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Abstract: Conjugated linoleic acids (CLA) are distinctive polyunsaturated fatty acids. They are
present in food produced by ruminant animals and they are accumulated in seeds of certain plants.
These naturally occurring substances have demonstrated to have anti-carcinogenic activity. Their po-
tential effect to inhibit cancer has been shown in vivo and in vitro studies. In this review, we present
the multiple effects of CLA isomers on cancer development such as anti-tumor efficiency, anti-
mutagenic and anti-oxidant activity. Although the majority of the studies in vivo and in vitro
summarized in this review have demonstrated beneficial effects of CLA on the proliferation and
apoptosis of tumor cells, further experimental work is needed to estimate the true value of CLA as a

real anti-cancer agent.

Keywords: conjugated linoleic acids (CLA); anti-cancer; anti-tumor; anti-mutagenic; anti-oxidant;
proliferation; apoptosis

1. Introduction

Fatty acids are important elements of the human body, having biological, structural
and maintenance roles. There is a great research of interest towards the fatty acids and its
potential health benefits [1]. Depending on the presence or absence of the double bonds,
fatty acids are classified into two major classes: saturated and unsaturated. Saturated fatty
acids contain only single bonds, whereas unsaturated fatty acids contain double or triple
bonds. Unsaturated fatty acids that contain two or more double bonds are referred to as
polyunsaturated fatty acids (PUFA). There are various types of PUFA, classified by their
chemical structure. The first type includes fatty acids which double bonds are separated by
methylene group (-CHy.), all found with cis configuration. This type of naturally occurring
fatty acids are known as essential fatty acids. Common non-conjugated PUFA are linoleic
or w—6 (9 cis, 12 cis-C18:2), found in nuts, seed and vegetable oils and «-linolenic or w—3
(9 cis, 12 cis, 15 cis-C18:3), found in seed, oil of plants, fish and seafood. In the second type
the double bonds have conjugated bonds and includes fatty acids in multiple positional
(9 cis, 11 trans-C18:2 and 10 trans, 12 cis-C18:2) isomers known as conjugated fatty acids
(CFA). A group of CFA, containing 18 carbons and 2 conjugated bonds are known as
conjugated linoleic acids (CLA), those having 18 carbons and 3 double bonds are referred
to as conjugated linolenic acids (CLNA) and those having 20 carbons and 5 double bonds
are conjugated eicosapentaenoic acids (CEPA). A well-studied example of conjugated fatty
acids is CLA.

CLA are naturally occurring isomers of fatty acids found in ruminant animal food
products [2]. There are 28 known CLA isomers identified with different position (ranging
from A7, A9 to A12, A14) of cis or trans geometry. The most common biological isomers
are the cis-9, trans-11(c9, t11), which accounts for more than 80% of CLA isomers in dairy
products and cis-12, trans-10 (+10, c12), present in some ruminant fats [3]. The natural
product of CLA is a mixture of two isomers: c9, t11 and 10, c12 available by partial
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hydrogenation of linoleic acid and/or isomerization of cis unsaturated fatty acids, using
bacterial enzymes as catalysts (Figure 1) [4]. Many bacteria have been reported to convert
free LA into CLA: Butyrivibrio fibrisolvens [5], Megasphaera elsdenii [6], Lactobacillus reuteri [7],
L. acididophilus [8], L plantarum [9], and Bifidobacterium breve [10].
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Figure 1. Structure of linoleic acid (LA), ¢9, t11 and 10, c12-CLA.

CLA is an essential, but minor component of fats that enters the human body primarily
from the sources of dairy products and meat from ruminant animals [11]. The physiological
properties of CLA have received considerable attention over the past few decades due to
their documented health-promoting benefits and biological functions. The main health
properties described of CLA include the reduction of carcinogenesis, diabetes, obesity and
atherosclerosis in different animal and cell line studies [12]. Although CLA was firstly
reported by Booth in 1935 in butter fat, one of the first health beneficial properties attributed
to CLA was its anti-carcinogenic effects discovered in the late 70 s by Pariza et al. [13,14].
The CLA was described as an anti-carcinogen isolated from fried ground beef [14-16]. Since
then, various studies (in vivo and in vitro) demonstrated that CLA could act by promoting
the inhibitory effects on tumor cell growth [17]. However, the mechanisms of action
through which CLA acts against cancer are not fully clear at present. Another important
question is the dose and which isomer is necessary to bring the desired beneficial effects.
In most of the studies, CLA mixture was demonstrated as a potential anti-cancer agent
to regulate the tumor growth through different metabolic pathways and to alter lipid
peroxidation, cell proliferation and apoptosis [18]. Some of the studies demonstrated the
effective dose of a single isomer ¢9, t11-CLA, but not 10, c12-CLA [17-19]. Contrary to the
initial studies, there have been few reports of CLA that did not show any inhibitory effects
against cancer and even showed promotion on tumor progression [20].

The objective of this review is to summarize various reports on animals, cell models,
as well as clinical studies, to provide an idea on the aspects of CLA anti-cancer benefits
and its mechanisms of actions.

2. Animal Models

Pioneering research, done by Michal Pariza and colleagues, showed that the extracts of
grilled ground beef exerted anti-mutagenic activity, and that the responsible anti-mutagen
was CLA [21]. Feeding the mice with CLA developed only half the number of tumor
formations and lowered the incidence of carcinogenesis [13-16,21]. Various animal studies
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reported the effects of CLA (synthetic or natural source) in vivo, demonstrating the CLA
inhibition on initiation, promotion and progression of cancer [22]. Different animal models
have been used to prove the inhibitory effects of CLA in different cancer developments
(Table 1).

Table 1. Effects of conjugated linoleic acids (CLA) in carcinogenesis (animal models).

