N

N

Beef conjugated linoleic acid isomers reduce human
cancer cell growth even when associated with other beef
fatty acids
Anne de La Torre, Eric Debiton, Pierre Juaneda, Denis Durand, Jean-Michel

Chardigny, Chantal Barthomeuf, Dominique Bauchart, Dominique Gruffat

» To cite this version:

Anne de La Torre, Eric Debiton, Pierre Juaneda, Denis Durand, Jean-Michel Chardigny, et al.. Beef
conjugated linoleic acid isomers reduce human cancer cell growth even when associated with other
beef fatty acids. British Journal of Nutrition, 2006, 95 (2), pp.346-352. hal-01056754

HAL Id: hal-01056754
https://hal.science/hal-01056754
Submitted on 30 May 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01056754
https://hal.archives-ouvertes.fr

(Publication n°4

Beef CLA isomers even when associated to other bdafty acids

reduce human cancer cell growth

A. De La Torre, E. Debiton, P. Juanéda, D. Durand]-M. Chardigny, C.
Barthomeuf, D. Bauchart et D. Gruffat

British Journal of Nutrition (2006) vol. 73, pages 258-268




Beef CLA isomers and cancer
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Abstract : Although many data are available concerning artinagenic effects of industrial CLA, few studies
have reported the antitumor properties of CLA migtuoriginated from ruminant products. The aimoé t
study is to investigate than vitro antiproliferative effects of beef CLA mixtures doreast, lung, colon,
melanoma and ovarian human cancer cell lines. Ifsrpurpose, four fatty acid (FA) extracts prepafieain
beef lipid and varying in their CLA composition,eth corresponding purified CLA-enriched fractiores)d
mixtures of pure synthetic CLA, the compositionvdiich reproduced that of the four selected beefpdasn
were tested on cancer cell lines. Cancer cells wep®sed for 48 h to medium containing 100 uM of &l
their proliferation was determined by quantifyingllalar DNA content (Hoechst 33342 dye). Comparéth w
cells incubated without FA, the number of cancdisogas reduced from 25 to 67%8<0-0001) following FA
treatment. Antiproliferative effects of CLA mixtigevaried in magnitude according to the source of &
CLA composition and the cell lines. CLA mixturegurally present in beef inhibited the proliferatiohhuman
cancer cell lines, a high contentdis-trans isomers allowing the most important antiproliferateffect. Beef
total FA exhibited a greater growth-inhibitory affly than their corresponding CLA-enriched fracgohese
results suggested that either beef FA other thaf GeA could possess antiproliferative propertiesl/ar the
existence of complementary effects of non conjub@a and CLA, which could favour the antiprolifaxet
properties of beef total FA.

Beef: Fatty acids: Conjugated linoleic acid: Huncancer cell: Growth inhibition.

