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of 0.036-0.045;P = .06) was unchangedConclusion: Short-
Background: Polyunsaturated fatty acids of the omega-6d-  term dietary intervention can lead to statistically significant
6) class, as found in corn and safflower oils, can act as pre-jncreases in w-3/w-6 polyunsaturated fatty acid ratios in
cursors for intermediates involved in the growth of mam- plasma and breast adipose tissue. Breast adipose tissueZ
mary tumors when fed to animals, whereas polyunsaturated changed more rapidly than gluteal adipose tissue in response
fatty acids of the omega-3 (w-3) class, as found in fish oil, can 15 the dietary modification tested in this study. Therefore,
inhibit these effects. The effects of dietary intervention on gluteal adipose tissue may not be a useful surrogate to study :

the ratios of these fatty acids in breast and other adipose e effect of diet on breast adipose tissue. [J Natl Cancer Inst &
tissues have not previously been prospectively studie@.ur- 1997:89:1123-31]

pose:The present investigation was conducted to study the
impact on the ratio of -3 and w-6 polyunsaturated fatty ,
acid in plasma and in adipose tissue of the breast and but-  The incidence of breast cancer differs markedly betweeh
tocks when women with breast cancer consume a low-fat diet countries in North America or Europe and Japdi. (These =
and fish oil supplements.Methods: Twenty-five women with  differences may be attributed to the contrasting patterns of di-
high-risk localized breast cancer were enrolled in a dietary etary fat intake. Women in North America and Europe consume
intervention program that required them to eat a low-fat a high-fat diet containing omega-6 (w-6) polyunsaturated fatty
diet and take a daily fish oil supplement throughout a acids, primarily linoleic acid (18:2p-6; where chain length is
3-month period. Breast and gluteal fat biopsy specimens indicated by a number separated by a colon from a second num-
were obtained from each woman before and after dietary ber designating the number of double bonds represents the
intervention. The fatty acid compositions of specimens of numbering of the carbon atoms from the methyl end, and the
plasma, breast fat, and gluteal fat were determined by gas- location of the first double bond is indicated by a single number)
liquid chromatography. Statistical analysis involved use of a present in corn and safflower oils, whereas the traditional Japa-
two-sided pairedt test. Results:After dietary intervention, a  nese diet is a low-fat diet containing omegae33) polyunsatu-
reduction in the level of total w-6 polyunsaturated fatty acids rated fatty acid, primarily eicosapentaenoic acid (2&:8) and
in the plasma was observed#<.0003); moreover, totalw-3 docosahexaenoic acid (22:6;3) found in fish oil. One theory
polyunsaturated fatty acids increased approximately three- holds that the effect of diet on the incidence of breast cancer is
fold (P<.0001) and them-3/w-6 polyunsaturated fatty acids mediated through the total fat content, although the results of
ratio increased approximately fourfold (i.e., mean values in-
creased from 0.09 to 0.41P = .0001). An increase in total
w-3 polyunsaturated fatty acids in breast adipose tissue was
observed following dietary intervention (P = .04); the w-3/ e o

. . *Affiliation of authors: Division of Hematology and Oncology, Department of
-6 polyunsaturated fatty acid ratio 'n(_:reased frpm amean Medicine, School of Medicine, University of California at Los Angeles.
value of 0.05 to 0.07 R = .0001). An increase in totalw-3 Correspondence talohn A. Glaspy, M.D., 200 Medical Plaza, Suite 120-64,
polyunsaturated fatty acids was observed in gluteal adipose University of California at Los Angeles, Los Angeles, CA 90095-6956.
tissue following the intervention (P = .05); however, the ratio ~ See"Notes” following “References.”
of w-3 to w-6 polyunsaturated fatty acids (mean ratio values © Oxford University Press
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prospective studies have not supported this hypothesis [reviewedratty acids in the plasma are derived from endogenous and
in (2)]. An intervention trial 8) of total fat reduction is under exogenous sources. These fatty acids are incorporated into the
way. An alternative hypothesis, that the nutritional modulatiantracellular stores and membrane phospholipids. The fatty acid
of breast cancer risk is mediated via the balance of polyunsat@mposition of cell membrane phospholipids can influence the
rated fatty acids in the diet, has not been tested in prospectiesynthesis of eicosanoids during a cellular response to an ex-
studies. tracellular stimuli (11). It is possible that the ratio @f3/w-6
Several lines of evidence have indicated that the various pofgtty acids entering the cellular pool from dietary sources can
unsaturated fatty acids differ in their ability to affect mammaryjter the ratio of eicosanoid precursor fatty acids in membrane
tumor formation and growth. In murine models with either 7,1%hospholipids. While most of the case—control studies (17-20)
dimethylbenz[a]anthracene-induced mammary tumors or tumekgt have compared the fatty acid composition of breast and/or
derived from human breast cancer cell lines growing in imMgjyteal adipose tissue between women with breast cancer and
nodeficient mice, diets containing large amounts of linoleic actflpse with benign breast disease have failed to show a difference
are linked with increased mammary tumor promotion and with storage ofy-3 fatty acids, one study (21) has observed a lower

more aggressive tumor characteristi¢s5). In these models, the percentage of docosahexaenoic acid in breast adipose tissue of
addition ofw-3 polyunsaturated fatty acids to the diet can blocgostmenopausal patients with breast cancer. Moreover, the con-
the promoting effects ab-6 polyunsaturated fatty acids,). In - sjgerations outlined above suggest that it is the ratio-6fw-6

addition, feeding of high-fat diets based on coconut or olive Oif§her than the absolute amount of either family of polyunsatu-
is less effective in promoting tumor growtB,0). Although the oy fatty acid that is relevant to the breast cancer problem. We
exact mechanisms by which polyunsaturated fatty acids exerh, sneculate that the ratios of fatty acids in various diets may

their effect on_tumor gell groyvth have not bgen 'F’e“t'f'ed’ It I§xplain the international differences in breast cancer risk, and it
thought that eicosanoids derived from arachidonic acid play ght be prudent to intervene to alter the3/w-6 ratios in the

important role in these' progesse§ (10). Linoleic ac_ld can @t and the ratios of polyunsaturated fatty acids that can be
converted to arachidonic acid (20:4;6) by desaturation andergaintained in tissue phospholipids. A recent stu)(investi-

elongation reactions. Arachidonic acid is rapidly incorporat Lted the correlation between the fatty acid content of adipode

