|nfaiumop
ybnouyl s1j0d paanpul-§sQg 4o uoissaiddng

ETY

S||90 482UBD UO|0D Ul UOISSaIdXd G-dAIN PUB ©|-10108}
pasnpui-eixodAy Buionpal eja siselselouwl suqiyu|

asi aAnoe yum

s} npe pue uaip|iyod ul uoissaidxa g-dI\IIN pue
‘uononpoud ¢-7] ‘uoneanoe ged jo uoissaiddng

Burjeubis 4oL

w/py Bunlenpow pue Y453 Jo uoissaidxa auab

Buissaiddns ybnoayl ymoub [|99 193uUed U009 SHqlyu| HO OH

S||82 199ued Uu0|09 ul god
Buniqryut eia uoissaidxa g-dNIN PUe 2-X0D
J0 uonenbaiumop Ag uoiseAul |[89 suqiyu|

¢ HOO =7 0O2°%H

urnoINg

ECINET: ]

* 2,

Aemyied Buijeubis Py pue Meid

J0 uone|nBaisumop ybnouayy sisoydode saonpuj uipiueAsoyilueoid

‘JoY

swisiueyos|N 9a4nos Aielaiq ainjonulg punodwo)

sisauaboulaied 91u0j0d uo spunodwod aijousaydAjod 1ayjo pue ujpiueAdsoyjueold Jo swsiueydaw aAluasaidoway) g ajqeL

www.mnf-journal.com

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



38 M.-H. Pan et al.

suppress p38 activation, IL-1f production, and MMP-3
expression in the mucosa of children and adults with IBD [42].
Resveratrol (3,5,4'-trihydroxystilbene) is a compound
found mainly in the skin of grapes and red wines. Resver-
atrol was reported to inhibit metastasis via reducing hypoxia
inducible factor-1o. and MMP-9 expression in colon cancer
cells [43]. Dietary supplementation of resveratrol suppressed
dextran sulfate sodium (DSS)-induced colitis through
downregulation of p38, prostaglandin E Synthase-1, iNOS,
and COX-2 in mice [44]. Resveratrol also inhibited Wnt
signaling and B-catenin localization in colon-derived cells
[45]. Pterostilbene, a dimethylether analogue of resveratrol,
has been demonstrated to have anti-inflammatory action
through inhibiting p38 MAPK pathway in colon cells [46].
Dietary intake of pterostilbene suppressed ACF formation in
the AOM-induced colon carcinogenesis through inhibiting
B-catenin/p65 signaling pathway in rats [47]. Our recent
report has shown that pterostilbene inhibited AOM-induced
ACF through downregulation of Wnt/B-catenin, EGFR,
PI3K/Akt, and NF-xB signaling pathways in mice [48].

5 Chemopreventive mechanisms of
carotenoids

Carotenoids are natural, fat-soluble pigments that provide
bright coloration to plants and animals (Table 3).
B-Carotene, primarily present in carrots, red palm oil,
pumpkin, and leafy green vegetables, exhibited antioxidant
and anti-carcinogenic activity. B-Carotene has been demon-
strated to reduce high-fat diet induced ACF and COX-2
expression [49]. Lycopene, a carotenoid found in tomato,
watermelon, papaya, apricot, and orange, exhibited potential
antioxidant and anti-carcinogenic activity. Lycopene inhib-
ited cell proliferation of human colon cancer cells via
suppression of the Akt signaling pathway and downstream-
targeted molecules [50]. Lycopene also prevented LPS-
induced proinflammatory gene expression by blocking of
NF-xB signaling and inhibited cell growth through inacti-
vating Ras signaling pathway [51, 52]. Astaxanthin, a major
component of carotenoids possesses attractive remedial
features, is naturally occurring and found predominantly in
shrimp and crayfish. Astaxanthin was reported to inhibit
1,2-dimethylhydrazine-induced rat colon carcinogenesis by
modulating the expressions of NF-kB, COX-2, MMPs-2/9,
Akt, and ERK-2 signaling pathway in Wistar male rats [53].

