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Abstract: Soybean oil, which has high abundance of linoleic acid (LA, 18:2ω-6), is the most commonly
consumed edible oil. Recent studies support that a high dietary intake of LA is linked with increased
risks of developing colonic inflammation and colon cancer. Here we studied the effects of the
genetically modified Plenish® soybean oil, which has low abundance of LA as well as α-linolenic acid
(ALA, 18:3ω-3), on development of azoxymethane (AOM)/dextran sulfate sodium (DSS)-induced
colon tumorigenesis in mice. Compared with a diet rich in traditional soybean oil, administration
of a diet enriched with the Plenish oil has little impact on AOM/DSS-induced colon tumorigenesis,
colonic infiltration of immune cells, expressions of inflammatory genes, and tumor markers. These
results suggest that the traditional and the Plenish soybean oils have similar effects on development
of AOM/DSS-induced colon cancer in mice.

Keywords: soybean oil; genetically modified soybean oil; colon cancer

1. Introduction

The consumption of soybean oil has dramatically increased in recent decades: its
consumption has risen more than ~47% since 1980 and more than ~1000-fold since 1909 [1].
Today, soybean oil is the most commonly consumed vegetable oil in the U.S. and accounts
for ~80% of edible oil consumption in the U.S. [2]. Soybean oil contains a high level of
linoleic acid (LA, 18:2ω-6): >50% of the fatty acid in soybean oil is LA [2]. Recent animal
studies showed that a high intake of LA exacerbates the development of azoxymethane
(AOM)- or Apc gene mutation-induced colon tumorigenesis [3–7]. Human studies also
support that a high intake of dietary LA is linked with increased risks of developing colon
cancer [8,9] and colonic inflammation [10–13], though there are inconsistent results from
human studies which showed that LA does not have adverse effects [14–16]. Furthermore,
as a polyunsaturated fatty acid (PUFA), LA is prone to non-enzymatic lipid oxidation and is
therefore chemically unstable [17]. During food preparation and processing, LA in soybean
oil could be oxidized and/or degraded, leading to formation of lipid oxidation-derived
compounds, and this is associated with off flavor, shelf-life reduction, and potentially
harmful health effects [17,18].

Plenish® soybean oil, which enters the U.S. market in 2014, is a genetically modified
soybean oil [19]. The Plenish oil has reduced abundance of LA. The level of LA in traditional
soybean oils vs. the Plenish oil is 54.0% vs. 7.3% (see Supplemental Information in Table S1).
Besides LA, the Plenish oil has different profiles of other fatty acids: notably, the amount of
α-linolenic acid (ALA, 18:3ω-3) in traditional vs. Plenish oils is 6.9% vs. 1.7% (Table S1).
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Epidemiological and pre-clinical studies support the beneficial effects of ω-3 PUFAs on
colonic inflammation and colon carcinogenesis [9,20–24]. Considering that the Plenish
oil has reduced content of ω-6-series LA and reduced level of ω-3-series ALA, both of
which could be important in colon tumorigenesis, it is intriguing to study its effects on
development of colon cancer. In this study, we compared the effects of traditional soybean
oil with the genetically modified Plenish oil on development of AOM/dextran sulfate
sodium (DSS)-induced colon tumorigenesis in mice.

2. Materials and Methods
2.1. Animal Experiment

The animal experiment was approved by the Institutional Animal Care and Use
Committee of the University of Massachusetts Amherst. C57BL/6 male mice (6 weeks old)
were obtained from Charles River (Wilmington, MA, USA) and treated with 10 mg/kg
AOM (Sigma-Aldrich, St. Louis, MO, USA) via intraperitoneal injection; one week later,
they were given 2% DSS (36–50 kDa, MP Biomedicals, Santa Ana, CA, USA) in drinking
water for 7 days. These mice were then divided into two groups (n = 11 mice per group)
and treated with: (i) control diet (rich in traditional soybean oil) and (ii) Plenish oil-rich
diet (rich in Plenish soybean oil). The diet compositions and fatty acid profiles are shown
in Tables 1 and 2. The commercial samples of traditional soybean oil and Plenish soybean
oil were obtained as gifts from Corteva Agriscience (Johnston, IA, USA).

