The effects of Low a-Linolenic fatty acid Soybean Oil and Mid Oleic acid
Soybean Oil on the growth of Her-2/neu and Fatty acid synthase over -
expressing human breast cancer (SK-Br3) cells

Jee Hyun Bark

Thesis submitted to the faculty of the Virginia YRethnic Institute and State
University in partial fulfilment of the requiremenfor the degree of

Master of Science
In
Human Nutrition, Food and Exercise

Young Ju, Chair,
Eva M Schmelz,
Dongmin Liu

09-09-2010
Blacksburg, VA

Keywords: Human Breast Cancer, SK-Br3, SoybeanlL®ily linolenic Acid
Soybean QOil, Epidermal Growth Factor Receptor yatid Synthase

Copyright 2010, Jee Hyun Bark



The effects of Low a-Linolenic fatty acid Soybean Oil and Mid Oleic acid Soybean Oil on
the growth of Her-2/neu and Fatty acid synthase over-expressing human breast cancer
(SK-Br3) cells

Jee Hyun Bark

ABSTRACT

A variety of soybean oils (SOs) were developed witproved functional properties. Some of
the modified SOs contain altered fatty acid (FAjnposition by selective breeding methods.
Currently, lowa- linolenic acid soybean oil (LLSO) and law linolenic acid and mid oleic acid
soybean oil (LLMOSO) are available FA modified Si@ghe market. The consumption of FA
modified SOs has been increased because the Usitds Food and Drug Administration
required listingtrans fat content in food products sold in U.S. as amrefto reduce possible
health risks caused ligans fat beginning 2006. However, the effects of the8entodified SOs

on human chronic diseases including breast caB®) llave not been studied. BC has become
the most frequently diagnosed cancer and is thenseteading cause of cancer death among
American women. The type of dietary fat, FA comgosi and n-6/n-3 ratio are known to
influence BC development. Therefore, it is possthk the changed FA composition and n-6/n-
3 ratio in the FA modified SOs may affect BC praggien, and its critical health concern needs
to be investigated. Increased human epithelial grdactor receptor 2 (Her42#¢u) and fatty acid
synthase (FAS) are associated with BC progressiofiact, FAS activity and expression are
affected by dietary FA composition and FA metaboliHypothesis of this research is that
LLSO and LLMOSO may affect Her##u and FAS expressing human BC (SK-Br3) cell
growth in vitro andin vivo. To test our hypothesis, we investigated the pg@teadverse or
beneficial effects of LLSO and LLMOSO in comparisefith conventional SO and lard on
human BC cells and then examined the possible mésatha of action by evaluating the
expression level of genes markers involved in ghofdctor mediated signal transduction
pathway, specifically Her-Bé&- Pl 3-kinase (phophoinositide 3- kinase)-FAS sigreaisduction
pathway.In vitro study demonstrated that all of the tested oil3-2ul/ml had cytotoxic effects.
LLMOSO showed less cytotoxic effects on the growthSK-Br3 cells compared to SO.
However, there was no difference in SK-Br3 cellvgito between LLSO and SO. The apoptotic
protein markers (mutant p53 and caspase-3) anakygealed that the cell growth inhibition by
oil treatments was cytotoxic by triggering apopodVestern blot analysis demonstrated that
LLSO- and LLMOSO- induced changes on cell growtholme Her-2heu and FAS signaling
transduction pathway and sterol regulatory elem@ntling protein-1 (SREBP-1), mitogen
activated protein kinase (MAPK), and phosphatidygitol 3-kinase (Pl 3-kinase) were possible
down-stream effectors of Herfdu signaling pathway. We also evaluated the dietéigces of
LLSO (20% fat of total calorie), SO (20%), and |d&0%) on the growth of SK-Br3 tumors
implanted in athymic mice. Changes in tumor surfaeE, body weight, and food intake were
monitored during the 6 months feeding study. Afesmination, tumor net weight, Herrgu
and FAS mRNA expression in tumors, FAS protein egpion in liver, lipid composition in diets,
abdominal fat, and serum, as well as plasma tdtalesterol and triglyceride levels were
analyzedIn vivo study showed that there were no statistical diffees in tumor size and tumor
net weight among SO, LLSO, and lard groups. Noed#ices in FAS mRNA and protein



expression levels between the LLSO and SO groups aeserved. Tumors from the lard group
expressed higher Her#gu and FAS mRNA than those from the LLSO and SO grdine. lipid
analysis demonstrated that LLSO was not signifigamtistinct from SO intrans fat
concentration after metabolism. Serum cholestenal tiglyceride levels were unchanged in
LLSO fed compared to SO fed mice. In summary, LL8ich contained modification iaLA
concentration showed similar effects on SK-Br3 &sif bothin vitro andin vivo. However,
LLMOSO which contained more drastic modificationa &A composition exhibited less
cytotoxicity compared to SO vitro.



Acknowledgement

| would like to express my deep gratitude and respe my advisor, Dr. Young Ju for her
ceaseless guidance, encouragement, patience goarstipoughout my graduate studies.

It is my great pleasure to acknowledge Dr. Eva Sdhnand Dr. Dongmin Liu for their
willingness to serve on my committee as well asviliag their words of support and
encouragement.

| would also like to show my acknowledgement to Benjamin Corl for his valuable assistance
on lipid analysis.

| would also thank the lab members, Mary Pat Meai#gine McCall, and James Spence from
whom | have shared enjoyable experience. | espgeiauld like to thank JiEun Kwak for all
her help and guidance.

Finally, I want to thank all my friends for themgport and encouragement they have given me.



Table of Contents

1 LITErALUIE REVIBW ... .uiiiiiiiiiiiiiiiii ettt et e e e e e e eeee ettt bbbt et e et eeeeaeaaeeeeeeeaaseaaanas 1
1.1 Breast cancer (BC) and dietary fatty acids (FAS)......ccuuiiiuuiiimmiiiiaaieee e ieeeeee e eeeeeeeeeens 1
1.2 Possible Mechanisms of dietary fat on Hare/and FAS overexpressing BC..................... 2....
1.3 FA modified SO 0ils, LLSO and LLMOSO........ooiieeiiiieeeeei e 4

(O gF=T o) (= Nt PSRRI 5
The effects of LL SO and LLMOSO on the growth of Her-2/neu and FAS- over expressing
human BC (SK-Br3) CEllS, IN VITrO.......ooiiiiiiiiiiiiiiii ettt e e e e e e e e eeeeeeeeee 5

IO 1 1 70 To [ 8T £ PP PPPPPPURRPPPPP 5

2 Rationale, Hypothesis, and SPECIfIC AIMS ... eeeeeeeeiiiieiiiiiiiiiaas e e e e e eeaeeaeaaeeeeeareereeerrrn—.. 8
2.1 Justification Of RESEAICN..........u e eeeaeees 8
A o 1Y/ 010 11 1T £ S 8
JZC T N [ F SRS 8

2.3.1 Aim 1. To determine the effect of LLSO, LLMOSO inrmaparison to SO and lard

on cell viability, proliferation and apoptosis dKIBr3 CellSiN VItro............uvvveiiiiiiiieeeeeeeeeeeeeeeeiininns 8
2.3.2 Aim 2. To evaluate the protein expression level#Hef-2heu, FAS, SREBP1, p-

ERK, and p-Akt that are involved in Herrgll and FAS signal transduction pathway. .............. 9

3 Material anNd METNOUS. ........uiiiiiiiiiiii e e e e e e e e e e e e e e e e 10
TNt R O] | I ox 0 (] PO UUPRPPPTPPPPPPRPRN 10
3.2 Cell VIADility ASSAY.....uuuuuuuuiiiiieie e e et eeeeee et e e ettt s s s e e e e e e e e e aaeaaaaaaaaaaeeeeeaeararnannn s 10
3.3 Cellular Proliferation ASSAY .........cccoieiiieeeaaiaieaeeeeeee e e et eeeeeetattbbnaa s e e e ssaaaaaseeeeaaaaaaeeeeeeeeenens 11
3.4 FA COMPOSItION ANAIYSIS. ....uuiiiiiiiei e eemm et eeee e e e s e e e e e e e e e e eeeeeeeenees 12

3.4.1 Lipid Extraction and Methylation..............coommuvveeiiiiiii e 12

K €1 S PPPPRPRUPRRR 13
3.5 (gRT-PCR Analysis of MRNA EXpression in CellS ..........iiiiiiiiiii e 13
3.6 WeESLEIN BlOt ANAIYSIS ....uuuuiiiiie e e ettt s e e e e e e e e e e e e e e e eee e e eeeeeeeeasssnasnnnaeeeeeeas 14
3.7 STAlISHCAlI ANGIYSIS ..ottt e e e et e e ettt e et b e e s a s e e e e e e e e e e aeeeeeeeenennnes 15

A RESUIS ittt et e e e e e e e oo o e————— ettt et e e e e e e e e e e e e e e e e n bbb e ane e 16
4.1 The effects ofiLA, OA, and LA on the growth of SK-Br3 CellS ...ueeveeiiiiiiiiiiiiiieiis 16

4.2 The effects of SO, LLSO, LLMOSO, and lard on vidghibnd proliferation of SK-Br3
cells 17

4.3 FA composition analysis of SK-Br3 cells after oddtments. .............ccoooeevviiiiiiiieiiieeeeceens 18
4.4 Comparison of Her-Beu and FAS protein expression levels in BC cell lines.................... 18
4.5 The effects of SO, LLSO, lard and LLMOSO treatmesriamutant p53, caspase-3, Her-
2/neu, FAS, SREBP-1, p-Akt, and p-ERK-1 protein eXpreSsSi.........ccccceeeeeeeiiiiieeeeiiiiiiiiiimmmeee 19
4.6 The effects of SO, LLSO, Lard and LLMOSO treatmemisHer-2heu and FAS mRNA
eXPression iN SK-BIr3 CelIS. ..o ceeeee ettt s e e e e e e e e e eaeeeeeenennes 21
S B 1Yol U 11 o] o OSSP PPPUTTPUPPPRR 22
(O =T o = R 28
The effects of LLSO on the growth of Her-2/neu and FAS- overexpressing human BC
(SK-BI3) CAIIS, IN VIVO ...ttt e e e ettt s e s e e e s e e e e e e e e eeaaas 28
S 011 To [ T £ o I 28
2 Rationale. Hypothesis and SPeCifiC AIMS ... eeteiiiieiiiiiiiiiiiaaae e e e e e eeeeeeeeeeaeeeeeeeeeeaeeennnnn 29
2.1 Justification Of RESEAICN..........uueiii e e e e e e e 29



2.2  Hypothesis and SPECITIC AIMS......oeueiiiiiiiiiiiie e erreee s e e e e e e e e aeeaeeeeees 29
2.3 Specific Aims :Determine the effect of SO, LLSOddard on the growth of SK-Br3

Implanted iN atNYMIC MICE. ......coooi i e e e a e e e e e e e e e e e e e e e e rb b as 29
3 Materials and METNOUS .........ooiiiiiii e e e e e e e e e e 30
TNt R o =T =T [ 0T S LE o U PUURPPUP 30
3.2 gRT-PCR Analysis of MRNA EXPression in TUMOIS ccccaaieeiioiiiiiiieeeeeiiiiiie e 30
3.3 Total Protein Extraction from the LIVEr Of MICEu....uuuuiiiiiiiiiiiiiiieeeeeeeeeee e 31
3.4 FA Composition in Diets, Serum, and Abdominal Fat............cccoovviiiiiiiiiiiiiii e 31
3.4.1 Lipid Extraction and Methylation and GC.......ccccceeeeiiiieieeeiiiiiiceeee e 31
3.5 Measurement of total blood cholesterol and trigtgelevel ..............ooiiiiiiiiiee 32
3.6 STAlISHCAlI ANGIYSIS ..ottt e e e et e e et ettt e bt e e s e e e e e e e e e e aeeeeeeeenrnnnes 32

