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Substantial human and animal studies support the beneficial effects of w-3 polyunsaturated fatty acids (PUFAs) on colonic
inflammation and colorectal cancer (CRC). However, there are inconsistent results, which have shown that w-3 PUFAs
have no effect or even detrimental effects, making it difficult to effectively implement w-3 PUFAs for disease prevention. A
better understanding of the molecular mechanisms for the anti-inflammatory and anticancer effects of w-3 PUFAs will help
to clarify their potential health-promoting effects, provide a scientific base for cautions for their use, and establish dietary
recommendations.
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| 1. Introduction

There are ~1.8 million new cases of and ~881,000 deaths from colorectal cancer (CRC) every year . It is estimated that
~30% of cancers in developed countries are diet-related 2. Therefore, it is important to develop effective diet-based
prevention strategies to reduce CRC risks. Epidemiological and preclinical data support that w-3 polyunsaturated fatty
acids (PUFAs), such as plant-derived o-linolenic acid (ALA, 18:3w-3) and marine fish-derived eicosapentaenoic acid
(EPA, 20:5w-3), docosapentaenoic acid (DPA, 22:5w-3), and docosahexaenoic acid (DHA, 22:6w-3), may reduce CRC
risks, in part, through suppressing colonic inflammation. In contrast, w-6 PUFAs, such as linoleic acid (LA, 18:2w-6) and
arachidonic acid (ARA, 20:4w-6), are suggested to exaggerate the development of colonic inflammation and CRC EI4I=I6E]
8], This is important because the current Western diet has 30-50-times more w-6 PUFAs than w-3 PUFAs. The
validation of the beneficial effects of w-3 PUFAs on CRC will have a significant impact on public health. However, after
decades of research, the anti-CRC efficacy of w-3 PUFAs remains inconclusive, making it difficult to make dietary
recommendations or guidelines of w-3 PUFAs for CRC prevention [&. The inconsistent results suggest that there could be
more complex mechanisms, which may be subject to specific cellular and/or metabolic modulation, involved in the
anticancer and anti-inflammatory effects of w-3 PUFAs. Therefore, it is of critical importance to better understand the
mechanisms behind the anticancer and anti-inflammatory activities of w-3 PUFAs to optimize their use for CRC
prevention.

A widely accepted molecular mechanism to explain the potential health-promoting effects of w-3 PUFAs is that they can
compete with ARA (a major w-6 PUFA) for the enzymatic metabolism catalyzed by cyclooxygenase (COX), lipoxygenase
(LOX), and cytochrome P450 (CYP) enzymes, leading to reduced levels of w-6-series metabolites (termed eicosanoids)
that are predominately proinflammatory and protumorigenic, and/or increased levels of w-3-series metabolites, which
have less detrimental or even beneficial effects MUMLMAZAS] A recent study showed that there is a high degree of
interindividual variability in metabolizing ®w-3 PUFAs to generate lipid metabolites 4. Thus, it is feasible that
polymorphisms in the genes encoding the w-3 PUFA-metabolizing enzymes could affect the metabolism of w-3 PUFAs,
impacting the generation of bioactive lipid metabolites in tissues and contributing to observed mixed results in w-3 PUFA
studies (121, A better understanding of the interactions of w-3 PUFAs with their metabolizing enzymes could lead to
targeted human studies to better understand the metabolic individuality and nutrition effects of w-3 PUFAs [121126],

In this review, we summarize recent studies of w-3 PUFAs on CRC and colonic inflammation (inflammatory bowel disease
(IBD)) and discuss the potential roles of w-3 PUFA-metabolizing enzymes, notably the CYP enzymes, in mediating the
actions of w-3 PUFAs.



| 2. Effects of w-3 PUFAs on CRC and IBD
2.1. Effects of w-3 PUFAs on CRC

Epidemiological and preclinical studies support the preventive effects of w-3 PUFAs on CRC. In Table 1, we focus on the
recent human studies on w-3 PUFAs, as well as previous studies that have shown the beneficial effect of the w-3 PUFAs
and have been discussed by other review articles. A meta-analysis demonstrated a small but significant ~12% reduction
of CRC risk between the highest and lowest w-3 PUFA consumption groups 2. In the VITamins And Lifestyle (VITAL)
cohort study, the individuals who routinely took fish oil supplements had lower risks of developing CRC compared with
those who did not take supplements (8. The European Prospective Investigation into Cancer and Nutrition (EPIC) study
also showed that increased w-3 PUFA consumption reduced CRC risks 19 |n a randomized, double-blind, placebo-
controlled trial, EPA intake was associated with reduced polyp number and size in familial adenomatous polyposis (FAP)
patients 29, Increased intake of w-3 PUFAs was also associated with improved disease-free survival in stage Il CRC
Réfaielites a phase Il double-blind, randomized, placebo-controlled trial, EPA intake increased overall survival in
advanced CRC patients undergoing liver resection due to liver metastases (CRCLM) 22, Together, these studies support
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