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ABSTRACT


Previous study in our laboratory has shown that omega-3 fatty acids inhibited cell proliferation in breast cancer while omega-6 fatty acids induced proliferation.  The purpose of this research was to determine the effects of an Omega-3 fatty acid (docosahexanoic acid, DHA) and an omega-6 fatty acid (arachidonic acid, AA) on gene expression in the breast cancer line MDA-MB-231 using cDNA microarray analysis.  The cancer cells were treated with the fatty acids AA and DHA for three different time periods of 6h, 24h, and 48h.  The RNA was then isolated from the treated cancer cells.  A microarray chip was used each sample to hybridize a control sample or a treated sample with a reference RNA on the chip for each time point. The microarray data analysis confirmed that several genes were regulated differently by DHA and AA. Some genes involved in apoptosis or programmed cellular death such as tyrosine phosphatase, phosphatidylinositol (4,5) bisphosphate, programmed cell death 4, mitogen activated protein kinase kinase  and major histocompatibility complex Class I were up regulated by DHA and downregulated by AA.  These genes are known to cause apoptosis.  Thus it is possible that in the MDA-MB-231 breast cancer cell line, DHA inhibits cancer by up regulating the apoptosis inducing genes, while AA promotes cancer by decreasing the activity of the apoptosis inducing genes.

INTRODUCTION

ØOver 100,000 women die each year in the United States of breast cancer.

ØCurrent treatments available such as chemotherapy as costly, time-consuming, and significantly affect the body.

ØTreatment is only effective if the cancer is diagnosed fairly on.  At some point the cancer will metastasize, and by then, it will be too late.

ØWhat is needed is an effective drug that will inhibit the growth of cancer without the use of damaging chemotherapy or biopsies.

ØThis experiment, conducted on the breast cancer cell line MDA-MB-231, is focused on determining the effects of AA and DHA, known as omega-6 and omega-3 fatty acids, respectively.

ØWhile it is already generally known that the omega-3 fatty acids, such as those that come from fish, may help fight cancer, what is not known is the mechanism of this inhibition.

ØThus this experiment’s goal was to figure out what genes were being regulated, and thus how the omega fatty acids were affecting the cancer cells, by using a cutting-edge technique known as cDNA microarray analysis.

MATERIALS

ØCell culture flasks of MDA-MB-231 with RPMI media.

ØPCR, RT-PCR, RNA isolation, DNAse, and microarray analysis kits from biotechnology companies such as Invitrogen and Kamtek.

ØLow temperature freezers, PCR machines, centrifuges, vortexes, incubators, a microwave, a hood, pipettes, PCR tubes, optical density machine, et al standard lab equipment.

ØDHA and AA samples.

ØGenePix Pro 4000b Microarray Scanner and associated software.

ØBioRad Scanner and associated software.

ØFetal Bovine Serum, Pen-Strep vaccine, HyQ-Mem Buffer, Trypsin-EDTA, insulin, 1X TBE buffer, 1X PBS wash, selenium, sodium pyruvate solution, et al standard solutions used in media creation and cell treatment.

METHODS
1)The cancer cells were cultured in the incubator to obtain sufficient flasks for treatment.

2)Nine flasks were treated altogether, 3 each for the different time points 6h, 24h, and 48h, and 3 each for the different metabolites EPA, DHA, and AA.

3)After the cells had been treated for the set amount of time, they were scraped, centrifuged down, and the RNA was isolated.  Tests were done to confirm good RNA concentration and integrity using RT-PCR, No-RT PCR, optical density testing, and gel electrophoresis.

4)The microarray protocol is followed.  It is a two day process that involves hybridizing the DNA complement of the cellular RNA to standard genes on a glass chip, incubating overnight, and then repeated washing steps the next day to remove impurities.

5)The finished microarray chip is scanned in using the high resolution GenePix Pro 4000b optical scanner.  The wells are aligned and data gathered using fluorescent intensity measurements.

6)The data is normalized and interesting genes are found and investigated.