The results were expressed as mean +SEM. One-wa\A\with Tukey’s post hoc test was
used to calculaté values using SigmaStat 3.5 (Systat Software |an:) @ probablllty of

p<0.05 was taken as denoting a significant diffeedmetween samples. .. e e e e e e enn s ———— 32
A RESUIS ittt et e e e e e e e e e oo e————— e ettt et e e e e e e e e e e e e e e e aaaann bbb ran e 33
4.1 The effects of dietary SO, LLSO, and lard on thewgh of SK-Br3 implanted in
= L)Y 0 01 o o 0] o S 33
4.2 The effects of dietary SO, LLSO, and lard on theregsion of Her-2ku and FAS
MRNA and protein eXPreSSION IN LISSUES. .....ccacarairiiie e e ieeeeeieeeiitiriaa e s s e e eeaaaasaaaeeeeeaeeeeeeeessnnnnes 33
4.3 The FA compositions in diets, plasma, and abdomatal..................ccccoovvvriiiiiiiccccenneenn. 34
4.4 The effects of SO, LLSO, and lard on total choledtand triglyceride in mice serum ............ 35
SN B 11T ol U 11 Lo o PSSP PPPUTTPPPPPRI 36
(S (=TT o[l OO TPPPOPPPPPPPPPPPP 41

vi



List of Table

Table 1: Analysis of FA composition in SO, LLSO,MODSO, and lard. ............ccoovviiiiiiiiiiiieeeennnn. 47
Table 2: Oligonucleotide sequences fOr QRT-PCRu . ooiiiiiiiiiiiiiiee e eeeeeee e 48
Table 3: FA compositions of SK-Br3 cells aftertodatments.............cccoooeeiiiiiiiieciiieeeecce e, 48
Table 4: Relative expression levels of Heme?&/and FAS expression in human BC cells. .............48
Table 5: Dietary treatMent grOUPS. ..........commmmerururnaaaeeeeeeeeereeeeeeeeannnnsnnn s aaaeaeeaeeereeeemrmmnnnn, 49
Table 6. FA compositions (g/100g FAs) of diets (&)dominal fat (B), and plasma (C) after

L= 0 11T 1 (1 [0 1Y 50
Table 7: The amounts tfans fat, total n-3 and n-6 in diets (A), abdominal @}, and plasma

() TSR RPN 53

Vi



List of Figures

Figure 1 Hormonal regulation of FAS gene exprasgiocancer Cells. ..., 54
Figure 2: The effect aiLA, OA, and LA on cell viability of SK-Br3. .....ccc.cooiiiiiiiiiiiiiriie e 55
Figure 3: The effects of SO, LLSO, LLMOSO and lardcell viability of SK-Br3. .............cccceommmn. 56
Figure 4: The effects of SO, LLSO, lard, or LLMO®®@ cell proliferation of SK-Br3...................... 57
Figure 5: Her-2ieu and FAS expression in human BC Cells. ... 58
Figure 6: Protein expression levels in SK-Br3 cafter oil treatments. ............ccceooiiiicmeeeiiiiiiieeeee, 59
Figure 7: Her-2ieu and FAS mRNA expression levels in SK-Br3 cellateel with oils. ..................... 61
Figure 8: Tumor growth (surface area) of SK-Br3 #ath diets containing chow, SO, LLSO,

=T 0 B F= T o 1RSSR UURPPPPPPP 62
Figure 9: Her-2deu and FAS mRNA expression levels in mice tumors fét diets containing

ChOW, SO, LLSO, OF JArd..... oottt eeee e e s e e e e e e e e e e e eeeeeenenes 63
Figure 10: FAS expression in mice liver fed by sliedbntaining chow, SO, LLSO, or lard. ............. 64
Figure 11: Levels of total cholesterol and trigiyde in mice blood. ..............ccoooviiiiiiiceeeen e 65

viii



1 Literature Review

1.1 Breast cancer (BC) and dietary fatty acids (FAS)

BC has become the most frequently diagnosed camtkrs the second leading cause of cancer
death among American women (1). In 2010, a premhcestimated 207,090 new cases of
invasive BC among women and approximately 39,84&trdérom BC (2). BC prognosis and
survival rate are closely related to cancer type stage (3). Prognosis has strong influence in
treatment decisions because patients with a goodnpsis are more likely to receive less
invasive treatments such as lumpectomy and sometradiation (4), while patients with poor
prognosis may have to go through more aggressigatnirent, such as more extensive
mastectomy and possibly multiple chemotherapy d(8ysFor example, a type of BC cells that
expresses estrogen receptor (ER) can be treatbddwigs such as antiestrogens and aromatase
inhibitors, to block ER-mediated BC cell functiorsd generally have a better prognosis (3,5).
In contrast to ER(+) BC, a type of BC that expredseman epithelial growth factor receptor 2
(Her-2heu) had a worse prognosis (6) and they respond tgsdsuch as the monoclonal
antibody, trastuzumab (in combination with convemél chemotherapy) (7). Epidemiological
studies showed that lifestyle, including dietarytgans, may influence BC development (8-10).
migrant studies supported a positive relationskapwkeen high-fat intake and an increased risk
for BC due to patterns shift from a low-fat dietatdigh-fat diet (11). In addition to its role as a
energy source and membrane lipid composition,adrefat has important effects on gene
expression leading to changes in metabolism, groatid cell differentiation (12). FAs are
organic compounds consisting of a hydrocarbon chatha terminal carboxyl group. They can

be categorized into saturated fatty acid (SFA) msaturated fatty acid (USFA) which includes



monounsaturated fatty acid (MUFA) and polyunsatdattty acid (PUFA) depending on the
number of double bond. Essential fatty acids apesyof PUFAs that cannot be synthesized in
the body and therefore must be obtained througt fotake (9). Two families of essential fatty
acids are n-6 (linoleic acid group) and n-3 (limxeacid group). Animal studies have provided
strong data supporting a relationship between wietats and BC incidences (13,14). N-6
PUFAs, especially linoleic acid (LA), have showst@nulating effects (13,14). Diets with a high
in SFAs have appeared to have a tumor-enhanciegtelthough such effect is less severe than
the effect exerted by LA (15). On the other handhhevels of n-3 PUFA, including-linolenic
acid eLA; C18:3), eicosapentaenoic acid (EPA; C20:5)dacosahexaenoic acid (DHA; C22:6)
have shown inhibitory effects on BC incidence (B9-I'he role of MUFA, such as oleic acid
(OA) appears to be protective although some insteisi results have been reported (20).
Studies in rodents showed that not only qualite (ype of fat) but also the quantity of fat is an
important modulator of BC risk (15,18). The ratione6/n-3 appears to be one of the important
factors on BC development because excessive amofint6 and a high n-6/n-3 ratio are linked
with pathogenesis of many diseases including ceadicular disease, cancer, and inflammatory
diseases (21). The n-6/n-3 ratios of 2:1 to 4:lehasen associated with reduced mortality from

cardiovascular disease and BC (21).

1.2 Possible M echanisms of dietary fat on Her-2/neu and FAS overexpressing BC
The specific mechanisms of the effect of the diefat on BC have not been well established

but alterations in hormonal status, structure aundction of cell membranes, cell signal
transduction pathways, oxidative stress, gene sgme and the immune system have been
reported (10,22,23). One potential mediator of #feect of specific FAs on mammary
tumorigenesis is fatty acid synthase (FAS), a kegbalic enzyme that catalyzes the terminal

steps in thede novo biosynthesis of FAs (24) Dietary fats have showrrdgulate the FAS
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expression in animal studies (25,26). The expoessf hepatic FAS in the high linolenic (LA)
lard group (4.1% LA) was lower than in the contlard group (0.4% LA) indicating that the
intake of high linolenic lard suppressed the FASression in rats (25). FAS provides
proliferating tumor cells with endogenously synihed FAs that can be incorporated into
membrane lipids (27). In BC, elevated FAS expresg@associated with more advanced disease
and portends a poor diagnosis (28,29). Pharmaaabgnhibition of FAS is selectively
cytotoxic to tumor cells in culture ana vivo (30,31), and thus represents an experimental
strategy for cancer therapy. It was known that Fa§ulation is closely related to Hem&
expression in BC cells (32-34). Hem&l overexpression stimulates the FAS promoter and
ultimately mediates increased endogenous FA syistli@s). Her-2heu belongs to a family of
cell surface tyrosine kinase receptors, the Erlid) known as epidermal growth factor receptor
(EGFR) family (36). In tumorigenesis, ErbB receptare activated by mechanisms such as gene
mutation, gene amplification and abnormal produrctéepidermal growth factor family ligands
(36). The activation of tyrosine kinase domain \ates intracellular signaling pathways and
eventually regulates diverse biological responsesuding proliferation, differentiation, cell
motility, and survival (36). Aberrant expressionHér-2heu, in particularis known to increase
cell proliferation, resistance to apoptosis, andastatic behavior through the Pl 3-kinase and the
mitogen-activated protein kinase (MAPK) pathway8)(3'he transduction cascades induced by
Her-2heu drive the constitutive activation of sterol regolyt element binding protein 1-c
(SREBP-1c), resulting in the induction of FAS g€82,33,37,38). Figure 1 illustrates possible
FAS- involved signal transduction pathway. Dietéais may regulate the expression levels of
Her-2heu as well as FAS through down-stream effectors 8REBP-1c, MAPK, and/or Pl 3-

kinase) of Her-2ieu signaling pathway therefore modulate the BC pecédifion and survival.



1.3 FA modified SO oils, LLSO and LLMOSO
SO occupies 75-80% of vegetable oil consumed itUthieed States. Conventional SO is low in

SFAs (less than 15%), high in UFAs (61% of PUFAG 24% of MUFAS) (39,40). SO requires
hydrogenation or partial hydrogenation processdoger shelf life and better texture.
Hydrogenation oils are produced at high temperaiuite metal catalysts and pressurized
hydrogen. In the process of hydrogenation, doubtelb between the carbon atoms of the FA
are broken and hydrogen is added. This procesgdrbgenation acts to weaken the double
bonds and causes a large percentage of the natsidmuble bonds to changfeans double

bonds. In last few decades, a variety of SOs weveldped with improved functional properties,
such as physical characteristics and chemicallgyalby selective breeding or genetic
modification (41). These oils are law linolenic acid soybean oil (LLSO), low linolenic acid
and mid oleic acid soybean oil (LLMOSO), and lewlinolenic acid and high oleic acid
soybean oil (LLHOSO). The primary intent of FA miicitions in SOs is to avoiaans fat
generation during hydrogenation process of SO. &eing the relative proportion wans FAs
and SFAs may make oil more desirable from a heseiade prospective becausans fats raise
the level of low- density lipoproteins (LDL) incr&ag the risk of coronary heart diseases
(42,43). Lichtenstein et al., demonstrated thavalieties of SOs including LLSO and LLHOSO,
resulted in more favorable lipoprotein profilesritiae partially hydrogenated conventional SOs
therefore claimed the FA modified SOs as viableraltives of conventional SO (43). However,
the influences of the FA modified SOs have not bmexluated on BC. In this study, we
investigated the effects of the FA modified SOsSIO and LLMOSO in particular, on a FAS

and Her-2reu over-expressing SK-Br3 cells.



Chapter 1

The effects of LLSO and LLMOSO on the growth of Her-2/neu and FAS- over expressing
human BC (SK-Br3) cells, in vitro

1. Introduction

In the United States, BC is the second leadingeafiscancer health in women and has been
increasing in men (44). Risk factors for BC incidennclude age, country, reproductive status,
exogenous hormones and lifestyle risk factors tatadiet, obesity, and physical activity) (45).
A number of studies have demonstrated that theenfie of dietary fats on BC depends not only
on the quantity but also on the type of lipids {B), SO is the most widely used oil in the U.S.,
accounting for 75-80% of vegetable oil consumedweleer, SO has to undergo hydrogenation
for a longer shelf life and a better texture ancaasde effect of the hydrogenation process, a
large percentage of the natucat double bonds are changedttans double bondstfans fat).
Consumption of the dietattyans FAs results in raised levels of LDL thus incregsihe risk of
heart diseases (42,43) and also related with isece®8C risks (46). In 2006, Food and Drug
Administration mandated that all food products eamhg trans fats greater than 0.5g per
serving must be properly identified on the nutntiacts label. As a consequence, a variety of
SOs were developed to reducans fat contents in the oil. LLSO and LLMOSO, in pauiar

are developed to avoidans fat generation during hydrogenation process of &€ording to
gas chromatography analysis, LLSO and LLMOSO weiginguished from SO by the
guantities ofaLA, LA, and OA (Table 1A). The changes in the ampahalLA, LA, and OA
affect to the concentrations of 1) total SFA, MUBAd/or PUFA and 2) the ratio of n-6/n-3 in

LLSO and LLMOSO compared to SO (Table 1B).

Specifically,aLA content of the LLSO diet was 0. Due to the rezthamount ofiLA in LLSO,



the n-6/n-3 ratio for LLSO was 6.2-fold elevatedngared to that in SO. The amount of other
FA, for example palmitic acid (PA), stearic acidAJSOA, and LA remained very close to the
amount in SO. On the other hand, the LLMOSO coethiabout 2-fold increased the amount of
OA compared to SO. LLMOSO also contained 3.6-fotdr amount ofilLA compared to that
in SO, making the ratio of n-6/n-3 approximately-ld higher than that of SO. The amount of
total SFA, MUFA, and PUFA of LLSO was similar toathof the SO. In contrast to LLSO,
LLMOSO had greater changes in total amount of SANFA, and PUFA. The inconsiderable
modification in the amount of total SFA, MUFA, aRtJFA found in LLSO was originated from
the fact that the aLA content which was a main rication in LLSO was not significant in SO

(5.81% of total lipids).

