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Abstract

The effects of the primary biologically active conjugated linoleic acid (CLA) isomers (cis-9, trans-11 and trans-10, cis-12;
15-150 M) on growth and survival of the bovine mammary cell-line, Mac-T, were evaluated using cell enumeration and TUNEL
assay. Previous studies have shown that high concentrations of CLA induced severe milk fat depression and have had negative effects
on milk yield and composition whereas the impact of lower doses has been a modest depression in milk fat percent. In this study,
we show that increasing concentrations of both CLA isomers had negative impacts on cell growth, including reduced cell number
at concentrations of 35 uM and above (P <0.05) and a two-fold increase in induction of apoptosis in the mammary cells. Changes
in cell morphology occurred with large vacuole-like structures in the cytoplasm, nuclear shrinkage and changes of nuclear shape to
kidney shape. Insulin did not significantly affect apoptosis in CLA-treated cells. In addition, the effect of increased doses of CLA
and the interaction of CLA and insulin on the bovine stearoyl Co-A desaturase (Scd) gene promoter was also analyzed. While a
significant difference in the Scd promoter transcriptional activity was not observed in cells treated with different concentrations of
CLA, insulin significantly enhanced Scd promoter activity in CLA-treated cells. Our in vitro data support the hypothesis that high
levels of CLA may induce in vivo apoptosis in the mammary gland.
© 2007 Published by Elsevier Inc.
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1. Introduction activities. The two major isomers in dairy animals are

cis-9, trans-11 and trans-10, cis-12. These two iso-

Conjugated linoleic acid (CLA) consists of a complex
mixture of geometrical (cis and trans) and positional iso-
mers in the fat of ruminant animals which have been
shown to have anti-mutagenic and anti-carcinogenic

Abbreviations: CLA, conjugated linoleic acid; PUFA, polyunsat-
urated fatty acids; SCD, stearoyl Co-A desaturase; BSA, bovine serum
albumin
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mers, however, appear to have different mechanisms of
action and physiological effects on human health. The
cis-9, trans-11 isomer has been shown to be a potent
cancer-preventative agent in animal models of chemical
carcinogenesis [1-4], while the trans-10, cis-12 isomer
of CLA is largely associated with effects on body mass
[5.6].

CLA is formed in the rumen as an intermediate prod-
uct in the digestion of dietary fat primarily through bio-
hydrogenation of linoleic acid by the rumen microflora.
The initial reaction involves the isomerization of the
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cis-12 double bond to trans-11 by cis-9, trans-11 iso-
merase. The next step is the conversion of this diene
to the trans-11 monoene (trans-11 18:1; vaccenic acid).
These initial steps occur rapidly. The conversion of trans-
11 18:1 to 18:0 appears to involve a different group of
organisms and occurs at a slower rate [7]. For this reason,
trans-11 18:1 typically accumulates in the rumen and is
transported to the mammary gland where the action of
the enzyme stearoyl Co-A desaturase (SCD) (also known
as 89 desaturase) converts it to CLA. Biohydrogenation
of linolenic acid also contributes to the rumen pool of
vaccenic acid, however, the isomerization step does not
occur and CLA is not formed as a transient intermedi-
ary in the rumen. Endogenous synthesis in the mammary
gland is estimated to account for up to 78% of CLA in
milk from cows on total mixed ration (TMR) diets [8,9]
and for up to 91% of milk CLA from pasture-fed cows
[10].