Into membra_ne_ phos_phollplds by transacylases. Var_|0us ex%%_sue of buttocks and breast cancer risk in postmenopauﬁ?al
enous stimuli, including many growth factors, result in the re- S

lease of arachidonic acid from membrane phospholipids. Argomen in five European countries. They found no correlatiog

chidonic acid is further metabolized by the cyclooxygena§eewveen the higher concentration ©i6 polyunsaturated fatty

systems to 2-series (prostaglandins of 2-series have two dou%%ds in adipose tissue and breast cancer. The study suggested to

bonds, and this is described by a subscript, e.g., P@Bsta- us the possibility that the ratio @f-3/w-6 polyunsaturated fatty

glandins or through the 5-lipoxygenase systems to Ieuk%gids may provide a way to predict an increased risk of bre

trienes and 5-hydroxy-eicosatetraenoic acld)( Fish oils, €aNCer ) " . .
containing high amounts of eicosapentaenoic acid and docosa- "€ fatty acid composition of adipose tissue reflects lon

hexaenoic acid, can antagonize the overproduction of eicol@fM dietary intake of fatty acidg). Dietary fatty acid com-

noids derived fromo-6 polyunsaturated fatty acids by COmloetposition is reflected in the compo_sition of storeq triacylg!ycerol%
ing as a substrate for both cyclooxygenase and lipoxygené8) and therefore may be subject to alteration by diet. This
systems (12) and at the same time producing 3-series prog@_dlflcatlon of stored fatty acids in breast fat could have im-
glandins and 5-series leukotrienes (both of which are eicofgrtant implications for breast cancer in view of the importance
noids; those of 3- and 5-series have 3 and 5 double bon@tbreastadipocytes for storage and release of fatty acids that are
respectively, and are described by a subscript P&t LTB,, required for normal differentiation, proliferation, and morpho-
respectively) {3). The cyclooxygenase pathway product ergenesis of breast epithelial cel85:-27). The effects of dietary
doperoxide is converted to 3-series prostaglandins whereas i@nges in»-3/w-6 polyunsaturated fatty acids on the compo-
lipoxygenase pathway product 5-hydroxy-eicosatetraenoic asitjon of human breast adipose tissue have not been studied in
is metabolized to leukotrienes of the 5-series. Production pfospective intervention studies.

eicosanoids are tightly controlled in normal cells. Eicosanoids On the basis of the hypothesis that3 polyunsaturated

are rapidly inactivated by catabolic enzymes but may reat#ity acids may counteract the influencew® polyunsaturated
higher levels in tumor tissueld). It has been shown that thefatty acids on specific processes in tumor development, this
cyclooxygenase product, PGEand the lipoxygenase productsjnvestigation was conducted to study the impact of short-
leukotrienes B and G, (15), may be associated with breast tuterm intervention with a low-fat diet and fish oil supplemen-
mor promotion through their effects on signal transduction. bation on w-3/w-6 polyunsaturated fatty acids ratios in
addition, large quantities of prostaglandins have been foundglasma and breast adipose tissue. Furthermore, it is not known
both human and animal tumordX). In contrast, the 3- and whether breast adipose tissue fatty acid composition is identical
5-series eicosanoids derived from eicosapentaenoic acid cawsthat of other storage sites, since differences have been ob-
less tissue inflammation, and their net effect is to inhibit prserved among different sites (28,29). To compare the composi-
duction of the active metabolites of arachidonic adil)( Thus, tion of breast adipose tissue with other adipose tissue storage
the ratio of precursor fatty acids (eicosapentaenoic acisites, we also studied the fatty acid composition of breast adi-
arachidonic acid) may determine the spectrum of eicosanojutsse tissue and gluteal adipose tissue before and after interven-
produced by the cell and thereby attenuate the biologic effectstioh with a low-fat diet and fish oil supplements in patients with
growth factor stimuli. breast cancer.
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Methods ment of total fatty acids. These measurements were done at baseline and at the
end of 3 months of diet intervention.

A punch biopsy of breast fat (1 g) was conducted to measure tissue fatty acids.
This was accomplished with a 3-mm disposable punch biopsy instrument. Sepa-

rate gluteal fat samples were obtained. Fat samples were obtained at baseline and
Thirty-six women aged 29-62 years of age with histologically documented the end of 3 months of diet intervention.

breast cancer were recruited and studied in the Bowyer Oncology Center at the
University of California at Los Angeles. The study was conducted from Noven&nalysis of Fatty Acid Composition
ber 1995 through July 1996. All patients had high-risk (stage Il with >10 lymph
nodes involved or stage Ill with any number of lymph nodes involved) localized The total fatty acids in plasma and breast and gluteal adipose tissue biopsy
breast cancer and had completed high-dose chemotherapy with peripheral beRsFimens were extracted and converted to methyl esters by the direct one-step
progenitor cell transplantation or stage IV breast cancer that had failed to #@nsesterification method of Lepage and R89)( Fatty acid methyl esters were
spond to conventional therapy. The median time of enroliment of patients afé@parated and quantified by use of a Hewlett-Packard 5890 A series Il gas-liquid
the transplant was 497 days (range, 48-1242 days). Patients were excludgdiipmatograph fitted with a model 7673 automatic split-injection system and a
they were on prescribed anticoagulants, had undergone bilateral mastectomylasie ionization detector. The integrator was calibrated with a calibration mix-
were currently following a low-fat diet or taking fish oil supplements. Twentyture containing all fatty acids found in plasma or tissue (NuChek Preparation
five of the 36 women completed the study, and only their results are includedii®., Elysian, MN). The standard curve for each individual fatty acid was formed
this report. Five patients were removed from the study before dietary intervdy:running different concentrations of the mixture. Quantification was based on
tion was complete because they had disease recurrence, four were noncompglignknown quantity of the internal standard added to the unknown samples and
with follow-up, and two provided insufficient tissue samples for analysis. Writhe standard mixture. Calculations of the quantitative amounts of fatty acids in
ten informed consent was obtained from all women and all procedures wéhe biologic sample were based on the response ratio and the ratio of the un-
approved by the University of California, Los Angeles, Human Subject Protegiown amounts of fatty acid in the sample to the known quantity of each fatty
tion Committee. acid from the calibration curve. Results were expressed as absphat/() of