The modification of the total amount of SFA, MUF&nd PUFA and changes in n-6/n-3 ratio
can lead to unexpected effects on BC biology bexdle influence of dietary fats on cancer
depends on the quantity and the type of lipid; PL&-A and n-3 PUFA differ in their ability to
affect mammary tumor formation and growth (47). high n-6/n-3 ratio are linked with
pathogenesis of many diseases including cancerinfladhmatory diseases (21). For example,
the substitution of canola oil for corn oil in theet (8 % in diet) slowed the growth of low- FAS
expressing human BC (MDA-MB-231) tumors in athymie (48). The substitution of canola
oil for the corn oil reduced the amount of LA aretoeased the n-6/n-3 ratio from about 341.70
to 146.20 (48). The n-6/n-3 ratio in SO, LLSO, dddMOSO were 8.46, 52.36, and 54.70,
respectively (Table 1B). Therefore, it is highlkdiy that the modifications of FA profiles in SO
variants modulate the growth of BC cells. In cals,ILLSO has shown to stimulate the growth
of ER(+) and ER(-) human BC cells vitro (unpublished study by Ji Eun Kwak). LLSO
treatmentsX 1 ul) significantly increased the growth of huntaR(-) BC (MDA-MB-231)cells

compared to SO. LLSC-(1 pl) also increased ER(+) human BC (MCF-7) cell gtoviWhereas
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SO, at the selected concentration range, did nert éle growth MDA-MB-231 and MCF-7 cells.
The possible mechanism that LLSO stimulate BC gediwvth is not clear at this point. In this
chapter, the effects of FA modified SOs on FAS Hled-2heu overexpressing BC cells will be

examined and the possible mechanisms of theirraatilh be investigated



2 Rationale, Hypothesis, and Specific Aims

2.1 Justification of Research

This study is designed to determine the effectsL&O and LLMOSO on SK-Br3 cell lineis
vitro. The preliminary studies conducted in our lab stavhat LLSO stimulated the growth of
BC cells (MDA-MB-231 and MCF-7)n vitro. However the mechanism by which LLSO acted
on BC was unclear. By using SK-Br3 which overexpessboth Her-2eu and FAS, the possible
involvements of the FAS and Hem2l pathways as well as their main effectors (SREBP-1,

MAPK/ERK, PI 3-kinase/Akt) can be investigated.

2.2 Hypothesis
My hypothesis is that LLSO and LLMOSO might haveegmbial adverse effects on SK-Br3 cell

growth due to its reduced contentodfA and elevated ratio of n-6/n-3 by altering th@tpein

expressions involved in Her-2/neu-FAS signal tractidn pathway. we hypothesized that FA
modifications made in LLSO or LLMOSO might modulatiee Her-2heu expression and
therefore regulate FAS which is a downstream dffecf Her-2heu. | plan to test this

hypothesis by pursuing the following two specifims:

2.3 Aims

2.3.1 Aim 1. To determine the effect of LLSO, LLMOSO in comparison to SO and lard
on cell viability, proliferation and apoptosis of SK-Br3 cellsin vitro

To test if LLSO and LLMOSO stimulate the SK-Br3lagdowth, we will test the effects of and
oils (SO, LLSO, LLMOSO, and lard at OgZml) and FAs (at 0-0.1l/ml media) on SK-Br3 cell
viability using (4,5-dimethythiazol-2-yl)-2,5-diphgltetrazolium bromide (MTT) assay. We will
further evaluate whether the oil induced changesSKiBr3 cell viability evolves cellular
proliferation and apoptosis by 5-bront@zoxyuridine (BrdU) assay and by western blot

(mutant p53 and caspase 3).



2.3.2 Aim 2. To evaluate the protein expression levels of Her-2/neu, FAS, SREBP1, p-
ERK, and p-Akt that are involved in Her-2/neu and FAS signal transduction
pathway.

To test if the stimulatory effects by LLSO and LLNMO involves Her-2feu and FAS signal

transduction pathway, we will examine the LLSO otMOSO induced changes on the

expressions of Her-8éu and FAS as well as the protein expressions ofr thewnstream
effectors (SREBP1, p-ERK, and p-Akt) in SK-Br3 eedit transcription and translation levels

using quantitative reverse transcriptase polymecasin reaction (QRT-PCR) and western blot

analyses.



3 Material and Methods

3.1 Cdl culture

SK-Br3 BC cells were obtained from the American &ygulture Collection (ATCC, Manassas,
VA). SK-Br3 cells were originally derived from 43gr-old Caucasian woman at Memorial
Sloan-Kettering Cancer Center in 1970 (49). Thdscelere maintained in McCoy’'s 5A
(Mediatech Inc, VA) supplemented with 10% (v/v) bwr calf serum and 1% penicillin (100
units/ml) and streptomycin (100 pg/ml) in an inciabaat 37 °C with a constant supply of 5%

CO;.

3.2 Cédll Viability Assay

The effects of individual FAsalA, LA, and OA) (Sigma, MO) and the FA modified SOs
(LLSO and LLMOSO, Asoya, IA) on SK-Br3 cell vialifiwere tested by using MTT assay. The

results were expressed as an average of threeendept experiments.

Individual FA: SK-Br3 cells (5 x 1cell/ml) were seeded in 24-well culture plateseOn
day after seeding, cells were treated with varicuscentrations (0 - 0.1 pl/ml, equivalent to 0.3
- 300 puM) of FAs every 48 h for 96 h. These conarins were in the relevant range of free
FA in serum. In human serum, the circulating fre&s ks ~500uM (50) and the free FA
concentration in human BC tissue is 150 - 400 n¥).(5The FAs were dissolved in 100%
ethanol and stored as stock solution (1 g/ml, ahd) &t -20°C. For experimental use, all FAs
were freshly prepared from stock solution and ddutvith growth media. Media containing
ethanol was used as a negative control. After @@dtment, medium was then removed and 50
pl of MTT solution (1 mg/ ml in phosphate buffersdline) in 450 pl of media was added to
each well. The cells were additionally incubatedatC for 5 h. The blue formazan crystals

were dissolved in 500 pl of | mg/ml SDS in 0.1 N I[H&fter overnight incubation, the optical
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density (OD) was measured at 570 nm using a spdwitometer (Bio-Tek Instrument, Inc.,
Winooski, VT). OD values were normalized to numbefscells based on a standard growth

curve.

Oils: SK-Br3 cells (5x16cell/ml) were treated with 0-2 pl/ml of SO, LLSO|.MOSO,
and lard in 24-well culture plate every 48 h forR6These concentrations were selected because
the molarity of each FA in these oils concentratimnges was equivalent to the FA
concentrations used in cell viability assay. Fettdr delivery of oils to the cell, the oils were
mixed with dimethylsulfoxide (DMSOQO) at a ratio 0fl1(52). DMSO in media without oil was
included as a negative control. The rest of thpegmental processes were identical as

described in the cell viability assay with indivadFAs.

3.3 Cdlular Proliferation Assay
To assess whether the oils- induced growth inloibitivas resulted from the reduced cell

proliferation, the immunodetection of BrdU incorption by S-phase cells was employed. BrdU
cell proliferation assay kit (Roche Applied Scienbannheim, Germany) was used to measure
cell proliferation by quantifying BrdU incorporatemto the newly synthesized DNA of
replicating cells. Briefly, SK-Br3 cells (1x1@ells/100 pl/well) were incubated for 24 h in 96-
well flat bottom culture plates in GOncubator at 37 °C. The cells were then treatetth wils
(0.2 ul SO, LLSO, LLMOSO, or lard in 1@ media) and incubated for 96 h at 37°C. The oils
were replaced with fresh oils/media after 48 h bation. After addition of BrdU solution (10
ul/well), the culture was re-incubated for additibR4 h. After this period of BrdU incorporation,
the medium was removed by aspiration. Cells weredfiand denatured by incubating FixDenat
(for simultaneous fixation and denaturation of DNRPO pl/well) at room temperature for 30

min. After the incubation, BrdU incorporated celisere detected by anti-BrdU-POD
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(peroxidase-conjugated anti-BrdU antibody) (10Qvell) and its substrate solutions. The color
development was measured in an enzyme-linked imsarbent assay (ELISA) reader at 370
nm (Bio-Tek Instrument, Inc., Winooski, VT). Thestdts were expressed as an average of three
independent experiments. The molaritieslof, OA, and LA in 0.2ul oils/10Ql media were as
follow; SO (OA:LAwLA=15.75 uM:29.70 uM:0.64 pM) , LLSO (OA:LALA=12.89
MM:29.52 uM:0.08 uM), LLMOSO (OA:LAILA=23.28 uM:18.54 uM:0.99 pM) lard
(OA:LA:0LA=20.23 uM:11.88 uM:0.67 uM). The molarity of ea€A in oils was equivalent to
the concentrations of 0.005 - 0.01 ul/ml in celhhility assay for individual FAs. The only
exception wasiLA; its quantities in the experimental oils weraywé&w and this concentration

was not included in cell viability assay with inttlual assay.
3.4 FA Composition analysis

3.4.1 Lipid Extraction and Methylation

In collaboration with Dr. Ben Corl (Dairy Sciendéyginia Tech), FA composition of oil-treated
SK-Br3 cells was determined by gas chromatogra@®y)( Triplicate samples oSK-Br3 cells
(1x1C cell/ml) were treated with 2 pl/ml of SO, LLSO, LI®SO, and lard every 48 h for 96 h.
The concentration of 2 ul oils/ml was selected heeahe difference between oil treatments on
SK-Br3 cell viability and proliferation was the nialrastic at this concentration. The cells were
harvested with Trypsin-EDTA incubation for 5 mirlléaved by centrifugation at 800 rpm for 5
min. Total lipids in the cell pellet were extractafter homogenization in hexane-isopropanol
(3:2) solution according to the procedure of Hard Radin (53,54). FAs from cell pellets were
methylated using the base-catalyzed transmethylgtiocedure for esterified FAs as described
by Christie (54). The lipids were methylated usif§ methanolic sulfuric acid (50°C for 2 h) to

methylate both the esterified and non-esterified.FA
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342 GC

FA composition was determined using a GC (Agile8@@N, Santa Clara, CA) equipped with a
100 m CP-Sil 88 capillary column (i.d., 0.25 pmmfithickness, 0.20 um; Varian, Palo Alto,
CA) and a flame ionization detector. At the timesaimple injection, the column temperature
was 80°C and then the temperature was ramped an?@ 190°C and maintained for 13 min.
Temperature was then ramped again at 2°C/min t6Q@Hhd maintained for 20 min. Inlet and
detector temperatures were 250°C. The split ratie ¥00:1. The flow rate foratarrier gas was

1 mL/min. Most FA peaks were identified and quaetifusing a quantitative mixture of pure

methyl ester standards (Nu Chek Prep, Elysian, MN).