Table 1. Composition of the experimental diets.

Ingredients (% wt/wt) Control Diet Plenish Oil-Rich Diet

Casein 20 20
L-cystine 0.3 0.3
Sucrose 10 10

Dyetrose 13.2 13.2
Cornstarch 39.7486 39.7486
Cellulose 5 5

Mineral mix #210025 3.5 3.5
Vitamin mix #310025 1 1

Choline Bitartrate 0.25 0.25
Commodity soybean oil 7 1.5

Plenish soybean oil 0 5.5

Table 2. Fatty acid profile of the experimental diets.

Fatty Acids (%) Control Diet Plenish Oil-Rich Diet

C14:0 0.08 0.05
C16:0 10.75 7.48
C16:1 0.10 0.11
C17:0 0.10 0.53
C17:1 0.06 0.88
C18:0 3.96 3.48

C18:1 cis-9 Oleic 21.20 65.58
C18:1 cis-11 Vaccenic 1.56 0.33

Total 18:1 22.76 65.91
LA (C18:2) 54.03 17.09

ALA (C18:3) 6.92 2.79
C20:0 0.31 0.34
C20:1 0.21 0.34
C22:0 0.33 0.38
C22:1 0.02 0.01
C24:0 0.13 0.14
C24:1 0.00 0.00

Others 0.27 0.47
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The mice were sacrificed at week 9 post the AOM injection. The colon tissue was
harvested and cut longitudinally, the intestinal contents were washed off with cold PBS, and
the number and size of tumors were counted under a microscope. The mouse body weight
was analyzed by comparison with the body weight at t = 0 (the day of AOM injection).

2.2. Flow Cytometry Analysis

Distal colon tissues were dissected, washed with cold PBS, and digested with Hank’s-
balanced salt solution (HBSS, Lonza, Basel, Switzerland) supplemented with 5 mM EDTA
and 1 mM dithiothreitol (DTT) for 2 h at 4 ◦C. The released cells were filtered through
70 µm cell strainer (BD Biosciences, San Jose, CA, USA) to obtain single cell suspensions,
which were stained with anti-CD45, anti-F4/80, and anti-GR-1 antibodies following the
manufacturer’s instructions. The stained cells were measured using BD LSRFortessa™ cell
analyzer (BD Biosciences, San Jose, CA, USA) and the data were analyzed using FlowJo
software (FlowJo LLC, Ashland, OR, USA). In our analysis, leukocytes were identified as
CD45+ cells, macrophages were identified as CD45+ F4/80+ cells, and neutrophils were
identified as CD45+ GR-1+ cells.

2.3. H&E Staining

Colon tissue was fixed in formalin, embedded in paraffin (Thermo Fisher Scientific,
Waltham, MA, USA), cut into 5-µm sections, dewaxed in xylene (Thermo Fisher Scientific),
rehydrated through graded ethanol solutions (Pharmco-Aaper, Shelbyville, KY, USA), stained
with hematoxylin and eosin (Sigma-Aldrich), and examined using a light microscopy.

2.4. qRT-PCR Analysis of Gene Expression

Total RNA was extracted from colon tissues with Trizol reagent (Ambion, Austin, TX,
USA). The extracted RNA was reverse transcripted into cDNA with a High Capacity cDNA
Reverse Transcription kit (Applied Biosystems, Foster City, CA, USA) following the manu-
facturer’s instructions. qRT-PCR was performed in a DNA Engine Opticon system (Bio-Rad
Laboratories, Hercules, CA, USA) with SYBR-green Master Mix kit (Thermo Fisher Scien-
tific). The primer sequences (Thermo Fisher Scientific) are shown in Table 3. The results of
target genes were normalized to glyceraldehyde-3-phosphate dehydrogenase (Gapdh).

Table 3. Sequences of primers used in qRT-PCR.

