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Abstract

To investigate the effect of long chain n-3 polyunsaturated fatty acids on breast cancer cell growth,
estrogen-dependent MCF-7 human breast cancer cells were cultured in serum~free DMEM media containing
0.51g/ml of differnet kinds of fatty acids; linoleic acid(L.A), arachidonic acid(AA), eicosapentaenoic acid(EPA)
and docosahexaenoic acid acid{DHA) and 0, 0.1, 0.2, 05 and 1 Ong/ml 178-estradiol as well as 10ig/ml insulin
and 1.25mg/ml delipidized bovine serum albumin for 3 days. Cell growth moenitored by MTT assay was lower
in DHA and EPA treatments as compared to LA treatment, but not with AA treatment. Estrogen concentrations
at which cell growth was initially stimulated were 0.1lng/ml for LA and DHA treatments and 0.2ng/ml for
EPA and AA treatments, but the degree of stimulation was 25-~30% lower in DHA and EPA treatments
than in LA treatment. Fatty acid analysis showed that each fatty acid in culture medivm was well incoporated
into celluar lipid. Protein kinase C activity of cells was most elevated in LA treatment from 2 to 8 hours
of culture followed by DHA, EPA and AA treatments. It is concluded that inhibitions of n-3 DHA and EPA
on breast cancer cell growth as compard with n-6 LA 1s mediated via chapges in membrane fatty acid

composition reducing estrogen sensitivity and increasing protein kinase C activity.
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INTRODUCTION

Evidence from epidemiological studies suggests a role
for dietary fat in the eticlogy of breast cancer(1-3}.
High-fat diets are thought to increase the risk of bre-
ast cancer(1.2). However, not only does the quantity
of fat consumed need to he considered, but also does
its fatty acid composition. Saturated fat or animal fat
intake had a strong correlation with breast cancer mor-
tality, whereas polyunsaturated fat or vegetable fat
had na or a weak asscciation(3-5). In animal ar in vitro
cell culture experiments, those fats high in linoleic acid,
an n-6 unsaturated fatty acid have enhanced the growth
(6,7), but fish ail, rich in n-3 fatty acids has shown inhib-
itory effect(8,9),

Several mechanisms have been suggested for the in-
hibitory effects of n—3 polvunsaturated fatty acid con—
taining fats(10). One of them is alterations in eicosan-
oid pathways, which was, however challenged by report
by Rice-Evans and Burdon{11) showing that prevention
of prostaglandin synthesis failed to suppress tumor
growth inhibitory actions of fish ails, Another possible
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mechanism for the effect of n-3 fatty acids is the en-
hanced lipid peroxidation causing cytoloxicity to tumaor
cell(12). This mechanism may be valid hut is coun-
terbalanced by generally accepted hypothesis that lipid
peroxidation induces carcinogenesis. Third mechanism
which has been studied less than the above two is mod-
ified membrane function which results from changes
in fatty acid compositien by n-3 fatty acids. Fatty acids
are Important in the maintenance of cell membrane
structure and are key determinant of cell membrane
activity and receptor expression. N-3 fatty acids in
diet(9) or in cell culture medium{13,14) have heen shown
to be well incoporated into tumor cell membrane lipid
and same of the membrane modifications has been
coincided with increases in sensitivity to adriamycin
chemotherapy(14) and membrane permeability(15).
About one third of human breast cancers require
estrogen for maxdmal growth. Therefore, concentration
of the hormone and its hinding to receptor are im-
portant for tumor cell proliferation. Feeding fish oil to
nude mice has been shown to lower the production of
estrogen(16) although the underlying mechanism re-
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mains to he elucidated. On the other hand, it is expected
that alteration in membrane fatty acid composition can
affect the binding ol estrogen to its receptor. Further-
more, the effect of tumor growth factors including es-
trogen depends on cell surface signal transduction into
cell in which protein kinase C is known to play a sig-
nificant role(17). It has heen reported that diacylglycerol
released from membrane phospholipid activating pro-
tein kinase C, could have different potency depending
upon its fatty acid moieties(18).