3.5gRT-PCR Analysis of mMRNA Expression in Cells

FA modified SO-induced changes in FAS and Hee2/mRNA expressions were analyzed by
gqRT-PCR using the i}’ SYBR Green Supermix (Bio-Rad, Hercules, CA). Majbanges in
FAS and Her-2ieu were evaluated. Primer pairs were designed usewpi Designer (Premier
biosoft international, CA) and the sequences atediin Table 2. SK-Br3 cells (2xA¢ells/ ml)
were incubated with 2 pl oils/ml for 48 h. Total RNvas prepared from cell pellet (30 mg)
using Qiagen reagents (Qiagen, CA) according tortaerufacturers’ protocol. RNA quality was
assessed by GeneQuant Il (Pharmacia Biotech, R3)Aavas prepared by reverse transcription
of 10 ng of total RNA using iScript Reverse Tramsiton Reagents (Bio-Rad, CA). PCR
reactions were amplified and analyzed using iCy(fo-Rad, CA). Data were analyzed using a
comparative threshold cycle (Ct) method. Each samals run as triplicates in separate tubes to
permit quantification of target genes normalized atocontrol, glyceraldehyde 3-phosphate
dehydrogenase (GADPH). At the end of the PCR, sesnpkre subjected to a melting analysis

to confirm the specificity of the amplicon.
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3.6 Western Blot Analysis

Changes in the expression levels of proteins thatimvolved in Her-2ieu-FAS signaling
pathway (Her-Zieu, FAS, SREBP-1, p-ERK-1, p-Akt) and apoptotic maneteins (caspase-3
and mutant p53) were evaluated by western blotyaisal SK-Br3 cells (1x10ml) were
incubated with 2 pl oils/ml every 48 h for 96 h.ll€avere lysed in RIPA lysis buffer (25 mM
Tris-HCI pH 7.6, 15 mM NacCl, 1% NP-40, 1% sodiunoxigcholate, 0.1% SDS) containing 10
mM 2-mercaptoethanol, 10 pug/ml PMSF, 15 ul/ml Trid-100, and protease inhibitor cocktail
and the protein concentration was determined byfBrd assay (Bio-Rad, CA) . Protein extracts
(10 pg/well) were separated by 7.5% SDS/PAGE amttrelphoretically transferred onto
nitrocellulose membrane. Blocking was carried au% non-fat milk followed by incubating
the membrane with primary antibody [rabbit anti+2éveu; 1:4,000, rabbit anti-FAS; 1:20,000,
mouse anti-p53; 1:5,000, rabbit anti-SREBP-1; 16,0nouse anti-caspase-3; 1:5,000, mouse
anti-p-ERK-1; 1:1,000, rabbit anti-p-Akt; 1:1,008, goat anti-actin; 1:20,000] overnight at 4 °C.
Excess antibodies were removed by washing with TB&en 20 (TBS-T). Incubation with
secondary antibody conjugated to horseradish pgasei [anti-mouse IgG, anti-goat IgG or anti-
rabbit IgG, diluted 1:200,000 in 1x TBS-T] was merhed for 1 h at room temperature. After
three washes, the reaction was developed by thdaddf SuperSignal West Femto Maximum
Sensitivity Substrate (Thermo Scientific, IL). Thaitted light was captured on X-ray film.
Beta-actin was used as a loading conffble protein expression levels were gquantified using
densitometer with Image-Pro Plus software (Betheltiz). The relative level was calculated as
the ratio of each protein expression to beta-detial. The results were expressed as an average

of three independent experiments.
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3.7 Statistical Analysis

All experiments were done in triplicates. The resuere represented as mean +SEM. One-way
ANOVA (analysis of variance) with Tukey’s post htast was used to calculd®evalues using
SigmaStat 3.5 (Systat Software Inc, CA). A prokigbibf p<0.05 was taken as denoting a

significant difference between samples.
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4 Reaults

4.1 The effectsof aL A, OA, and LA on the growth of SK-Br3 cells

Cell viability assays indicated that all three FRL001ul — 0.1 ul/ml media) induced significant

dose- dependent growth inhibitory effects on SK-8eBs (Figure 2).

aLA inhibited SK-Br3 cell viability by 34.60 % at @001 ul/ml (0.33 uM), 67.70% at
0.001 pl/ml (3.29 uM), 72.90% at 0.005u/ml (16.50 uM), 76.00% at 0.0Zul/ml (32.90 uM),
87.70% at 0.05ul/ml (164.50uM), and 100% at 0.Ll/ml (329 uM) compared to the vehicle

control <0.05) (Figure 2A).

LA inhibited SK-Br3 cell viability by 8.30% at 0001 pl/ml (0.32 uM),14.60% at 0.001
wl/ml (3.21 uM), 49.60% at 0.00pl/ml (16.05uM), 72.40% at 0.0l/ml (32.10uM), 71.10%
at 0.05ul/ml (160.50uM), and 74.50% at O.jil/ml (321 uM), compared to the vehicle control

(p<0.05) (Figure 2B).

OA inhibited SK-Br3 cell viability by 15.80% at@O01 ul/ml (0.28 uM), 44.80% at
0.001pl/ml (2.77 uM),, 62.70% at 0.00%l/ml (13.85uM), 69.40% at 0.0l/ml (27.70 uM),
70.00% at 0.0%u/ml (138.50uM), and 75.30% at O.jul/ml (277 uM), compared to the vehicle
control <0.05) (Figurel) (Figure 2C).

At 0.01 pl/ml media, the cell viability followingiLA treatment was significantly lower
than that of LA treatmen{p€0.05) (Figure 2D). At 0.0ml/ml and 0.1ul/ml, the cell viability
after aLA treatment was significantly lower than that oAGnd LA (©<0.05) (Figure 2D).

Although all three FAs inhibited the growth of sgllLA showed the strongest inhibitory effect

among the tested FAp<0.05).
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4.2 The effects of SO, LLSO, LLMOSO, and lard on viability and proliferation of SK-

Br3cdls

Cell viability: Dose-response studies of SO, LLSO, LLMOSO, armd ®-2 pl/ml) were
conducted to evaluate their effects on cell vigpitif SK-Br3 cells. The magnitudes of growth
inhibitory effects of oils were found increase witigher concentrations (0.5- 2ul/ml) (Figure 3).
SO inhibited cell viability by 49.20% at 0 8/ml, 55.10% at 1ul/ml, and 56.10% at 2l/ml
compared to the controp€0.05) (Figure 3A). LLSO inhibited cell viabilitgy 13.80% at 0.5
ul/ml; 39.70% at Jul/ml, and 50% at 2l/ml compared to the contrgb€0.05) (Figure 3B). Lard
inhibited cell viability by 17.10% at 0.nl/ml, 28.40% at 1ul/ml, and 44.00% at Zu/ml
compared to the controp€0.05) (Figure 3C). LLMOSO inhibited cell viabylitby 15.50% at
0.5ul/ml, 27.90% at Jul/ml, and 31% at 2u//ml compared to the controp€0.05) (Figure 3D).
According to the cell viability assay, SO treatmarduced the greater growth inhibition effect

than LLSO, lard, and LLMOS@€0.05) at concentration of 0.5s2ml (Figure 3E).

Célular Proliferation: The effects of oil treatments on SK-Br3 cellujamoliferation were
examined using BrdU incorporation method (FigureGglls treated with oils (gl/ml) showed
drastic reduction of proliferating cells. The Brgbdsitive cells after SO treatment were 54.30%
and the BrdU positive cells after LLSO, lard, andMOSO treatments were 65.20%, 68.10%,
and 77.10%, respectively. There was a statistigificance between SO and LLMOSO
treatments<0.05). However, no statistically significant @ifénces were found among the SO,

LLSO, and lard groups.

17



4.3 FA composition analysis of SK-Br3 cells after oil treatments.
The FA composition analysis was performed to detgnthe uptake of lipid by SK-Br3 cells.

The FA compositions of SK-Br3 cells after oil tnesnts were presented in Table 3.

The contents of C18:1 n-9 in oil itself were 23.5/&0, 25.56% in LLSO, 35.73% in lard, and
46.80% in LLMOSO (Table 1A) and the values in SK3Rfter oil treatments were 23.97% in
SO, 25.62% in LLSO, 33.66% in lard, and 41.67% WMIOSO. The value of C18:1 n-9 in the
vehicle control was 29.16%. The C18:1 n-9 valughef control was not significantly different
from the oil-treated groups. However the C18:1 mélue of LLMOSO was significantly

different from the controlp<0.05).

C18:2 n-6 values in oil itself were 49.57% in SQ,3% in LLSO, 12.15% in lard, and 31.82%
in LLMOSO (Table 1A), respectively. C18:2 n-6 veduin the oil treated SK-Br3 cells were
5.71% for the control, 40.11% in SO, 43.64% in LLSQ.09% in lard, and 27.92% in
LLMOSO, respectively. The C18:2 n-6 value of thatcol was significantly different from the

oil-treated groupsp<0.05).

C18:3 n-3 values in SO, LLSO, lard, and LLMOSO initself were 5.81% in SO, 0% in LLSO,
0.6% in lard, and 1.62% in LLMOSO (Table 1A), am@it values after oil uptake by SK-Br3
were 4.49% in SO, 0.87% in LLSO, 0.52% in lard, d@d6% in LLMOSO. The C18:3 n-3
value for control was 0.16% and the C18:2 n-6 &lieSO, LLSO, and lard were significantly
differently from the control g<0.05). However the C18:3 n-3 value of LLMOSO wast n

significantly different from the control.

4.4 Comparison of Her-2/neu and FAS protein expression levelsin BC cell lines

The expression levels of Herr@ll and FAS protein in a panel of human BC cells, idirlg SK-

Br3, MCF10A, MCF10AT1, MCF-7, T47-D, MDA-MB-231, dniMDA-MB-468 were analyzed
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using Western blot analysis (Figure 5). The expoasievels of Her-2ieu and FAS protein were
graded from ++++ (overexpression) to -/+ (low exgsien) based on relative density (Table 4).
Table 4 shows that SK-Br3 is the only cell linettloaerexpresses both Hem2i and FAS
among the BC cell lines analyzed. Other cell limese low (MDA-MB-231) to moderate
(MCF10A, MCF10AT1, MCF-7, and T47-D) expressionFAS but they barely express Her-
2/neu.

4.5 The effects of SO, LLSO, lard and LLMOSO treatments on mutant p53, caspase-3,
Her-2/neu, FAS, SREBP-1, p-Akt, and p-ERK-1 protein expression

To investigate the mechanism of SO-, LLSO-, laathd LLMOSO- induced cytotoxic effect on
SK-Br3 cells, the expression of apoptotic markensitant p53 and caspase-3 were measured.
The effects of oils on protein expression of Hared/ FAS, and downstream affecters of FAS

signaling pathway (SREBP-1, p-Akt, and p-ERK-1) &vekamined (Figure 6).

Mutant p53: As shown in Figure 6A, the relativetami p53 protein expression was 0.91
+0.10, 1.01 £ 0.09, 0.80 + 0.15, 0.80+ 0.21 for, ROSO, lard, and LLMOSO, respectively. SO,
LLSO, lard, and LLMOSO treatments reduced mutai® p®tein expression by 50.70 £ 0.03%,
46 = 0.03%, 57.10 £ 0.04%, 56.80 £ 0.06%, respebtivcompared to the vehicle control

(Figure 6A). There was no statistical differenceoamthe oil treatment groups.

Caspase-3: The caspase-3 protein expression waaged by the oil treatments (Figure
6B). The relative caspase-3 protein expression2vH3 + 0.21, 2.44 £ 0.33, 1.62 £ 0.13, 2.12
0.16 for SO, LLSO, lard, and LLMOSO, respectivedp, LLSO, lard, and LLMOSO treatments
increased caspase-3 protein expression by 250 @24).290 = 0.60%, 190 + 0.20%, 250 +
0.20% compared to the contr@<(Q.05). There was no statistical difference am8ag LLSO,
and LLMOSO treatments (Figure 6B).

Her-2heu: As shown in Figure 6C, the relative Hen&l protein expression was 0.63 +
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0.10, 0.84 + 0.10, 0.81 £ 0.10, 0.76 £ 0.20 for 8050, lard, and LLMOSO, respectively. SO
significantly down-regulated Her+2%u protein expression by 34.70 + 0.02% compared to the
control (<0.05). However, the LLSO, lard, and LLMOSO did mbtange Her-2¥u protein

expression.

FAS: SO, LLSO, lard, and LLMOSO treatments sigaifitly down-regulated FAS
protein expression in SK-Br3 cells compared to d¢betrol <0.05) (Figure 6D). The relative
FAS protein expression was, 0.95 + 0.10, 0.92 £,01125 + 0.20, 1.33 + 0.10 for SO, LLSO,
lard, and LLMOSO, respectively. SO treatment reduEAS protein expression by 51.00 +
0.01%, LLSO by 52 = 0.01%, lard by 19.60 + 0.02%d dLMOSO by 24.50 + 0.02%,
compared to the control. A statistical differencgtwieen SO and LLMOSO treatments was

found (<0.05). There was no statistical significance am®@g LLSO, and lard.

SREBP-1: The relative SREBP-1 protein expressiaa .06+ 0.15, 0.94 £ 0.12, 1.41 +
0.10, 0.33 + 0.20 for SO, LLSO, lard, and LLMOS@&spectively (Figure 6E). SO, LLSO, lard,
and LLMOSO significantly inhibited the SREBP-1 ot expression by 63 = 0.01%, 58.10 +
0.01%, 37 + 0.01%, and 85.30 + 0.02%, respectieelypared to the controp€0.05). There
were statistical differences in SREBP-1 proteinregpion between SO and lard, and between

SO and LLMOSO§<0.05). However, no difference SO and LLSO wasoled.

p-ERK-1: As shown in Figure 6F, the relative p-ERKorotein expression was 0.51 +
0.11, 0.87 + 0.15, 1.32 + 0.12, 0.78 = 0.19 for OSSO, lard, and LLMOSO, respectively.
LLSO and lard treatments significantly increaseel éipression of p-ERK by 158 + 0.20% and
240 + 0.20%, respectivelyp<£0.05). SO inhibited p-ERK-1 expression by 92.50.&3% and
LLMOSO stimulated p-ERK-1 expression by 150 + 0.40&mpared to the control however

their expressions were not significantly differémmm the control. A statistical significance was
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found between SO and LLSM<0.05). There was no statistical difference betw8€h and

LLMOSO.

p-Akt: All oil treatments significantly suppressgdAkt expression compared to the
control (p<0.05) (Figure 6G). The relative p-Akt protein esgsion was 2.11+ 0.10, 1.36 = 0.20,
1.85 £ 0.24, 2.10 £ 0.12 for SO, LLSO, lard, andM@QSO, respectively. The p-Akt expression
after SO was 30.60 + 0.03%, after LLSO was 55.100b6%, after lard was 39.10 + 0.05%, and
after LLMOSO was 30.80 + 0.04% of the control. Heee there was no significant difference
between SO, lard, and LLMOSO on p-Akt protein espren. A statistical difference was found

between SO/lard/LLMOSO and LLS@<0.05).