Gene Forward Primer (5′-3′) Reverse Primer (5′-3′)

Gapdh AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA
Tnf-α CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG
Mcp-1 TTAAAAACCTGGATCGGAACCAA GCATTAGCTTCAGATTTACGGGT

Il-6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC
Il-1β GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
Il-10 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG

Cox-2 TTCAACACACTCTATCACTGGC AGAAGCGTTTGCGGTACTCAT
Jun CCTTCTACGACGATGCCCTC GGTTCAAGGTCATGCTCTGTTT

Pcna TTTGAGGCACGCCTGATCC GGAGACGTGAGACGAGTCCAT
Ki67 ATCATTGACCGCTCCTTTAGGT GCTCGCCTTGATGGTTCCT

C-Myc ATGCCCCTCAACGTGAACTTC GTCGCAGATGAAATAGGGCTG
Vegf GCACATAGAGAGAATGAGCTTCC CTCCGCTCTGAACAAGGCT

Axin2 TGCATCTCTCTCTGGAGCTG ACTGACCGACGATTCCATGT
β-catenin CAGCTTGAGTAGCCATTGTCC GAGCCGTCAGTGCAGGAG

2.5. Statistical Analysis

All data are expressed as the mean ± standard error of the mean (SEM). Statistical
analysis was performed by using Graphpad Prism 6 and p < 0.05 was considered statistically
significant. For the comparison between two groups, Shapiro–Wilk test was used to
verify the normality of data; when data were normally distributed, statistical significance
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was determined using two-side t-test; otherwise, significance was determined by Mann–
Whitney test.

3. Results
3.1. Characterization of Commodity Soybean Oil- or Plenish Soybean Oil-Rich Diets

We treated mice with two completely defined isocaloric diets that had the same level
of total fat content (7 wt/wt% of total fat) but contained different dietary fats. The control
diet had a fat content of 7 wt% commodity soy oil, and the Plenish oil-rich diet contained
1.5 wt% commodity soy oil and 5.5 wt% Plenish soy oil (see diet composition in Table 1).
Based on the fatty acid profiles of the traditional and Plenish soybean oils (Table S1), the
control diet contained 54.0% of LA (18:2ω-6), 6.9% ALA (18:3ω-3), and 21.2% OA (18:1ω-9),
while the Plenish oil-rich diet contained 17% LA, 2.8% ALA, and 65.6% OA (see fatty acid
profiles of diets in Table 2).

3.2. Effects of Plenish Soybean Oil on Colon Tumorigenesis

We stimulated C57BL/6 mice with AOM and DSS to induce colon tumorigenesis, then
treated the mice with the control diet or Plenish oil-rich diet (see scheme of the animal
experiment in Figure 1). After AOM/DSS treatment, the mice treated with Plenish oil-rich
diet had slightly reduced body weight: at the end of the experiment (9 weeks post the AOM
injection), the body weight of the mice, expressed as relative weight compared with the
mouse weight at t = 0, were 157.8 ± 2.7 (mean ± SEM) % vs. 149.7 ± 2.5% (p < 0.05) for
control group and Plenish oil group, respectively (Figure 1B).
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Figure 1. Effects of Plenish soybean oil on AOM/DSS-induced colon tumorigenesis. (A) Scheme of
the animal experiment. (B) Plenish oil-rich diet slightly reduced body weight (n = 11 mice per group).
(C) Plenish oil-rich diet had little impact on AOM/DSS-induced colon tumorigenesis. (D) Histology
of the colon tumors (n = 11 mice per group).
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In terms of colon tumorigenesis, we found that the control diet and the Plenish oil-rich
diet had similar effects on development of AOM/DSS-induced colon tumorigenesis in
mice (Figure 1C,D). The tumor number, total tumor burden, and average tumor size of for
control group vs. Plenish oil group was 3.9 ± 0.8 (mean ± SEM) vs. 4.5 ± 1.0 (p = 0.67),
7.6 ± 2.3 vs. 10.3 ± 5.0 (p = 0.89), and 1.6 ± 0.4 vs. 1.6 ± 0.7 (p = 0.98), respectively
(Figure 1C).