Cancer Inducer Animal CLA Source Effects Reference
Type
1 . Incresed apoptotic index,
Colon DMD SD rats CLA mixture Park et al. [23]
lower number of tumors.
Colon AOM 2 SD rats CLA mixture Incresed apoptosis, and Shiraishi et al. [24]
activity of Caspase-3.
- . . 9, t11-CLA Decrease polyp size. .
Colon Crypt fission Apc(min/+) mice #10, c12-CLA Increase polyp size. Mandir et al. [25]
Colon Unbhealthy diet Apc(min/+) mice CLA mixture No effect. Petrik et al. [26]
Colon and 3 . 9, t11-CLA Inhibit cancer cell migration,
pulmonary MU BALB/c mice £10, c12-CLA reduced pulmonary nodules. Soel etal. [27]
Inhibit aberrant crypts, Nichenametla et al.
Colon AOM SD rats <9, t11-CLA enhanced killer cell activiy. [28]
Colon DMH * SD rats CLA mixture Reduced tumor incidence, Kim et al. [29]
increase apoptosis.
. . Decreased metastatic foci, .
Colon AOM BALB/c mice CLA mixture . Sasaki et al. [30]
activation PPRn.
Mammary DMBA 5 SD rats CLA mixture No effect. Ip etal. [31]
Ma“}l:;;g and DMBA SD rats CLA mixture Inhibit PUFA oxidation. Bialek et al. [32]
Breast DMBA SCID rats CLA mixture Reduced tumor growth. Visonneau et al. [33]
Mammary DMBA BALB/c mice CLA mixture Prolong tumor latency, Hubbard et al. [34]
decresed tumor burden.
Breast DMBA BALB/c mice 9, H11-CLA Reduced tumor growth in Tao et al. [35]
conjugate with gemcitabine.
Mammary MNU 6 SD rats 9, 11-CLA Decressed tumor mass per Lavillonneiere et al.
animal. [36]
Mammry and DMBA SD rats 9, 111-CLA Decreased tumor weight and Zeng etal. [37]
breast volume.
Breast MNU SD rats CLA mixture Decresed termm.al and bud Ip etal. [38]
cell density.
Prostate DMBA SCID mice CLA mixture Inhibit cancer cell grovth. Cesano et al. [39]
. . Inhibit the formation of
7 /
Prostate PhIP Big blue rats CLA mixture PhIP—DNA. Yang et al. [40]
. . Apoptotic activity and
Prostate AIN-76A diet Copenhagen rats CLA mixture . . Jung et al. [41]
citotoxycity.
Prostate PhIP Copenhagen rats CLA mixture Not ben.e ﬁc.lary alone, effect Cohen et al. [42]
with isoflavone.
Pancreas BOP 8 Syrian hamster CLA mixture No effect. Kilian et al. [43,44]
Liver AOM Male F344 rats 9, t11-CLA Tumor inhibition, increse Kohno et al. [45]
expression of PPRn.
Induce hepatic lipid
Liver AOM Donryu rats CLA mixture peroxidation and Yamasaki et al. [46]
accumulation.

1 (DMD): 1,2-dimethylhydrazin; 2 AOM: azoxymethane; 3 NMU: N-nitroso-N-methylurea; 4 DMH: 1,2-dimethylhydrazine; 5 DMBA:
7,12-dimethylbenz(a)anthracene; * MNU: N-methyl-nitrosourea 7 PhIP: 2-Amino-1-methyl-6-phenylimidazo[4,5-b]pyridine; 8 BOP: N-
nitrosobis-2-oxopropylamine.
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2.1. Colon Cancer

In rodents, CLA induced the reduction of colon carcinoma by induction of apopto-
sis. The mechanism of CLA proposed was examined on Sprague-Dawley (SD) rats fed
diary with 1% CLA to suppress the colon carcinogenesis in 1,2-dimethylhydrazin (DMD)-
pretreated animals. The incidence of colon tumor was significantly lower in the rats fed
with 1% CLA compared to the control rats. The results showed decrease of the potent
inflammatory mediator PGE; and increase on the ratio of the apoptosis regulation protein
Bax/Bcl-2 [23]. Shiraishi et al. indicated a study of cancerous rats by long-term feeding
with beef tallow. The mixture of CLA isomers was used suppress colon carcinogenesis. The
effects of CLA mixture was investigated, where the animal model was previously treated
with azoxymethane (AOM). The results demonstrated that the mixture of 1% CLA in
triglyceride form (CLA-TG) and 1% CLA in free fatty acid form (CLA-FFA) had beneficial
effects against colon cancer incidence. Although CLA-FFA was more superior on colon
carcinogenesis, its precise mechanism of apoptosis was unclear [24]. The antineoplastic
actions of different forms of CLA (c9, t11 and t10, c12 isomers) were investigated on colon
polyp development in the Apc™i™/*) mice. The experimental group fed with the com-
mercially form of #10, ¢12-CLA isomer was associated with inflammation-induced colon
cancer by increasing the polyp diameter in the intestinal neoplasia through a proposed
signaling pathway of the nuclear receptor peroxisome proliferator-activated receptor-y
(PPARYy). However, the naturally occurring isomer c9, t11 decreased the polyp number
and did not increase the polyp size, suggesting that this isomer can work as a protec-
tive factor against colon cancer. Although the role of CLA in inhibiting carcinogenesis
in the Apc(™"/+) mice was proved, not all experiments have shown positive effects [25].
Petrik et al. demonstrated that an overdose of CLA can have counter effect on the mech-
anism in prevention of cancer, meaning it did not reduce tumorigenesis in a laboratory
model of colon carcinogenesis [26]. Soel et al. investigated the colon cancer metastasis in
BALB/c mice put under diet containing both CLA isomers ¢9, 11 and #10, c12. The mice
were injected with carcinoma cells (CT-26) and dietary fed with CLA containing 0.1% c9,
t11/t10, c12 or no CLA at all for 4 weeks. It was found that, in vitro ¢9, t11-CLA was more
effective in inhibiting the cancer cell migration. Presumably, #10, c12-CLA isomer was
more effective against increasing the number of pulmonary modules. Interestingly, the diet
containing both CLA isomers c9, t11 and #10, c12 was more effective against colon cancer
cell metastasis in vivo [27]. More research is needed to explain the mechanisms by which
the individual CLA isomers inhibit pulmonary metastasis and colon cancer. Another study
examined the role of possible additive or synergistic action of purified ¢9, t11-CLA isomer
with sphingomyelin (SPH) and butyrate (BTY) against colon cancer and modulation of
immune functions in vivo in SD rats. The rats were injected with azoxymethane (AOM)
and the combination of ¢9, t11-CLA with SPH and BTY showed that the mixture cannot act
additively (or synergistically) to inhibit the development of aberrant crypts or to enhance
immune functions. The CLA isomer alone had substantially higher destructive activity
than the control group. The fact that all three compounds followed different pathways
on biological effects like the induction of apoptosis, could result in antagonistic effects on
cancer treatment [28]. Kim et al. investigated the reduction of colon tumor effects of CLA
on DMH-induced carcinogenesis in rats. The CLA was supplemented with fish oil rich in
w—3 fatty acids and the CLA influence resulted in decreasing eicosanoid (TXB2 and PGE2)
levels in the colon mucous. The combination of CLA and w—3 successfully reduced the
tumor incidence and increased the cell apoptosis. This response of sharing the same path
of action needs to be further investigated [29]. Additional study on the beneficial effects
of CLA against gastric and colon carcinogenesis tested on BALB/c mice inoculated with
MKN28 and Colo320 cancer cells, resulted in decreasing of the number of metastatic foci
into the peritoneal cavity administered by CLA intake [30].
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2.2. Breast and Mammary Cancer