The duration of the dietary intervention for each patient was 3 months. E\ptal fatty acids and relative percent of total fatty acids. The fatty acid methyl
gible patients underwent a baseline evaluation of physical characteristics, heggiers identified include the following: C6:0, C8:0, C10:0, C12:0, C14:0, C14:1,
and diet prior to starting the diet intervention studies. Medical history and phy§i16:0, C16:1, C18:0, C18:1n(9) cis, C18:2 ¢-6) cis, C18:3 ¢-3), C20:0,
cal examination and review of pathology were done prior to enrollment §120:1 (w-9), C20:2¢-9), C20:3 (»-6), C20:4 (»-6), C20:5 (»-3), C22:0, C22:1
subjects in the study. Body weight was measured by use of a calibrated clifsic9), C24:0, C24:14-9), and C22:6 ¢-3).
scale, and height was measured by use of a wall-mounted stadiometer. The . . .
percent body fat and lean body mass were measured with the use of a bioerkatistical Analysis

trical impedance meter. The waist-to-hip ratio was determined by measuring th%/Ieans of individual fatty acids were calculated, and the total sum of fatty

hip and waist circumference with a standard measuring tape. ids of h famil vzed (saturated turat€dw-3, and pol
Potential subjects were required to complete brief questionnaires on tHaT stor fagf gmly_znayze d(sta ;Jnr?ned’ n;?rlgts_nsT urr]al -2, an %y_t dé‘b
medical and reproductive histories. Each potential subject met with the stuudg}lsa urate 6.1 y acl .S) was determined. Stalis |ca'a ay5|§ Was' conducte e
e of a two-sided pairddest to assess the effects of intervention with a low-fatg
als}

Subjects and Study Design
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nutritionist and was asked to complete a food-frequency questionnaire ang. nd fish oil lementation for 3 months. b mparin Its bef i
4-day food record. These data were returned to the study nutritionist before e a s ol supp ementa '0_ 0 onths, by comparing results before a )
after the intervention. The relation between plasma, breast, and gluteal fatty a¢id

in the diet intervention. in rati o t ; id and hidoni id . tigated
Breast and gluteal fat biopsies for determination of the levels of fatty aci Qanges In ratios or eicosapentaenoic acid and arachidonic acid was investigate

, - - g
were conducted before each subject started the diet intervention. Blood sam pyse of Pearson’s correlation coefficients. Rllalues reported are from use ¢

were collected from patients after they had fasted for 12 hours, and they wi retwo—5|ded statistical tests. Statistical analyses were performed by use of tEae

used for determination of the level of total fatty acids in the plasma. tatview computer program (Abacus Concepts, Inc., Berkeley, CA).

After completion of the baseline measurements, subjects underwent an iEéSU"ﬁS
vidualized program targeted to reduce dietary fat intake to 15% of total calories.

All subjects were instructed to consume a very low-fat, high-fiber diet and fish Th di f tient h leted th tud
il for a duration of 3 months. Patients were required to meet with the nutritionist ' ¢ Median age or patienis who compieted the study was

once a week for the first month and then every 2 weeks during the second 4w+D Years (range, 29-62 years). No adverse events were noted as
third months of intervention. Patients received both written and one-on-ogeconsequence of short-term intervention with a low-fat diet and
instructions on how to consume a diet containing 15% fat. Fish oil is a corfish oil supplementation. In addition, breast and gluteal fat bi-
mermally_av_anabl_e nutntpnal supplement and was p_ro_wded by the Phgrmavgf)sy procedures were tolerated well by all subjects.

Corp. (Mission Hill, CA) in 1000-mg capsules containing 100% fish oil com- . . . .

posed of 18% eicosapentaenoic acid and 12% docosahexaenoic acid. Patie_ntlgterventlo_n with a IOW'fE_lt' fish oH-suppIeme_nted (LF/FOS)
were required to take 10 capsules daily to achieve a goal of @3 Uit resulted in a decrease in energy consumption, from a mean
polyunsaturated fatty acids daily. Patients were also given and asked to cons@hd 336.4 to 1137 kcal/dayP&.05) as measured by the 4-day
800 U of vitamin E each day, since the requirement for vitamin E increasesfefod-record analysis. The mean percentage of calories from pro-

the amount of polyunsaturated fatty acids in the diet increases. This diet provit{gﬂ,} increased significantly, from 17.1% to 19.0%, and, from

15% of calories from fat, 15% from protein, and 70% from carbohydrate. Pa- 0 0
tients were asked to maintain a food diary for the entire 3-month period SarbOhydrate’ from 58.6% to 68.1% (P<'05)' The mean percent-

dietary intervention. The study nutritionist read each subject's food diary eved@€ Of fat decreased significantly from 25.6% of total calories to
week to assess compliance with the diet. In addition, 4-day food records wé.8% (P<.05). This represented a decrease in the mean amount
completed at the end of each month for computer-analyzed nutrient analysigf fat consumed, from 37.2 to 17.9 g/day, and the amounts of
At the end of 3 months of the diet intervention, all measurements that W‘iﬁ%rbohydrate and protein in the diet remained relatively stable.
conducted at baseline were repeated. As described above, they included t . . , ..
following: a physical examination by the physician—measurement of height, he eﬁeCt_S of the dlet_ on the SUbJeCtS bOdy composmo_n
weight, percent body fat, and waist-to-hip ratio measurements; fasting blod€re determined at baseline and at the end of the 3-month in-
samples for plasma total fatty acids; and a 4-day food record. The nutriéarvention. There was a small but statistically significant de-
analysis of all the food records was done by use of the Minnesota-based Nutrigiéase in mean weight (62.86 + 1.86 kg before intervention and
Data System at the University of California, Los Angeles. Patients underwe@i.73 +1.81 kg after interventior® = _02) and body mass

epeat biopsies of breast and gluteal fat to evaluate the effect of the dietal . .
irntpervent:oESI S reas gu vau “ex (kg/nf) (23.3 + 0.56 before intervention and 22.9 + 0.53