I ntroduction

Conjugated linoleic acid (CLA) is a collective narfor a group of positional and geometric
isomers of linoleic acidc(s-9,cis-12-18:2) in which the double bonds are separates $iggle carbon-
carbon bond. It is a substance naturally providethbfrom ruminant products (milk and meat) which
constitute the major source of dietary CLA for hunfRarizaet al. 2001) as at least 24 distinct CLA
isomers (Cruz-Hernandeat al. 2004); thecis-9trans-11-CLA isomer (rumenic acid) representing
more than 80% of total CLA (Griinari & Bauman, 199 addition, synthetic CLA mixtures can be
generated industrially by catalytic hydrogenatidnvegetable oils (Kritchevsky, 2000). Thes-
9trans-11- andtrans-10cis-12-CLA isomers predominate in these preparati®s90%), these two
isomers being usually represented in equal amauitiishe presence of other minor CLA isomers (10
- 15%) (Gnéadiget al. 2001).
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Over the past two decades, extensive researclatedi that CLA mixtures could possess
numerous beneficial properties for the human healthuding anticarcinogenic, antiadipogenic,
antiatherogenic and antidiabetogenic propertiesuf®e2002). Their anticarcinogenic properties have
been widely studied using synthetic CLA ioks-9trans-11- andtrans-10cis-12-CLA isomers tested
either individually or in a 50/50 mixturén vivo studies of experimental carcinogenesis using risden
as the animal model for human have shown that syiottCLA prevent tumor development in
mammary, colon, forestomach and skin tumors (Befubanden Hauvel, 1997). In the same way,
vitro studies have demonstrated that synthetic CLA iphiiba dose- and time-dependent manner, the
proliferation of several human tumor cell linesnfrdoreast, lung, prostate, skin and colon (Kelly,
2001; Belury, 2002). Although marin vivo andin vitro experiments have investigated biological
properties of synthetic CLA isomers, few have réggirantitumor effects of complex CLA mixtures
naturally present in lipids of ruminant meat andkmO'Sheaet al. (2000) have showed that CLA-
enriched milk fat is as effective as synthetic Cimixture in decreasing breast tumor cell (MCF-7)
proliferation. These antiproliferative effects amdependent of the composition of FA other than CLA
in milk fat samples, suggesting that CLA isomersldde the active compounds (O'Sieeal, 2000).
Properties of natural CLA mixtures could differ fimothose of synthetic CLA because of specific
properties of each CLA isomer. Trans-10,cis-12menq virtually absent in ruminant products, is
actually the most potent isomer to inhibit prol#gon of colon cancer cells (Kiet al. 2002; Milleret
al. 2002). Cis9trans-11-isomer exhibited greater antiproliferative effe than itscis-9,cis-11-
conterpart in both colo-rectal and prostate caced#is (Palombcet al, 2002). These different effects
of the various isomers could be explained, at leagiart, by different mechanisms and/or targets of
action of isomers (Parizt al. 2000). For exampldérans-10cis-12-isomer may act on prostate cancer
cells through the modulation of apoptosis and dif aentrol whilst cis-9 trans-11-isomer might alter
preferentially arachidonic acid metabolism (Ockbal. 2004).

In this context, the aim of the present study teasvestigate the antiproliferative properties of
CLA mixtures that occur naturally in beef. For thisrpose, four samples of beef fatty acids difigrin
by their CLA composition (different proportions @i trans-, cis,cis- andtranstrans-isomers) were
selected. Antiproliferative properties of 1) tofakty acids present in the selected beef, 2) CLA-
enriched fractions purified from the four fatty @giexamples and 3) synthetic CLA mixture composed
of 9,11-CLA isomers reproducing the compositiorChfA present in selected beef were compared in
breast, lung, melanoma, colon, and ovarian humagoeteaell lines by the measure changes in cellular
DNA content using Hoechst 33342 dye.

Materialsand Methods

Fatty acid extraction and analysis

Eight crossbred Charolais x Salers steers @133 d-old; live weight: 536t 33 kg) were
selected on the basis of live weight and daily gaimimals were assigned at random to two groups
(n=4 for each diet) for a 70-d feeding study. Angnaere given the basal diet (45% natural hay and
55% concentrate) alone or with extruded linspeayiding lipids at the level of 4% of diet dry rtet
All steers were slaughtered conventionally at thattair of the Research Center (INRA-Theix) and
the carcasses chilled at 4°C for 24 h before sagpiuscle samples were taken up for chemical
analysis fromLongissmus thoracis, Rectus abdominis, Semitendinosus and Pectoralis transversus.
Total lipids were extracted from muscle sampleO(#) according to the method of Folehal.
(1957). Extraction and transmethylation of fattidaqFA) into methyl esters (FAME) was realized by
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Table 1 : FA composition of the four beef samples (Mix A t9 Belected for their specific
composition out of isomers of CLA

Mix A Mix B Mix C Mix D
% total F£
> Saturated F 50.2° 39-8¢ 49.9¢ 39.7¢
of which 16:( 25-2( 21-3¢ 25.5¢ 21-2¢
of which 18:( 20-3¢ 14-5¢ 19-8; 14-47
> Monounsaturated F 39.3¢ 45.7¢ 35-9( 43-0¢
of whichtrans-11 18:: 2-6¢ 2-72 1.9 2-8¢
of whichcis-9 18:Z 29-3: 35-4( 28-0¢ 33-8¢
> Polyunsaturated F 4-4( 6-4¢ 6-4: 8-0¢
of which 18:2n-6 3.7¢ 4.4¢ 5.1¢ 6-6°¢
of which 18:2n-3 0-8¢ 1-0¢ 0-71 0-8(
Total CLA 0-54( 0-93: 0-47¢ 0-59:
of whick X cistrans 0-44¢ 0-52¢ 0-437 0-56°
of which_ cis,cis 0-05: 0-06¢ 0-02( 0-01¢
of which trans,trans 0-04: 0-03¢ 0-02: 0-00¢
> unknown F/ 5-4: 7-0¢ 7-2¢ 8.5¢
% total CLA