CLA was found to down-regulate cell proliferation in breast cancer. Ip C et al. demon-
strated the beneficial effects of CLA combined with fat diet against developing of mammary
tumors induced by a carcinogen 7,12-dimethylbenz(a)anthracene (DMBA). The rats were
fed with 0.5%, 1%, 1.5% and 2 % of CLA together with 2-12% of linoleate fat, starting from
the carcinogen injection till the end of the experiment. The efficiency of tumor suppression
by CLA was not affected by fat intake and neither CLA was replaced by linoleic or arachi-
donic acid in the mammary in the mammary tissue [31]. Bialek et al. also investigated
the effects of CLA applied to breast cancer in rats initiated by carcinogenic agent DMBA.
That study was related with the expression of cyclooxygenase 2 and prostaglandin receptor
E2 in mammary tumor associated with different types of cancer. After the application
of CLA isomers (c9, t11 and t10, c12), the cancer morbidity was reduced [32]. Visonneau
et al. reported that the intake of dietary 1% CLA on the growth of human breast adeno-
carcinoma cells in severe combined immunodeficient (SCID) mice resulted in inhibition
of breast cancer cells and prevention of metastatic spread into the lungs, peripheral blood
and bone marrow. The tumor suppression was estimated by 30-73% at 14 weeks post-
inoculation [33]. Another report demonstrated the effects on CLA against metastasis of
mammary tumors in rodents. The mice fed with 20% fat diets staring from 0.1 till 1% of
CLA had a significant decrease of pulmonary tumor burden compared to mice treated
with 0% CLA. The decrease of the number of the pulmonary nodules was effective as
indomethacin, a known anti-inflammatory drug [34]. In another study, a novel-prodrug
Gemcitabine (GEM)-CLA was developed to investigate the anticancer activity on mice
breast tumor. Gemcitabine is a known chemotherapy medication used to treat various
types of cancer. However, its hydrophilic properties did not allow a free transport across
the cell membrane; therefore, high drug resistance was found in nucleoside transporters
deficiency patients. Under these circumstances, GEM-CLA conjugate was synthesized
by chemically linking the N* amino groups of GEM with CLA. Tao et al. studied the
combination of chemotherapy drug GEM-CLA isomers as a promising medication against
cancer in future. The results showed higher prevention of tumor cells growth compared
to the unmodified GEM. The evidence indicated that this new prodrug had a significant
plasma stability and superior anti-cancer effect which was previously consistent with the
observations in vitro [35]. Dietary c9, t11-CLA treatment has been shown to effectively
reduce the mammary tumor growth [36]. The rats were introduced with mutagenic com-
pound methylnitrosourea (MNU) and fed on oil based diet separated into three groups.
In the first group the rats were supplemented with 1% pure 9¢, 11t-CLA isomer, in the
second group the rats were fed with 1% CLA isomer mixture and the third group were
the rats control group supplemented with free fatty acids prepared from the sunflower
oil. The results showed that there was about 45% increase of mammary tumor inhibition
in the two CLA groups. The chemically prepared fraction enriched in ¢9, t11-CLA was
evaluated to reduce the tumor mass and had anticarcinogenic properties [37]. Another
study of the dietary isomer of ¢9, t11 that showed preventive effect against breast cancer by
decreasing the tumor weight and volume, and reducing the tumor incidence in female SD
rats up to 50% [38]. The study was inspired by previously reported inhibitory effects on
enriched butter with ¢9, t11-CLA against breast cancer [39]. The rats were injected with
DMBA carcinogen. The ¢9, t11 isomer enriched from butter reduced the breast cancer
progression by affecting the level of hormonal receptor and cell proliferation. Following,
the expression of the hormonal receptor PR and the cell proliferation marker Ki-67 was
decreased significantly with the treatment of ¢9, t11-CLA. The results indicated that the
dietary isomer c9, t11 down regulated the hormonal receptor and had anti-proliferative
effect against breast cancer in vivo.