Plasma samples from fasting patients were obtained by standard venipunceft€r inter_ventionP = .02). However, there were no signifipant
technique and collected into vacutainer tubes, for a total of 15 mL for measughanges in the mean percent body fat£ .58) or mean waist-
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Table 1. Effects of consumption of a low-fat, fish oil-supplemented (LF/FOSjerm intervention with a LF/FOS diet resulted in profound
diet for 3 months on plasma fatty acids

changes in plasma fatty acids (Table 1). There was a significant

reduction in totakw-6 polyunsaturated fatty acid® (= .0003)

Baseline LF/FOS diet A - - . ;
. : and the predominarni-6 fatty acids, linoleic acidR<.0007) and
Fatty acid Fatty acid,umol/L P+ arachidonic acid (P<.0001). There was a threefold increase in
14:0 96.9 +10.7 75.0 £ 8.6 .02  circulating totake-3 fatty acids (P<.0001). Furthermore, the lev-
igicl) 288‘(‘5-%1;22-31 o 2553-63ff-15554 -6002 els of the predominant fatty acids in fish oils, namely, eicosa-
16:1 351.8+325 303.9 £ 29.4 o6 Pentaenoic acidR<.0001) and docosahexaenoic adid=¢ .001),
18:0 696.5+52.2 612.7 £42.6 .06 increased significantly and were the main contributors to the total
18:1 (w-9) 2528.5 £ 181.0 1772.4+128.8 <.0001,,.3 fatty acid pool in the circulation. Linolenic acid (18:8;3)
18:2 (w-6) (LA) 3555.1 +292.9 2545.6 + 174.9 <.0007
18:3 (-3) 30.1+83 184+ 6.1 08 "levels did not change. The mearB/w-6 polyunsaturated fatty acid
20:0 1.3+1.3 23+16 .33 ratio increased more than fourfold (from 0.09 to 0.R15 .0001])
ggfi E‘*"gg ) 7975;-%116‘1-‘1 518“155 J—;Zé L < 0000001 and the eicosapentaenoic acid/arachidonic acid ratio increased more
. - .0x . o Ju o .
205 (-3) (EPA) 33.8+16.6 686.1 +82.8 < 0001than 20-fold (from 0.05 to 1.23 = .0001]) in the plasma.
22:0 30.1£55 10.8+3.0 . ) .
22 6 (w-3) (DHA) 330.8 +58.3 529.2 + 61.8 ,oo1 Effect of a LF/FOS Diet on Breast and Gluteal Adipose
429+7.2 213+4.5 003 Tissue Fatty Acids
24 1 (0-9) 69.9+7.2 83.3+6.5 .01
Total w-6 4432.8 +345.2 3141.7 £ 204.4 .0003 ; s
Total -3 39474696 12336 + 133.9 <0001 The results <_Jf analysis of fatty acids in the breast and gluteal
o-3/w-6 ratio 0.09 0.41 <0001 fat are shown in Tables 2 and 3 and in Figs. 1-4. A 3-month
EPA/AA ratio 0.052 1.226 <.0001

intervention with a LF/FOS diet had no effect on relative per-

*LA = linoleic acid; AA = arachidonic acid; EPA= eicosapentaenoic acid;

and DHA = docosahexaenoic acid.
tMean + standard error (& 25).
1P value calculated by use of a two-sided paitedst.

to-hip ratio P =
LF/FOS diet.

Effect of a LF/FOS Diet on Plasma Fatty Acids

centages or concentration (wmol/g) of polyunsaturated fatty ac-
ids stores in either breast or gluteal fat tissue. However, when
polyunsaturated fatty acids concentration was differentiated |nto
w-6 andw-3 families, the totalv-3 fatty acid deposits increased 2 s
statistically significantly in both breast and gluteal fat, wh|lea
total w-6 polyunsaturated fatty acids remained unchanged. Thre

146) after 3 months of intervention with agftects of fish oil supplementation were reflected in S|gn|f|cant

increases in eicosapentaenoic acid and docosahexaenoic &cid
deposits in both sites. The incorporationesf3 fatty acid led to
statistically significant increases in-3/w-6 and eicosapentae-

10°s[euunolp.

The changes in total fatty acids in plasma and adipose tissmesc acid/arachidonic acid ratios in breast and gluteal fat. Similar
of the subjects studied in this investigation are reported in batiends were observed when the concentrations and relative pgr-

absolute amounts and relative percentages of fatty acids. Shoentages of the fatty acids in the tissues were studied.

Table 2. Effects of consumption of a low-fat, fish oil-supplemented (LF/FOS) diet for 3 months on breast fat fatty acids

1102 ‘0€ [udy uo )