4.6 The effects of SO, LLSO, Lard and LLMOSO treatments on Her-2/neu and FAS

MRNA expression in SK-Br3 cells.

Relative Her-2deu mRNA expression were 0.71 + 0.10 for SO, 1.33 #00dr LLSO, 1.15 £
0.07 for lard, and 0.86 = 0.10 for LLMOSO (Figur&)7None of the oil treatments altered Her-
2/neu MRNA expression significantly. Relative FAS mRNApeassions were observed to be
0.95 £ 0.17 for SO, 1.15 + 0.08 for LLSO, 0.90 #®for lard, and 0.95 * 0.16 for LLMOSO
(Figure 7B). SO treatment significantly inhibitedA& mRNA expression whereas LLSO

treatment significantly stimulated FAS mRNA expieagp<0.05) (Figure 7B).
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5 Discussion

Experimental studies showed that dietary effects ardy depend on the quantity but also
guantities of fat (15,18). In this chapter, we eadd the effects of the modified FAs
compositions in LLSO and LLMOSO on SK-Br3 human Bfevaluating their effects on SK-
Br3 cell viability, proliferation, and apoptosig.he effects olLA, LA, and OA on SK-Br3 cell
viability were tested first because SO mainly dgféecom the LLSO and LLMOSO in these three
FAs (Table 1). Our cell viability assay with indiial FAs @LA, LA, and OA) demonstrated
that they had different magnitudes of inhibitorjeets on SK-Br3 cell growth (Figure 2). Even
though all of these FAs significantly inhibited 3€3 cell growth,aLA (0.33-329uM) showed
the stronger inhibitory effect than OA (0.28-2{dK1) or LA (0.32-321uM) (Figure 2). The
greatest inhibitory effect ddLA can be partially due to its role in the FA meathdm. oLA is a
substrate for synthesis of DHA and EPA which hagerbshown to suppress growth of most
cancer cells (55). Consistent with our findings, @A1O0uM induced cell growth inhibition in
FAS overexpressing SK-Br3 (33). Interestingly, @Ad LA showed the stimulatory effects on
other BC cell lines; OA slightly stimulated the lagdowth at high concentration (210.70-1686.30
uM) in low-FAS expressing MDA-MB-231 cell (56) andALdose-dependently (0-3.51/M)
stimulated the growth of moderately-FAS expressiiyD cells (13,33). These conflicting
results on different cell lines might be explainegart by the Her-2ku and/or FAS expression
status in various cell lines. Among the human Blsdested, SK-Br3 was the only cell line that
overexpresses both Hem&l and FAS (Figure 5). MDA-MB-231 expresses low |legElFAS
and no Her-Zieu whereas T47D expresses moderate amount of FASawittevel of Her-2heu.
(Figure 5). A previous study demonstrated that leeio, a component of fungi
(Cephalosporium caerulens), induced cytotoxicity, and irreversibly inhibit€eAS expression in

SK-Br3 cells (57); cerulenin-induced cytotoxicity EK-Br3 cells was more significant than
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MCF-7 cells and MDA-MB-231 cells suggesting thag flevels of FAS expression in BC cell
lines can be used as an indicator of cytotoxic offeof a drug (33). Based on the FA
composition analysis of LLSO and LLMOSO and the Bi8- cell viability assays with

individual FAs (OA, LA, andoLA), we hypothesized that LLSO and LLMOSO might dav
potential adverse effects on SK-Br3 cells becaustear high n-6/n-3 ratio and the reduced
amount ofaLA and the cell growth regulations by LLSO and LLIO might be mediated by

FAS expression.

To test our hypothesis that LLSO and LLMOSO difféiglly modulate FAS-overexpressing
SK-Br3 cell growth, we evaluated the effects of 050, LLMOSO with reference to lard on
SK-Br3 cell viability. The concentrations of o0il8-2 pl/ml), which were used for cell viability
assay, did not exceed the circulating free FAsum#in serum (50). The molarity of total FAs in
2 pl/ml SO, LLSO, lard, and LLMOSO was approximat&0 pM. In human serum, the
circulating free FAs is ~500M (50). SO reduced SK-Br3 cell viability (Figure. 3)nlike our
hypothesis, both LLSO and LLMOSO also showed irthiyi effects on SK-Br3 cells (Figure 3).
However, LLSO and LLMOSO showed less growth inluiyt effects compared to SO
demonstrating that these FA modified SOs were Bgstoxic to SK-Br3 cells than the
conventional SO. It was interesting that lard, ahtontains high SFA and therefore implicated
in higher BC risk (15,58), also exhibited SK-Br3laggowth inhibitory effects (Figure 3). The
growth inhibition by lard could be explained pditiaby the findings from the European
Prospective Investigation on dietary fat and BC).(S™eri et al found that saturated fat was
greatly associated with BC risk but total fat wad associated with the risk. They concluded
that when the subtypes of fat were mutually adpis&~A and MUFA consumption was not
significantly associated with risk (59). FA compasis of SK-Br3 cell pellet after oil treatments

appropriately reflected FA compositions of oil séesgndicating a selective incorporation of FA
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by SK-Br3 cells (Table 3). We further evaluated thiee the FA modified SOs induced
inhibitory effects on cell viability involves anpiroliferation and apoptosis by evaluating cellular
proliferation (Figure 4) and expression of apogtqiiotein markers (mutant p53 and caspase-3)
at 2 ul /ml concentration (Figure 6). The treatments &FE3 cells with oils were associated
with a decrease in cell proliferation reflected reguced BrdU incorporation in all treatments
(Figure 4). Consistent with the patterns found @l giability assay at 2ul /ml concentration
(Figure 3), SO exhibited the greatest anti-pradifem effect and LLMOSO had the least anti-
proliferative effect. The oil treatments supprestedmutant p53 protein expression compared to
the control indicating that the oils can suppresmscer cell growth by down-regulating pro-tumor
protein, however, there was no statistical diffeeeimamong oil treatments (Figure 6A). It was
previously reported that OA at 1.8, which was about 10 folds lower concentratiomthizat
was used in our oil treatments, induced apoptosddwvn-regulating mutant p53 protein in SK-
Br3 cells (33). Previous studies showed that SK-8¢B growth inhibition as represented by
down-regulation of mutant p53 might be mediatedFBy inhibition (60-62). Therefore, the SK-
Br3 apoptosis induced by the oil treatments mightdhe to FAS inhibition. To obtain further
evidence that the oil treatments induce apoptessexamined the caspase-3 protein expression
level. The caspase-3 protein was significantly oetlby SO, LLSO, and LLMOSO, but there
was no statistical difference among these thregeatments. (Figure 6B). The cell proliferation
assay taken together with apoptosis analysis demaded that the reduced SK-Br3 cell viability
induced by oil-treatments were associated with ecedicell proliferation, and were mediated by
promoting apoptosis. Since there was no statistifErence between SO and LLSO treatments
on SK-Br3 cell proliferation and apoptosis, it da@ concluded that n-6/n-3 ratio was not an
important factor in modulating SK-Br3 cell growtHowever, the reduced cytotoxic effects by

LLMOSO implied that reduced n-6/n-3 ratio togettéth modified total amounts of MUFA and
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PUFA were possible factors that altered SK-Br3 gesiwth.

The possible cell signaling pathway involved in BK3 cell growth inhibition by oil treatments
was speculated to be Hem&l and FAS. From the cell viability, proliferatioma apoptosis, it
was hypothesized that SO and FA modified SOs daguiate expressions of Hemd and
FAS and as well as downstream effectors (SREBPARKIERK, and PI 3-kinase/Akt) of Her-
2/neu. As we hypothesized, the FAS protein expressiors \@dawn-regulated by all oils
treatments (Figure 6C). FAS protein suppressionS®yand LLSO were greater than that of lard
and LLMOSO. The pattern of FAS suppression was sdrae similar to the pattern of cell
viability and proliferation assay results (FigureaBd Figure 4). LLMOSO showed the least
growth inhibition and its effect on FAS suppressiaas the minimum among the oils tested. The
effects of oils on Her-Beu were less drastic than their effects on FAS; orlyddwn-regulated
Her-2heu and LLSO and LLMOSO did not affect Hem&{i protein expression when compared
to the control (Figure 6D). However, Hem&l mRNA expression levels were not changed by
any of the oil treatments (Figure 7A). InteresyndgAS mRNA expression was reduced by SO
and increased by LLSO indicating that there wasrelationship between FAS mRNA and
protein expression by oil treatments (Figure 6C Bigiire 7B). It has been previously reported
that dietary FAs, especially OA (1.78M) exposure significantly reduced both FAS and Her-
2/neu protein expressions in SK-Br3 cells (32,33,63)A treatment (20uM) also suppressed
the Her-2heu oncoprotein expression (64). Our findings sugdlst possible involvement of
Her-2heu in the FAS signaling pathway in oil- induced cywito effects. To examine the
involvement of the SREBP-1, MAPK/ERK, and Pl 3-lge#Akt signaling pathways in oil-
induced FAS down-regulation, we tested the effetthe oils on the expression of SREBP-1, p-
Akt (Pl 3-kinase/Akt signaling pathway), and p-ERK{MAPK/ERK signaling pathway)

proteins. We found that the all oil treatments lnileid SREBP-1 protein expression (Figure 6E).
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The pattern of SREBP-1 down-regulation was simtitathat of FAS down-regulation (Figure
6C) except LLMOSO suggesting the involvement of BREL in the oil-mediated FAS signaling
pathway. Similarly, dietary supplementations of RURhibited hepatic SREBP-1 mRNA
expression in rats (65). The p-Akt protein expm@ssias also suppressed by SO, LLSO, lard,
and LLMOSO (Figure 6G). This result was consistgith the previous finding that OA (5 and
10 uM) treatment-mediated Hers#u repression involved p-Akt protein inhibition ilK$Br3
(32). Unexpectedly, LLSO and lard increased p-ER&kfiression by 150% and 240% compared
to the control, respectively, whereas SO and LLMO&@ no effect on the expression of p-
ERK-1 (Figure 6F). The p-ERK-1 up-regulation by LD S%nd lard seemed to contradictory to
their down-regulatory effects on p-Akt protein snboth p-ERK-1 and p-Akt provide cell
survival and proliferation signals. Previous stsds@owed that exogenous OA supplementation
inhibited Her-Zneu expression through MAPK/ERK and Pl 3-kinase/Akt $K-Br3 by
inhibiting both p-MAPK and p-Akt protein (32,33).0Mever, recent studies have revealed that
many chemotherapeutic agents also triggered cellival pathways, potentially limiting the
effectiveness of the chemotherapy. Aberrantly attist MAPK/ERK signaling pathway was
being increasingly observed in response to chemeylye(66). A variety of anticancer drugs
which stimulated apoptosis had shown to down-ragulae Akt pathway and up-regulate ERK
pathway (67,68). Similarly, exposure to cerulemecréased p-ERK-1 expression level in SK-Br3
cells (33). A possible explanation for the up-regioih of p-ERK-1 by cerulenin was that
perturbation of FAS was one of the cellular injuhat can induce aberrant expression of
MAPK/ERK signaling (33). Although the SREBP-1, pH&R, and p-Akt expression levels were
not exactly matched with the expression levels ASFand Her-2ieu, our data supported the
involvements of SREBP-1, MAPK/ERK, and PI 3-kin#dd/in FAS signaling pathway. The

differences in expression patterns of the FAS amd-2heu pathway downstream effectors
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might implicate that oils exert their modulatoryfests on SK-Br3 cells through a different

effectors combination of FAS and Hem&i pathways.