2.3. Prostate Cancer

Cesano et al. reported the opposite impact of 1% CLA in the diet vs. 1% LA on
prostate cancer in mice. In this study, the immunodeficient (SCID) mice were inoculated
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with metastatic cancer cells (DU-145) for 14 weeks. The experimental model of mice fed
with the CLA-supplemented diet resulted in smaller local tumors growth and reduction in
metastases. However, the SCID mice fed with LA-supplemented or regular diet displayed
bigger tumor load [39]. CLA effects against prostate cancer in vivo were reported in
another study. Yang et al. demonstrated that CLA inhibits the 2-Amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine (PhIP)-induced prostate carcinogenesis. PhIP is a potent
mutagen that induces tumor in prostate of male rats. Mixture of ¢9, t11-CLA and #10,
c12-CLA was used to inhibit the prostate cancer in Big Blue® transgenic rats. The rats were
fed with PhIP for 47 days and 1% of CLA mixture was added after one week of exposure
to PhIP. The degree of inhibitory effects of CLA against PhIP-induced mutagenicity were
estimated at 38% [40]. To confirm the apoptotic activity of CLA against prostate cancer,
Jung et al. reported anticarcinogenic activity of selectively hydrogenated soybean oil
(SHSO) that was modulated with high quantity of CLA [41]. The 5% of dietary SHSO
showed the best results to inhibit the prostate cancer in the rat model (Copenhagen rat),
by an estimation of 80%. On the other hand, not all cases in vivo have showed positive
effects on the inhibition of prostate tumor cells. Isoflavone-rich soy protein isolate (SPI)
and CLA did not inhibit the growth of R-3327-AT-1 rat prostate tumor cells inoculated
into the Copenhagen rats. Furthermore, the combinations of SPI and CLA at the highest
concentrations (20% SPI and 1% CLA) increased the tumor volumes over the controls. CLA
alone had not effect on the prostate tumor growth [42].

2.4. Pancreatic and Liver Cancer

Few animal studies on pancreatic and liver tumor metastasis have been performed.
Kilian et al. used an expe rimental model of chemically induced pancreatic carcinoma
in Syrian hamster in order to evaluate the influence of CLA and LA on liver metastases.
The impact of dietary CLA and LA on liver carcinogenesis and lipid peroxidation (LPO)
was investigated in N-nitrosobis-2-oxopropylamine (BOP)-inoculated 60 hamsters for 12
weeks. Number, size and incidence of the liver tumors did not differ between LA and
CLA dietary groups and there was no effect on the liver metastasis [43]. A following study
investigated the incidence of pancreatic cancer and liver metastasis by a dietary fat intake
of CLA and LA. 60 male hamsters were selected in 4 groups. The first and group received
0.9% NaCl once a week, while the third and the fourth group were injected with (BOP)
for 12 weeks. The results showed that CLA and LA did not influence the incidence of
pancreatic carcinoma. However in both groups there was an increased activity of glutathion
peroxidase and higher level of lipid peroxidation in pancreatic intratumoral tissue [44].
Kohno et al. investigated the chemopreventive effects of pomegranate seed oil (PGO)
that contained 70% of c9, t11 CLA isomer, against colon carcinogenesis. Male F344 rats
were given subcutaneous injections of AOM once a week for two weeks. The inhibition of
colonic adenocarcinomas by PGO was associated with the increased dietary content of c9,
t11-CLA in the lipid fraction of colonic mucosa and liver [45]. Yamasaki et al. performed
extensive studies on the role of CLA in Donryu rats, injected with hepatoma dRLh-84 cells.
They demonstrated that CLA enhanced the cancer activity at a concentration of 2%. The
tumor weight was also higher than in the 0% CLA group. This response of CLA could have
derived from the differences in dietary duration and isomer infusion [46].

3. Cellular Models

The studies with tumor-bearing animals gave us a considerable information on the
cancer preventive role of CLA. The consumption of CLA was proved to be effective
against different types of cancer in different animal species. However, there have been a
greater number of studies in cell culture models investigating the benefits of CLA against
carcinogenesis. In order to investigate further, we revised the most trivial studies in vitro
on the chemoprotective properties of CLA (Table 2).
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Table 2. Effects of CLA in carcinogenesis (cellular models).
Cancer Cell Lines CLA Source Effects Reference
Type
. Inhibition proliferation
Colon HT-29 CLA mixture by ErbB3 signaling. Cho et al. [47]
Colon HT-29 9, t11-CLA, Inhibition proliferation Cho et al. [48]

t10, c12-CLA

by ErbB3 signaling.

Prostate and colon

HT-29, PC-3, MIP-101

9, t11-CLA,
t10, c12-CLA

Inhibition effect, caspase dependent.

Palombo et al. [49]

10, c12-CLA

t10, c12-CLA inhibition proliferation.
Decresed insulin-like growth factor II

Colon Caco-2 9, 11-CLA (IGF-II) expression. Kim et al. [50]
9, t11-CLA no effect.
Antiproliferative effect, repressed
Colon Caco-2 9, t11-CLA expresiion c-myc, cyclin D1 in a PPARn Lampen et al. [51]
Colon HT-29 CLA mixture Induced cell cycle arrest at Go /Gy Lim et al. [52]
phase
Reduced adhesion. Increased the level
Gastric SGS-7901 9, t11-CLA of ECD and «-catenin. Chen et al. [53]
Decrease ICAM-1 and VCAM-1
MCEF-7, . Induced cell apoptosis by caspase Wang et al. [54], Sorenmo
Breast MDA-MB-231- ERx CLA mixture activity. etal. [55]
9, t11-CLA more effective suppress
Breast MCE-7 tcl% illli_cclii growth. O’Shea et al. [56]
’ 10, c12-CLA less effective.
smica L CL ol
Breast MCEF-7 19, 111-CLA genes. El Roz et al. [57]
9, t11-CLA and t10, c12-CLA less
10, c12-CLA
potent.
Breast MDA-MB-231 CLA mixture ERK reduction and upregulation of Miglietta et al. [58]
pro-apoptotic protein Bak
Breast MCE-7, MDA-MB-231 CLA mixture Inhibition cell c.ycle, Durgam et al. [59]
c-myc expression.
CLA mixture Inhibition on growth.
Breast MCE-7 LA Stimulation of growth. Park et al. [60]
19, t11-CLA, The anti-promotional activity of t9, t11
Breast MCF-10A 10, t12-CLA and 10, t12-CLA were less potent than Rakib et al. [61,62]
9, t11-CLA 9, t11-CLA.
110, c12-CLA 10, ¢12-CLA inhibited Fhe G1-S cell .
Prostate DU145 9 H11-CLA cycle progression. Kim et al. [63]
! 9, t11-CLA no effect.
£10, c12-CLA apoptosis and cell cycle
110, c12-CLA control.
Prostate Pes 9, 111-CLA ¢9, 111-CLA-Regulation of genes for Ochoa etal. [64]
arachidonic acid metabolism.
. 9, t11-CLA, . . .
Liver dRLh-84 10, c12-CLA Different cytotoxic effects. Yamasaki et al. [65,66]
Increased PPAR«x and proapoptotic
Liver SK-HEP-1 CLA mixture proteins. Activating apoptotic Muzio et al. [67]
pathways.
. 9, t11-CLA, Inhibited cell proliferation and induced .
Liver HepG2 10, c12-CLA apoptotic cell death under hypoxia. Yamasaki et al. [65]
: : 14
Skin HEL-30 Radioactive (1-C) Partial inhibition of tumor promotion. Liu et al. [69]