Relative, %t wmol/gt
Fatty acid* Baseline LF/FOS Pt Baseline LF/FOS P
12:0 0.40 +0.03 0.36 +0.03 .03 10.13+ 1.40 891+ 1.18 .46
14:0 261 £0.11 2.46 =0.09 .01 59.25+ 5.67 55.87+ 5.21 .65
14:1 0.27 +0.02 0.25 +0.02 A2 6.71+ 0.75 6.13+ 0.71 .52
16:0 214 +£0.37 20.91 +0.38 .15 413.00 + 35.02 413.42 +36.22 .99
16:1 443 +0.24 4.49 +0.29 74 88.03+ 8.65 89.93+10.11 .86
18:0 5.12 +0.16 5.20 £0.23 .64 84.82+ 8.17 86.47+ 8.44 .89
18:1 (w-9) 45.87 +£0.45 45.75 +0.52 .61 795.27 £ 75.07 786.94 + 65.57 .93
18:2 (w-6) (LA) 16.98 +0.52 17.12 +0.53 .56 294.96 + 29.05 305.80 + 28.99 .79
18:3 (0-3) 0.80 +0.04 0.79 +0.04 .99 1458+ 1.77 1470+ 1.59 .96
20:1 (w-9) 0.85 +0.04 0.96 +0.02 .01 1381+ 1.44 15.17+ 1.40 51
20:2 (w-6) 0.40 +£0.02 0.41 +0.02 .78 6.83+ 0.74 7.06 £ 0.69 .82
20:3 (w-6) 0.15 +0.02 0.18 +0.02 .27 204+ 048 2.68+ 0.38 .23
20:4 (w-6) (AA) 0.34 +0.03 0.41 +0.03 .03 534+ 0.61 6.26 + 0.60 .19
20:5 (0-3) (EPA) 0 0.16 +0.03 .0001 0 340 0.67 .0001
22:6 (»-3) (DHA) 0.13 +0.04 0.38 +0.06 .0001 147+ 041 5.05+ 0.74 .0001
Total saturated 29.63 +0.48 29.08 +0.47 .06 569.58 + 49.26 567.43 + 49.47 .97
Total monounsaturated 51.42 +0.53 51.44 +0.57 .90 903.83 £+ 84.66 898.23 £ 75.49 .96
Total polyunsaturated 18.80 +0.54 19.45 +0.55 .03 325.23+32.12 344.94 + 32.86 .67
Total w-6 17.87 =051 18.12 +0.54 .54 309.17 +30.43 321.79 +30.36 a7
Total w-3 0.92 +0.06 1.33 +£0.09 .0001 16.06 + 1.87 23.15+ 2.78 .04
-3/w-6 ratio 0.052 + 0.003 0.075 + 0.005 .0001 0.05+ 0.003 0.07 £ 0.005 .0001
EPA/AA ratio 0 0.44 +0.08 .0001 0 0.49+ 0.12 0005
*LA = linoleic acid; AA = arachidonic acid; EPA= eicosapentaenoic acid; and DHA docosahexaenoic acid.

tMean £ SE (n= 25).

1P value calculated by use of a two-sided paitddst.
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Table 3. Effects of consumption of a low-fat, fish oil-supplemented (LF/FOS) diet for 3 months on gluteal fat fatty acids

Relative, %t wmol/gt
Fatty acid* Baseline LF/FOS Pt Baseline LF/FOS Pt
12:0 0.18 +0.02 0.18 +0.02 .82 2.84 +0.57 3.23 +0.60 .59
14:0 1.84 +0.07 1.83 +0.08 .93 2454 +4.03 29.87 +4.21 .34
14:1 0.28 +0.02 0.28 +0.03 .95 443 +0.95 5.62 +1.16 41
16:0 18.13 £0.37 18.13 +£0.38 .99 207.72 +£31.98 25475 *£35.74 31
16:1 8.37 +0.44 7.90 +0.51 .20 101.16 +£17.32 122.83 +21.64 .38
18:0 245 +0.16 2.88 +0.35 .18 22.20 +4.10 28.64 +4.18 .27
18:1 (»-9) 49.36 +0.36 48.58 +0.52 A1 526.31 +87.06 636.44 +96.36 .33
18:2 (w-6) (LA) 17.23 +0.54 17.28 +0.52 91 190.06 +33.09 231.76 +38.00 34
18:3 (w-3) 0.61 +0.06 0.66 +0.06 44 749 +1.44 10.45 £2.16 .16
20:1 (w-9) 0.70 +0.05 0.85 +0.06 .05 7.96 +1.46 11.15 £1.87 12
20:2 (w-6) 0.32 +0.04 0.37 +0.03 .28 3.81 +0.80 5.18 +0.86 17
20:3 (w-6) 0.09 +0.02 0.13 +0.02 .19 0.95 +£0.30 1.76 £0.52 12
20:4 (w-6) (AA) 0.35 +0.04 0.60 +0.19 .23 3.26 +0.63 487 +0.92 .08
20:5 (w-3) (EPA) 0 0.07 +0.02 .003 0 1.27 £0.50 .02
22:6 (0-3) (DHA) 0.06 +0.02 0.18 +0.04 .0006 0.75 +0.29 2.56 +0.89 .01
Total saturated 22.63 +0.51 23.07 +0.87 .10 257.92 +40.45 317.28 +44.07 .31
Total monounsaturated 58.70 +0.55 57.61 +0.87 .10 639.85 +105.81 776.08 +119.68 .33
Total polyunsaturated 18.66 +0.60 19.28 +0.59 .18 206.33 +36.18 257.83 +£43.40 .29
Total -6 17.99 £0.56 18.38 +£0.55 .35 198.08 +34.67 243.56 *40.13 .32
Total -3 0.67 +0.07 0.90 +0.10 .02 8.24 +1.65 14.27 +3.43 .05
w-3/w-6 ratio 0.036 £ 0.003 0.048 + 0.005 .03 0.036 +0.004 0.045 +0.005 A1
EPA/AA ratio 0 0.19 +0.07 .03 0 0.17 +0.06 .02
*LA = linoleic acid; AA = arachidonic acid; EPA= eicosapentaenoic acid; and DHA docosahexaenoic acid.

tMean * SE (n= 25).
1P value calculated by use of a two-sided paitedst.

g
5
g
s 30 S 0.08p . §
E EA ] = EA : :
& 25 O Breast fat ] “ oo7f O Breast fat o) 3 3
o - @ Gluteal fat (-I;\ ] s E @ Gluteal fat AN g
. [ ] 5 E E g
S§S 0k P=.04 o] 235006 E P <.000% \ 3 s
g_g - ; P=.0341 go 3 P =.0002 3 z
g I /] ST ¢k 8
© 8 L o 1, E = BoosE o /3 X
=5 F 4 ® 1 Y s A I : =
[ d « E 3
88 F}pr=.002 J_ 3 5 = E P =.0006 ® 3
S8R LETS ] o Booaf" 1 E
o -~ T P = .055 . g E “e P =.063
< - o - © E E
o . - ] 2 003E = 3
= 5 ] g o -
Baseline 3 months g Baseline 3 months
15 *'9: - 3
< |B Sx00sEB T E
o - T 1 w32 3 E
= O Breast fat o © S £ O Breast fat C\ 3
&g [ @ Gluteal fat n T & 5. 007 E @ Gluteal fat 1 3
N L \ J 80 = E 3
P> b3) E P <.0001 \ 3
S5t P <0092 P =.0003 J g 0.06F P -.0003 3
o« 1.0 / g S é / §
830 5 T, ] w8, . f o) 1/ 3
Se I ] 1 o 0.05 E T ® E
8% L P = .0004 1 i E,ou E P =.0002 1
Sy | ~.T -.022 | HSO004E > < P =.03 3
g 9 ® °o ® E
SE | * ] 88003k _ E
%’ ®05 g Baseline 3 months
Baseline 3 months =