3.3. Effects of Plenish Soybean Oil on Colonic Infiltration of Immune Cells

We used FACS to quantify immune cell infiltration in colon tissues (Figure 2). Com-
pared with the control diet, treatment with Plenish oil-rich diet did not significantly alter
the abundance of leukocytes (CD45+), macrophages (CD45+ F4/80+), or neutrophils (CD45+

Gr1+) in the colon tissues. This result is in agreement with the colon tumorigenesis data
above (Figure 2), further supporting that the Plenish soybean oil has similar effects on
development of colon cancer compared with the traditional soybean oil.
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3.4. Effects of Plenish Soybean Oil on Colonic Expression of Inflammatory Genes

We also analyzed the expression of inflammatory genes in colon tissues (Figure 3).
Compared with the control diet, treatment with Plenish oil-rich diet did not significantly
alter the expression of a series of genes that are important in inflammation, including Tnf-α,
Il-10, Il-6, Mcp-1, Il-1β, and Cox-2 (Figure 3). These genes encode the expression of proteins
that are critical for inflammation and colon tumorigenesis [25]. For example, substantial
studies have shown that Cox-2, which mediates the expression of cyclooxygenase (COX-2),
plays critical roles in the pathogenesis of colon cancer [26]. Overall, these results support
that Plenish oil-rich diet did not have a significant effect on tumor-associated colonic
inflammation compared with the control diet.

3.5. Effects of Plenish Soybean Oil on Colonic Expression of Tumor Markers

We also analyzed the expression of tumor-associated markers [27]. Treatment with
Plenish oil-rich diet had no significant influence on the expression of Jun, Pcna, Ki67,
Myc, Vegf, Axin2, and β-catenin (Figure 4), supporting that Plenish oil-rich diet did not
significantly affect the on expression of tumor markers in colon tissues. Together, these
results support that the Plenish soybean oil and traditional soybean oil have similar effects
on development of colon cancer in mice.
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4. Discussion

Here we compared the effects of traditional soybean oil with a genetically modified
Plenish oil on development of AOM/DSS-induced colon tumorigenesis in C57BL/6 mice.
This study represents one of the first studies to investigate the effects of the genetically
modified oil on development of colon cancer. We treated mice with two completely defined
isocaloric diets that were either enriched with traditional soybean oil or Plenish oil. The
central finding of our study is that, compared with control diet (rich in traditional soybean
oil), treatment with Plenish oil-rich diet has little effect on AOM/DSS-induced colon
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tumorigenesis, suggesting that these two oils have similar effects on the development of
colon cancer in mice.

Recent animal studies showed that a high intake of LA (18:2), an important ω-6 PUFA
in diet, exacerbates the development of azoxymethane (AOM)- or Apc gene mutation-
induced colon tumorigenesis [3–7]. Liu et al. showed that, compared with a diet containing
5 wt% corn oil, which is a commonly used LA-rich vegetable oil, intake of a diet containing
20 wt% corn oil increased AOM- or Apc mutation-induced colon tumorigenesis in mice [7].
This finding supports that a high intake of LA-rich vegetable oil increases the risks of
developing colon cancer. Enos et al. treated mice with high-fat diets (40 Cal% fat) that
contain different dietary fats and found that compared with the diet rich in saturated
fats, the diet rich in corn or soybean oil exacerbated AOM/dextran sodium sulfate (DSS)-
induced colon tumorigenesis [3]. Overall, these results support that a high intake of dietary
LA increases the risks of colon cancer in mice.

Compared with the traditional soybean oil, the Plenish oil has reduced content of
LA (18:2ω-6): the levels of LA in traditional vs. Plenish soybean oil are 54.0% vs. 7.3%
(Table S1). It is intriguing that treatment with Plenish oil-rich diet did not alter AOM/DSS-
induced colon tumorigenesis in mice. There are several possible reasons for the observed
effects in our study. Compared with traditional oil, the Plenish oil has significantly reduced
levels ofω-3 PUFA: the level of ALA (18:3ω-3) in the traditional vs. Plenish oil is 6.9% vs.
1.7%, representing an ~80% reduction. Epidemiological and pre-clinical studies support the
preventive effects ofω-3 PUFAs on colonic inflammation and colon carcinogenesis [9,20–24].
A meta-analysis demonstrated a small but significant ~12% reduction of colorectal cancer
risk between the highest and lowest ω-3 PUFA consumption groups [28]. Therefore, a
reduction of ω-3 PUFA in the Plenish oil could, at least partially, explain our observed
results in this study.