CLA

3.1. Colon Cancer

CLA has demonstrated beneficial effects to inhibit proliferation and induce apoptosis
in HT-29, MIP-101 and Caco-2 colon cancer cells. Cho et al. examined the influence of
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CLA isomers on the ErbB3 signaling pathway, where HT-29 cells were cultured in the
presence of a soluble secreted growth factor heregulin. It was demonstrated that CLA in-
hibited cell proliferation and stimulated apoptosis in colon carcinoma cell lines HT-29 [47].
An additional study showed the influence of ¢10, c12-CLA isomer on apoptosis and cell
proliferation via modulation of the epidermal growth factor receptor ErbB3 that led to
inhibition of PI3/ Akt activation [48]. Another study confirmed the antiproliferative effects
of t10, c12-CLA in two colorectal (HT-29, MIP-101) and prostate (PC-3) carcinoma cells. The
effects of ¢9, t11-CLA isomer had weaker effects against prostate cancer comparing to the
other isomer and no inhibitory effects in the gastrointestinal cells [49]. Kim et al. also stud-
ied the potential properties of the two main CLA isomers against colon cancer cells Caco-2,
in vitro. The results indicated that 10, c12-CLA dose decreased the levels of the insulin
growth factor (IGF-II) secretion and IGF-binding proteins, therefore inhibited the Caco-2
cell growth. The study concluded that only one isomer t10, c12-CLA induced cell apoptosis
and decreased DNA synthesis, whereas 9, t11-CLA had no effect [50]. Nevertheless, some
studies have showed inhibitory effects of ¢9, t11-CLA isomer. Lampen et al. demonstrated
the results of ¢9, t11-CLA against colon tumor progression. The study revealed that in a
dose ranging from 10-200 ymol/L the chemoprotective effects of CLA against colon cancer
might be explained through the cellular and molecular effects of 9, t11-CLA based on the
interaction with peroxisome proliferator-activated receptors (PPARs), and the expression
of genes relevant to the APC-beta-catenin-TCF4 signaling pathway in HT-29 and Caco-2
colon cells [51]. Another group showed the therapeutic benefits of CLA against growth of
tumor cells with tumor protein p53. The physiological concentration of CLA increased the
induction of the cyclin dependent kinase (CDK) inhibitor p21(CIP1/WAE). Overall, CLA
induced the cell cycle arrest mediated by the p21(CIP1/WAF) and inhibited the activities
of the proliferating cell nuclear antigen (PCNA) [52]. Chen et al. studied the effects of
9, t11-CLA on the migration of human gastrointestinal carcinoma cells (SGS-7901) via
cyclooxygenase-2 (COX-2) pathway. The highest growth inhibition was measured to be at
82% and the lowest at 6%. It resulted that ¢9, t11-CLA isomer inhibited the adhesion and
chemotaxis of SGS-7901 cancer cells [53].