Fig. 1. Changes in mean total omega-3 polyunsaturated fatty acids content=@j. 2. Changes in mean omega-3/omega-6 ratio polyunsaturated fatty acids ratio
breast and gluteal fat with low-fat, fish oil-supplemented diet intervention for & breast and gluteal fat with low-fat, fish oil-supplemented diet intervention for
months (P= results of two-sided pairetitests; n= 25). The bars represent 3 months P = results of two-sided pairettests; n= 25). The bars represent
standard errors. standard errors.
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Fig. 3. Changes in mean eicosapentaenoic acid content of breast and gluteaFigt4. Changes in mean eicosapentaenoic acid/arachidonic acid ratio of breast éan
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of two-sided paired tests; n= 25). The bars represent standard errors. results of two-sided pairetitests; n= 25). The bars represent standard errors. §
Comparison of Breast and Gluteal Adipose Tissue pwmol/g versus 0.009 + .00pmol/g; P = .07) and a signifi- &
Fatty Acids cantly higher change in eicosapentaenoic acid/arachidonjc

A comparison of concentrations of breast and gluteal tissﬂpgid ratio (0.48 + 0.13umol/g versus 0.17 + 0.0gmol/g; P =

fatty acids before the intervention showed significantly higher© /) compared with gluteal fat with short-term supplementatiop
levels of totale-6 fatty acids P = .02), totale-3 fatty acids P with fish oils. Similar results were obtained when the concen-

— .002), ande-3/w-6 ratio (P = .0006) in breast fat Versustratlons were expressed as absolute amounts or relative percent-

gluteal fat. At the end of dietary intervention, breast fat maifi9es- . . . .
tained higher levels of totas-3 fatty acids and a highes-3/w-6 Before dietary intervention, there was no correlation between

ratio than gluteal fat. A comparison of the relative percentagestgf? concentration mol/g) of total w-6 _polyunsaturg ted fatty
fatty acids in breast and gluteal fat also showed significam?f'.ds’ tptalw-S polyu_nsat_urated fatty ac@s, or the emosapgntae-
higher totalw-3 fatty acids P = .0004) and a highes-3/e-6 oic §C|d/ara}chldon|c acid angt3/w-6 ratios from.the' two S|te§
ratio (P = .0002) in breast fat versus gluteal fat before and aft f adipose tssue. At th? e_n_d of the I.‘F/FOS dlet_lntervennon,
intervention (Figs. 1 and 2). Furthermore, both the concentrati re were ;tatlsncglly significant _p03|t_|ve corr_elatl(_)ns b_etwe_eq
of eicosapentaenoic acid and the eicosapentaenoic acid/ara Lchange i the eicosapentaenoic acid/arachidonic acid ratio in
donic acid ratio were significantly higher in breast fat vers asma, breast fat, and gluteal fat (Table 4). The correlation was

gluteal fat at the end of 3 months of intervention with an LF/Fogm"ar for both concentrations and relative percent change in the

diet (Figs. 3 and 4) eicosapentaenoic acid/arachidonic acid ratio. The correlation for
The changes in stored fatty acids in breast and gluteal fat aﬁtlé‘ththge Wasdhtllgher b::tween brf:St and gluteal fatlc?mpzta)red

intervention with an LF/FOS diet for 3 months were also study - Plasma and lissue. However, there was no correfation be-

ied. Site-specific differences in amounts of incorporation of jfween plasma and the two sites of adipose tissue |n.terms of
dividual -3 polyunsaturated fatty acids were observed. Tﬁzganges n totab-6, total »-3 polyunsaturated fatty acids, or
changes were significantly greater in breast fat compared wﬁ’ﬁgl -6 ratios.
glutga] fat for eicosapentaenoic acid (mean value + stand%cussion

deviations: 3.40 £ 0.6amol/g versus 1.27 £ 0.5amol/g; P =

.09) and docosahexaenoic acid (3.57 + Qu#Bol/g versus 1.80  We report the results of a study of the effects of short-term
+ 0.66mol/g; P = .05). Furthermore, breast fat compared withF/FOS dietary intervention on the composition of breast and
gluteal fat had a higher change in3/w-6 ratio (0.02 + 0.004 gluteal adipose tissue. A studBl) suggests that there is an
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Table 4. Pearson correlation coefficients of change in EPA/AA ratio betweeghanges could not decrease the long-term accumulatias6f
plasma, breast fat, and gluteal fat in patients with breast cancer on Iow-fa}atty acids in the storage sites Attempts to Change the content of
fish oil-supplemented diet for 3 months* . . . . . .
PP linoleic acid (18:2»-6) stored in adipose tissue of humans over

Pearson correlation the years have required nearly 3 years to reach a lower steady-
coefficient P state level (34). In contrast, the consumption of fish or fish oil
Mean change (relative, %) supplements is an effective means of increasing eicosanoid
EPA/AA ratio precursors in many organs of the body. In the present study,
Breast and gluteal fat 82 0001 - snsumption ofw-3 fatty acids was associated with a statisti-
Plasma and breast fat 71 .0002 . p_ - ‘” y ) ’ .
Plasma and gluteal fat .66 002 cally significant increase in the-3/w-6 ratios and eicosapen-
Mean change (umol/g) taenoic acid/arachidonic acid ratios in breast and gluteal adipose
EPA/AA ratio tissues.
Breast and gluteal fat .81 .0001 .
Plasma and breast fat 71 0002 The seco_nd purpose of th_e stL_de was to_ address th_e issue of
Plasma and gluteal fat .66 001 differences in fatty acid profiles in fat obtained from different
body sites. Adipose tissue is a reservoir of both dietary and
*EPA = eicosapentaenoic acid and AA arachidonic acid. endogenously synthesized fatty acids in the body. Several stud-

ies (35,36) have reported site-specific differences between vis-
) ) ] o ceral and subcutaneous fatty acid composition. Differences in
inverse relationship between the incidence of breast cancer gaf, 4ciq composition have been reported between various sub-
the level of fish consumption, suggesting a protective role fQf,a a0y sites. Two studie8(37) have reported reduced satu-

