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Editorial

The Conundrum of Omega-3 Fatty Acids in
Cancer Prevention Studies: Which One?
How Much? What Biomarkers?

Carol J. Fabian' and Bruce F. Kimler?

Abstract

Marine omega-3 fatty acids promote resolution of
inflammation and have potential to reduce risk of
obesity-related breast cancer. For prevention trials in
obese women, inflammatory cytokines, aromatase, and
measures of breast immune cell infiltration are logical,
as are biomarkers of growth factor, adipokine, and
estrogen signaling. Where best to look for marker
change: in the circulation (easiest), in benign breast

Chronic inflammation is recognized as playing a role in
the development of breast cancer, which in obese women is
thought to be the result of inflammatory cell expansion
and infiltration and excess cytokine production in adipose
tissue. In addition to influence on proliferative, proangio-
genic, and survival pathways, proinflammatory intermedi-
ates can influence estrogen-related signaling via increases
in aromatase.

In obesity, excess free fatty acids are initially stored
predominately in subcutaneous adipocytes and as these
depots fill, in visceral adipose. Hypertrophied adipocytes
become stressed, reduce secretion of adiponectin, and
increase secretion of leptin. These hypoxic adipocytes
also secrete MCP-1, resulting in immune cell infiltration.
Increases in circulating bacterial lipopolysaccharides
(LPS) as a result of an altered intestinal wall barrier as
well as free fatty acids trigger immune cell phenotypic
change in the obese adipose stromal vascular compart-
ment. These include increases in CD8" cytotoxic and
CD4 " helper T cells, a decrease in T regulatory cells, and a
shift from M2 to M1 activated macrophages. The so-
called crown-like structures (CLS) are the result of
necrotic adipocytes surrounded by phagocytizing macro-
phages. Increased secretion of proinflammatory cyto-

'Department of Internal Medicine, University of Kansas Medical Center, Kansas
City, Kansas. “Department of Radiation Oncology, University of Kansas Medical
Center, Kansas City, Kansas.

Corresponding Author: Carol J. Fabian, University of Kansas Medical Center,
3901 Rainbow Blvd, Mail Stop 3003, Kansas City, KS 66160-7820. Phone: 913-
588-7791; Fax: 913-588-3679; E-mail: cfabian@kumc.edu

doi: 10.1158/1940-6207.CAPR-18-0061

©2018 American Association for Cancer Research.

www.aacrjournals.org

Cancer

Prevention

Research

®

Check for
updates

tissue (most relevant), or in visceral adipose (inflam-
mation often most marked)? A null biomarker modu-
lation trial may reflect limitations in design, source and
dose of fatty acids, or biomarkers and should not lead
to premature abandonment of marine omega-3 fatty
acids for cancer prevention. Cancer Prev Res; 11(4); 1-4.
©2018 AACR.
See related article by Gucalp et al., p. 203

kines and adipokines from adipocytes and adipose stro-
mal cells results in NF-«kB activation, nuclear transloca-
tion and transcription of MCP-1, IL6, TNFo, and IL1J in
a positive feedback loop (1). IL6, TNFo, and IL1P also
increase COX-2 and synthesis of proinflammatory eico-
sanoids, such as prostaglandin E2 (PGE2). PGE2, IL6,
TNFo, and IL1B upregulate aromatase and estrogen
formation from androgens. IL6 can also induce tissue
C reactive protein (CRP; Fig. 1; ref. 2). As obesity pro-
gresses, blood adiponectin falls and clinical insulin
resistance develops with increasing fatty acid storage in
liver and muscle (1). Systemic increases in IL6 result in
liver production of CRP and systemic rises in this cyto-
kine (2). Low blood adiponectin or adiponectin:leptin
ratio, and higher systemic levels of CRP and estrogen,
have generally been found to be associated with post-
menopausal breast cancer (3).