Therefore, using estrogen—dependent MCF-7 human
breast cancer cell line, we investigated that the effect
of n-3 fatty acids on degree of estrogen dependency of
cell growth and activity of proten kinase C along with
fatty acid composition and oncogene expression of the
cell in comparison with n—-6 and n-9 unsaturated fatty
acids.

MATERIALS AND METHODS

Materials

Dulbecco’s modified eagle medium(DMEM), trypsin-
EDTA, phosphate-bulfered saline(PBS), penicillin/stre-
ptamycin and insulin were purchased from GIBCO
BRL(Gaithersburg, MD, USA) and fetal bovine serum
(FBS) from Hyclene{Logan, Utah, USA) and delipidized
hovine serum alhumin{BSA), linoleic acid(Ciesn-6), ava-
chidonic acid(Cay m—6), eicosapentaenoic acid{Cay=n—3),
docosahexaenoic acid(Ceean-3) and 17B-estadiol from
Sigrma Chemical Co.(St. Louis, MO, USA) and restric-
tion enzymes, Pst 1, BamH 1, Hindlll and Stu 1 from
either Promega(Madison, WI, USA) or from GIBCO
BRL and gene cleanll kit from Bio 101 Inc.(La Jolia,
CA, USA) and random priming kit and nick translation
kit from Promega.

Cell cultrure

The estrogen-dendent MCF-7 human breast cancer
cell line obtained from Karean Cell Bank({Seoul National
University, Medical School) was cultured routinely at
37°C in DMEM plus penicillin and streptomycin, sup-
plemented with 5% FBS in a 95% air/5% COs incu-
bator. For a long term storage, cells were washed after
culture, treated with trypsin-EDTA and kept in DMEM
with 20% FBS and 10%{v/v} dimethylsulfoxide in lig-
uid nitrogen.

Growth experiments

Cells were plated in 96-well plates and cultured for
24 hours in 5% FBS supplemented IMDM at a plating
density of 10" cells/1001l/well and washed with un-
supplemented medium. To the wells were added serum-
free IMDM containing 1.25mg/ml delipidized BSA, 10
ig/ml insulin, 0.5ug/mt fatty acid(LA, AA, EPA, and
DHA) and 0~ 1.0ng/ml of 17p-esradiol. Fatty acid stocks
were dissolved in 100% ethanol, the volumes added
to culture media being such that the final concen-
tration of ethanol was 125(19). Cell growth during 3
days was monitored hy MTT assay(20).

Fatty acid analysis

Lipids were extracted from cells after 3 days of cul-
ture according to Folch et al.(21) and methylated with
14% BFs/methanol(22). The fatty acid compositions of
methyl esters were analyzed hy gas chromatography
{Shimadzu GC-14B, Tokyo, Japan). Chromatograhy was
performed on 30m * 0.32mm capillary column(Alltech,
Deerfield, IT., USA}, Helium was used as carrier gas and
the temperature was programmned as the initial 150°C
for 2 min and increased at the rate of 8°C/min to 230°C,
that lasted 5 more minutes, Individual fatty acid methyl
esters were idendified by camparison with known stan-
dards of GLC-81 and GLC-96(Nu-Chek Prep Inc. Ely-
sian, MN, USA).

Protein kinase C activity

Cells cultured in the presence of four different fatty
acids and 0.2ng/ml of 17B-estradiol for 1, 2, 4, &, 12
and 16 hours were washed with PBS and homogenized
at 0°C by sonication(50 Watt) in buffer A containing
20mM Tris-HCI(pH 7.5), 2mM EDTA, 2mM ethylene-
glycol bis(f-aminoethylether)-NNN' W' —tetraacetic—
fluoride, 101g/ml leupeptin, and 0.25mM sucrose. Cell
homogenates were centrifuged at 100,000%g for 1 h
at 4°C, The pellet was solublized in buffer B{buffer A
contaning 1% Trton X-100) by stiting for 1 h at 4°C.
The homogenate was centrifuged at 100,000< g for 1
h at 4°C. The resulting supernatant representing the
solubilized “membrane” fraction was used as enzyme
source{23). Protein kinase C activity was measured us—
ing PepTag ™™ assay kit for non-radicactive detection
of profein kinase C(Promega).