Overall, the Plenish soybean oil has dramatically different fatty acid profiles compared
with the traditional oil: the Plenish oil has a reduced level of LA which is potentially
pro-colon cancer, but reduced level of ALA which could have anti-cancer effects; these fatty
acid alterations could contribute to the observed effects in our study. Further experiments
are needed to better understand the health effect of individual fatty acid, which could help
us to develop effective dietary recommendation or guidelines.

The soybean oils are widely used to prepare frying food products. Down the line,
it would be important to study the effects of the thermally processed traditional versus
Plenish soybean oils on gut health. Our recent study showed that compared with fresh
vegetable oil, dietary administration of the thermally processed frying oil exacerbated
DSS-induced colitis and AOM/DSS-induced colon tumorigenesis in mice [29]. In addition,
we showed that the polar fractions isolated from the frying oil, which had high abundance
of lipid oxidation compounds as assessed by measuring the level of lipid peroxides, exac-
erbated DSS-induced colitis in mice [29]. These results support that the oxidized lipids,
which are generated during the frying process, could cause adverse effects on colitis and
colon cancer. In agreement with this, our recent studies showed that treatment with a
series of lipid oxidation-derived compounds, including 4-hydroxynonenal (4-HNE), trans,
trans-2,4-decadienal (tt-DDE), and epoxyketooctadecenoic acid (EKODE), increased DSS-
induced colitis and/or AOM/DSS-induce colon cancer in mice [30–32]. Compared with the
traditional soybean oil, the Plenish oil has significantly reduced levels of PUFAs including
LA and ALA which are prone to lipid oxidation [17]. It is expected that the Plenish oil
will be more stable and resistant to lipid oxidation and/or degradation during food frying
compared with the traditional soybean oil, which could lead to reduced formation of lipid
oxidation products and potentially attenuated health risks.

A limitation of our study is that we only used the AOM/DSS-induced colon cancer
model. Though this model is one of the most widely used animal models to study colon
cancer, it has some limitations to study the pathogenesis of human colon cancer [33].
Notably, this model mimics colitis-associated colon cancer, which represents a rare type
of human colon cancers [33]. It is important to use other animal models, such as Apc
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mutation-induced colon tumorigenesis models [7], to study the extent to which dietary fats
modulate the development of colon cancer.

5. Conclusions

In summary, in this study we compared the effects of a traditional soybean oil with a
genetically modified soybean oil on the development of colon cancer in mice, and found
that these two oils have similar effects on the development of AOM/DSS-induced colon
tumorigenesis. Down the line, it would be important to compare the impacts of thermally
processed traditional versus Plenish soybean oils on gut health. In addition, further studies
are needed to better understand the effects of individual dietary fatty acid on human health,
which could help us to design better food products.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/foods11131937/s1, Table S1: Information about Commodity
versus Plenish Soybean oil (the information was provided by Corteva).

Author Contributions: Conceptualization, G.Z.; data curation, M.T. and J.Z.; formal analysis, Q.S.
and J.Z.; funding acquisition, G.Z.; methodology, J.Z.; project administration, G.Z.; supervision, G.Z.;
visualization, Q.S.; writing—original draft, M.T., Q.S. and G.Z.; writing—review and editing, M.T.
and Q.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research is supported by USDA NIFA 2016-67017-24423, USDA NIFA 2019-67017-
29248, and USDA/Hatch MAS00492 (to G.Z.). The commodity and Plenish soy oil samples are
provided by Corteva, Inc. Corteva was not involved in the experimental design, data analysis, or
manuscript writing.