In the dairy cow, the influence of CLA on milk
composition has been evaluated in a number of studies
[11-14]. It has been shown that feeding rumen-protected,
or abomasally infusing CLA, results in milk fat depres-
sion and thus the potential to alter milk fat synthesis
for economic reasons, to alleviate the negative energy
balance (NEBAL) problems seen in transition and heat-
stressed cows [15] have been explored. The trans-10,
cis-12 isomer in particular has been implicated as the
isomer responsible for milk fat depression. Abomasal
infusion of 10 g/day of either skim milk control, cis-
9, trans-11 CLA, or trans-10, cis-12 CLA resulted
in both milk fat yield and percentage being substan-
tially reduced in cows receiving the trans-10, cis-12
supplement, but not in the cows receiving the cis-9,
trans-11 isomer. There was no effect on milk yield
[11]. In a study where 150 g/day of either control, CLA
(31.7% cis-9, trans-11; 30.4% trans-10, cis-12), saf-
flower oil or tallow were abomasally infused, there
were dramatic effects of CLA infusion on milk pro-
duction and composition [14] Milk yield was ~40%
lower and concentration and yield of lactose and fat
were correspondingly lower in animals receiving the
CLA treatment. Animals receiving the CLA treatment
had milk somatic cell counts (SCC) between five and
seven times higher compared to the other treatments.
Sodium and chloride levels were increased similarly to
levels seen during involution. Thus, it was speculated
that the high-CLA dose affected mammary epithelial cell
growth and survival and initiated dry-off mechanisms in
the udder [14]. Other studies also reported effects on
milk yield when severe milk fat depression was induced
through CLA supplementation [16,17]. A number of
in vitro studies have shown that both the cis-9, trans-

11 and trans-10, cis-12 CLA isomers have suppressive
effects on mammary tumor cell growth and invasiveness
[18-20].

A previous study by this group [21] showed that
both the main biologically active isomers of CLA (cis-
9, trans-11 and trans-10, cis-12) reduced transcriptional
activity of the bovine Scd gene promoter in vitro. In addi-
tion to its role in converting vaccenic acid to CLA, Scd
expression has effects on the fatty acid composition of
membrane phospholipids, triglycerides and cholesterol
esters, resulting in changes in membrane fluidity and
lipid metabolism [22]. Thus, Scd gene activity may have
arole in cell apoptosis.

In this study, both the main biologically active iso-
mers of CLA (cis-9, trans-11 and trans-10, cis-12) were
evaluated for their effects on mammary epithelial cell
growth, morphological changes and apoptosis in an in
vitro system. Secondly, the role of Scd gene expression
changes on mammary cell growth was evaluated by
treating transfected Scd gene promoter constructs with
increasing concentrations of the two main CLA iso-
mers. Finally, the effect of insulin inclusion with CLA
treatment on cell growth and the Scd gene promoter
activity was evaluated as a previous study [21] showed
that insulin upregulated the Scd gene promoter.

2. Materials and methods
2.1. Cell culture

Mac-T cells were obtained from Nexia Biotech-
nologies (Quebec, Canada) and cultured routinely in
Dulbecco’s modified eagle media (Invitrogen, CA) con-
taining 5% fetal calf serum (Invitrogen) and 5 pg/ml
bovine insulin (Sigma, St. Louis, MO) and incubated
in a humidified incubator at 37 °C in the presence of
5% CO,. Fatty acids (99% pure isomers) (Matreya, PA)
were conjugated to fatty acid-free bovine serum albu-
min (BSA) (Sigma, St. Louis, MO) at 4:1 ratio using
1 mM BSA stocks (M. MclIntosh, University of North
Carolina, personal communication). The effect of fatty
acids on cell growth was assayed by seeding one well
of a six-well plate per treatment at a concentration of
1 x 10% cells/well in the presence of increasing doses of
fatty acids. This was repeated three times with a new
batch of cells each time. The BSA carrier control was
increased with increased concentration of fatty acids.
Living cell number was evaluated using Trypan blue
staining and white (living) cells were counted using
a haemocytometer after 2 days. The effect of 30 uM
concentrations of cis-9, trans-11 CLA and trans-10, cis-
12 CLA on Mac-T growth over a longer time period
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was assayed by seeding six-well plates (three wells
per treatment) at a concentration of 1 x 10% cells/well
and counting daily using a haemocytometer over a 6-
day period. This was repeated twice with three wells
per treatment in each experiment. The effect of 15 uM
and 30 wM concentrations of cis-9, trans-11 CLA and
trans-10, cis-12 CLA on cell morphology by immunoflu-
orescence was determined by culturing cells on 12 mm
glass coverslips (Fisher Scientific, USA) in 24-well cul-
ture plates.