Isolation of RNA and northern bloi analysis
To obtain total RNAs, cells were cultured in 60mm
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plates for 6~24 hours in the presence of estradiol and
various types of fatty acids, washed two times with cold
PBS buffer and then extracted in 1ml of cold dena-
turing solution containing 4M guanidine thiocvanate,
28mM sodium citrate, 0.55% N-lauryl sarcosine and
82mM B-mercaptoethanol as deseribed in promega pro-
tocols manual{Promega, WI, 1ISA). Fifteen to twenty
ug of total RNA per lane were electrophoresed in for-
maldehyde gel for blotling to the nylon membrane
filter(24). For northern blot hybridization, 1.2kb Accl/
Xbal fragment from a cDNA encoding turnor protein
P53I5) was labelled with [0~"P]dCTP by random pri-
ming method according to manufacturer’s manual (Pro—
mega) and hybridized to the membrane filter for 16
hours at 63°C. The filter finally washed with 0.1 x SSC
at 65°C for 30min was autoradiographed.
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RESULTS AND DISCUSSION

Cell growth and estrogen dependency

Fig. 1 shows growth of MDEF-7 human breast cancer
cells cultured during 3 days with 05pg/mi of four dif-
ferent kinds of faity acids and 0~ Ing/ml of 17B-estadicl
in the media. Viable cell mumbers measured by MTT
assay continued to increase until 2nd day under all
conditions hut fluctuated in considerable degrees on
the 3rd day, when growth conditions appears to have
been altered by some unidentified reasons such as
shortage of nutrents. Total cell growth was highest
in LA treatment {ollwed by EPA, DHA and AA treat-
ments. The result similar o the present one except
AA freatment has been observed in estrogen inde—
pendent MDA-MB23! breast cancer cells(25). Low
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Fig. 1. Growth of MCF—-7 human breast cancer cells in the presence of four different fatly acids and varicus con—

centrations of 17 beta—estradiol during three daysn.
UCancentration of each fatty acid was 05ug/ml and 17 beta-estradiol concentrations were 0, 0.1, 02, 05 and 1ng/m!

as shown i small box.
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growth in AA treatment was unexpected, since AA
converted from LA was believed to be a major com-
ponent in growth stimulation in LA treatment, However,
the report from Wicha et al.(27) has shown that ara-
chidonic acid reduced growth of both normal mammary
epithellum and DMBA-induced tumor cells from rats.
The effects of n-6 essential fatty acid in cell growth
have been studied mestly using LA{6-8) instead of
AA. Higher peroxidizahility of AA than LA may have
suppressed the cell growth{10), but further studies are
needed for clarification. On the 1st day of culture, cell
growth was most stimulated by estrogen at the con-
centration of 0.1ng/ml with LA and DHA in the media
but it was highest at (.2ng/ml with AA and EPA.
Although the level of initial growth stimulation for cell
growth was same in LA and DHA treatments, the
degree of stimulation was 27% higher in LA than in
DHA treatments. But on the second day, the hormone
concentration for maximal cell growth was increased
to 0.Bng/ml for AA and DHA treatments whereas it
remained as 0.1ng/ml for LA. Feeding 17B-estadiol in
the form of slow-release pellets to nude mice inoculated
with MCF-7 breast cancer cells, Osborne et al.(28)
found that tumor growth rates incresed with estrogen
doses ranging from 0.01 to 05mg, but reduced with
10mg. Their results suggests that an optimal level ol
hormoene is required for maximal tumor growth. The
optimal hermone level in the present study appears to
he 0.1~ 0.2ng/ml for nitial stimulation of cell growth.
Although data from the 3rd day varied much, cell growth
in LA treatment was strictly estrogen dose-dependent
as shown in first part of Fig, 1. All this observations
indicate that reduced sensitivity of cells for estrogen
in EPA, DHA and AA treatments, compared with LA
treatment may be a part of reasons for lower cell mul-
tiflication.