> cistrans 82.¢ 881 91.C 95.t

> cis,cis 9-€ 7-1 4.2 3.z

> transtrans 7-€ 4.7 4.¢ 1.2

" Mix A: FA of Longissimus thoracis muscle (LT) of Charolais x Salers steers fed bassupplemented diet,
Mix B: FA of Pectoralistransversus muscle (PT) of Charolais x Salers steers fed ddsupplemented diet, Mix
C: FA of LT muscle of Charolais x Salers steersdedtrol diet, Mix D: FA of PT muscle of CharolaisSalers
steers fed control diet



Beef CLA isomers and cancer

using sodium methanolate solution (0-5 M) accordinghe method of Christie (2001). FAME
composition was determined by gas liquid chromatplgy (GLC, DI 200 chromatograph, Perichrom,
Saulx les Chartreux, France) using a glass capitlalumn (100 m length x 0-25 mm i.d.) coated with
CP-Sil 88 (oven temperature program: 70-215°C).rdgdn was used as the carrier gas (at a flow rate
of 1-1 ml/min). Chromatographic signals were aradyby Winilab 1l Chromatography Data System
software (Perichrom). The FA composition was catad using an internal standard method (C19:0).
A reference standard (Mix C4-C24 methyl esters,eBup PA) and CLA standard mix (Sigma-
Aldrich, Isle d'’Abeau Chesnes, France) were useatktermine recoveries and correction factors for
the determination of individual FA composition adj fat.

Total FA of selected beef samples

Among 32 beef samples analysed, four samples wetected for their specific CLA
composition [Longissimus thoracis and Pectoralis transversus of steers given the control and linseed
supplemented diets) and their FA composition wasegted in Table 1. Briefly, all beef samples were
dominated bycistrans CLA isomer (hamelycis-9trans-11-isomer) but additionally, sample A was
characterized by a high contentadé,cis- andtrans,trans-CLA isomers (Mix A), sample B possessed
a high content ofcisciss and a low content ofranstrans-isomers (Mix B), sample C had an
equivalent medium content afs,cis andtransitrans-CLA isomers (Mix C) and finally, sample D
showed a lowcis,cis- andtranstrans-isomer content. In order to determine the abilitythese FA
mixtures to inhibit human tumor cell proliferatioapproximatively 20 mg of total lipids of each
sample were extracted and their FA were saponified 10% KOH ethanolic solution over night at
room temperature (Bauchart & Aurousseau, 1981)e F#& were solubilized in absolute ethanol at a
concentration of 100 mM and kept at -20°C until (isghe two weeks following their preparation).

Preparation of beef CLA-enriched fatty acid fractions

Beef CLA-enriched fractions were prepared as FAM&N total FA of the four selected
samples. Beef FAME were successivdiactionated by preparative and semi-preparativgh hi
performance liquid chromatography (HPLC) followed &ilver nitrate thin-layer chromatography
(AgNOs-TLC). Briefly, the preparative HPLC (a WaterPregBbgstem 500 coupled with axial modul
preparative column) was carried out on a reversesetcolumn (20 cm lengh, 7 cm i.d.) using a
Lichroprep. RP 18 (Merck, KGat, 6427 Darmstadt, emy) as previously described by Sébédio
al. (1987). FAME (up to 6 g) were dissolved in acetamd chromatographied with pure methanol as
the solvent system (flow rate: 150 ml/min). Thecfian containing C18:2 FAME including CLA was
collected, dried under nitrogen and dissolved ixahe (up to 40 mg) to be fractionated on a reverse
phase column (Nucleosil C18, 5um, 25 cm x 10 mm by semi-preparative HPLC (Spectraphysics
SP8810 pump coupled with RID 10A detector) usingecetonitrile as solvent system (flow rate: 4
ml/min). The FAME fraction containing CLA was thafter refined by AQN@TLC (Merck KGat,
6427 Darmstadt, Germany, ref.5721, 0-25 mm thicknesing pure toluene as eluant according to the
method of Morris (1966). FAME were viewed under Eier spraying 2'7' dichlorofluorescein (0-1%
in ethanol). The band containing CLA was recoveaed FA composition was analyzed by GLC as
described earlier. FA composition of these four Cd&kmi-purified fractions from beef was given in
Table 2. Mixes E, F, G and H were the CLA-enrich&&ME fractions purified from total FA of
Mixes A, B, C and D, respectively (Table 1). FAMExes were converted into free FA counterparts,
solubilized in absolute ethanol at the concentratib175 mM and kept at -20°C until use (in the two
weeks following their preparation).
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Table 2 : FA composition of CLA-enriched mixes (mix E to Hyrepared from beef samples selected
their specific composition out of isomers of CLA