3.2. Breast and Mammary Cancer

Several studies on CLA against breast cancer cells (MCF-7, MDA-MB-231) showed
inhibitory effects mediated through different signaling pathways. Different isomer con-
centrations of ¢9, t11-CLA and #10, c12-CLA have been proved to suppress the growth of
tumor cells and decrease the protein expression in malignant mammary cells [54,55]. It has
been shown that bovine milk fat enriched with CLA was effective at inhibiting growth and
stimulating peroxidation of MCE-7 cells. Incubation of the cancer cells with the 9, f{11-CLA
isomer for 8 days was more effective than incubation with the t10, c11-CLA isomer. The
lowered number of cancer cells was related with the cytotoxic effects of the milk fat-bound
CLA, consisting primarily of the ¢9, f11-CLA isomer [56]. Different results were encoun-
tered in the study of El Roz et al. The individual effects of three CLA isomers (9, t11-CLA,
19, t11-CLA and #10, c12-CLA) were compared on the proliferation and apoptosis via Liver
X Receptor (LXR) genes in MCE-7 breast cancer cells. It was been shown that 9, t11-CLA
isomer activated the LXR target genes in MCE-7 breast cancer cells and the activation
of the anti-tumoral effects was the strongest among the other CLA isomers [57]. CLA
significantly inhibited the anti-proliferative activity of the MDA-MB-231 human breast
cancer cell line and generated reduction of the cell proliferation. This study established
an important statement that CLA reduced the cell proliferation through a mitochondrial
and ERK/MAPK signaling pathway. The inhibitory activity of CLA was extended during
the accumulation of the cells in the S phase and was associated with an inhibition of DNA
replication [54]. It has been shown that the regulation of apoptosis, done by a group of
proteins named B-cell lymphoma 2 (Bcl-2), was crucial for human’s health. Miglietta et al.
examined the effects of CLA on the initiation of apoptosis by Bcl-2 proteins in human breast
tissues. The research was done on human breast adenocarcinoma cells (MDA-MB-231).
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The findings confirmed the anti-carcinogenic effects of CLA by inducing the apoptosis
of MDA-MB-231 cells [58]. Another study examined the action of CLA as an inhibitor
of the cancerous MCF-7 cells. Durgam et al. compared the inhibitory effects of MCE-7
cells between CLA and LA. The results showed that CLA inhibited expression of c-myc
in MCF-7 cells by interfering with the hormone regulated mitogenic pathway. The cells
treated with LA had lower percentage of inhibition [59]. In another study, CLA had cancer
cell inhibitory effects on hormone responsive MCF-7 human breast cancer cells, whereas
LA was found to be stimulatory. Prostaglandin E2 secretion was not influenced by LA
or CLA [60]. CLA was reported to inhibit the cell proliferation of MCF-10a mammary
epithelial cells. The cells were treated with 12-tetradecanoylphorbol-13-acetate (TPA). The
protective effect of c9, t11-CLA was proved to block the TPA-induced gap of junctional
intercellular communication (GJIC) in the MCF-10a cells. The ¢9, t11-CLA isomer prevented
the MEK-ERK signaling pathway. However, the mechanism by which ¢9, t11-CLA inhibited
the MCF-10a cells induced by TPA was unclear [61]. Further on, the study continued and
anti-tumor effects of 19, t11-CLA, t10, t12-CLA, and ¢9, t11-CLA were tested on MCF-10A
cells induced by TPA. The results were compared to the previously obtained data that
9, t11-CLA was more effective than t10, c12-CLA. The study concluded that t9, t11-CLA
and #10, 12-CLA were equally powerful on MCF-10A cells, however with less efficacy
than c9, t11-CLA. The superior efficacy of c9, t11-CLA in preventing the downregulation
of GJIC was associated with the ability of MCF-10A cells to prevent connexin43 (Cx43)
phosphorylation and reactive oxygen species (ROS) generation. The difference in CLA
isomers efficiency could be explained by their structural difference [62].

3.3. Prostate Cancer

There are few studies that have indicated the effect of CLA isomers on prostate
carcinoma cells lines (DU145 and PC-3). Kim et al. investigated the anti-cancer properties
of two CLA isomers, 9, t11-CLA and t10, c12-CLA on DU145 cell growth. The treatment
of carcinogenic DU145 cells with #10, c12-CLA showed an inhibition of the G1-S cell cycle
progression, whereas c9, t11-CLA had no effect. The induced profile of t10, c12-CLA was
determined by the down-regulation of cyclins and the up-regulation of p21(CIP1/WAF),
which followed by the decreased activity of CDKs [63]. Another study described the
antiproliferative activity of the two most abundant isomers of CLA on PC-3 prostate cancer
cells. Ochoa et al. proved a significant decrease in PC-3 proliferation elicited by CLA with
effectivity of 55% inhibition by ¢10, c12-CLA. Also, the levels on bcl-2 gene expression were
decreased, while the level of cell cycle control p21(WAF1/Cip1l) mRNA were increased.
On the contrary, the effects of ¢9, t11-CLA did not show any significant result on the
proteins cells but a moderate effect on the 5-LOX expression and on COX-2 inhibitors [64].
Another report that resembled the antiproliferative effects of CLA isomers was presented.
Comparisons were made between ¢9, t11-CLA, ¢9, c11-CLA and #10, c12-CLA in prostate
(PC-3) and colorectal (HT-29, MIP-101) cancer cells. The cells were adapted in serum free
medium to prevent the interference of the polyunsaturated fatty acids long chain. The
results showed that t10, c12-CLA had more potent effects on the apoptosis in the MIP-101
and PC-3 cells, while ¢9, t11-CLA isomer had weaker effects. The difference among the
individual isomer effects on cancer cell proliferation was explained by the geometric and
positional configuration of the double bonds [49].

3.4. Liver Cancer

CLA has been proved to have anti-mutagenic and anti-carcinogenic properties on
rat hepatoma dRLh-84 cells in vitro. It has been reported previously that the different
anti-tumor behavior of the two major CLA isomers was a result of their geometrical
inequality. Another study showed the differences in cytotoxic effects of CLA isomers on
dRLh-84 rat hepatoma cell line [65]. The apoptotic effect supported by sub-G1 population
accompanied with a time-dependent cleavage of poly (ADP-ribose) polymerase was higher
in dRLh-84 cells treated with t10, c12-CLA. The data also indicated that t10, ¢12-CLA
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could induce DNA fragmentation. Another follow up study confirmed the antimutagenic
activity of £10, c12-CLA compared with other isomers c9, t11-CLA, 9, t11-CLA and ¢9,
c11-CLA. The cytotoxic effects in dRLh-84 rat hepatoma cells were triggered by #10, c12-
CLA which induced mitochondrial apoptotic cell death. The 10, c12-CLA also induced
lysosomal destabilization in the rat hepatoma cells [66]. Muzio et al. described the anti-
cancer properties of CLA found in dairy products. CLA induced apoptosis in human
hepatoma SK-HEP-1 cancer cells by different apoptotic pathways (increasing PPAR«, and
proapoptotic proteins). The link between PPARx and proapoptotic proteins was given by
the induction of protein phosphatase 2 enzyme (PP2A), whose genes contained putative
PPRE sequences [67]. It has been reported the anti-cancer effects on human liver cancer
cell line HepG2 under condition containing 1% O,. Both isomers ¢9, t11-CLA and #10,
c12-CLA inhibited cell proliferation and induced apoptotic cell death under the low oxygen
conditions (HIF-1« stabilization). Since the detailed mechanism remained unexplained,
this unique study was shown to be of a great potential for future experiments [68].