In summary, our findings provided a scientific exalon of newly developed FA modified SO
products (LLSO and LLMOSO) in comparison to theamtional SO on the growth of FAS-
overexpressing BC (SK-Br3) cells. SO and FA modif&Os inhibited FAS overexpressing SK-
Br3 cell growth altering proliferation and apoptdunlike our hypothesis, the altered n-3 and n-
6/n-3 ratio in the LLSO did not change SK-Br3 Bdl ggowth compared to SO. However
LLMOSO, which had modification on n-6/n-3 ratioasll as total MUFA and PUFA compared
to SO, showed less growth inhibitory effects th&h SHer-2heu and FAS protein expressions
were down-regulated by SO, LLSO, or LLMOSO indingtiHer-2heu and FAS signaling
pathway as a possible mechanism of action. Ouralatarevealed th&REBP-1, MAPK/ERK,
and Pl 3-kinase/Akt were possible intermediatestha oil-regulated Her-Béu signaling

pathway
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Chapter 2

The effects of LL SO on the growth of Her-2/neu and FAS- over expressing human BC (SK-
Br3) cells, in vivo

1 Introduction

The consumption of dietary FAs or oils in relatimnBC risk has been examined extensively
(23,25,48,52,69). Animal studies provided strongdence supporting a positive relationship
between dietary fat consumption and incidence ofC @5,25,48,70). In chapter 1, we
demonstrated no significant difference between 804 SO on FAS and Her-2¢u expressing
BC cell growthin vitro. Previously in our lab, however, dietary LLSOmatiated both ER(-)
MDA-MB-231 tumors (unpublished study by JeeEun Kyvakd human pre-malignant BC
(MCF10AT1) tumor growth (manuscript by Elaine MclCahder revision) compared to SO in
athymic mice. LLSO (20% total energy intake) treaitnfor 10 weeks stimulated the MDA-MB-
231 tumor growth by 1.5 folds compared to SO. &t LSO (20%) treatment for 24 weeks
accelerated the malignant transformation of MCF-LDAumors compared to SO. To further
evaluate the effects of LLSO and to extendiowitro observations inton vivo study, a feeding
study of oils will be conducted using human BC »xgnadt in athymic mice. We will evaluate the
biological effects of dietary intake of LLSO on tgewth of SK-Br3 tumors and elucidate the

mechanism of LLSO on FAS expressing tumor growth.
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2 Rationale. Hypothesis and Specific Aims

2.1 Justification of Research
Even though testing of LLSO in cell culture indigatthat the effect of LLSO on the growth of

SK-Br3 were not significantly different from that the conventional SO (chapter 1), it has to be
examined on animal model since mice are more rateé@ahuman than cell culture model in the
fact that mice are capable of desaturating andgelimg 18 carbon FAs to 20 or 22 carbon FAs
like human (48). We selected 20% oil diet which wathin the context of typical Western diet

and as used in many previous experiments (48). dhyguanimal model, we can evaluate how
biological effects of dietary intake of LLSO is fdifent from SO in BC growth, lipid metabolism,

and the levels of cholesterol and triglyceride.

2.2 Hypothesis and Specific Aims
We hypothesize that LLSO had no stimulatory eftecthe growth of SK-Br3 cells implanted in

athymic mice, and did not alter Hem2l and FAS signaling pathways as obsemredtro study.

2.3 Specific Aims :Deter mine the effect of SO, LL SO, and lard on the growth of SK-
Br3 implanted in athymic mice.

To test our hypothesis, a feeding study of LLSO%28f calories), SO (20%), and lard (20%) in
athymic mice implanted with SK-Br3 cells will be nmucted and LLSO-induced changes in
tumor surface area, tumor weight, and mammary glavitl be investigated. Also, the effects of
LLSO on FAS and Her-2éu mRNA expression in tumors and FAS protein expressidivers;

on FA compositions in abdominal fat, and serum; amdriglyceride and total cholesterol levels

in serum will be evaluated.
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3 Materialsand Methods
3.1 Feeding Study

Dietary effects of SO, LLSO, and lard were evaldddy conducting a feeding study. Female
athymic mice (5 weeks old, n=36) were purchasethfkarlan (Indianapolis, IN). Mice were
kept in a ventilated rack with controlled humidii2 h day/night cycles at 22°C. We used
American Institute of Nutrition 93 growth semi-piied diet (AIN93G, Dyets Inc, PA) as a base
diet. AIN93G has been established as meeting thdiooal requirement of mice (71). After 1
week acclimation, all mice received SK-Br3 cells<{@’/40 ul Matrigel/site, 4 sites/animal)
subcutaneously. Right after the cell injectiorg thice were divided into four treatment groups;
SO (n=10), LLSO (n=10), or lard (n=10), chow (n=éd the dietary treatment was begun. The
treatment diets contained substituted fat (20%otl tcalories; 85.4g/kg diet) with SO, LLSO, or
lard. A feeding study of regular chow diet (dietl8) Harlan Laboratories, WI) was carried out
after initial oil diet study to see whether SK-Bg3tumorigenic. Chow diet contained less fat
(17% of total calories, 62.5g/kg diet) than theeotloils (Table 4) Tumor growth and body
weight were measured weekly for 6 months, and tuonoss-sectional area was determined
using the formula [length (mm)/2xwidth (mm)#x(72).. At the end of study, blood was
collected by cardiac puncture under isoflurane duetization, after blood collection mice were
sacrificed by cervical dislocation. Blood and tissuncluding tumors, liver, mammary gland,
uterine, and abdominal fat were collected, weiglsed] stored in appropriate reagent for later

analysis.

3.2gRT-PCR Analysis of mMRNA Expression in Tumors

The tumors were collected and stored in RNA lafgagen, CA) for Her-2ileu and FAS mRNA

analysis. Since the tumor size was too small tdyaeandividual tumors, tumors from same
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treatment group (SO [n=10], LLSO [n=10], lard [n¥1@nd chow diet [n=6]) were pooled prior
to total RNA extraction. Total RNA was preparednfrahe pooled tumors (100 mg) using
Qiagen reagents (Valencia, CA). cDNA preparatiod gRT-PCR analysis were performed as

described in chapter 1. Each sample was run ihcaies for gRT-PCR analysis.

3.3 Total Protein Extraction from theLiver of Mice

Protein was extracted from mouse liver using thalifred method of Menendez et al. (33).
Liver was used because FA synthesis by FAS ocaurbver (24). Briefly, a mouse was
sacrificed and the liver (0.7-1 g) was collecte® @=10), LLSO (n=10), or lard (n=10) chow
diet (n=6). The liver was kept in 2 ml of homogeuzbuffer (154 mmol/L KCI, 50 mmol/L
Tris-HCI, and 1 mmol/L EDTA buffer, pH 7.4) and hogenized individually by PowerGen
(Fisher Scientific, NJ). The homogenized suspensiaa centrifuged at 10,006y for 20 min,
followed by re-centrifugation of the supernatant1®5,000xg for 60 min using Beckman
ultracentrifuge (Beckman Coulter, Inc., CA). Theaermnatant was considered as the cytosol and
used for Western Blot (see general procedures efen® blot analysis written above for protein
markers and dilutions). The aliquots of cytosocfian were stored at -80°C until the analysis

was performed.

3.4 FA Composition in Diets, Serum, and Abdominal Fat

3.4.1 Lipid Extraction and Methylation and GC

FA composition of diets (300mg), abdominal fat (8@f) and total plasma (100 pul) lipids was
determined by GC. Pooled samples of blood andrabd fats from the same treatment groups,
SO (n=10), LLSO (n=10), or lard (n=10), and chowtdn=6) were employed for the analysis.

Total lipids in diets, abdominal fat, and plasmaevextracted after homogenization in hexane-
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isopropanol (3:2) solution according to the procedof Hara and Radin (53,54). Lipid
methylation and GC analysis were performed as destrunder FA composition analysis in

chapter 1.

3.5 Measurement of total blood cholesterol and triglyceride level

Blood from each mouse in treatment groups (SO; n+1®0O; n=10, lard; n=10, and chow;

n=6) was collected by cardiac puncture upon tertiinaof study. The plasma was prepared by
centrifuge at 3000 rpm for 20 min at 4°C. Then pesma was stored at -20°C for later use.
Total cholesterol and triglyceride were measurethgusenzymatic reagents from Stanbio

Laboratories (Boerne, TX). One hundred ul of eacluse plasma was used for the assay.

3.6 Statistical Analysis

The results were expressed as mean +SEM. One-wa\A\with Tukey’s post hoc test was
used to calculat® values using SigmaStat 3.5 (Systat Software In&). @ probability of

p<0.05 was taken as denoting a significant diffeedoetween samples.
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4 Reaults

4.1 The effects of dietary SO, LLSO, and lard on the growth of SK-Br3 implanted in

athymic mice.

Figure 8 showed the tumor growth (surface areandu5-week dietary treatment. At week 10,
the tumor size reached about 20 iSO, LLSO, and lard groups. The average tuma gizt
smaller from week 12 and reduced in size to 10-if by the time of termination (chow group;
10.91 + 0.85 mrf) SO group; 10.88 + 0.71 nfMLLSO group; 10.37 + 0.84 nfmlard group;
11.18 + 0.44 mr) (Figure 8). Tumor incidences were 85%, 90%, 97.8%d 91.7% for the
LLSO, SO, lard, and chow groups, respectively. B¢ time of termination, there was no
significant difference in average tumor surfaceaat®ody weight, tumor weight, uterine gland
weight, mammary gland weight, and abdominal fatglveiamong treatment groups (data not
shown). During the feeding study, the average fiotake was also monitored every month and

there were no significant differences on food ietaknong groups (data not shown).

4.2 The effects of dietary SO, LLSO, and lard on the expression of Her-2/neu and FAS

MRNA and protein expression in tissues.

Her-2/neu and FAS mRNA Expressions in Tumors: Relative Her-2ieu mRNA expression
over the SO was observed to be 0.19 £+ 0.04 for LL&®@ 3.02 + 0.61 for lard (Figure 9A). .
Relative FAS mRNA expression over the SO was oleskto be 0.13 £ 0.03 for LLSO, and 1.87

+ 0.14 for lard (Figure 9B).

FAS Protein Expression in the Liver: We investigated the effects of SO, LLSO, and ldiets
on the expression of FAS protein in mouse livelaRee expression of FAS protein in SO group
was 1.25 £ 0.12, LLSO group was 1.70 + 0.16, lammbig was 2.47 + 0.18 (Figure 10). There

was no statistical difference in FAS expressiorleamong SO, and LLSO diets. However FAS
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level in the SO group was significantly lower ththat in the lard group.p€0.05)

4.3 The FA compositionsin diets, plasma, and abdominal fat

The FA composition of diets was analyzed (Table.@2yectly comparing the values for SO,

LLSO, and lard was confounded by differences itadiefat content.

aL A (C18:3 n-3): As expected, LLSO diet contained about 82% tdss than SO diet (Table
6A). This relative composition difference was refegtin the FA compositions of abdominal fat
and plasma (Table 6B and 6C). After the mice coreglithe LLSO diet, the amount @LA in
abdominal fat was 84% lower than mice that consuthedsO diet. After the mice consumed the
LLSO diet, the amount afLA in plasma was 81% lower than after the mice tmatsumed the

SO diet.

LA (C18:2 n-6): There was no difference in LA between LLSO and 8@iet, abdominal fat,

and plasma (Table 6).

OA (C18:1 n-9): The amount of OA was slightly higher in SO dietrthd. SO. Even though the
OA intake was higher with SO diet, after metabaoligithe resulting concentration of OA in

abdominal fat and plasma was similar (Table 6).

Other FAs. Little effect of the diets was observed in abdamhifat and plasma of each diet
group on the relative proportion of C16:0 (PA, pisltnacid) and C18:0 (SA, stearic acid),

possibly attributable to endogenous synthesis gréBland 6C).

Trans Fat: We also analyzed the amounts todins fat in diets, abdominal fat, and plasma
because LLSO was developed to aviyighs fat generation. Thérans fat content was 3-fold
higher in SO diet than in LLSO diet (LLSO 0.02% @&O 0.06%) (Table 7A), but these were

minor amounts. However, thieans fat contents in abdominal fat and plasma from LL&B@ SO
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group were similar (Table 7B and 7C). Lard dietteomed about 11-fold highdrans fat than
SO diet. Adipose tissue and plastnans fat levels in lard fed mice were 6.4-fold and Hfo

higher than SO fed mice, respectively (Table 7B).

n-6/n-3: By reducing the amount ol_A, the total amount of n-3 FAs were decreasedltiesg)

in increased ratio of n-6/n-3 in the diet (Table).7Fhe ratio of n-6/n-3 in LLSO diet was 396
and in SO diet was 48.04. The ratio of n-6/n-3bBEO0 remained high in both abdominal fat
and plasma. In abdominal fat, n-6/n-3 ratio for K.@as 80.82 and for SO was 14.64. In plasma,

the ratio of n-6/n-3 for LLSO was 22.17 and for &@s 9.11 (Table 7B and 7C).

4.4 The effects of SO, LLSO, and lard on total cholesterol and triglyceride in mice

serum

Total cholesterol: The total serum cholesterol is shown in Figure 1The average amount of
cholesterol was 51.29 + 6.90 mg/dL for SO, 62.02.37 mg/dL for LLSO, and 65.08 + 5.09
mg/dL for lard group, respectively (Figure 11A).talocholesterol levels in SO and LLSO
groups were significantly lower than the level ard group, however there was no difference

between SO and LLSO groups.