6 Chemopreventive mechanisms of
isothiocyanates, 3,3'-diindolylmethane,
terpenoids, w-3 fatty acids, and
conjugated linoleic acid

Isothiocyanates, found in cabbage, turnips, broccoli, kale,
turnips, caulifiower, and brussels sprouts, have been

demonstrated to have a cancer chemopreventive activity [54]
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(Table 4). Phenethyl isothiocyanate induced cell-cycle arrest
by downregulation of cyclins through the activation of p38
MAPK signaling pathway in HT-29 cells [55]. Phenethyl
isothiocyanate also inhibited cell migration and invasion
through downregulation of MMPs gene expression via
suppressing protein kinase C8, MAPK signaling, and NF-xB
binding activity [56]. Sulforaphane treatment reduced the
number of polyps by inhibiting Akt, ERK signaling, COX-2,
and cyclin D1 protein expression in Apc™™™*) mice and
also inhibited cancer cell growth by inducing apoptosis in
SW620 cells, which contributes to its anti-inflammatory and
anti-carcinogenic activities [57, 58].

3,3-Diindolylmethane (DIM) is a nontoxic cancer-
preventive phytochemical isolated from broccoli and
cabbage. DIM can reduce DSS-induced PGE,, nitric oxide,
and proinflammatory cytokines production in BALB/c mice
[59]. DIM has also been demonstrated to exert anti-cancer
effects in both in vivo and in vitro models. DIM caused cell-
cycle arrest by inhibiting cyclin-dependent kinase 2 (CDK2)
activity and increasing protein levels of p21 and p27 in HT-
29 human colon cancer cells [60].

Terpenoids are a class of secondary metabolites from the
common origin of mevalonate and isopentenyl pyropho-
sphate that are lipophilic in nature [61]. Borneol has been
reported to suppress TNBS-induced colitis and proin-
flammatory cytokines gene expression in mice [62]. all-trans-
Retinoic acid reduced TNBS-induced colitis through
decreasing the level of proinflammatory in mice [63]. More
recently, retinol treatment of colon cancer cells resulted in
inhibition of cell migration and invasion [64]. Retinol also
promoted proteosomal degradation of B-catenin and inhib-
ited cell invasion by suppressing PI3K activity in colon
cancer cells [65, 66].

Zerumbone, a tropical ginger sesquiterpene, significantly
reduced AOM/DSS-induced colonic inflammation, multi-
plicity of colonic adenocarcinomas, and NF-kB expression in
tumors developed in ICR mice [67].

A multitude of experimental and clinical studies have
described potential health benefits for ®-3 PUFA abundant
in marine oil. Studies with fish oil, which contains eicosa-
pentaenoic acid and docosahexaenoic acid (DHA) showed
that it has anti-inflammatory and anti-cancer properties.
DHA treatment inhibits colon cancer growth through
inducing apoptosis and cell-cycle arrest [68]. DHA also
suppressed arachidonic acid-induced cell proliferation,
PGE, production, and COX-2 expression in human colon
carcinoma cells [69]. Moreover, DHA is believed to induce
the degradation of B-catenin and alterations in the expres-
sion of T-cell factor-B-catenin target genes, and induce
apoptosis by modulating PI3K and p38 MAPK signaling
pathways, which might contribute to their chemopreventive
effects in human CRC cells [70, 71].

Conjugated linoleic acids (CLA) are a family of PUFA,
some isomers occurring naturally in milk, dairy, and beef
products. Several studies showed a lower incidence of
certain cancers in animals fed CLA-supplemented diets.

www.mnf-journal.com



39

Mol. Nutr. Food Res. 2011, 55, 32-45

o]
H
sisojdode saseauoul se [|am se ‘6-/Z-dININ pue N Ny e
Z2-X0D 10 uoissaidxa uleloid pue ‘sBuijeubis gi-4N
‘PIV Y3 40 uonenbaisumop ybnoayl sissusabouldied H
[es] u0|09 1Bl padnpul-) auizelpAyjAylewip-g’‘L suqiyu| ] ulyluexelsy
[zs] BuijeuBis sey Buizeanoeul ybnoiyl ymwmoab 190 sHuqiyu|
Auanoe jeuonduosuely gi-4N R
pue ‘uoneosojsueu) Ggd ‘uonepesbap ng| jo uoissaiddns
[L5] AqQ uoissaidxa auab Alojewuwejjulold paonpul-Sd SIUdAdId
£zd JO |9A8]| Jeajonu sasealoul pue ‘uoissaldxa
ulaloud | @ uloAd saonpau ‘|ans] ulalold ulualed-g sesealoap ’
[0g] ‘uollennloe ply Jo uoissaiddns ybBnoayl uonesaijoid (|99 suqgiyu| auadooA
XN
[67] uoissaidxa g-X0D pue Jaquinu 4J)y pasnpul 1a1p 1ey-ybiy saonpay auajole)d-g
‘Joy swisiueyosp 2ainos Aielaiq ainjonns punodwo)

SIS9UBBOUIDJIED D1UOJOD UO SPIOUS}0IED JO SWISIUBYIBW dAIUBABIdOWaY) "¢ ajqeL

www.mnf-journal.com

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



Mol. Nutr. Food Res. 2011, 55, 32-45

M.-H. Pan et al.