3.5. Skin Cancer

There has been a sparse knowledge of CLA inhibitory effects against skin cancer cells.
One study has demonstrated the anti-tumor promotion of CLA in skin keratinocytes (HEL-
30) cells. Liu et al. pre-labeled the epidermal keratinocyte cells HEL-30 with radioactive
(1-'4*C)CLA, (1-'*C)LA and arachidonic acid (1-'4C)AA treated with tumor promoter (TPA).
The cells were mixed in serum-free media with 0.1% bovine serum albumin (BSA). The
results did not give any significant difference among the radiolabeled substrates on the
cellular uptake. The evidence suggested that fatty acids played an equal important role in
carcinogenesis and particularly in TPA-induced ornithine decarboxylase (ODC) activity
and skin tumor promotion [69].

4. Clinical Studies

There have been few studies that have evaluated the effects of CLA in humans [70-72].
In this section we will summarize the effects of CLA on tumor incidence among different
human tissues.

4.1. Colon Cancer

The anti-inflammatory properties of CLA have been investigated in the epidemio-
logical human study to demonstrate the effects of mixed CLA isomers supplementation
(50:50 ¢9, 11 and #10, c12-CLA) in colorectal cancer patients undergoing chemoradio-
thetrapy. Mohammadzadeh et al. demonstrated that CLA cancer patients that received
CLA supplements for 6 weeks reduced the tumor necrosis factor (TNF-«) by improving the
inflammatory factors matrix metalloproteinase (MMP-2 and MMP-9) compared with the
placebo patients [73]. Another study suggested the consumption of high-fat dairy foods
(containing CLA) had an association with colorectal cancer in women. The everyday intake
of high-fat dairy food decreased the risk of colorectal cancer by 13% and the risk of distal
colon cancer was decreased by 34% [74].

4.2. Breast Cancer

There have been few studies on the correlation of CLA dietary intake with human
breast cancer incidences [75]. In postmenopausal women, dietary CLA reduced the levels
of carcinogenesis. Women that consumed lower levels of CLA had a 3.3-fold greater risk
of breast cancer than women who consumed higher level [76]. This study was inspired
by previous findings that breast cancer incidence was reduced in women with high di-
etary milk consumption [77]. In another study, Chajes et al. demonstrated that there was
no connection between CLA dietary intake and breast cancer. However, the hypothesis
remained and more investigation was needed to prove the CLA protective effect on the
cancer metastasis [78]. Another epidemiological study suggested the potential anticar-
cinogenic properties of CLA present in milk products. Voorrips et al. studied the relation
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between CLA intake and breast cancer in 55-69 year old female patients for 6 years [79].
The study demonstrated a weak influence of CLA against breast cancer, but the results were
considered as a positive contribution for the overall evidence on CLA against breast cancer.
Another 2 case-control of clinical study among 1122 women with confirmed breast cancer
was revealed. The study was administered by a self-questionnaires regarding the dietary
uptake of CLA. There was no significant association between dietary CLA and the overall
risk of premenopausal or postmenopausal breast cancer. However, in premenopausal
women there was a reduced risk of estrogen receptor (ER) negative tumor. These findings
could be the base for future studies to establish connection between CLA intake and tumor
biology, at least in female breast cancer [80].

5. Cellular Mechanisms by Which CLA May Inhibit Cancer

Overall, data from various cancer studies on animal, cell and human tumorigenesis
with CLA provided abundant evidence that CLA can act as an anti-cancer agent. The
examples of potential mechanisms of action to elucidate the role of CLA in modulating
carcinogenesis on the stages of initiation, promotion, and progression are explained below.

5.1. Anti-Cancer Initiation

The anti-cancer initiation action of CLA can be attributed to the DNA damage leading
to mutagenesis. The results from testing the chemoprotective effects on animal cell lines
in bladder (TSU-Pr1) showed that CLA decreased DNA synthesis and induced apoptosis
in TSU-Pr1 cells. CLA was considered to act as an inhibitor of DNA synthesis [81]. Some
studies originally believed that the anti-carcinogenic effects of CLA were due to its antiox-
idant activity. They reported the antioxidant activity of CLA by tracking the inhibition
of CLA on the chelation of iron by 3-hydroxy derivatives (Fenton reaction - catalysis of
hydrogen peroxide) [14,15,82]. In more recent study, Yu et al. demonstrated the protective
effect of CLA against free scavenging radicals [83]. Another hypothesis suggested that
the anti-carcinogenic activity of CLA was due to its antioxidant properties, promoting the
in situ defense mechanism against free radical attacks on the cell membrane [84]. The sup-
plementation of 3-carotene in combination with CLA may be cytotoxic to human malignant
melanoma and breast cancer cells in vitro [85]. CLA performed in vitro antioxidant activity
by protecting the cells from peroxidation [83,85]. These results did not give any strong
evidence and therefore it has not been conclusively established whether CLA works as an
antioxidant. Further study is needed to resolve the relationship between the anti-cancer
effects and antioxidant activity of CLA.

5.2. Anti-Cancer Promotion

The anti-promotional activity of CLA against cancer has been evaluated in several
studies. The results suggested few potential mechanisms between CLA and animal/cell
studies are likely to be involved: alternation of eicosanoid metabolism (COX-2, 5-LOX),
induction of apoptosis (bcl-2), cell proliferation (c-myc), effects of PPAR. Belury et al. sug-
gested that CLA affects the composition of cell membrane, which, in turn alters eicosanoid
synthesis [86]. Other few studies also suggested that CLA acts as a preventive agent
on eicosanoid metabolism which have focus on tumor induction [87]. The reduction of
eicosanoid was also monitored by the inhibition of the glycoprotein enzyme COX, responsi-
ble for the synthesis of prostaglandins and thromboxanes from arachidonic acid. Urquhart
et al. investigated the role of CLA in the regulation of eicosanoid synthesis. They used
selective inhibitor (indomethacin) for COX-1 and incubated on human saphenous vein en-
dothelial cells (HSVEC) with CLA (50:50, mixture of ¢9, t11 and £10, ¢c12-CLA). The addition
of CLA to HSVEC cells resulted in inhibition of eicosanoid production, suggesting that the
cancer preventive role of CLA in carcinogenesis was mediated through the inhibition of
COX-1. The CLA mixture proved its beneficial anti-inflammatory effects that contributed
to its anti-carcinogenic properties [87].
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5.3. Anti-Proliferative