There are multiple preclinical and epidemiologic stud-
ies suggesting that the marine omega-3 fatty acids eico-
sapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) help resolve inflammation and reduce the risk
for breast cancer (reviewed in refs. 4-6), particularly in
the obese individual. Potential mechanisms schemati-
cally represented in Fig. 1 (coded by number) include the
following: (i) improved gut microbiota diversity and
restoration of epithelial barrier function reducing proin-
flammatory LPS; (ii) reduced adipose COX-2 and proin-
flammatory cytokine gene expression via inhibition of
NFxB; (iii) reduction in substrate for proinflammatory
eicosanoids via replacement of arachidonic acid (AA) in
phospholipid membranes with EPA and DHA; (iv)
reduction in tissue estrogen via effects on aromatase
expression and activity; (v) increased adiponectin
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Pathways of obesity-related inflammation that may be relevant to breast cancer and may be modified by supplementation with marine omega-3 fatty acids such as
DHA. Of a variety of potential biomarkers that may be assessed in blood or in specific tissues, those addressed by Gucalp et al. (7) are indicated by an underline.

transcription and translation as a result of increased
peroxisome proliferator-activated receptor (PPAR) activ-
ity; (vi) reduction in EGFR and other growth factor-
induced signaling as a result of DHA and EPA incorpo-
ration into lipid rafts; and (vii) resolvins and protectins
generated from EPA and DHA (1, 5, 6).

In this issue, Gucalp and colleagues (7) reported no
evidence of modulation of expression of several benign
breast tissue proinflammatory genes (TNFo, IL1f3, and
COX-2), aromatase, or CLS following 3 months of an
intermediate-level dose of DHA of 2 g/day. The cohort
consisted of 57 biomarker-evaluable overweight and obese
pre- and postmenopausal high-risk women or breast can-
cer survivors, some of whom were on aromatase inhibitors
or NSAIDs. What might be responsible for these null
findings? Whenever clinical findings do not match basic
science expectations, the answer is often found in (i)
formulation; (ii) dose; (iii) cohort differences; (iv) bio-
marker selection and measurement; and (v) sample size
and heterogeneity.

OF2 Cancer Prev Res; 11(4) April 2018

Should EPA have been given along with DHA? Although
the two appear to have similar biologic functions, there are
differences in uptake that may be dependent on doses, ratio
of the two, concomitant intake of AA; and cell type. In
preclinical studies, EPA appears to have higher propor-
tional absorption into membranes of ER* MCF-7 cells than
DHA, whereas DHA may have greater proportional absorp-
tion in triple-negative cell lines and may be superior in
reducing EGFR signaling due to better lipid raft absorption
and spatial receptor disruption (8). Given the promising
preclinical datain ER™ cell lines and early reports that DHA
may be superior to EPA in reducing inflammation, some
early-phase breast cancer prevention studies, such as that
reported in this issue, have used DHA alone, whereas
others following more traditional epidemiologic leads
have used combinations of EPA and DHA (9-11). A
recently reported clinical trial in a relatively homogeneous
cohort with abdominal obesity and baseline CRP evidence
of inflammation found little difference in whole blood
inflammatory gene expression between 2.7 g/day of EPA
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compared with DHA. Both were better than controls for
changing mRNA of at least two genes involved in NFxB and
PPAR signaling (12). Although gene expression was mea-
sured in whole blood, a number of investigators have
noted the correlation between omega-3-induced changes
in RBC and otherblood cellular component phospholipids
and those in adipose (including the breast) given sufficient
exposure time (2, 5, 6).

Animal model supplementation studies often first
induce an inflammatory environment with a high fat
diet and then administer combinations of DHA and EPA
at 4% to 10% of feed by weight, usually in the range of
10% of calories for EPA and/or DHA (5, 8). Human
supplementation studies with EPA and DHA, in contrast,
often do not preselect for baseline inflammation and
then dose in the range of 1% to 2% of calories (5). Those
trials showing consistent modulation of tissue blood
inflammatory biomarkers are generally in individuals
with active inflammation and employ combined EPA
+ DHA doses of 3.4 to 4.0 g/day or EPA or DHA alone
>2.7 g/day (5, 12). There is little evidence of inflamma-
tory biomarker modulation at doses <2 g/day (1, 5, 6).
Not all obese individuals as defined by BMI have evi-
dence of metabolic dysfunction and inflammation.
Selecting the cohort for high visceral adipose or high
CRP, both of which are associated with inflammation
and obesity-related women's cancers, might be one way
of ensuring the cohort has sufficient baseline inflamma-
tion such that resolution is readily measurable (13).