DATA

	NAME
	AA 6
	AA 24
	DHA 6
	DHA 24
	DHA 48

	protein tyrosine phosphatase, receptor t
	-2.536
	-2.027
	0.9562
	1.034
	0.7466

	ATP-binding cassette, sub-family C (CFTR
	-2.536
	-2.027
	1.103
	1.066
	0.8515

	mal, T-cell differentiation protein
	-2.536
	-2.027
	0.6335
	0.6993
	0.6613

	MHC class I polypeptide-related sequence
	-0.5325
	-4.048
	0.7329
	0.3737
	1.056

	similar to yeast Upf3, variant A
	-2.536
	-2.027
	0.4385
	1.077
	-0.04345

	leukocyte immunoglobulin-like receptor, 
	-2.536
	-2.027
	0.6004
	0.8116
	0.2921

	ectonucleotide pyrophosphatase/phosphodi
	-2.536
	-2.027
	1.236
	0.6729
	1.012

	torsin family 1, member B (torsin B)
	-2.536
	-2.027
	0.9562
	1.173
	0.1572

	protein kinase, cAMP-dependent, regulato
	-2.536
	-2.027
	1.113
	0.8494
	0.318

	glycosylphosphatidylinositol specific ph
	-2.536
	-2.027
	1.464
	1.196
	0.1399

	protein Z, vitamin K-dependent plasma gl
	-2.403
	-1.502
	1.216
	1.009
	0.6845

	Homo Sapiens mRNA, partial cDNA sequence
	-2.536
	-0.664
	-0.4282
	1.3
	-0.561

	lymphocyte antigen 117
	-1.098
	-2.027
	1.103
	1.544
	0.7518

	metallothionein 1G
	-1.098
	-2.931
	0.3321
	0.7701
	-0.2213

	erythrocyte membrane protein band 4.1-li
	-2.536
	-2.027
	1.167
	0.9985
	-0.1756

	insulin induced gene 1
	-1.098
	-2.027
	0.8549
	0.8116
	1.119

	Homo sapiens, clone IMAGE:3357927, mRNA,
	-1.15
	-0.9334
	-0.1111
	1.187
	0.8061

	aldehyde dehydrogenase 3 family, member 
	-0.5325
	-4.048
	1.453
	0.5132
	0.4683

	kallikrein 6 (neurosin, zyme)
	-2.536
	-2.027
	0.8916
	0.7701
	-0.3418

	interferon-stimulated protein, 15 kDa
	-1.098
	-2.027
	0.3321
	0.1299
	0.9447

	lymphocyte antigen 6 complex, locus E
	-1.098
	-2.027
	0.0231
	0.6993
	0.02416

	small nuclear RNA activating complex, po
	-0.3921
	-2.027
	0.388
	1.124
	0.5561

	POM (POM121 rat homolog) and ZP3 fusion 
	-1.15
	-0.9334
	-0.6151
	1.024
	-0.06484

	mitogen-activated protein kinase kinase 
	-1.15
	-0.9334
	1.278
	1.341
	1.474

	bone morphogenetic protein receptor, typ
	-2.536
	-2.027
	1.405
	0.6729
	-0.3051

	EST
	-1.15
	-0.9334
	0.5118
	0.7998
	1.142

	nitrogen fixation cluster-like
	-1.098
	-2.027
	0.8549
	0.4717
	0.6916

	COP9 (constitutive photomorphogenic, Ara
	-1.054
	-1.502
	1.412
	1.272
	0.977

	N-deacetylase/N-sulfotransferase (hepara
	-1.15
	-0.9334
	0.3722
	1.255
	0.3895

	26S proteasome-associated pad1 homolog
	-1.098
	-2.027
	0.8146
	0.6729
	0.2362

	oxidised low density lipoprotein (lectin
	-1.098
	-2.027
	1.037
	0.5486
	0.5561

	platelet-derived growth factor receptor,
	-1.15
	-0.9334
	-0.2169
	1.38
	-0.5171

	heterogeneous nuclear ribonucleoprotein 
	-1.098
	-2.027
	0.8916
	0.9985
	-0.1194