Mix E Mix F Mix G Mix H
% total F£
non conjugated F 42-€ 29-2 34-¢ 37-¢
14:( 3z 2-C 3.z 4.L
> trans 16:1 32 21-¢ 25-¢ 22
Y. cis 16:1 3k 2. 2. 4.1
17« 24 1-€ 2-1 1-€
>, 18:2 32 1-€ 1.t 4.¢
> unknown F/ 3z 21 3-C 4.z
Total CLA 54.; 68-¢ 62-¢€ 58::
of which_ cistrans 435 62-1 567 54.¢
of which_ cis,cis 5-€ 4.t 2:¢C 1.¢
of which trans,trans 4.¢ 2-C 3-C 1.t

% total CLA

> cistrans 80-¢ 90.t 90-¢ 94.;
> ciscis 10-¢ 6-€ 4.¢€ 3-Z
> trans,trans 9.C 2-€ 4.¢ 2-¢

" Mix E: FA of Longissimus thoracis muscle (LT) of Charolais x Salers steers fed kassupplemented diet,
Mix F: FA of Pectoralis transversus muscle (PT) of Charolais x Salers steers fed ddspplemented diet, Mix
G: FA of LT muscle of Charolais x Salers steersdedtrol diet, Mix H: FA of PT muscle of CharolaisSalers

steers fed control diet.

Table 3 : CLA composition of synthetic CLA mixtures reprodugithe composition of CLA present
in lipids of selected beef (Mix 1 for Mix A, Mix for Mix B and Mix 3 for Mix C).

Mix 1 Mix 2 Mix 3

% total FA
cis-9trans-11 CLA 82-( 87-( 91-(
cis-9,cis-11 CLA 10-( 8- 4.C

trans-9trans-11 CLA 8-C 5.C 5.C
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Preparation of synthetic CLA mixtures

Synthetic CLA mixtures containings-9trans-11-CLA, cis-9,cis-11-CLA andtrans-9trans-
11-CLA (Matreya Inc., USA) were prepared to mimitACcomposition of selected beef samples
(Table 3). Concentrations o€is-9trans11-, cis9,ciss11- and trans-9trans-11-CLA isomers
corresponded respectively to the concentratioradl afs,trans, cis,cis- andtrans,trans-isomers. Thus,
compositions of mixes 1, 2 and 3 correspondedeatmposition of mixes A, B and C, respectively.
A stock solution in absolute ethanol (Sigma-Aldriélmtance) was prepared for each synthetic CLA
mixture (100 mM) and kept at -20°C until use (ie ttvo weeks following their preparation).