Previous studies in this report have documented the anti-proliferative properties of
CLA. Tumorigenesis can be reduced by inhibiting the cell growth or by increasing apoptosis.
CLA has been demonstrated to stimulate the accumulation of proteins such as p27, p53
and p21, which have an additional role in tumor suppression [29,88,89]. Previously, CLA
was presented to induce several tumors present in mammary, breast, colon and prostate
tissues. The biochemical and molecular mechanisms to describe its anti-tumor effects
have been suggested, but at the cellular level, exclusion of cancerous cells was manifested
through a process of programmed cell death, called apoptosis [23,58,90,91]. Apoptosis
depends on the activity of the Bcl-2 regulator proteins which are believed to work as an
apoptosis “suppressor gene” [92]. In mitochondria, the release of cytochrome c to the
cytosol is partially controlled by members of the Bcl-2 family. They inhibit the onset of
apoptosis by blockage of the protein-conducting channels. They select and maintain the
long-living cells in the GO phase of the cell cycle [93]. Previously, we reported that Bcl-2
expression was decreased in various tumor lesions of animals fed with CLA [47,90]. It was
showed that CLA inhibited the proliferation of colon and prostate cancer cells through
the induction of apoptosis, attributing to its ability to down-regulate ErbB3 signaling and
PI3/ Akt pathway [47,48]. Furthermore, another study demonstrated that CLA targeted
Bcl-2 by triggering apoptosis of p53 mutant mammary tumor cells [94]. As follows, the anti-
proliferative effects of CLA appeared to be linked to the induction of apoptosis. In particular,
we proposed a schematic model of the mechanism on CLA against carcinogenesis. It has
been previously reported that CLA induced the lipid metabolism and activated a group of
nuclear transcription factors (PPARn). We predicted a model of peroxisome proliferation
induced by CLA which resulted in apoptosis. The model was inspired by CLA inhibition in
hepatic tumor cells lines (Figure 2). More details on the effects of each individual molecule
can be found in the experimental studies [65-68].

CLA mixture

Arachidonic acid synthesis Phospholipid membrane

CLA-PPARN

\

T
[4)]
w

‘----’

Figure 2. Schematic model of cell apoptosis induced by CLA.

6. Discussion

Early studies suggested that CLA treated mice had lower tumor incidence compared
with control mice [15]. This has received a significant attention from researchers across the
world prompting them to continue the investigation of the CLA isomers in animal and
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cell models. The anti-cancer activity of CLA has always been of particular interest, since
its inhibitory effects were proved against different types of carcinogenesis at low dietary
levels (for example 1%). The studies from cell and animal models showed that CLA and
individual isomers (c9, t11 and t10, ¢12) seemed to lack scientific basis, because the results
demonstrated in this review showed that different CLA isomers act through different
mechanisms and have different effects. More control studies are necessary to be done to
determine exactly which CLA isomer and concentration is responsible for particular cancer.
Compared to cell and animal studies, there are insufficient proves of CLA against human
cancer. Indeed in humans, the anti-carcinogenic effects of CLA have been attributed to
their antioxidant activity. The combination of 3-carotene with CLA inhibited the growth
of cancer cells [84]. CLA performed was showed to conduct antioxidant properties by
protecting the membranes from oxidative stress [85]. However, strong evidence was
lacking to substantiate that CLA is a real antioxidant. CLA has been few times reported to
potentially inhibit human cancer provided by natural sources of diet, such as milk, meat
and cheese. Dairy products that are enriched in CLA isomers are of special interest to the
food industry. For example, high concentration of vaccenic acid is an intermediate in the bio
hydrogenation of LA in the rumen and high concentration can be found in milk [95]. Miller
et al. demonstrated that vaccenic acid (VA) was converted to ¢9, t11-CLA in mammary
(MCF-7) and colon (SW480) cancer cells via the fatty acid desaturase (A9-) reaction [96].
This study evaluated the practicality of using VA as a precursor for the synthesis of c9,
t11-CLA in achieving cancer protection. As a result, these experiments opened another
field of research whether additional CLA metabolites can be responsible for the anti-cancer
effects of CLA or perhaps a future anti-cancer molecule. Nevertheless, there are variations
within studies of CLA and its anti-cancer beneficial effects seen in some cells and animals,
have not been manifested in human studies. The differences in dosage and the source of
CLA can also contribute to this variety of results. There are few models presented that
CLA has no effect on cancer inhibition, and a few have even shown that CLA enhances
tumorigenesis [26,97,98]. The mechanism of these actions needs to be further investigated.

7. Conclusions

Our review analyzed several types of cancers, originating from different in vivo and
in vitro models, to examine their response to CLA treatment and to demonstrate the involve-
ment of CLA in controlling tumorigenesis. Various studies mainly from cell and animal
models indicates that CLA and individual isomers (c9, t11 and t10, c12) may have diverse
beneficial effects against cancer. Moreover, there are variations between studies, and the
inhibitory effects seen in some cell or animal models have not been reproduced in clinical
studies. This can be attributed to difference in dosage of CLA uptake and differences in the
chemical nature of the isomers (9, t11 and t10, c12). Overall, the information described
in this review gives us a hint about the potential of CLA against the effects of cancer and
provides information about the usage of CLA in chemoprevention of different cancers. The
public interest of CLA is growing and more clinical studies are needed in order to elucidate
the anti-cancer efficiency. The FDA is considering CLA as a possible supplement or food
additive for the means of preventing cancer in future.
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