) ) ) ) . , another study (38) has reported increases in polyun-
analysis. However, for dietary fish oils to have an impact on theaturated fatty acids in addition to changes in saturated and

incidence of breast cancer, they should demonstrably alter the . . . g
: : . onounsaturated fatty acids between the abdominal and innerzor
breast microenvironment. We have studied the effect of shoﬁ‘ g

term consumption by patients with breast cancer of a LF/FO ter thigh. These stud|e§_f(!35-38) d'O.I not mvestlgate_ the
. . - . . ifferences between long-chain3 fatty acid andv-3/w-6 ratios
diet on the fatty acid composition of breast adipose tissue.

The first purpose of this study was to determine if feeding th%etween various adipose tissue sites. 5
Because gluteal fat has been used as a surrogate for breasgfat

study subjects a LF/FOS diet could alter the8/»-6 fatty acid . ! : . =
ratios in their plasma and adipose tissue. We found that Shdﬂ_case—control studies of the relationship between polyunsats-

term intervention with a LF/FOS diet altered the3/w-6 fatty rgted fatty aci_ds in the diet and/or pody stores an.d brea;t cantger
acid ratio in both plasma and adipose tissue. The fourfold ifiSK: We studied the extent to which breast adipose tissue 3s
crease in the ratio in the plasma and the 1.4-fold increase in {ﬁ@resgntatlve of.the body fat F:omposmon. There were signi
ratio in breast and gluteal adipose tissues could be attributed"@t differences inn-3 fatty acids concentration ang-3/w-6 &
the consumption of a low-fat diet ang3 fatty acids in the form ratio petween.breas.,t and gluteal adlpose tlssge both' before and
of fish oils by patients with breast cancer. after intervention with the LF/FOS diet. !n patients with breast
The main polyunsaturated fatty acids in high-fat Weste,ﬁ;,ancer,.breast fat was found to have malntalnegl higheraegal
diets is linoleic acid (18:2¢-6), with lesser proportions of other fatty acids stores an@-3/w-6 ratio compared with gluteal fat.
fatty acids, such as linolenic acid (18:3:3), arachidonic acid Since the changes produced in the breast fat were statistically
(20:4; »-6), eicosapentaenoic acid, and docosahexaenoic adtfnificantly greater compared with gluteal fat, it may be con-
The intake of linoleic acid is on the order of 10-20 g/day, angluded that breast fat Changed faster with dietary intervention.
this constitutes more than 85% of the total polyunsaturated fafgych differences have not been previously reported and suggest
acids intake 32,33). The high level ob-6 polyunsaturated fatty that gluteal fat is an imperfect surrogate for breast fat, especially
acids in tissues is a result of the predominance in the currdft intervention studies.
food supply of linoleic acid, the precursor of arachidonic acid, There are few data on the impact of consumption of fish oils
which is further metabolized to 2-series eicosanoids. The LHAth in -3 polyunsaturated fatty acids on the concentration of
FOS diet used in our study supplied 15% of calories as fat, afaity acids in different adipose tissue sites. In some earlier stud-
the fatty acid composition of the fat was mainly3 polyun- ies (39,40), a strong correlation was reported between the intake
saturated fatty acids from fish oils rather thar6 polyunsatu- of -3 polyunsaturated fatty acids and related fatty acids con-
rated fatty acids as in the Western diet. This dietary modificatiarentration in gluteal adipose tissues. The effects of the LF/FOS
led to a significant decrease in linoleic acid and arachidonic adiliet intervention on breast and gluteal total fatty acids compo-
with a concomitant increase in the 3 fatty acids (eicosapen- sition in patients with breast cancer were also examined in this
taenoic acid and docosahexaenoic acid) in plasma. study. The changes produced in tataB and totals-6 fatty acid
Although there was no decrease in thé fatty acids in the and w-3/w-6 ratio were comparable between the two adipose
breast or gluteal adipose tissues of the subjects following théigsue sites. However, there were statistically significant differ-
consumption of the LF/FOS diet for 3 months, their consumgnces in the»-3 fatty acids between the two sites. Following the
tion of fish oils resulted in a statistically significant increase imlietary intervention, the concentrations of eicosapentaenoic acid
total w-3 fatty acids (specifically, eicosapentaenoic acid anand docosahexaenoic acid and also the ratio of eicosapentaenoic
docosahexaenoic acid) in those tissues. These short-teanid to arachidonic acid were higher in breast adipose tissue than
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in gluteal adipose tissue. Furthermore, changes produced in the promoters of mammary carcinogenesis induced in Sprague-Dawley rats by
eicosapentaenoic acid/arachidonic acid ratio correlated between 7:12-dimethylbenz[alanthracene. J Natl Cancer Inst 1981,66:517-22.
the two sites (5) Carroll KK, Braden LM. Dietary fat and mammary carcinogenesis. Nutr

. . . . . Cancer 1985;6:254-9.