Cdll lines and culture conditions

M4Beu, a human melanoma cell line, was establishethe laboratory of Dr. J.F. Doré
(INSERM, Unit 128, Lyon, France) from metastatiogsy specimens and has been maintained in
culture cell for almost 15 years (Jacubovethal. 1985). Breast adenocarcinoma (MCF7), colon
adenocarcinoma (DLD-1), ovary teratocarcinoma (PA&id lung non-small-cell carcinoma (A-549)
human cell lines were purchased from the Europedlecion of Cell Cultures (ECACC, Salisbury,
UK). Stock cell cultures were maintained as monetayin 75-crh culture flasks in a complete
medium. This medium contained Glutamax Eagle's ium Essential Medium (MEM) with Earle's
salts (Gibco-BRL, Paisley, UK, ref. 41090-28) sw@mpénted with 10% of fetal calf serum naturally
poor in CLA (Biochrom, batch 431 B, France), 1%vitdmin solution (Gibco-BRL, Paisley, UK, ref.
11102-037), 1% of sodium pyruvate solution (ref@d-839, Gibco-BRL, UK), 1% of a mixture of
non-essential amino-acids solution (ref. 11140-@%co-BRL, UK) and 2 mg gentamicin base (ref.
15710-049, Gibco-BRL, UK). All cell culture solutie were certified endotoxin-tested and sterile-
filtered. Cells were grown at 37°C in a humidifiedubator and under an atmosphere containing 5%
CO, during a two week-period of adaptation before haiferation assay. The same batch of fetal
bovine serum was systematically used for all expents to minimise the effects of inter-batch
variability.
Total beef FA and synthetic CLA mixtures were tdsta cell lines at a concentration of 100 uM.
CLA-enriched fractions were tested at 175 uM beeanisthe presence of additional FA in these
mixtures (Table 2), this concentration correspogdo100 pM of CLA. The non-detergent effect for
cellular viability of such concentrations of FA weexified in a primarily study (data not shown).

Proliferation assay

Cells were plated at the density of 5%p@r 150 pl culture medium in 96-well microplates
(Nunclon, Nunc, Roskild, Denmark) and allowed the for 16 h before FA treatment. Thereafter,
medium was replaced by a fresh complete cultureumedupplemented with a given FA preparation
(6 wells by treatment) at the final FA concentrataf 100 uM for synthetic CLA preparations or for
total beef FA and of 175 uM for CLA-enriched fracts (final volume: 200 ul). In these conditions,
the final concentration of ethanol in culture mediwas 0-25% for all experiments. In parallel, cointr
treatment consisted in cells incubated in ethafeat5% vol/vol) without FA. Three independent
experiments were performed, each in hexaplicatéerA48 h of continuous FA exposure, the
antiproliferative effect of FA was assessed by measent of DNA content with Hoechst dye 33342,
as previously described by Debitenal. (2003). Briefly, on the day of the assay, platesexthawed
at room temperature, 100 pL of a SDS solution @0m/v) in sterile distilled water were added into
each well, and plates were incubated for 1 h amré@mperature and then frozen at -80°C for 1 h.
After thawing, 100 pL of Hoechst dye 33342 solutadn30 pg/mL in a hypersaline buffer (10 mM
Tris HCI, pH 7.4, 1 mM EDTA and 2 M NaCl) were add® each well. The plates were then
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Table 4 : Effects of CLA mixtures composed with synthetic Cligomers (Mixes 1 to 3), of beef
CLA-enriched mixture (mixes E to Hand beef total FA (mixes A to Dpn human tumor cell lines
proliferation (number of cells in percent of comiro

MCF7 M4BeL PA1 A549 DLD1
% contro
Mix 1 40 47 55 18 56
Synthetic CLA Mix 2 46 67 85 21 78
Mix 3 57 68 71 25 48
Mix E 64 78 55 93 87
CLA-enriche Mix F 59 76 57 92 86
fractior Mix G 63 70 47 84 79
Mix H 62 56 45 8C 72
Mix A 61 65 48 52 54
Total FA of Mix B 37 83 39 33 36
bovine muscl Mix C 48 59 27 41 48
Mix D 21 71 5 29 37
Statistical effectsP=)
residual SEM cell FA origin cell x origir FA x origin  cell x FA
11.3] 0-03¢ 0-006¢ 0-000: 0-000: 0-623: 0-981.