	protein tyrosine phosphatase, non-recept
	-1.15
	-0.9334
	1.136
	1.024
	1.139

	M-phase phosphoprotein 1
	-1.098
	-2.027
	0.5262
	0.8116
	-0.3051

	M27543 GUANINE NUCLEOTIDE-BINDING PROTEI
	-1.098
	-2.027
	1.457
	0.1299
	1.232

	programmed cell death 4
	-1.15
	-0.9334
	1.336
	1.522
	0.7343

	ESTs
	-1.15
	-0.9334
	1.712
	1.264
	1.35

	heterogeneous nuclear ribonucleoprotein 
	-1.15
	-0.9334
	1.596
	1.473
	1.01

	endothelin converting enzyme 1
	-1.15
	-0.1371
	-0.1111
	1.459
	0.09389

	protein tyrosine phosphatase, receptor t
	-1.15
	-0.9334
	0.9674
	0.7998
	1.018

	amyloid beta (A4) precursor-like protein
	-1.15
	-0.9334
	0.6661
	1.057
	0.4055

	proprotein convertase subtilisin/kexin t
	-1.15
	-0.9334
	0.781
	1.264
	0.2615

	major histocompatibility complex, class 
	-1.15
	-0.9334
	1.59
	1.114
	1.082

	p300/CBP-associated factor
	-1.15
	-0.9334
	1.287
	1.024
	0.7343

	sulfite oxidase
	-1.098
	-0.664
	1.113
	0.8116
	1.02

	high-mobility group (nonhistone chromoso
	-1.15
	-0.9334
	1.483
	1.114
	0.7343

	granzyme A (granzyme 1, cytotoxic T-lymp
	-1.15
	-0.9334
	0.9455
	1.187
	0.1211

	protein tyrosine phosphatase, receptor t
	-1.15
	-0.9334
	1.061
	0.7998
	0.5765

	DEAD/H (Asp-Glu-Ala-Asp/His) box polypep
	-1.15
	-0.9334
	1.73
	1.024
	1.018

	MAD (mothers against decapentaplegic, Dr
	-1.15
	-0.9334
	1.526
	1.522
	0.2615

	platelet-activating factor acetylhydrola
	-1.15
	-0.9334
	1.241
	0.9049
	0.4919

	catalase
	-1.15
	-0.9334
	1.061
	1.101
	0.003751

	regulatory factor X-associated protein
	-1.054
	-1.502
	0.7151
	-0.03357
	0.2535

	CD36 antigen (collagen type I receptor, 
	-1.15
	-0.9334
	1.626
	1.187
	0.373

	serine (or cysteine) proteinase inhibito
	-1.15
	-0.9334
	0.8715
	1.114
	-0.3308

	chromobox homolog 5 (Drosophila HP1 alph
	-1.15
	-0.9334
	1.648
	0.8287
	0.6668

	patched (Drosophila) homolog
	-1.15
	-0.9334
	1.278
	0.4567
	0.6668

	Cbp/p300-interacting transactivator, wit
	-1.15
	-0.9334
	1.026
	0.4567
	0.373

	deformed epidermal autoregulatory factor
	-1.15
	-0.9334
	1.397
	1.187
	-0.06484

	TBP-associated factor 172
	-1.15
	-0.9334
	1.093
	0.9881
	-0.203

	synaptopodin
	-1.15
	-0.9334
	1.149
	0.9274
	-0.1843


RESULTS
ØThe metabolites were treated on only a single breast cancer cell line.  Many cell lines exist and it is known that some react differently than others.  Further tests need to be conducted what the commonalities of omega fatty acid treatment among all human cancer cells.

ØThe following genes were regulated most differently by AA and DHA: protein tyrosine phosphatase, receptor t, ATP-binding cassette, sub-family C (CFTR, mal, T-cell differentiation protein, MHC class I polypeptide-related sequence, similar to yeast Upf3, variant A, leukocyte immunoglobulin-like receptor, , ectonucleotide pyrophosphatase/phosphodi, torsin family 1, member B (torsin B), protein kinase, cAMP-dependent, regulato, glycosylphosphatidylinositol specific ph.

ØThese genes, up regulated by DHA, and down regulated by AA, are the key in understanding the different effects these two metabolites have on cancer cells.

DISCUSSION
ØThe initial hypothesis known to scientists, that omega-6 fatty acids promote cancer and omega-3’s inhibit cancer, was investigated in this experiment.

ØMany of the interesting genes, such as protein kinase, Programmed cell death 4, MAPKK, MHC class 1, ATP-binding cassette, are known to be involved in inducible cell programmed death, or apoptosis.

ØOur results show that some of the genes involved in apoptosis were upregulated by DHA while down regulated by AA.

ØOur results shed the light on possible mechanisms of effect of arachidonic acid and Docosahexanoic acid on breast cancer cells.
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