Fatty acid composition of cellular lipid

Table 1 shows that four different kinds of fatty aci-
ds in culture media were well incoporated into lipid
fractions of MCF-7 breast cancer cells cultured for
three davs, although the degrees were small, 1t was
also noted that levels of palmitoleic acid(Cis1) and oleic
acid{Cis1) were distinctively lower in LA and DHA
freatments, respectively. Incorporation rates appear to
vary depending aon several culture conditions sach as
concentrations of fatty acids in the media. We used
rather low concentration{0.o0g/ml) compared to 1~20

Table 1. Fatty acid composition of MCF—7 human br—
east cancer cells cultured in the presence of
n-6 and n—3 polyunsaturated fatty acids for

three days (wt %g)

. Fatty acids added in culture medium
Fatty acd S n 6 AAMn-6) EPAMm-3) DHA(n3)
Cu oo 7.16 3.58 827 a.01
Cis o 19.37 18.60 18.03 1851
Cia 19.30 7328 23.10 24.60
Cis-o 10.14 754 787 211
Ciz 1 n-8 28.79 31.34 3150 23.80
Ci:z2 nH 394 1.43 157 1.60
Ciz-a n=3 2.33
Cw 1 0.71
Cop 4 n6 3.87 5.46 370 418
Cao:5 n—=3 0.79 0.58
Cz.o (.65
Cz 0.53
Cz-5 n-3 0.87 199
Cat:p 219 1.60 1.50 165
Cat 1 1.55 1.43 087 141

g/l used in other studies(7,.8,13). The present result
was obtained from total lipid of cultured cells and may
have been different from the fatty acid composition of
phospholipid fraction which i1s a better index for the
changes in membrane sturcture, Since contents of poly—
unsaturated fatty acids were usually larger in phoph-
olipid than in total lipid of cells, the incoporation rate
of each polyunsaturated fatty acids used in this study
are expected to be greater than seen n Table 1.

Protein kinase C activity

As shown in Fig. 2, protein kinase C activity as a
whole appeared to increase after 2 hours of culture
under the condition vsed in the present study. At the
2, 4 and 8 hours of culture, cells with LA treatment con—
drued to have the higher values compared with other
three Iatty acid treatments and at the 8-hour culture,
the value was the highest of all, although it dropped
afterward. DHA treatment gave the highest enzyme
activity at the 4-hour culture after which tended to
be decreased, while EPA and AA treatments seemed
to maintain the same level of activity from 4 to 16 hours.
Among Hmited studies carried out for protein kinase
C activity in relation to dietary fat, the report from
Reddy et al.{29) is In accordance with the present resuit.
Their result showed that feeding DHA and EPA{(n-3)
containing fish oil decreased colonic mucosal membrane
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Fig. 2. Changes in protein kinase C activities in MCF -7
human breast cancer cells in the presence of
four different fatty acids during 16 hours".