“Mix A and E: FA ofLongissimus thoracis muscle (LT) of Charolais x Salers steers fed bassupplemented
diet, Mix B and F: FA ofPectoralis transversus muscle (PT) of Charolais x Salers steers fed didse
supplemented diet Mix C and G: FA of LT muscle dfa@blais x Salers steers fed control diet, Mix @ &h
FA of PT muscle of Charolais x Salers steers fadrobdiet

Figure 1 : Growth-inhibitory activities on each human tumoH tiees to synthetic 9,11-CLA mixes
(A), to CLA-enriched mixtures from beef (B) andttwal FA from beef (C).
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Cells were cultured in complete medium supplementitd either 100 uM of synthetic CLA isomer mixtsre
175 uM of CLA-enriched mixtures or 100 uM of toteh extracted from selected beef. Control wells were
treated with an equivalent volume of ethanol coragato treated cells (0-25% vol/vol) but without FA.
Sensitivity of tumour cells against any CLA mixtsrésynthetic or natural) was determined by the nreasf
cellular DNA content by Hoechst 33342 dye. Values @xpressed as percent of control (means = SEBI of
independent experiments).

* Black rhombus indicated a significant differencenpared with controP < 0-05.

a.b.¢ q\jeans without a common letter diffét,< 0-05
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incubated under soft agitation for 1 h protectemrfrlight at room temperature. Fluorescence was
measured at 360/460 nm. Under these conditionsreicence was proportional to the amount of
cellular biomass.

Satistical Analysis

Values are expressed as the mean + SE of thrependent experiments. Global effects of cell
type and of CLA preparation were tested by analgbigariance (ANOVA) using the GLM procedure
in SAS (Statistical Analysis Systems Inc., Cary,, NESA). Effects tested in the model included the
type of cell line (presented as cell), the naturé-A mixtures tested (presented as FA), the origin
(synthetic or extracted from beef) of CLA mixtur@sesented as origin), the interaction between the
type of cells and the origin of FA mixtures (celbxgin), the interaction between the nature of FA
tested and their origin (FA x origin) and the imigtion between the type of cells and the natufelof
(cell x FA). Significance was set Bt< 0-05. From this statistical analysis, no siguaifit interaction
was observed between the nature of FA and thaiimoand between the nature of FA tested and the
type of tumor cells (Table 4). Consequently, tHea$ of FA on tumor cell growth were independent
of the type of cancer cell lines avide versa. On this basis, results for each factor will begented as
follows: i) the magnitude of response of each ceced lines to FA, all FA having the same origin
taken together, ii) the effects of each FA having $ame origin on tumor cell growth, all cell lines
taken together.

Results

Mean values for all experimental treatments wenagared with that of the control treatment
and given in Table 4. These global results showeellsagrowth inhibitory activity P = 0-0069) of all
FA sources and significant differences betweenaesgs of cancer cell line® & 0-034). The cell-
growth inhibitory activity of CLA mixtures was ddfent P = 0-0001) according to their origin, i.e.
synthetic CLA (mixes 1 - 3) compared with purifibdef CLA (mixes A - H). Since there was no
significant interaction between cell lines and Fested, and in order to clarify the presentation of
results, the magnitude of the response of eachlinellto the FA source is presented with as those
from a common origin taken together and the effeteach FA of similar origin on cell growth
presented similarly.

Each tumor cell line responds differently to fatty acids

Relative sensitivity of tumor cell lines to FA muxes of synthetic 9,11 CLA isomers (Fig. 1A),
beef CLA-enriched mixtures (Fig. 1B) and beef tdtdly acids (Fig. 1C) were significantly different
(P < 0:05). Indeed, the tumor cells treated with syrthetic CLA mixtures (Fig. 1A) achieved on 70
to 21% of the growth observed in the control. Tinagl cell line (A-549) was the most sensitive tumor
cell line (only 21% of control numbers) among thesfcell lines testedR < 0-05). As illustrated in
Fig. 1B, there is a 13 to 49% reduction in cellvgioin treated cells by any CLA-enriched fraction
purified from beef (87 to 51% of control numbeitsle most resistant tumor cell line being the lung
cell line (A-549, >87% of control numbeiB,< 0-05) whereas ovarian tumor cell line (PA-1) wras
most sensitive (51% of control numbelPsg 0-05). The sensitivity of each tumor cell lieposed to
any total fatty acids resulting from beef was rah§em 70 to 30% of control numbers (Fig. 1C). In
these conditions, melanoma cell line (M4beu) wasrtiost resistant to FA treatment whereas colon
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Figure 2 : Growth inhibitory activity of synthetic 9,11-CLA nxes (A), beef CLA-enriched mixtures
(B) and beef total FA (C) on any human tumour cells
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Cells were cultured in a complete medium suppleeemith either 100 pM of synthetic CLA isomer mirds,

or 175 pM of CLA-enriched fractions or 100 uM ofgbFA extracted from selected beef. Control welkre
treated with an equivalent volume of ethanol coragato treated cells (0-25% vol/vol) but without FA.
Sensitivity of any tumour cells against each CLAdmie (synthetic or natural) was determined byrtieasure

of cellular DNA content by Hoechst dye. Values asgressed as percent of control (means + SEM of 3
independent experiments).