2.2. Cell fixation and TUNEL assay

DNA fragmentation measurement was carried out
using the APO-BrdU assay kit as described by the man-
ufacturers (Phoenix Flow Systems, San Diego, CA).
Briefly, cells were incubated with 30 uM of either CLA
isomer in the presence and absence of insulin (10 pg/ml).
Media was removed to a 15ml tube to ensure cells
which were floating were included in the assay. Cells
were washed twice with 1x phosphate buffered saline
(PBS) (Invitrogen) and detached from the culture plates
with trypsin-EDTA (Invitrogen). Cells were combined
with the previously removed media and pelleted by cen-
trifugation at 200 x g for 5min. The supernatant was
removed and the pellet washed twice with 1 x PBS. The
pellet was resuspended in 1% paraformaldehyde (Sigma)
in PBS, pH 7.4 at a concentration of 1.2 x 100 cells/ml
and incubated on ice for 60 min. Cells were centrifuged
at 300 x g for 5 min and the supernatant discarded. The
pellet was washed twice with 1x PBS and pelleted
by centrifugation at 300 x g for 5min. The pellet was
stored in 70% ethanol (1 ml) at —20°C until TUNEL
assay. For the TUNEL assays, cells were pelleted by
centrifugation at 300 x g for Smin and washed twice
with the kit provided wash buffer. The cell pellet was
resuspended in 50 wl of DNA-labelling solution contain-
ing terminal deoxynucleotide transferase (TdT) reaction
buffer, TdT enzyme and bromodeoxyuridine triphos-
phate (Br-dUTP) and incubated in a 37 °C waterbath for
60 min with shaking every 15 min. Cells were washed
twice with kit provided rinse buffer and the cell pel-
let resuspended in 100 1 antibody solution containing
fluorescein-labelled anti-BrDU antibody and incubated
at room temperature for 30 min in the dark. Propidium
iodide/RNase A solution (500 1) was added, incubated
at room temperature for 30 min in the dark and analyzed
by flow cytometry (Beckman Coulter Epic-XL four color
analytical flow cytometer), using the parameters out-
lined in the APO-BrDU protocol as per manufacturer’s
instructions. Four independent experiments were carried
out.

2.3. Immunofluorescence

Mac-T cells were grown on 12 mm glass coverslips
(two wells per treatment with one repeat). Cell morphol-
ogy was observed by staining cells with anti-GLUT1
antibody as previously described [23], using a Goat anti-
GLUT!1 primary antibody (Santa Cruz Biotechnology,
Santa Cruz, CA) and an Alexa-fluor 647 labelled donkey
anti-goat IgG secondary antibody (Molecular Probes,
Eugene, Oregon). Cell nuclei were stained using Sytox
nuclear stain (Molecular Probes) at a dilution of 1:1000.
Cell images were captured using a Zeiss confocal laser
scanning imaging system with Lasersharp 2000 software
(Zeiss).

2.4. Reporter vector construction and transient
transfection

A 1523 bp fragment of the bovine stearoyl Co-A
desaturase gene promoter was constructed as previously
described [21]. Mac-T cells were transiently co-
transfected with luciferase reporter vectors using Fugene
6™ transfection reagent (Roche, Basel, Switzerland).
Transfection plates (24-well) (Nunc Nalge International,
Rochester, NY) were seeded at a concentration of
2 x 10* cells/well and incubated overnight at 37 °C in
a humidified incubator with 5% CO;. On the day of
transfection, 0.0125 g of a pRL-TK Renilla (Promega,
Madison, WI) vector was mixed with 0.2 ug of the
pGL3-experimental constructs. Fugene 6™ transfection
reagent (0.6 wl) was added to 20 .l of serum free media.
The plasmid DNA mix was then added slowly to the
media—Fugene 6™ mix and incubated at room tem-
perature for 20 min. This mix was then added to the
cells drop-wise, swirled gently to disperse the mix and
incubated at 37 °C in a humidified incubator with 5%
CO,. Experimental treatment media was either 15 puM
or 30 wM of one of cis-9, trans-11 CLA or trans-10, cis-
12 CLA in the presence or absence of 10 pwg/ml insulin.
Media was changed to the experimental treatment media
5 h after transfection and further incubated at 37 °C in a
humidified incubator with 5% CO,. After 72 h, media
was removed from the wells and 100 pl of 1x pas-
sive lysis buffer (Promega, Madison, WI) added. Three
independent experiments were carried out with n=3 per
experiment.