Triglyceride: As shown in Figure 11B, the average serum trigigeetevels are 107 + 5.38
mg/dL for the SO, 123.17 £+ 6.20 mg/dL for the LLSId 123.92 + 7.94 mg/dL for lard group,

respectively. There were no significant differenaesong SO, LLSO, and lard diets.
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5 Discussion

FA modified oils with altered functional or nutotial characteristics are being introduced into
the marketplace (41). The high OA and lalA type oils were developed to enhance oxidative
stability and these oils are targeted mainly toadatressing, frying, and food coating
applications (41). Concomitant with the developmainhew varieties of oil, there is a dearth of
information about the effect of these oils on BCe Wsted two of the FA modified SOs, LLSO
and LLMOSO on human BC (SK-Br3) celis vitro (chapterl). We found that SO and FA
modified SOs exhibited cytotoxic effects on thewgto of SK-Br3 cells by reducing FAS and
Her-2heu protein expression in the cells. However, thees wo difference in cytotoxic effect
between SO and LLSO. LLMOSO was less cytotoxic tB&h but it was not different from
LLSO. We further tested weather dietary intake &SD modulated the growth of SK-Br3
tumors using a mouse xenograft model in chaptdrtlB0 induced changes in comparison with
SO-, lard- induced effects were also evaluated. O was not included in animal study since
it was not commercially available by the time ofpexsment. The six months feeding study
showed that dietary SO, LLSO, and lard had no efiacSK-Br3 tumor growth (Figure 8). The
tumor growth was very slow and the tumors actuathypped growing after 12 weeks of diet
treatment. A feeding study of chow diet was conedctater to see whether SK-Br3 is
tumorigenic (Figure 8). SK-Br3 cells were predittes tumorigenic in athymic mice by matrigel
outgrowth assay (73) and 3D culture model (74). ewghs, some studies showed that SK-Br3
was not tumorigenic in athymic mice (75-78). Acdogdto Honjo et al., SK-Br3 was not
tumorigenic in nude mice because it did not expgadsctin-3, which has been associated with
alterations in cell growth, transformation, and as¢asis (74,79). Therefore no tumor growth we
observed might not be due to oil treatment, buttdue non-tumorigenic character of SK-Br3.

Although LLSO, SO, lard and chow diet did not aff&&-Br3 tumor growth, the FAS and Her-
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2/neu MRNA expressions seemed to be regulated by thdrdements. LLSO and SO inhibited
both Her-2heu and FAS mRNA expression in tumors compared to (&rgure 9). The reduced
FAS and Her-2ieu mRNA expression by SO and LLSO suggested thati@0LaSO might be
able to inhibit the tumor growth of other tumorigeRAS expressing BC because FAS and Her-
2/neu inhibition by these oils have shown to induce dpsis in chapter 1. FAS protein
expression levels in mice liver were lower in SQ@ &h.SO groups than lard group indicating
possible FAS protein inhibition by SO and LLSO (g 10). Less inhibition of FAS gene and
protein by lard group might be due to its high emttof saturated fat because induction of
lipogenic gene expression by high fat diet and higkaturated fat diet was reported in rodent
liver (26). Expression of FAS gene was induced icenfied a diet high in saturated fat diet (17.1
kcal/day) compared to standard chow (12.3 kcal/degl)mice and partial replacement of the
saturated fat within the high fat diet by fish ¢ib.8 kcal/day) strongly suppressed hepatic FAS
gene expression (26). The dietary LLSO induced gharin FAS and Her-2éu in SK-Br3
tumors were different from those in pre-malignaoman BC (MCF10AT1) tumors. LLSO
accelerated the transformation of MCF-10AT1, andréased Her-Beu and FAS mRNA
expression in tumors compared to SO. The differemteaegulation of Her-Beu and FAS
MRNA expression by SO and LLSO between MCF10AT1 8KeBr3 was possibly due to the
fact that the effects of the lipid on BC dependstmntypes of lipid in addition to the BC stage
(23). Our tumor growth analysis and mMRNA and pro@nalysis demonstrated that LLSO did
not alter the growth of SK-Br3 tumors. There wassignificant difference between SO group
and LLSO group on SK-Br3 tumor growth rate and mR&l#d protein expression of FAS in

SK-Br3 supporting our cell culture analysis in cteaifd..

The effects of dietary LLSO intakes on BC risk wkmgher evaluated by the FA composition of

plasma and adipose tissue (abdominal fat), and Tédtle 6). By analyzing the FA compositions

37



in these samples, we could evaluate the influefi¢& 80 on thetrans fat content, and the ratio
of n-6/n-3 in abdominal fat and plasma after fegdgtudy. The lipid composition analysis
showed that LLSO diet contained about 82% td3% than SO diet (Table 6A). The reduction of
aLA in LLSO in the diet was well- reflected in FA mposition of abdominal fat and plasma
(Table 6B and 6C). After the mice consumed the LL&€, the amounts afLA in abdominal

fat and plasma were 84% and 81%, respectively €T@Bl and 6C). This indicated that the FA
compositions of lipids in abdominal fat and plasnee influenced by dietary fat. SO was 3-fold
greater intrans fat content compared to SO (Table 7Ajans FAs have adverse physiologic
effects becaust@rans fat impairs PUFA metabolism. More specificaltyans fat inhibits the
enzymatic desaturation of linoleic and linolenicdatherefore reduce production of the 3-series
eicosanoids (80) and the perturbation of eicosamw@mbtuction affects carcinogenesis (46).
Kohlmeier et al. demonstrated a positive associatithe adipose concentration tons FAS
with BC (46). However, adipose and plasma percentdigotaltrans FA in LLSO fed mice were
not significantly different from that of SO fed mieven thoughrans FA concentration in SO
diet was 3-fold greater than that in LLSO, (TabB &nd 7C). The n-6/n-3 ratios in diet,
abdominal fat, and plasma of LLSO consumed miceeviegher than SO consumed mice. In
McCall study (MS under revision), a positive asation between n-6/n3 ratio and MCF-10AT1
tumor growth was observed among SO, LLSO, and Hieds and plasma. A European
multicenter study examined FAs in adipose tissoand the direct association between the n-
6/n-3 ratios and BC risk (46). However, there w0 a report showing no evidence of an
association between the ratio of n-6/n-3 and B& (&l). The possible explanations for the
discrepancy between case-control and cohort stirttesded different biomarkers with different
exposure time to dietary fats (18). The FA compasianalysis showed that adipose tissue and

plasma percentage of totabns FA in LLSO fed mice were not significantly differefrom that
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of SO fed mice. The results also showed that tiéénr3 ratio was not an important factor to

regulate SK-Br3 tumor growth and it could not regelFAS and Her-Béu protein expression.

In addition to enhancing oxidative stability, thaimreason to modify the FA profile of SOs was
to lowertrans fat generation during hydrogenation procsans fats raise the level of LDL and
therefore increase the risk of coronary heart dsedecauseans fats reduce HDL, and raise
levels of triglyceride in the blood (82). The higholesterol and high serum triglycerides are also
associated with BC risk (83,84). The consumptiohldbO has been hypothesized to lower the
total cholesterol and triglyceride levels in serdoe to its lowtrans fat content. This study
demonstrated that LLSO did not alter plasma chetektand triglyceride concentrations
compared to SO (Figure 11A). Our lipid analysislaxged the cause; the lipid analysis showed
that LLSO generated the same amountraris fat as SO after metabolism (Table 7). In a direct
comparison of SO and LLSO on serum lipid conceioing, Lu et al (85) reported similar
effects of SO and LLSO on total cholesterol, LDlolkgsterol, HDL cholesterol, and triglyceride
levels. Consist with Lu et al (85), levels of latholesterol and triglyceride in mice serum were
not changed in LLSO group compared to SO groupuf€id.1). Therefore, it can be concluded
that there was no difference between LLSO and S@hermplasma cholesterol and triglyceride

concentrations.

In summary, we found no distinct difference betwdatary intake of SO and LLSO on SK-Br3
tumor growth, expression levels of Hen@i and FAS mRNA in tumor, FAS protein in livers,
trans fat concentration after metabolism, and cholestand triglyceride concentrations in
animal study. These results supported iouvitro study (chapter 1) which suggested that the
effects of LLSO on SK-Br3 cell viability and pradifation were similar to that of SO. Our

findings from bothin vitro andin vivo study implicated that the FA modifications made on
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LLSO were too trivial to lead changes and n-6/rat8oris not an important factor in Herr2l

and FAS expressing human BC cell growth.
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Tables

Table 1: Analysisof FA composition in SO, LLSO, LLMOSO, and lard.
A. Percentages of FA compositions in SO, LLSO, LLM®and lard.

SO LLSO LLMOSO Lard
C14.0 0.00 0.00 0.00 1.21
C16:0 11.33 10.24 9.30 21.33
C16:1 n-7 0.00 0.00 0.00 1.86
C17:.0 0.00 0.00 0.00 0.47
C18:0 5.14 5.10 4.97 13.10
C18:1n-9 2351 25.56 46.80 35.73
C18:1 n-7 1.43 141 141 2.39
C18:2n-6 49.57 52.36 31.82 12.15
C20:0 0.41 0.39 0.45 0.23
C18:3 n-6 0.18 0.00 0.21 0.00
C18:3n-3 5.81 0.00 1.62 0.60
C20:1 n-9 0.00 0.00 0.26 0.71
C20:2 n-6 0.00 0.00 0.00 0.56
C20:3 n-6 0.00 0.00 0.00 0.00
C20:3 n-3 0.00 0.00 0.00 0.00
C20:4 n-6 0.00 0.00 0.00 0.19
C20:5n-3 0.00 0.00 0.00 0.00
C22:6 n-3 0.00 0.00 0.00 0.00
Others 2.62 4.94 3.16 9.45

LLSO and LLMOSO had changes in unsaturated FA caitipas, mainly OA (C18:1 n-9), LA
(C18:2 n-6) andLA (C18:3 n-3) compared to SO. Lard was includea asmparison. Lipid
compositions of individual oil were analyzed by G100 g FAs.

B. Calculated n-6/n-3 ratios and total SFA, MUFAd&®UFA in SO, LLSO, LLMOSO, and lard.

SO LLSO LLMOSO Lard
Total n-6 49.75 52.36 32.82 12.34
Total n-3 5.81 0 0.6 1.62
n-6/n-3 8.46 52.36 54.70 7.62
SFA 16.88 15.73 14.72 36.34
MUFA 24.94 26.97 48.47 40.69
PUFA 55.38 52.36 33.65 13.31

The values for total n-3 were the sum of C18:3 @3&):5 n-3, and C22:6 n-3 and the values for
n-6 were the sum of C18:2 n-6 and C20:4 n-6 in @dlil. Total SFA values were the sum of
C14:0, C16:0, C17:0, C18:0, C20:0, total MUFA valueere the sum of C16:1 n-7, C18:1 n-7,
C18:0 n-9, C20:1 n-9, and total PUFA values weeestiim of C18:2 n-6, C18:3 n-6, C18:3 n-3,
C20:2 n-6, C20:4 n-6. in Table 1A.
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Table 2: Oligonucleotide sequencesfor gRT-PCR.

Gene Forward Primer (5'-3’) Reverse Primer (5’-3)

Her-2heu GGAAACCTGGAACTCACCTACC TGGGACCTGCCTCACTTGG
FAS GACCGCTTCCGAGATTCC CAGGCTCACAAACGAATGG
GAPDH TTGGTATCGTGGAAGGACTC TAGAGGCCAGGGATGATGTTC

PCR efficiencies between 80.3 %and 105.0%.

Table 3: FA compositions of SK-Br3 cells after oil treatments.

Control SO LLSO Lard LLMOSO
C16:0 2442 + 111| 1598 + 058 14.63° + 0.42]|24.08" + 091 1359°" + 0.82
C16:1n-7 | 2.6° + 0.14| 054 + 0.13| 054° + 0.13| 2.20© + 0.14| 054%% + 0.13
C18:0 1458 + 0.71| 7.48 + 043| 7.0° + 030| 12.65° + 054| 6.66°° + 058
C18:1n-9 | 29.16 + 1.45|2397° + 0.27|2562" + 0.13| 33.66° + 1.42| 41.67°° + 176
C18:1n-7 | 460 + 054 203 + 0.16]| 2.08° = 0.17| 2768 + 025]| 2.07%%® + 0.17
C18:2n-6 | 57P% + 0.05| 40.1FP =+ 1.71|43.64° + 209 11.08 + 0.32 2797 + 1.25
C18:3n-3 | 0.16 + 0.02| 449 + 0.20| 0.87”° + 0.03| 052% + 0.02]| 146" + 0.12
C20:1n-9 | 088 + 0.03| 021 + 006| 034° = 0.07 0.60 + 0.06| 0.34° + 0.05
C20:4n-6 | 1.87 + 0.18| 034 + 0.02| 033° + 0.04 053 + 0.02| 0.34° + 0.06
C20:5n-3 | 022 + 0.10| 0.04 + 0.04| 0.0 + 0.05 0.03 + 0.01 0.0F + 0.01
Cc22:6n-3 | 0.2 + 0.07| 0.06°® + 0.03| 007" + 0.04| 003" + 0.01 0.02 + 0.00
Others 1558 + 0.41| 475 + 042 483 + 1.08| 11.85 * 3.66 537 + 0.98

The FA compos_itions were anaI;/zed by GC. ValJesrman& SEM, n=3.Means with different
letters are significantly differenp<0.05.