* Black rhombus indicated a significant differencenpared with controlR<0-0001)

ab.c 9 jeans without a common letter différ{P < 0-05 and' “P< 0.07, respectively).
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(DLD-1), breast (MCF7), lung (A-549) and ovariarA@® cell lines were more sensitive (from 30 to
46% of control cells).

Each FA mixture reduces differently human tumor cell growth

The three synthetic CLA mixtures reduced the ghositcancer cells from 40 to 57% (60 to 43
% of control numbersP < 0-0001, Fig. 2A). However, variations in CLA qoosition of these
mixtures did not significantly modify their antipiferative effect.

The four CLA-enriched mixtures (mixes E, F, G afjdpurified from beef contained some non
conjugated FA but their composition was similamiesn fractions (Table 2). The tumor cells treated
with these CLA-enriched mixtures (Fig. 2B) achievad 75 to 63% of the growth observed in the
control cells P < 0-0001). Among these CLA-enriched mixtures, Mix characterized by a high
content incistrans-isomers and a low content kisciss and transtrans-isomers, possessed the
greatest cell-growth inhibitory activity (63% ofrool cells).

Compared with control, the four total fatty acitktures selected from beef (Table 1) decreased
significantly human cancer cell growth (from 563@%o of control number$} < 0-0001) (Fig. 2C). As
with CLA-enriched mixtures, the beef FA mixture taining a high proportion ofistrans-CLA
isomers and a low content @s,cis- andtranstrans-isomers(Mix D) exerted the greatest cell-growth
inhibitory activity (33% of control cells) and regely, beef FA characterized by a low content in
cistrans-isomers with a high content gis,cis- andtranstrans-CLA isomers (Mix A) possessed the
lowest cell-growth inhibitory activity (56 % of ctol numbers).

Discussion

Although many data are available concerning articagenic effects of synthetic CLA
(Kritchevsky, 2000; Kelly, 2001; Belury, 2002), gnfew studies have reported the antitumor
properties of CLA mixtures originated from rumingmtoducts (Ip, 1999; O'Shea, 2000). In this
context, the aim of this study was to determineseweral types of human tumor cells the specific
antiproliferative effects of CLA-enriched FA framitis and of total FA extracted from beef differing b
their CLA isomers composition.

In these experimental conditions, sensitivity loé ffive tumor cell lines to FA added to the
medium differed as reported earlier (Shdtal. 1992; Mcmillanet al. 1995; Palombat al. 2002).
Such differences in cell sensitivity could be rethto the nature or to the origin of FA supplements
(synthetic CLA isomers / beef CLA). Differencescell sensitivity to each FA could be explained by
intrinsic differences in cellular model such as thstogenic cell origin, the variable rates of cell
proliferation and the specific uptake of FA by selhd their metabolic utilization.

CLA purification from beef needed a successiomtobmatographic procedures which did not
allow to obtain pure CLA mixtures. Consequently, first investigated antiproliferative effects of
synthetic CLA mixtures using common 9,11-CLA isomarith cistrans, cis,cis and transtrans
configurations to mimic beef CLA composition. Susprgly, no significant differences in
antiproliferative properties were noted between ttivee synthetic CLA mixtures whereas several
studies have shown that the effectiveness of iddali CLA isomer to inhibit cell proliferation could
be different (Parizat al. 2001; Belury, 2002). A recent study has reported the inhibitory activity
of CLA isomers on cancer cell-growth is linked e igeometrical configuration of their double bonds
(Palomboet al. 2002). Indeedgis-9,trans-11-CLA isomer exhibits a greater antiproliferateffect on
both colo-rectal and prostate cells than dos®,cis-11-isomer (Palombet al. 2002). Discrepancies
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between experiments (using individual isomers) amdstudy (using synthetic CLA mixtures) could
be explained either by differences in antiprolifes@ properties between CLA mixtures and their
individual constituent isomers, or by a too low centration of specific isomers such teans,trans
isomers in CLA mixtures to exhibit their antiprelifitive properties. Consequently, the
antiproliferative effect of these CLA mixtures cdube likely linked to the ability of the most
abundant CLA isomerc(s9,transl1-isomer) to inhibit growth of cancer cell, diféerces in this isomer
concentrations (from 82 to 91 % of total CLA) beimgbably not sufficiently contrasted to involve
differences between CLA mixtures.