40

Jwbuicy
e
2 G
. _\._
g3-4N J0 uoissaidxa pue ‘sewouldiedouape ul Ayondinw AN o)
[£9] ‘uollewWejul 9JUOJ0D PAJNPUI-SSA/INOY S9oNpay e auoquiniaz
991w Ul uoissaldxa auab (JL-7| pue 9-7]) SAUD|0IAD HO
[L9] AJjojewiwejjuiold pue si31|09 padnpul-SgN1 Sosead9q Joauiog
Lzd pue | zd jo s|an9| uiayoud Buiseaioul HN \ .. NH
[09] pue Auanoe gy ) Bunigiyul Aq 1salie 819A2-||99 saonpu|
901w 9/g7vg ul uononpouid saupjolAo Asojewwejuiosd Q O
[65] pue apIxo LU “Z3Hd Padnpui-§Sg seINpay WIa
Buijeubis oinoydodeoud juspuadap-ggd
[851] ybnouiys sisoydode ||82 182URD UO|OD SBINPU|
esnow  ,,,,0dV Ul uoissaidxa —=
uielold L@ uljPAd pue ‘z-X09 ‘Buljeubls yy3 $=9 Z/\/\/m\
[£S] ‘Pl 40 uoniqiyul ybnoayl sewoudpe |BUIISSIUI S8INPaY (o) aueydeusoy|ng
s|ans| ga-4N pue Buljeubis VN ‘P O aseuly
u1gloud Buissaiddns eia
uoissaldxa auab sd\|Al 40 uonenbaiumop
[9g] ybBnouayl uoiseaul pue uoleiBiw |99 suqIyu| S=0=N ajeueAoolylosi |Azuag
Aemyied Buijeubis JvIN 8sd
}O uoneAoe ayy ybnoayy uoissaidxa (3 pue 9}eueAd01y3os|
[65] ' V) suloAs Buiseasdap AQ 1salie 919A2-||99 saanpu| S=9=N 1Aylauayd
"Joy SWISIUBYO3|A| 9ainos Aielaiq ainjonilg punodwo)

sisauabouloIed 21U0|0D UO PIoe d18joul| Pa1eBnfuod pue pioe Aley £-® ‘plouadlal ‘81eURADOIYIOS] JO SWSIUBYIBW dAlUBABIdOWaY) ¥ d|qel

www.mnf-journal.com

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



41

Mol. Nutr. Food Res. 2011, 55, 32-45

‘aseury uigloid pale|nBai-jeubis Jejn|j@oelixa ‘z/L 343

S[|99 z-09e) |eljdylida 91uojod uewny ul gL-7|

L] pue ‘9-7] “e-4NL 40 uoissaidxa yYNYW sasealoaq

9Aw-0 weaslsumop pue g/L3Y3J Jo uonejAioydsoyd
[2L] Buionpai ybnoiyy ymwmoab 18oued uojod syqiyu| HOOD o e NN Ploe d19joul| palebinfuo)
[L£] Buljeubis Py jo uonenbaiumop ybnouys sisordode saonpuj

493N pue [-dININ 8usb wealisumop sl Sasealdsp pue po yord
[0£] ulualed-g Jo uolepeibap Juspuadap-sawosealold saonpu| Fe ] Lo
uoissaidxa g-X0D pue ‘uononpoud 235y g mu...huw

[69] ‘uollesayljoud |90 paonpui-pioe dluopiyoele sassaiddng o T2 B r

snjels £Gd Jo Juapuadapul ymolb ||90 189o0ued uo|od -
[89] S9SB8109p puk 1salle 9]9A2-[|99 ‘sisoldode saonpu| VHa

L)
[g9] AnAnoe yg|d Jo uoissaiddns AQ uoiseAul [|99 s1qlyu| € € €
ulualea-¢ jo uolepesbap |ewosoaloid H _ H _ HI

[99] sajowoid pue |9A3] Jeajonu sasealda HO =z Z

SdINIIN 4O Sa1lAIOe pue uoissaldxa auab Buiseatoap n_._o
[¥9] ybnouyl uoiseaul pue uollesBiw 199 s1qiyu| €HD |jounay