Institutional Review Board Statement: The animal experiment was approved by the Institutional
Animal Care and Use Committee of the University of Massachusetts Amherst (protocol number:
2017–0019).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Blasbalg, T.; Hibbeln, J.; Ramsden, C.; Majchrzak, S.; Rawlings, R. Changes in consumption of omega-3 and omega-6 fatty acids in

the United States during the 20th century. Am. J. Clin. Nutr. 2011, 93, 950–962. [CrossRef] [PubMed]
2. Wang, T. Soybean Oil. In Vegetable Oils in Food Technology: Composition, Properties and Uses; Blackwell Publishing Ltd.: Hoboken,

NJ, USA, 2011; Volume 59.
3. Enos, R.T.; Velazquez, K.T.; McClellan, J.L.; Cranford, T.L.; Nagarkatti, M.; Nagarkatti, P.S.; Davis, J.M.; Murphy, E.A. High-fat

diets rich in saturated fat protect against azoxymethane/dextran sulfate sodium-induced colon cancer. Am. J. Physiol. Gastrointest.
Liver Physiol. 2016, 310, G906–G919. [CrossRef] [PubMed]

4. Wu, B.; Iwakiri, R.; Ootani, A.; Tsunada, S.; Fujise, T.; Sakata, Y.; Sakata, H.; Toda, S.; Fujimoto, K. Dietary corn oil promotes
colon cancer by inhibiting mitochondria-dependent apoptosis in azoxymethane-treated rats. Exp. Biol. Med. 2004, 229, 1017–1025.
[CrossRef] [PubMed]

5. Fujise, T.; Iwakiri, R.; Kakimoto, T.; Shiraishi, R.; Sakata, Y.; Wu, B.; Tsunada, S.; Ootani, A.; Fujimoto, K. Long-term feeding of
various fat diets modulates azoxymethane-induced colon carcinogenesis through Wnt/beta-catenin signaling in rats. Am. J.
Physiol. Gastrointest. Liver Physiol. 2007, 292, G1150–G1156. [CrossRef] [PubMed]

6. Reddy, B.S.; Tanaka, T.; Simi, B. Effect of different levels of dietary trans fat or corn oil on azoxymethane-induced colon
carcinogenesis in F344 rats. J. Natl. Cancer Inst. 1985, 75, 791–798.

7. Liu, F.; Zuo, X.; Liu, Y.; Deguchi, Y.; Moussalli, M.J.; Chen, W.; Yang, P.; Wei, B.; Tan, L.; Lorenzi, P.L. Suppression of Membranous
LRP5 Recycling, Wnt/β-Catenin Signaling, and Colon Carcinogenesis by 15-LOX-1 Peroxidation of Linoleic Acid in PI3P. Cell
Rep. 2020, 32, 108049. [CrossRef]

8. Daniel, C.R.; McCullough, M.L.; Patel, R.C.; Jacobs, E.J.; Flanders, W.D.; Thun, M.J.; Calle, E.E. Dietary intake of ω-6 and ω-3
fatty acids and risk of colorectal cancer in a prospective cohort of US men and women. Cancer Epidemiol. Prev. Biomark. 2009, 18,
516–525. [CrossRef]

https://www.mdpi.com/article/10.3390/foods11131937/s1
https://www.mdpi.com/article/10.3390/foods11131937/s1
http://doi.org/10.3945/ajcn.110.006643
http://www.ncbi.nlm.nih.gov/pubmed/21367944
http://doi.org/10.1152/ajpgi.00345.2015
http://www.ncbi.nlm.nih.gov/pubmed/27033117
http://doi.org/10.1177/153537020422901005
http://www.ncbi.nlm.nih.gov/pubmed/15522837
http://doi.org/10.1152/ajpgi.00269.2006
http://www.ncbi.nlm.nih.gov/pubmed/17194898
http://doi.org/10.1016/j.celrep.2020.108049
http://doi.org/10.1158/1055-9965.EPI-08-0750


Foods 2022, 11, 1937 9 of 9

9. Pot, G.K.; Geelen, A.; van Heijningen, E.M.B.; Siezen, C.L.; van Kranen, H.J.; Kampman, E. Opposing associations of serum n-3
and n-6 polyunsaturated fatty acids with colorectal adenoma risk: An endoscopy-based case–control study. Int. J. Cancer 2008,
123, 1974–1977. [CrossRef]

10. IBD in EPIC Study Investigators. Linoleic acid, a dietary n-6 polyunsaturated fatty acid, and the aetiology of ulcerative colitis: A
nested case–control study within a European prospective cohort study. Gut 2009, 58, 1606–1611. [CrossRef]