This paper reported for the first timbe antiproliferativeproperties of four CLA-enriched
fractions extracted from beef, mainly differing bye proportion of CLA isomers and not by the
composition of the other FA which was relativelynstant. The mixture that possessed the greater
amount of non conjugated FA was the less poteribitain of cancer cell-growth indicating that these
FA were not implicated in the antiproliferative exfs of this mixture. These results suggested, as
proposed by O'Shea (2000) who have studied angcgmoperties of milk fat, that CLA could be the
active ingredient responsible for the antiprolifera effect of mixtures on human cancer cells. im o
experimental conditions, the most active CLA-enedthmixture was characterized by the highest
proportion incistrans-isomers and the lowest proportionds,cis- andtrans,trans-isomers. Although
cistrans-isomers present in ruminant products are dominbtedis-9trans-11-isomer (Griinari &
Bauman, 1999), other minor isomers could also @sss@nificant antitumor properties as recently
reported forcis-11 trans-13-CLA isomer which inhibits of cancer-cell growfhalomboet al. 2002).
Interestingly, total FA mixtures extracted from theef selected strongly altered the proliferatibn o
human cancer cells in spite of their low contenCipA (< 1% of total FA). These antiproliferative
effects of total FA were higher than their correggiog CLA-enriched mixtures (55 vs 30 % of
inhibition of cell growth). This suggests the alilof total FA mixtures to inhibit cancer cell-graw
could be due to the presence of FA other than Gllich could potentialize the action of CLA-
enriched fractions. Among these FA, stearic, patnaibd oleic acids have no specific antiproliferati
properties towards colon (Caco-2) and pancreaticaracells (MIA PaCa-2, PANC-1 and CFPAC)
(Nanoet al. 2003) and may even enhance cell growth at low eatnation (5 uM) (Falconesat al.
1994; Awadet al. 2000). Conversely, much evidence has indicatevidmacenic andi-linolenic acids
inhibit the growth of cancer cells (Begthal. 1988; Awadet al. 1995). Among hypothesis to explain
these antitumor properties, Awatlal. (1995) have demonstrated that vaccenic acid caakss up
by cancer cells where it could be converted ic®9 trans-11-CLA-isomer, a potent inhibitor of
tumor growth (Corkt al. 2003; Milleret al. 2003). In addition, several studies have demotesirdnat
polyunsaturated FA (PUFA), especially omega 3 F&ildt a great potency to inhibit growth of
tumor cells (Booyenst al. 1984; Begiret al. 1988). Indeed, PUFA can undergo peroxidation, fwhic
generates free radicals and lipid peroxides leatin@NA damage and thus to inhibition of cell
proliferation (Kumar & Das, 1995; Das, 1999). Howevinteraction between FA, and in particular
synergic effects, cannot be excluded.

This study is the first to demonstrate that CLAxtmies naturally present in beef inhibit
proliferation of human cancer cell lines. Moreowarsimilar concentrations, inhibition was depenidan
upon the specific composition in CLA isomers présarhigh content imis,trans-isomers associated
with a low content incis,cis- and transtrans-isomers being the most potent. In addition, téiAl
mixtures from beef exhibited a greater inhibitotivity on cell growth than their corresponding
CLA-enriched mixtures suggesting that FA othersntf@LA present in bovine tissues possess
antiproliferative properties against cancer cetfid,an the other hand, that relationships betwe®n F
and CLA could influence properties of such natonadtures.
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