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Abstract

Background: Fish consumption is possibly associated with a decreased risk of colorectal
cancer, as has been shown in several observational studies. However, most of these
studies did not discriminate between the effects of oil-rich and lean fish. To date, no
randomized controlled trials (RCTs) have examined the possible beneficial effects of fish
intake on colorectal cancer risk.

Aim: The aim of this thesis was to investigate whether fish consumption beneficially
affects markers of colorectal carcinogenesis.

Methods and Results: In a case-control study (363 cases, 498 controls), we studied the

association of serum n-3 polyunsaturated fatty acid (PUFA) levels as a marker of oil-rich
fish intake with colorectal adenomas, a precursor lesion of colorectal cancer. We found
that individuals with high serum long chain n-3 PUFA levels had a decreased risk of
colorectal adenomas (odds ratio (OR) 0.67, 95% confidence interval (Cl) 0.46; 0.96),
whereas individuals with high serum n-6 PUFA levels had an increased risk of colorectal
adenomas (OR 1.68, 95% Cl 1.17; 2.42).

In an RCT, we studied the effects of 3.5g/d fish oil (~1.5g/d n-3 PUFA) for 12 weeks on 19
serum inflammation markers in 77 healthy subjects and found that serum levels of these
cytokines and chemokines were not changed.

Finally, we studied the effects of increasing fish consumption compared with no
additional fish, on markers of colorectal carcinogenesis in an RCT. Subjects (n=242), at an
increased risk of colorectal cancer and those with no macroscopic signs of disease, were
randomly allocated to receive dietary advice (DA) plus either two additional weekly
portions of oil-rich fish (salmon, ~1.4g/d n-3 PUFA) or lean fish (cod, ~0.09 g/d n-3 PUFA),
or only DA for six months. We observed no change in apoptotic and mitotic cell numbers
after the 6-months intervention with either salmon or cod compared with DA.
Furthermore, colorectal genotoxicity, levels of cytokines and chemokines in colonic
biopsies and feces, and fecal calprotectin were also not markedly changed after fish
consumption. Only serum Creactive protein (CRP) levels were statistically significantly
decreased after consumption of salmon (-0.5 mg/l, 95% Cl -0.9; -0.2) and cod (-0.4 mg/l,
95% Cl -0.7; 0.0) compared with DA.

Conclusion: The results of this thesis do not provide strong evidence for beneficial effects
of fish consumption on markers of colorectal carcinogenesis.






Table of Contents

Chapter1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Introduction

Opposing associations of serum n-3 and n-6 polyunsaturated fatty
acids with colorectal adenoma risk: an endoscopy-based
case-control study

No effect of fish oil supplementation on serum inflammatory
markers and their interrelationships: a randomized controlled trial

in healthy, middle-aged subjects

Fish consumption and markers of colorectal cancer risk: a multi-

centre randomized controlled trial

Increasing fish consumption does not affect genotoxicity markers

in the colon in an intervention study

Fatty and lean fish consumption reduce C-reactive protein levels
but do not affect inflammation markers in feces and in colonic
biopsies

General Discussion

Summary in Dutch (Samenvatting)

Acknowledgements in Dutch (Dankwoord)

About the Author

27

37

49

65

77

91

107

m

115






Introduction




12 | Chapter 1

Background

Currently, cancer is the leading cause of death in the Netherlands and colorectal cancer
(CRQ) is one of the most prevalent types of cancer in the Netherlands and other
Westernized countries '. The incidence of CRC is particularly high in countries with a
typical Western lifestyle, such as Europe and North America, which implies that lifestyle
factors and more specifically diet, are important factors in the development of CRC. Of all
environmental factors which appear to play a role in the etiology of CRC, diet and
physical activity seem to be most important *. One of the dietary factors that is
associated with a reduced CRCrisk is the consumption of fish.

In the next paragraphs, the development and progression of CRC is briefly described, as
well as the possible mechanisms of how n-3 polyunsaturated fatty acids (PUFA) and other
fish constituents could affect markers of colorectal carcinogenesis. This is followed by
the current evidence from observational studies and human intervention trials on fish
consumption and colorectal cancer risk, and closes with a short introduction to the
chapters of this thesis.

Colorectal carcinogenesis

To understand the process of colorectal carcinogenesis, it is important to be aware of the
normal processes in the colon. The colonic mucosa is completely renewed every 5-7 days
3. Renewal occurs by cell growth, or cell proliferation, in the lower parts of the colonic
crypt while cells are shed at the top of the crypt by cell death, or apoptosis * (Figure 1.1).
Gastrointestinal epithelial cell homeostasis is maintained by the balance between cell
growth and cell death.

Apoptosis

Proliferation
zone

Stem cells { ’

Figure 1.1 Schematic overview of a colonic crypt, derived from >.
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Disruption of this balance contributes to colorectal carcinogenesis. Regulation of this
balance is controlled by several types of genes, including oncogenes and tumor
suppressor genes, and factors in the cellular environment that influence their expression.
In this process, maintenance of the DNA sequence and structure is important, though
gene expression can also be altered without changing the DNA sequence, which is called
epigenetic modulation. Colorectal carcinogenesis may gradually progress over several
decades (10- 40 years) and is considered to be a multi-stage process, with multiple
underlying molecular and (epi)genetic alterations °. These alterations could lead to a
growth advantage and clonal expansion of the altered cells. This growth advantage is
stimulated by increased cell proliferation, and by decreased apoptosis. More specifically,
an increase in cell proliferation or mitosis indicates a shorter cell cycle time, thereby
decreasing time for cells to repair any replication errors. In contrast, lower levels of
apoptosis indicate slower removal of damaged cells.