Biomarker selection from a number of possibilities is
perhaps the thorniest issue and investigators in the trial
reported by Gucalp and colleagues chose markers from 3 of
the 7 potential mechanistic areas. Reduction in the fre-
quency of breast tissue CLSs would provide morphologic
evidence of decreased inflammation but as evidenced in
their study (7), baseline CLS prevalence is likely too low to
be helpful in the small needle biopsy samples obtained in
prevention trials. Baseline Ki-67 as a measure of prolifer-
ation is often too low to see improvement in postmeno-
pausal women. Change in gene expression in benign breast
tissue, although attractive, is fraught with problems given
the variation in proportion of epithelial cells, adipocytes,
and stroma in sequential biopsies and likely posttranscrip-
tional nature of many omega-3 effects. Differences in
selection of primer-probes and housekeeping genes can
make it difficult to compare different studies. However, if
mRNA assessments are to be used, MCP-1, IL6, TNFa, and
IL1 are logical as they are upregulated by NF-xB activity
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and reduced by EPA and DHA (1). The recently reported
finding that EPA or DHA in doses of 2.7 g/day had
favorable effects on PPARo, and CD14 whole-blood
mRNA, which would be expected to inhibit NF-kB activity,
deserves follow-up and exploration in breast tissue (12).
Adiponectin and adiponectin receptor mRNA are also
logical candidates as they are reduced in obesity and
upregulated by PPARc, which is increased by both EPA
and DHA. Furthermore, adiponectin and leptin have
opposing roles in inflammation and breast cancer devel-
opment such that assessing the ratio of the two makes
biologic sense and helps compensate for proportional
differences in cell types in sequential breast biopsies (3,
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affected by disruption of spatial organization of growth
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correlated with EPA and DHA intake or blood levels in
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interventional studies lasting <6 months unless there is
evidence of baseline inflammation and higher doses of
DHA and/or EPA are used (12).

The null results reported for benign breast tissue inflam-
matory gene expression for short duration intermediate
dose DHA by Gulcap and colleagues (7) should not lead us
to abandon the study of marine omega-3 fatty acids for
prevention of breast cancer. Epidemiologic leads should
encourage us to continue to investigate this class of com-
pounds particularly as public acceptance for this type of
natural product/supplement seems high. Certainly, formu-
lation and dose require further study.

Importantly, given our incomplete understanding of the
predominant mechanisms by which marine omega-3 fatty
acids might work to prevent cancer, perhaps we have just
not been fishing with the right bait.

Disclosure of Potential Conflicts of Interest

C.J. Fabian reports receiving other commercial research support
(drug only support for research project) from DSM. No potential
conflicts of interest were disclosed by the other author.

Received February 21, 2018; revised February 27, 2018; accepted
March 5, 2018; published first March 20, 2018.

2. Roy S, Brasky TM, Belury MA, Krishnan S, Cole RM, Marian C,
et al. Associations of erythrocyte w-3 fatty acids with biomarkers
of w-3 fatty acids and inflammation in breast tissue. Int ] Cancer
2015;137:2934-46.

Cancer Prev Res; 11(4) April 2018

Downloaded from cancerpreventionresearch.aacrjournals.org on March 22, 2018. © 2018 American
Association for Cancer Research.

OF3


http://cancerpreventionresearch.aacrjournals.org/

Published OnlineFirst March 20, 2018; DOI: 10.1158/1940-6207.CAPR-18-0061

Fabian and Kimler

. Ollberding NJ, Kim Y, Shvetsov YB, Wilkens LR, Franke AA,
Cooney RV, et al. Prediagnostic leptin, adiponectin, C-reactive
protein, and the risk of postmenopausal breast cancer. Cancer
Prev Res 2013;6:188-95.

. Gerber M. Omega-3 fatty acids and cancers: a systematic update
review of epidemiological studies. Br J Nutr 2012;107 Suppl 2:
$228-39.

. Fabian CJ, Kimler BF, Hursting SD. Omega-3 fatty acids for breast
cancer prevention and survivorship. Breast Cancer Res 2015;
17:62.