2.5. Luciferase assay
A Dual Luciferase Assay Kit (Promega, Madison,

WI) was used according to manufacturer’s instructions
to measure both Renilla and Firefly luciferase expres-
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sion by the reporter vectors on a luminometer (20/20", @ 5.
Turner Biosystems, Sunnyvale, CA). Firefly luciferase 14
. . s BSA
values were normalized to the internal control and rel- | : acotii cla
mt10,c12 CLA

ative light unit (RLU) values were compared using the
Microsoft™ Excel chart function.

2.6. Statistical analysis

Statistical analysis was carried out using the one-way
ANOVA or unpaired #-test function of SAS software
(Statview). The effect of fatty acid treatments on cell
growth, apoptosis and Scd gene expression were com-
pared to the BSA control for all experiments. The effect
of insulin in combination with CLA was compared to
the CLA only treatment. Mean standard errors are pre-
sented. Where P <0.05 in an experiment, individual
effects between treatments were examined and signifi-
cant differences (P < 0.05) are noted with either numbers
or symbols in figure. P-values between 0.05 and 0.1 were
considered a tendency for significant difference.

3. Results

Mac-T cells were grown in the presence of increas-
ing doses of fatty acids as shown in Fig. 1a. Fatty acids
were conjugated to BSA as a vehicle and BSA only was
used as a vehicle control. The effects of linoleic acid,
linolenic acid, vaccenic acid and the primary biologi-
cally active CLA isomers (cis-9, trans-11 and trans-10,
cis 12) on cell growth were evaluated. Living cell num-
ber was determined using Trypan blue staining. At a
concentration of 15 uM there was no difference in cell
growth between treatments. At 30 uM there tended to
be fewer cells due CLA treatment compared to the BSA
vehicle control (P =0.07 for cis-9, trans-11 and P =0.06
for trans-10, cis-12). At 35 pM and higher CLA iso-
mer inclusion, cell numbers were substantially lower
(P <0.05) compared to other fatty acid treatments. There
was no difference from the BSA treatment (control) in
cell number due to linoleic, linolenic or vaccenic acid
inclusion at any concentration. Cells were unable to sur-
vive at 150 uM of CLA, but grew in the other fatty acid
treatments.

In addition to examining the effect of increasing doses
of CLA on cell growth, the effect of 30 uM concen-
trations of CLA on cell growth over 6 days was also
examined. Fig. 1b shows that cell number for CLA treat-
ment were continually lower than the control BSA only
treatment, and showed significant difference after day 3
for both isomers.

An assay to measure DNA fragmentation in the
nuclei, a characteristic of apoptosis, was employed to

@ Linoleic acid
|| @ Linolenic acid
|| o Vaccenic acid

Cell Number (cells x
10%/ml)

15um 20pm  30pm 35um  37.5pum 150um
Fatty acid concentration (uM)

®) 4600
= 1400 T
3 1200
2
L 1000 _ oBsA
o3 800 mcot1l
g 2 600 mt10c12]
Z 400 B g ;
= "

0_

Day0 Day 1 Day 2 Day 3 Day 4 Day 5
Timepoint

Fig. 1. Effect of CLA on Mac-T cell growth. (a) Mac-T cells grown
in the presence of fatty acid treatments for 2 days at each concentra-
tion (data presented is a mean of three independent experiments). Fatty
acids were fused to BSA as a vehicle. BSA only was used as a control.
Living cell number was counted. Statistical differences are indicated
by the * symbol (P <0.05). (b) Mac-T cells were grown in 30 uM/ml
of either BSA, cis-9, trans-11 CLA or trans-10, cis-12 CLA (n=3).
Living cell number was counted daily. Statistical differences are indi-
cated by the * symbol (P <0.05). Data presented is one representative
experiment.