VConcentration of each fatty acid was 0.5ug/ml and
17 heta—estradiol was 0.2ng/ml.

protein kinase activity in rats treated with azoxymet-
hane as compared with LA(n-6) containing com oil
feeding. On the other hand, Davidson et al.(30) did not
see the difference in the enzyme activities between
fish oil and com oil feeding, although they studied
extensively with several types of isozyme in different
colonic sections. Part of this discrepancy appears to
he uniqueness of the latter's experimental diet(30) lack—
ing fibers. Since protein kinase C exists as membrane
bound form and also in cytosol and partitioning of the
enzyme between two compartments is repartedly influ-
enced by dietary fat(31), it is needed to measure cyto—
solic enzyme activity as well in the same condition used
in the present study. Recently, Jiang et al.(32) have shown
the increase in mass of diacylglycerol, substrate for
protein Kinase C by n—6 LA. This may well be amplify
the singnal transduction caused by protein kinase C
activity promoted by the same n-6 LA fatty acid, re-
sulting in increase in cell proliferation compared to other
type of fatty acids.

P53 tumor suppressor gene expression

The ph3 gene containing 11 exons is located on
human chromosome 17pl3.1 and its transcript of 2.8
kb in size is detectable in all mammalian cells but low
in normal cells(33,34), Overexpression of the pa3 is the
most common genetic abnomality associated with breast
cancer and emerges as a reliable, independent but pro-
venly limited predictor for reduced survival rates in
patients with breast cancer(35,36). In this study, various
fatty acid treatments were examined in respect to their
possible effects on transeriptional activation of the p53
gene in a breast cancer cell line. p53 Messenger RNA

DHA

EPA

Fig. 3. Northern blot hybridization of p53 tumor sup—
pressor gene fram MCF—7 human breast cancer
cells cultured in the absence(CON)’ and pres—
ence of Tour different kinds of fatty acids(LA,
DHA, EPA, AA) during 0~16 hours.

expression was visualized using a radiolabeled 1.2 kb
cDNA probe in estrogen-dependent MCF-7 breast can-
cer cells. The cells, supplemented with estradiol (0.2ng/
ml), were grown in the absence or presence of fatly
acids such as LA, DHA, EPA and AA, each of them
at the concentration of (.51g/mi, and their p4Y mRENA
levels from 0 to 16 hours of culture were determined
by northern blot hybridization and autoradiography.
The results are shown in Fig. 3. From the cells with
no fatty acid treated as a control, the p53 mRNA was
not detectable but became visible at 8 hour of culture.
Since then, its level gradually increased until 16 hours
of growth period(Fig. 3, Con). When LA was added to
the culture medinm, the expression of the p53 mRNA
was accumulated in a transient manner. That is, it
detectably emerged from 1 hour of treatment and its
appearance reached af highest level in 2 hours but
hecame gradually weakened until its absence at 12
hours(Fig. 3, LA). In the cells treated with EPA, the p33
mBNA expression was detected in a very compatible
mode of its accurmulation with that of the control cells.
But the treatment of EPA resulted in earlier emergence
{from 4-hour) of the 53 mRNA with comparably higher
level throughout the culiure period(Fig. 3, EPA). In the
cells treated with either DHA or AA, the po3 mRNA
was rarely accumulated at all after 16 hours of treai-
ment, The results thai the expression of the pa3 mRNA
in MCFEF-7 cells was likely suppressed by fatty acids
such as AA, DHA and LA and more activated by the



Effect of n-3 Faity Acids on Estrogen Dependency and Protein Kinase C Activity of Human Breast Cancer Cell 225

presence of EPA seemed to suggest complex mode of
interactions beween a variety of n-3 and n-6 fatty acids
and p53 gene expression. DHA and EPA as n—3 fatty
acids showed apparently opposing effect, while LA
and AA similarly suppresed pb3 gene expression even
though LA {ransiently activated if. In MCF-7 cells,
dietary fish oil rich in n-3 fatty acids was reported
ta decrease c-ras and c-mye expression{16). However,
little has heen reported how n-3 fatty acids regulates
053 gene expression thereby modulating breast cancer
growth. Aithough AA or DHA treatment inhibited the
expression of the p43 in this experiment, further detailed
studies should be performed for elucidating mecharisms
by which polyunsaturated fatty acids, n—-3 or n-6 ar
hoth regulates pa3 overexpression in vitro as well as
in vivo.
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