®HO
201W Ul (£L-7] pue HO |
‘dL-171 “©-4NL) Seup0lAo Alojewwejuiold JO S|OA9| N NN ¢

[g9] Buiseasdap ybnouayl sinijod paonpul-SgNL S99npay O ¢HO €HO €4o O°H p1oe diounal-suesi-||y
"Joy SUEIVEIVEET 9ainos Aielaig 2injonils punodwo)

panunuoy -y s|qeL

www.mnf-journal.com

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



42 M.-H. Pan et al.

Treatment with CLA inhibited colon cancer growth through
reducing phosphorylation of extracellular signal-regulated
protein kinase and downstream c-myc in human Caco-2
cancer cells [72]. CLA has also been reported to decrease
mRNA expression of tumor necrosis factor o (TNF-a), IL-6
and IL-12 in human Caco-2 cells [73].

7 Chemopreventive mechanisms of
sphingolipids

In addition to aforementioned natural dietary compounds,
researches on dietary sphingolipids found that they can
suppress colon carcinogenesis. Milk sphingolipids were fed to
female CF1 mice, which were previously administered
1,2-dimethylhydrazine, and it was found that sphingolipids
reduced the number of aberrant colonic crypt foci and aberrant
crypts per focus by 70 and 30%, respectively. A longer term
study found that sphingolipids had no effect on colon tumor
incidence, but up to 31% of the tumors of mice fed sphingo-
lipids were adenomas, whereas all of the tumors of mice fed
without sphingolipids were adenocarcinomas [74-76]. Differ-
ent classes of sphingolipids, containing different head groups
(sphingomyelin, glycosphingolipids, and ganglioside), showed
similar effects [76]. Symolon et al. [77] also showed that dietary
soy sphingolipids suppressed tumorigenesis and gene
expression in 1,2-dimethylhydrazine-treated CF1 mice and
Ap™™* mice. In their study, the number of aberrant colonic
crypt foci could be reduced by 38 and 52% at 0.025 and 0.1% of
soy sphingolipids in the diet w/w, respectively, and cell
proliferation in the upper half of the crypts could be reduced
by 50 and 56% at the same concentrations of soy sphingolipids
in the diets. Adenomas in the APC™™* mice were decreased
by 22 and 37% when the mice fed with 0.025 and 0.1% w/w
soy sphingolipids diets. For gene expression confirmation, they
found that soy sphingolipids decreased two transcription
factors (hypoxia-induced factor 1o and transcription factor 4) of
mRNA expression which are associated with cancer.

A significant part of orally administered sphingolipids was
found in the small intestine and colon of mice [78]. The
enzymes (sphingomyelinase, glucosylceramidase, and cera-
midase) that are normally found in the small intestine digest
these compounds. The sphingolipids that are not digested and
adsorbed into the blood stream through the small intestine are
transported to the colon, where they are hydrolyzed, mainly by
colonic microflora. The released bioactive molecules, cera-
mides, and the sphingoid bases have biological functions
involved in regulating cell growth, induction of cell differ-
entiation, and apoptosis. More studies are underway to deter-
mine if sphingolipids can be used as chemopreventive agents.

8 Concluding remarks

CRC is a leading cause of cancer-related morbidity and
mortality worldwide. Recent evidence indicated that
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increasing of fruits, vegetable, or fiber is unlikely to prevent
a large proportion of CRCs [79]. The nature of in vivo animal
experiments may be responsible for the inconsistencies
between human and animal studies whereby larger
amounts of dietary compounds are provided to animals in a
closely controlled setting where CRC is artificially induced.
Furthermore, genetic variability in humans can account for
various effects in human cohorts. Therefore, various
chemopreventive strategies have been investigated. Multi-
stage tumorigenesis in this organ with its sequence of
accompanying chronic inflammation, genetic, molecular
signaling, and metabolic pathways alterations, provides an
attractive model for the evaluation of chemopreventive
agents. Besides dietary compounds, lifestyle factors includ-
ing avoidance of smoking and heavy alcohol use, prevention
of weight gain, and maintenance of a reasonable level of
physical activity are also correlated with lower risks of CRC
[79]. The ultimate goal of chemoprevention by natural
dietary compounds is the reduction of CRC incidence by
intervening development pathways in tumor cells which
promote growth and metastases of CRC. In this review, the
implementation of chemoprevention of CRC by various
natural dietary compounds represents an inexpensive,
readily applicable approach to control and reduce CRC
incidence.

The authors have declared no conflict of interest.
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