determine if the cells were undergoing apoptosis due to
CLA treatment. BSA only was again used as a vehi-
cle control. Cells were grown in the appropriate media
until they reached approximately 80% confluency, then
were harvested and subjected to TUNEL assay. Fig. 2
shows the percentage apoptotic cells due to CLA inclu-
sion. Both CLA isoforms induced Mac-T cell apoptosis
at a concentration of 30 uM, consistent with the cell
growth data above. Incubation of cells with CLA iso-

3 80
§ 70 L3 *
§ [
= 60
% 50
g I
©
& 20
% 10
0 T 1
BSA cot11 CLA t10c12 CLA
Treatment

Fig. 2. Effect of CLA on Mac-T cell apoptosis using TUNEL assay.
Cells were incubated in 30 uM of either cis-9, trans-11 or trans-10,
cis-12 CLA. Apoptotic cells were determined by antibody labelling
of DNA fragments. Combined data of effect of CLA on apoptosis at
30 uM concentration from four independent experiments. Statistical
differences are indicated by the * symbol (P <0.05).
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mers resulted in an approximate 2.5-fold increase in
the amount of DNA fragmentation taking place and
there appeared to be no difference in apoptosis induction
between isomers.

From previously unpublished observations in our lab,
the GLUT1 glucose transport protein has been found

to have a plasma membrane and cytoplasmic location
in Mac-T cells. For this reason we used this protein as
a marker of cell morphology and studied the effect of
CLA treatments on cell morphology. In comparison to
the control (Fig. 3), CLA at the 30 WM concentration
(c: cis-9, trans-11, e: trans-10, cis-12) caused dramatic

Fig. 3. Evaluation of CLA on cell morphology using immunofluorescence. Mac-T cells were incubated in increasing doses of CLA as indicated,
fixed on coverslips and stained with an anti-GLUT1 antibody and fluorescently labelled secondary antibody. Nuclei were labelled using Sytox
(green): (a) control cells; (b) 15 wM cis-9, trans-11 CLA; (c) 30 wM cis-9, trans-11 CLA; (d) 15 uM trans-10, cis-12 CLA; (e) 30 uM trans-10,
cis-12 CLA. Note the vacuole-like structures in cytosol indicated by block arrow and half-moon-shaped nuclei in 30 uM CLA-treated cells indicated

by broken arrow. Data presented is one representative experiment.
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Fig. 4. Effect of insulin on the percentage DNA fragmentation due to
CLA treatment. Apoptotic cells were determined by antibody labelling
of DNA fragments. Level of DNA fragmentation in Mac-T cells cul-
tured in one of 30 wM cis-9, trans-11 CLA in the presence and absence
of 10 pg/ml insulin or 30 wM trans-10, cis-12 CLA in the presence and
absence of 10 pwg/ml insulin. Different superscripts represent P <0.05,
* symbol represents P=0.08. Data presented is one representative
experiment.

changes in cell cytology. CLA induced large vacuole-
like structures in the cytosol and changed the cell nuclei
shape to a kidney-like or half-moon-shaped structures.

A second experiment evaluated whether the inclusion
of insulin could partially alleviate the effect of CLA
on apoptosis. In this experiment, although no signifi-
cant difference was observed for both CLA isoforms in
the presence or absence of insulin, inclusion of insulin
tended to increase DNA fragmentation in the cells treated
with the trans-10, cis-12 isomer (P =0.08) (Fig. 4).

To determine whether the effect of CLA on cell
growth was associated with the action of the Scd gene,
the effect of increasing concentrations of CLA on Scd
transcription was determined (Fig. 5). Both CLA iso-
forms did inhibit transcriptional activity of the Scd gene
at 15 uM but did not show a significant further reduc-
tion at 30 wM although the cis-9, trans-11 isomer tended
(P=0.08) to be inhibitory.