. Calder PC. Omega-3 fatty acids and inflammatory processes:
from molecules to man. Biochem Soc Trans. 2017;45:1105-15.
. Gucalp A, Zhou XK, Cook ED, Garber JE, Crew KD, Nangia JR,
et al. A randomized multicenter phase ii study of docosahexae-
noic acid in patients with a history of breast cancer, premalignant
lesions or benign breast disease. Cancer Prev Res 2018;11:
203-13.

. VanderSluis I, Mazurak VC, Damaraju S, Field CJ. Determination
of the relative efficacy of eicosapentaenoic acid and docosahex-
aenoicacid for anti-cancer effects in human breast cancer models.
Int ] Mol Sci 2017;18:E2607.

. Yee LD, Lester JL, Cole RM, Richardson JR, Hsu JC, Li Y, et al.
Omega-3 fatty acid supplements in women at high risk of breast

OF4 Cancer Prev Res; 11(4) April 2018

10.

11.

12.

13.

14.

cancer have dose-dependent effects on breast adipose tissue fatty
acid composition. Am J Clin Nutr 2010;91:1185-94.

Fabian CJ, Kimler BF, Phillips TA, Nydegger JL, Kreutzjans AL,
Carlson SE, et al. Modulation of breast cancer risk biomarkers by
high-dose omega-3 fatty acids: phase ii pilot study in postmen-
opausal women. Cancer Prev Res 2015;8:922-31.

Sandhu N, Schetter SE, Liao J, Hartman TJ, Richie JP, McGin-
ley J, et al. Influence of obesity on breast density reduction by
omega-3 fatty acids: evidence from a randomized clinical
trial. Cancer Prev Res 2016;9:275-82.

Vors C, Allaire ], Marin J, Lépine MC, Charest A, Tchernof A, et al.
Inflammatory gene expression in whole blood cells after EPA vs.
DHA supplementation: results from the ComparED study. Ath-
erosclerosis 2017;257:116-22.

Murphy RA, Bureyko TF, Miljkovic I, Cauley JA, Satterfield S,
Hue TF, et al. Association of total adiposity and computed
tomographic measures of regional adiposity with incident
cancer risk: a prospective population-based study of older
adults. Appl Physiol Nutr Metab 2014;39:687-92.

Navarro SL, Kantor ED, Song X, Milne GL, Lampe JW, Kratz M,
et al. Factors associated with multiple biomarkers of systemic
inflammation. Cancer Epidemiol Biomarkers Prev 2016;25:
521-31.

Cancer Prevention Research

Downloaded from cancerpreventionresearch.aacrjournals.org on March 22, 2018. © 2018 American
Association for Cancer Research.


http://cancerpreventionresearch.aacrjournals.org/

Published OnlineFirst March 20, 2018; DOI: 10.1158/1940-6207.CAPR-18-0061

NAAGCR e resocaton
Cancer Prevention Research

The Conundrum of Omega-3 Fatty Acids in Cancer
Prevention Studies: Which One? How Much? What
Biomarkers?

Carol J. Fabian and Bruce F. Kimler

Cancer Prev Res Published OnlineFirst March 20, 2018.

Updated version  Access the most recent version of this article at:
doi:10.1158/1940-6207.CAPR-18-0061

E-mail alerts Sign up to receive free email-alerts related to this article or journal.

Reprints and To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Subscriptions Department at pubs@aacr.org.

Permissions  To request permission to re-use all or part of this article, use this link
http://cancerpreventionresearch.aacrjournals.org/content/early/2018/03/20/1940-6207.CAPR-
18-0061.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's
(CCC)
Rightslink site.

Downloaded from cancerpreventionresearch.aacrjournals.org on March 22, 2018. © 2018 American
Association for Cancer Research.


http://cancerpreventionresearch.aacrjournals.org/lookup/doi/10.1158/1940-6207.CAPR-18-0061
http://cancerpreventionresearch.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerpreventionresearch.aacrjournals.org/content/early/2018/03/20/1940-6207.CAPR-18-0061
http://cancerpreventionresearch.aacrjournals.org/content/early/2018/03/20/1940-6207.CAPR-18-0061
http://cancerpreventionresearch.aacrjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