11. Rashvand, S.; Somi, M.H.; Rashidkhani, B.; Hekmatdoost, A. Dietary fatty acid intakes are related to the risk of ulcerative colitis:
A case–control study. Int. J. Colorectal Dis. 2015, 30, 1255–1260. [CrossRef]

12. Strassburg, K.; Esser, D.; Vreeken, R.J.; Hankemeier, T.; Müller, M.; van Duynhoven, J.; van Golde, J.; van Dijk, S.J.; Afman, L.A.;
Jacobs, D.M. Postprandial fatty acid specific changes in circulating oxylipins in lean and obese men after high-fat challenge tests.
Mol. Nutr. Food Res. 2014, 58, 591–600. [CrossRef]

13. Shoda, R.; Matsueda, K.; Yamato, S.; Umeda, N. Epidemiologic analysis of Crohn disease in Japan: Increased dietary intake of n-6
polyunsaturated fatty acids and animal protein relates to the increased incidence of Crohn disease in Japan. Am. J. Clin. Nutr.
1996, 63, 741–745. [CrossRef] [PubMed]

14. Zock, P.L.; Katan, M.B. Linoleic acid intake and cancer risk: A review and meta-analysis. Am. J. Clin. Nutr. 1998, 68, 142–153.
[CrossRef] [PubMed]

15. Azrad, M.; Turgeon, C.E.; Demark-Wahnefried, W. Current evidence linking polyunsaturated fatty acids with cancer risk and
progression. Front. Oncol. 2013, 3, 224. [CrossRef] [PubMed]

16. Bartsch, H.; Nair, J.; Owen, R.W. Dietary polyunsaturated fatty acids and cancers of the breast and colorectum: Emerging evidence
for their role as risk modifiers. Carcinogenesis 1999, 20, 2209–2218. [CrossRef] [PubMed]

17. Vieira, S.A.; Zhang, G.; Decker, E.A. Biological Implications of Lipid Oxidation Products. J. Am. Oil Chem. Soc. 2017, 94, 339–351.
[CrossRef]

18. Lei, L.; Zhang, J.; Decker, E.A.; Zhang, G. Roles of Lipid Peroxidation-Derived Electrophiles in Pathogenesis of Colonic
Inflammation and Colon Cancer. Front. Cell Dev. Biol. 2021, 9, 665591. [CrossRef]

19. Syed, A. Specialty/GM vegetable oils. In Specialty Oils and Fats in Food and Nutrition; Talbot, G., Ed.; Woodhead Publishing:
Sawston, UK, 2015; pp. 173–205. [CrossRef]

20. Sasazuki, S.; Inoue, M.; Iwasaki, M.; Sawada, N.; Shimazu, T.; Yamaji, T.; Takachi, R.; Tsugane, S. Intake of n-3 and n-6
polyunsaturated fatty acids and development of colorectal cancer by subsite: Japan Public Health Center-based prospective study.
Int. J. Cancer 2011, 129, 1718–1729. [CrossRef]

21. Murff, H.J.; Shrubsole, M.J.; Cai, Q.; Smalley, W.E.; Dai, Q.; Milne, G.L.; Ness, R.M.; Zheng, W. Dietary intake of PUFAs and
colorectal polyp risk. Am. J. Clin. Nutr. 2012, 95, 703–712. [CrossRef]

22. Kim, S.; Sandler, D.P.; Galanko, J.; Martin, C.; Sandler, R.S. Intake of polyunsaturated fatty acids and distal large bowel cancer risk
in whites and African Americans. Am. J. Epidemiol. 2010, 171, 969–979. [CrossRef]

23. Hall, M.N.; Chavarro, J.E.; Lee, I.M.; Willett, W.C.; Ma, J. A 22-year prospective study of fish, n-3 fatty acid intake, and colorectal
cancer risk in men. Cancer Epidemiol. Biomark. Prev. 2008, 17, 1136–1143. [CrossRef] [PubMed]

24. Schloss, I.; Kidd, M.S.; Tichelaar, H.Y.; Young, G.O.; O’Keefe, S.J. Dietary factors associated with a low risk of colon cancer in
coloured west coast fishermen. S. Afr. Med. J. 1997, 87, 152–158. [PubMed]
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