H'.it

15uM c8t11  30uM c9t11  15uM t10c12 30uM t10c12
Treatment

R.L.U. (FIR)

Fig. 5. Effect of increasing concentrations of CLA on Scd transcrip-
tional activity in Mac-T cells. Reporter constructs containing the
bovine Scd gene promoter fused to a luciferase-encoding cDNA were
transiently transfected into bovine Mac-T cells and incubated with
(a) cis-9, trans-11 CLA or (b) trans-10, cis-12 CLA. Reporter fire-
fly luciferase activity was quantified, normalized by control Renilla
luciferase activity (F/R) and expressed as RLU. Different superscripts
indicate significant differences (P <0.05). Data presented is one rep-
resentative experiment.
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Fig. 6. Effect of insulin on the Scd gene transcriptional down-
regulation induced by CLA in Mac-T cells. Reporter constructs
containing the bovine Scd gene promoter fused to a luciferase-encoding
cDNA were transiently transfected into bovine Mac-T cells and incu-
bated with (a) 30 WM cis-9, trans-11 CLA in the presence and absence
of 10 pwg/ml insulin or (b) 30 wM trans-10, cis-12 CLA in the presence
and absence of 10 wg/ml insulin. Reporter firefly luciferase activity
was quantified, normalized by control Renilla luciferase activity (F/R)
and expressed as RLU. Significant differences are represented by the
* symbol (P <0.05). Data presented is one representative experiment.

An additional experiment was carried out to deter-
mine if insulin could antagonise the effect of the CLA
isomers on the Scd gene promoter transcriptional activ-
ity. The inclusion of insulin (10 pg/ml) did indeed show
an increased transcriptional activity of the Scd gene in
the cells treated with both CLA isomers (Fig. 6).

4. Discussion

CLA hasbeen studied as a tool to alter milk fat compo-
sition in lactating dairy cattle, to aid the energy balance
of the transition cow, and to increase the overall level
of CLA in bovine milk in order to promote milk as
a functional food. However, diets designed to increase
milk CLA levels have also been shown to cause milk
fat depression and, in some instances, have had negative
effects on milk yield [14,16,17,24]. The purpose of this
study was firstly to investigate the effect of increasing
doses of both of the main biologically active CLA iso-
mers, cis-9, trans-11 and trans-10, cis-12, on mammary
epithelial cell growth in vitro, secondly to determine
whether alteration in Scd gene expression is associated
with changes in mammary cell growth, and finally, to
examine whether insulin could play a role in modu-
lating the effect of CLA on both cell growth and Scd
transcriptional activity.

The effect of increasing doses of CLA on cell growth
was determined by counting the living cell number after
2-day CLA treatments (Fig. 1a). In addition to the two
CLA isomers, vaccenic, linoleic and linolenic acids were
also included to determine whether any effect might be
due to simply a high dose of any fatty acid and not CLA
specifically. Results seen in Fig. 1a demonstrate quite
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clearly that at lower levels of CLA (15 wM/ml) that there
was no difference in cell proliferation between control,
CLA and fatty acid treatments. As the dose of fatty acid
added increased, however, it is evident that at higher
doses of CLA (35 uM and above), cell growth is inhib-
ited or cells are no longer viable. To determine if the cells
were merely growing slower or if they were undergoing
apoptosis in CLA treatment, a TUNEL assay approach
was employed. Previous studies have shown that camp-
tothecin can induce apoptosis in human mammary cells
[25,26], thus it was employed in this study as a posi-
tive control for apoptosis. Treatment of cells with 30 uM
CLA resulted in an approximate 2.5-fold increase in the
amount of DNA fragmentation taking place (Fig. 2). This
is consistent with cell morphology change under CLA
treatment observed in Fig. 3. Visualization of the nuclei
demonstrated the effects of high-dose CLA incubation.
The nuclei at higher levels of CLA treatment form kidney
bean- or half-moon-shaped structures, which have previ-
ously been noted to be a morphological sign of apoptosis,
due to chromatin condensation in the nucleus [27-29]. In
addition, the cells display large vacuole-like structures,
which may indicate some form of cellular damage.