_The mECh_a_msmS that might underlie the dlfferencgs m_ fatt}’ﬁ) Birt DF. The influence of dietary fat on carcinogenesis: lessons from ex-
acid composition that we observed between the two sites in this perimental models. Nutr Rev 1990:48:1-5.
study are presently unknown. Whether these differences refle@) Karmali RA, Marsh J, Fuchs C. Effects of omega-3 fatty acids on growth
differences in metabolic activities, such as the rate of deposition of rat mammary tumor. J Natl Cancer Inst 1984;73:457-61.
of fat. the method of mobilization and rate of endogenous Syrfg) Carroll KK, Hopkins GJ. Dietary polyunsaturated fat versus saturated fat in
thesis of fatty acid between the two sites are unknown. F relation to mammary carcinogenesis. Lipids 1979;14:155-8.
d in di . he bodv h " 2'5) Welsh CW. Relationship between dietary fat and experimental mammary

epots in different regions of the bo _y ave _separate funcpo S tumorigenesis: a review and critique. Cancer Res 1992;52(7 Suppl):2040S-
that depend on the needs of the region that in turn may dictate gs,
the composition of the depot fa87). The lack of correlation of (10) Carter CA, Milholland RJ, Shea W, Ip MM. Effect of the prostaglandin
fatty acids between two sites of adipose tissue before the inter- synthetase inhibitor indomethacin on 7,12-dimethylbeyeafthracene-
vention suggests that composition of gluteal adipose tissue may induced mammary tumorigenesis in rats fed different levels of fat. Cancer

. Res 1983;43: -62.
not serve as a good surrogate for breast cancer risk assess gt es 1983,43:3559-6 ) . o )
(I1) "Hansen HS. Dietary essential fatty acids and in vivo prostaglandin produc-

Although the extent of changes produced between the two SiteS jon in mammals. World Rev Nutr Diet 1983;42:102-34.
was statistically correlated for eicosapentaenoic acid/arachid@i») karmali RA. Eicosanoids in neoplasia. Prev Med 1987;16:493-502.
ic acid ratio, the significantly higher ratios maintained in théi3) Culp BR, Titus BG, Lands WE. Inhibition of prostaglandin biosynthesis by
breast fat both before and after intervention may reflect a distinct eicosapentaenoic acid. Prostaglandin Med 1979;3:269-78.
microenvironment within the breast. It is not known whether tHg4) Man-Fan Wan J, Kanders BS, Kowalchuk M, Knapp H, Szeluga DJ,

. L . . . . Bagley J, et al. Omega 3 fatty acids and cancer metastasis in humans.
fatty acid composition in patients with breast cancer at either site World Rev Nutr Diet 1991:66:477-87.

iS. Sim”ar_ to that of disgase-frge patients. The pOSSibi|i.ty that t'@ﬁ) Lupulescu A. Prostaglandins, their inhibitors and cancer. Prostaglandins
disease influences adipose tissue fatty acid composition has to Leukot Essent Fatty Acids 1996:54:83-94.
be considered, since an altered metabolism of the host adip@$g Ara G, Teicher BA. Cyclooxygenase and lipoxygenase inhibitors in cancg

tissue fatty acids has been reported in patients with colon cancer therapy. Prostaglandins Leukot Essent Fatty Acids 1996;54:3-16. 2
(41) (17) London SJ, Sacks FM, Stampfer MJ, Henderson IC, Maclure M, Tomita Ay

. " . et al. Fatty acid composition of the subcutaneous adipose tissue and risk®f
It has been shown that fatty acid composition of breast tissue proliferative benign breast disease and breast cancer. J Natl Cancer Igst

fatty acids, including tumors, depends in part on fatty acid avail- 1993:85:785-93.
ability, which is influenced by dietary fatty acidg?). Thus, (18) Petrek JA, Hudgins LC, Levine B, Ho MN, Hirsch J. Breast cancer risk ang
dietary intervention could provide an effective means to alter the fatty acids in breast and abdominal adipose tissues. J Natl Cancer It
fatty acid availability in tumor tissue and thereby possibly affect 1994:86:53-6. :

. . 19) Eid A, Berry EM. The relationship between dietary fat, adipose tissug
tumor growth. In addition, on the basis of the results of thi composition, and neoplasms of the breast. Nutr Cancer 1988;11:173-7.‘;

study, it is possible to alter the-3/w-6 polyunsaturated fatty (20) caleffi M, Ashraf J, Rowe PH. A comparison of the fatty acid profiles ofz

acid ratio with short-term dietary intervention in patients with  subcutaneous fat from women with breast cancer, benign breast disease nd

breast cancer. The higher3/w-6 ratio and the higher eicosa-  normal controls. Anticancer Res 1987;7:1305-7. _ 8

pentaenoic acid/arachidonic acid ratio achieved in breast &b Zhu ZR, Agren J, Mannisto S, Pietinen P, Eskelinen M, Syrjanen K, et af
d with aluteal fat following short-term intervention with Fatty acid composition of breast adipose tissue in breast cancer patients and

compare . g - g . o in patients with benign breast disease. Nutr Cancer 1995;24:151-60.

an LF/F_OS diet could have important implications .for chem@z2) simonsen N, Strain JJ, van't Veer P, Kardinaal A, Fernandez-Crehuet J,

prevention of breast cancer. Furthermore, there is a need to Huttunen J, et al. Adipose tissue omega-3 fatty acids and breast cancer in

conduct long-term studies in patients with breast cancer to see if & population of European women. Am J Epidemiol 1996;143:s34.

such ratios can be increased further and maintained |OC<’:\@§) Katan MB, van Birgelen A, Deslypere JP, Penders M, van Staveron WA.

i . S . Biological markers of dietary intake, with emphasis on fatty acids. Ann
within the breast to have a clinically significant impact on breast " vietab 1091:35:249-52.

cancer. In future studies, we plan to study the relationship @f eynen AC, Hermus RJ, Hautvast JG. A mathematical relationship be-
w-3/w-6 ratios and prostaglandin production with breast cancer tween the fatty acid composition of the diet and that of the adipose tissue
risk. The differential effect of dietary intervention on adipose in man. Am J Clin Nutr 1980;33:81-5. o _

tissue of the two sites and the lack of correlation of the chang@@ Hoshino K. Morphogenesis and growth potentiality of mammary glands in

. . L . . mice. |. Transplantability and growth potentiality of mammary tissue of
achieved between the two sites indicate that it may be important virgin mice. J Natl Cancer Inst 1962:29:835-52.

to study the local adipose tissue within the breast to study @) stocdale FE, Wiens D. Adipocytes, pre-adipocyte and mammary epithelial
interaction of dietary polyunsaturated fatty acids and breast can- cellinteraction. In: Medina D, Kidwall W, Heppner G, Anderson E, editors.

0Jjx0
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cer risk. Cellular and molecular biology of mammary cancer. New York: Plenum
Press, 1987:129-40.
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