Table 4: Relative expression levels of Her-2/neu and FAS expression in human BC cells.

SK-Br3 MCF10A MCF10AT1 MCF-7 T47-D MDA-MB-231 MDA-MB-468
ER ¢ ¢) (+) (+) ) ) ¢
status
Her- ++++ -/+ - -/+ + -/+ -
2/neu
FAS ++++ +++[++++ +++[++++ ++ +++/++++

The table represents the relative expression of2ffex and FAS in a panel of BC cells. The
levels of Her-2heu and FAS were expressed as the number of + signist{toverexpression, -
/+; very low expression). — signs indicate no egpi@n. The data were based on the Western
blotting (Figure 5). ER status for each cell lisdrom a published journal (33). (-) means ER
negative, (+) means ER positive cell line.
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Table5: Dietary treatment groups.

Diet groups Cells Mice (n)
20% LLSO SK-Br3 10
20% SO SK-Br3 10
20% lard SK-Br3 10
17% SO (chow) SK-Br3 6
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Table 6. FA compositions (g/100g FAS) of diets (A), abdominal fat (B), and plasma (C) after

feeding study.

A. Diet

Lard SO LLSO
C14:0 0.99 0.16 0.10
Cl4:1n-5 0.02 0.00 0.00
C15.0 0.05 0.02 0.02
C16.0 17.21 9.02 9.08
C16:1n-7 1.45 0.32 0.12
C17.0 0.27 0.08 0.07
C18:.0 9.02 4.15 3.78
C18:1,t6-8 0.11 0.00 0.00
C18:1,t9 0.15 0.01 0.00
C18:1,t10 0.23 0.02 0.02
Ci18:1,t11 0.12 0.03 0.00
C18:1n-9 30.17 23.52 19.16
C18:1n-7 1.88 131 1.20
C18:2n-6 17.46 43.34 43.02
C18:3n-3 0.95 0.90 0.11
C20:1n-9 0.57 0.26 5.37
CLA 0.16 0.03 0.00
C20:4 n-6 0.19 0.02 0.00
C20:5n-3 0.00 0.00 0.00
C22:6n-3 0.19 0.00 0.00
Others 6.66 2.65 5.78
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B. Abdominal Fat

Lard SO LLSO
C14:0 1.28 0.96 1.01
Cl4:1n-5 0.07 0.05 0.05
C15:.0 0.07 0.07 0.06
C16:0 18.55 16.11 16.82
C16:1n-7 4.24 3.16 3.00
C17:0 0.19 0.14 0.14
C18:0 5.65 452 5.10
C18:1,t6-8 0.05 0.00 0.00
C18:1,t9 0.20 0.04 0.05
C18:1,t10 0.13 0.00 0.00
ci8:1,t11 0.07 0.03 0.02
C18:1n-9 49.35 35.12 36.85
C18:1n-7 2.74 1.92 1.91
C18:2n-6 11.88 31.54 30.19
C18:3n-3 0.33 2.06 0.33
C20:1n-9 1.35 0.89 0.95
CLA 0.29 0.15 0.14
C20:4n-6 0.19 0.20 0.36
C20:5n-3 0.00 0.00 0.00
C22:6n-3 0.05 0.11 0.04
Others 5.64 5.06 5.12
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C. Plasma

Lard SO LLSO
C14:.0 0.29 0.16 0.18
Cl4:1n-5 0.00 0.00 0.00
C15:.0 0.08 0.08 0.07
C16:0 16.46 15.28 15.06
C16:1n-7 1.52 0.94 0.85
C17:0 0.27 0.26 0.25
C18:0 10.77 10.55 9.58
C18:1,t6-8 0.07 0.04 0.04
C18:1,t9 0.12 0.08 0.06
C18:1,t10 0.13 0.06 0.06
Ci8:1t11 0.09 0.09 0.06
C18:1n-9 21.19 14.05 15.84
C18:1n-7 2.07 1.36 1.36
C18:2n-6 21.25 33.70 32.87
C18:3n-3 0.23 1.22 0.24
C20:1n-9 0.54 0.40 0.39
CLA 0.13 0.10 0.07
C20:4n-6 16.16 12.80 16.24
C20:5n-3 0.11 0.36 0.03
C22:6n-3 2.93 3.53 1.94
Others 5.59 4.96 4.79

The FA compositions were analyzed by GC.
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Table 7: Theamountsof transfat, total n-3 and n-6 in diets (A), abdominal fat (B), and

plasma (C).
A. Diets
Lard SO LLSO
Tans fat 0.70 0.06 0.02
Total n-3 1.35 1.07 0.13
Total n-6 20.89 51.30 50.91
n-6/n-3 15.50 48.04 396.00
B. Abdominal Fat
Lard SO LLSO
Tans fat 0.45 0.07 0.07
Total n-3 0.38 2.17 0.38
Total n-6 12.07 31.75 30.55
n-6/n-3 31.75 14.64 80.82
C. plasma
Lard SO LLSO
Tans fat 0.41 0.27 0.22
Total n-3 3.27 5.10 2.22
Total n-6 37.41 46.50 49.12
n-6/n-3 11.43 9.11 22.17

The values fotrans fat are the sum of C18:1,t6-8, C18:1,t9, C18,tnd C18:1,t11 in Table

6. The values for total n-3 are the suntaB:3 n-3,C20:5 n-3, and C22:6 n-3 in Table 6. The
values for n-6 are the sum of C18:2 n-6 &26:4 n-6 in Table 6.
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Figures
Figure1l Hormonal regulation of FAS gene expression in cancer cells.
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FAS gene regulation in hormone-sensitive neoplasiiis seems to occur through modulation of
the transcription factor SREBP-1c, a critical imediate in the pro- and anti-lipogenic actions of
several hormones and nutrients that binds to stegullatory elements (SREBP-BS) in the
promoter region of the target gene FAS. SREBP-1regplation and nuclear maturation
appears to be driven by the activation of MEK1/MEKERK1/2 MAPK, and PI-3'K—=Akt
signaling cascades that occurs in response tq#wfe binding of steroid hormones such as
androgens (A), progestins (P), angt&their receptors (AR, PR and ER, respectively).
Published by Lupu et al., 2006 (86).
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Figure 2: Theeffect of aL A, OA, and LA on cell viability of SK-Br3.

A alA

200
150
100

(Thousands)

50

200
150
100

50

(Thousands)

200
150
100

Number of SK-Br3 cells (+ SEM)

(Thousands)

50 -

0.0001

Concentrations of fatty acids (pl/ml media)

D. aLA, OA, and LA

60

= ana

~
o
T

B oa

(Thousands)

ez La

Number of SK-Br3 Cells (+ SEM)

-
o

Concentrations of fatty acids (pl/ml media)

oLA (A), OA (B), and LA (C) at concentrations betwe@.0001- 0.Jul/ml media were
evaluated for their effects on SK-Br3 cell vialyilising MTT assay. The data from higher
concentrations (0.01 — 0.1 ul/ml) of individual E&atments were selected for statistical
analysis between the FAs (D). SK-Br3 cell viabilitgs expressed as mean number of SK-Br3
cells £ SEM from three experiments. Bars with dif letters are significantly differens<0.05.
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Figure 3: Theeffects of SO, LLSO, LLMOSO and lard on cell viability of SK-Br3.
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SO (A), LLSO (B), lard (C), and LLMOSO (D) at comteations between 0-2 pl/ml media were
evaluated for their effects on SK-Br3 cell vialyilising MTT assay. The data from higher
concentrations (0.5-2 ul/ml) of oil treatments weegected for statistical analysis between oil
treatments (E). SK-Br3 cell viability was expresssdnean numbers of SK-Br3 cells £ SEM
from three experiments. Bars with different lettaers significantly differenp<0.05.
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Figure 4: Theeffectsof SO, LLSO, lard, or LLMOSO on cell proliferation of SK-Br3.

— 050 a
E I [ 1 control
w 040 be c B so
s b,c i T
5 a0 T T T = uso
= . B b
g I — ' 22 Lard
o n
5 020 [ Lmoso
=
- 010
o
o

0.00

Concentrations of oils (2 pl/ml media)

The SK-Br3 (1x16cells/100pl/well) cells treated withi@/ml of SO, LLSO, lard, or LLMOSO
for 96 h before BrdU incorporation. No oil treatmheras included as a control. SK-Br3 cell
proliferation was expressed as mean values of Bndbrporation in SK-Br3 cells + SEM from
three independent experiments. Bars with diffelettérs are significantly differenp<0.05.
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Figure5: Her-2/neu and FAS expression in human BC cells.
A. Western Blot
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Western blotting was employed for relative analygibler-2heu and FAS protein levels. 10 pg
of total protein were separated by 7.5% SDS-PAGEteansferred to nitrocellulose membranes.
The proteins were probed with a rabbit anti-Herwe@/polyclonal antibody or a rabbit anti-FAS
polyclonal antibody. Beta-actin was used as armatecontrol. Similar results were obtained in
three independent experiments. Figure shows agepia&tive immunostaining analysis.
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Figure 6: Protein expression levelsin SK-Br 3 cells after oil treatments.
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C. Her-2/neu D. FAS
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Western blotting analysis ofiutant p53 (A), caspase-3 (B), Hen&l (C), FAS (D), SREBP-1
(E), p-ERK-1 (F), and p-Akt (G). Representative immablot of target protein was shown.
Relative expression (mean + SEM) of target protes shown in graphs (A-G). The relative
expression level was calculated as the ratio df @actein to beta-actin. CONT: control, no oil
treatmentBars with different letters are significantly diféat,p<0.05.
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Figure7: Her-2/neu and FAS mRNA expression levelsin SK-Br3 cellstreated with oils.

B. FAS mRNA

mRNA

A. Her-2/neu

A: Her-2lheu mRNA expression levels. B: FAS mMRNA expression Ieadter oil treatments.
SK-Br3 cells were incubated withi@ml of SO, LLSO, lard, or LLMOSO for 48 h. Results

3). Bars wiftreht letters are significantly different,

were expressed as the mean = SEM (n

p<0.05. CONT: control, no oil treatment.
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Figure 8: Tumor growth (surface area) of SK-Br8 ¥gth diets containing chow, SO, LLSO,
and lard.
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All mice received SK-Br3 cells (1x2040ul/site, 4 sites/ animal) subcutaneously ih®mice.
Tumor growth and body weight were measured weekdg, tumor cross-sectional area was
determined using the formula [length (mm)/2 x wi@itim)/2 xx].
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Figure 9: Her-2/neu and FAS mRNA expression levelsin micetumors fed with diets
containing chow, SO, LL SO, or lard.

A. Her-2/neu mRNA B. FAS mRNA

-

Relative Her-2/nec/mRNA expression
ra
T
Relative FAS mRNAexpression

Lard <0 LLSO Lard

The tumors from individual mouse in the same dedtiment were combined in a tube before
RNA extraction. Total RNA was prepared from the lpddumors (100 mg) and 10 ng was used
to synthesize the cDNA. Each sample was run alscatps. GAPDH was used to calculate the
relative expression.
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Figure 10: FAS expression in miceliver fed by diets containing chow, SO, LL SO, or lard.
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Total protein was extracted from mice liver to c@rg@FAS protein expression levels. A.FAS
protein expression level was measured by westetruking anti-FAS antibody. The figure was
a representative of n=6 for chow diet, n=10 for 8050, or lard containing diets. Beta-actin
was used as a loading control. The extent of FAfepr was quantified using a densitometer
with Image-Pro Plus software. B. Relative exprassibFAS protein. The relative level was
calculated as the ratio FAS to beta-actin. Resutt® expressed as the mean + SEM. Bars with
different letters are significantly differenis<0.05.
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Figure 11: Levelsof total cholesterol and triglyceridein mice blood.
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The plasma from each mouse was used to analyzevitleof cholesterol (A) and triglyceride
(B). Results are expressed as the mean £ SEM @r=ghbw diet, n=10 for SO, LLSO, or lard
containing diets). Bars with different letters argnificantly differentp<0.05.
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