These results are in agreement with physiological
studies in vivo showing detrimental effects of high doses
of abomasally infused CLA on mammary cell function
and survival [14], while low doses of orally delivered
rumen-protected CLA show little or no negative effects
[11-13,15]. Our data support the hypothesis that high
levels of CLA can induce apoptosis of mammary epithe-
lial cells in vivo. A recent study also reported the growth
inhibitory effects of a number of CLA isomers on human
colon cancer cell lines and found an apoptotic effect in a
dose- and time-dependent manner [30]. While the Mac-T
cell line presents limitations for the study of a function-
ing mammary gland as it has abnormal characteristics,
our in vitro data are suggestive of a possible effect of
high doses of CLA in vivo on the mammary gland. In
addition, these data could be extended to evaluate the
effects of CLA on differentiated mammary cells in vitro
such as the bovine mammary epithelial cell collagen gel
culture system [31].

Our experiments also showed that insulin did not sig-
nificantly alter the effect of CLA on cell apoptosis. It is
likely that insulin and CLA have their effect on mammary
epithelial cells through different signalling pathways.
While both insulin and CLA signalling take place
through the mitogen-activated protein kinase pathways
[32,33], it has been reported that CLA also mediates
an effect on the mitochondrial pathway to induce apop-
tosis in a mammary epithelial cell line, MDA-MB-231
[34].

Previously we have shown that treatment with
30 uM/ml of both CLA isomers resulted in down-
regulation of Scd transcriptional activity [21]. It was
also reported that simian virus 40-transformed human
lung fibroblasts bearing a knockdown of human Scd
showed a considerable reduction in monounsaturated
fatty acids, cholesterol, phospholipid synthesis, along
with high-cellular levels of saturated free fatty acids
and triacylglycerol, compared with control cells [35].
In addition, Scd-deficient cells were more sensitive to
palmitic acid-induced apoptosis compared with control
cells. These data suggested that, by globally regulating
lipid metabolism, Scd activity modulated cell prolifera-
tion and survival [35]. To study if the effect of CLA on
Scd transcription could be involved in the effect of mam-
mary cell growth at high doses, we examined the dose
effect of CLA on Scd promoter activity. Our data showed
that while Scd transcriptional activity was significantly
reduced by CLA at 15uM, cell growth was not sig-
nificantly inhibited at this concentration. Furthermore,
increased doses of CLA did not result in a significant
dose-dependent decrease in the transcriptional activity
of the Scd gene although there was a tendency for the
cis-9, trans-11 isomer (P < 0.1) to have this effect. These
data indicate that the effect on Scd gene expression may
not be a major factor influencing the CLA effect on cell
growth.

Our previous study showed that insulin results in
induction of transcriptional activity of the Scd gene [21].
In this study, we further demonstrate that insulin had the
ability to act as an antagonist to the down-regulation of
the Scd gene promoter by CLA. Again, if the Scd gene
was involved in the cell death induced by high doses of
CLA, it would also be expected that inclusion of insulin
would result in less DNA fragmentation. However, a sig-
nificant effect of insulin on CLA-induced apoptosis was
not observed. Previously we identified that the effect of
CLA on the Scd gene promoter was mediated through
a region of 36 bp in length, termed the STE, where the
sterol response element binding protein (SREBP) tran-
scription factor was predicted to bind [21]. Insulin has
been shown to regulate SREBP transcription in the liver
and adipocytes [36] and in addition, insulin may increase
activity of SREBP by inducing phosphorylation of spe-
cific serine and threonine residues [37]. The opposing
effects of CLA and insulin on the Scd gene promoter
may be mediated through SREBP. This provides fur-
ther support for the hypothesis that the effect of CLA
on Scd gene expression is unlikely the main mechanism
by which apoptosis is induced and is likely a secondary
effect of the apoptotic pathways induced by high levels
of CLA.
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5. Conclusion

At high doses, the two main CLA isomers have detri-
mental effects on mammary epithelial cell growth and
survival in vitro, however it is unlikely that the down-
regulation of the Scd gene transcription plays a major
role in this effect. This correlates well with the negative
effects seen on milk yield and composition when ani-
mals were abomasally infused with high doses of CLA.
Atlower doses of CLA there was no effect on cell growth,
likely mirroring the amounts of CLA used in the majority
of animal studies.
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