Subsequently, this growth advantage can lead to the development of benign
adenomatous polyps ’. Over time, adenomas can grow and become more disorganized
and eventually some (about 15%) may develop into carcinomas °. This process is called the
adenoma-carcinoma sequence (Figure 1.2) >'°.

Normal Hyperproliferative Adenoma Carcinoma Metastasis
colonic epithelium
mucosa

Figure 1.2 Adenoma-Carcinoma sequence derived from ™.

In addition, the presence of prolonged or chronic, low-grade inflammation in the gut
could indicate an increased risk of CRC ™. Chronic inflammation can create a local tissue
microenvironment where reactive oxygen and nitrogen species released from
inflammatory cells could cause malignant DNA alterations, or promote tumor growth >'®
'8, Patients with chronic inflammatory bowel disease (ulcerative colitis or Crohn’s disease)
have an increased risk of developing CRC ",

Colorectal cancer may be caused by many factors, both exogenous as well as
endogenous. As early as 1981, Doll and Peto estimated that between 10-70% of CRC could
be attributed to diet **, and this has subsequently been adjusted to 65-75% **. The World
Cancer Research Fund (WCRF) and the American Institute for Cancer Research (AICR)

have recently systematically reviewed all literature on diet and cancer and found



14 | Chapter 1

convincing evidence that several dietary factors increase CRC risk, namely red and

> In

processed meat intake, and consumption of alcoholic drinks, especially in men
addition, increased body fat and abdominal fat is associated with an increased CRC risk
and increased levels of physical activity are related to a decreased CRC risk **#*>, Another
dietary factor that could beneficially affect colorectal carcinogenesis is the consumption

of fish ¥,

In summary, the process of colorectal carcinogenesis is a multi-stage and multi-factorial
process. Most important factors that affect colorectal cancer risk include diet and physical
activity, and one of the dietary factors that could decrease colorectal cancer risk is
consumption of fish.

Potential mechanisms how fish consumption reduces colorectal cancer risk

Fish contains a number of constituents, including n-3 polyunsaturated fatty acids (PUFA),
also called omega-3 fatty acids, vitamin D, selenium, and proteins, which could potentially
reduce CRC risk through a variety of mechanisms.

N-3 PUFA

Fish is the major source of eicosapentaenoic acid (EPA; C20:5n-3) and docosahexaenoic
acid (DHA; C22:6n-3), which are considered the most important n-3 PUFA in terms of
nutritional benefits. In Europe, the average intake of EPA + DHA varies between 50-950
mg per day 7. In the Netherlands, the general current recommendation is to consume at
least 450 mg n-3 PUFA from fish per day .

The human body cannot synthesize n-3 PUFA de novo, but it can form EPA and DHA from
the 18-carbon n-3 PUFA alpha-linolenic acid (ALA; C18:3n-3) through processes of
desaturation and elongation. Hence the term semi-essential fatty acid is applicable for
EPA and DHA. In healthy individuals, only 5-10% of ALA is converted into EPA, and 1-5% of
ALA is converted into DHA; women and children seem to be more efficient in this
conversion than men >33, The conversion of ALA into EPA and DHA depends on the
amount of other fatty acids consumed ** and occurs in competition with n-6 PUFA, as the
same enzymes are used for elongation and desaturation (Figure 1.3).

N-3 PUFA can affect colorectal carcinogenesis in a number of ways. Firstly, the effects of
n-3 PUFA on CRC risk may be mediated by the eicosanoid pathway, which involves the
cyclooxygenase (COX) enzymes. COX-2 is known to play a major role in the development
and progression of CRC, by promoting cell survival, cell growth, migration, invasion and
angiogenesis *%. Also, n-3 PUFA lead to less potent pro-inflammatory eicosanoid
metabolites, such as prostaglandin E3 (PGE3) and leukotriene B5 (LTB5) compared with
n-6 PUFA derived eicosanoids, such as prostaglandin E2 (PGE2) and leukotriene B4 (LTB4)
(Figure 1.3), which could indirectly decrease CRC risk.
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Figure 1.3 Conversion of n-3 and n-6 PUFA adapted from 339,

Secondly, n-3 PUFA could affect intracellular pathways which can lead to the activation of
one or more transcription factors such as nuclear factor kappa beta (NF-«B), which plays
a key role in regulating the immune response, or peroxisome proliferator-activated
receptors (PPARs) *°, which play a role in lipid metabolism and cellular differentiation.
Thirdly, n-3 PUFA could affect oxidative stress, which in its turn can induce cell
proliferation or apoptosis, depending on the level of oxidative stress; with mild oxidative
stress probably leading to cell proliferation whereas substantial levels of oxidative stress
could lead to apoptosis *"*. Lastly, it has also been argued that n-3 PUFA could affect
genotoxicity, since n-3 PUFA are more readily oxidized and could enhance lipid
peroxidation 7%, which ultimately could cause endogenous DNA damage under oxidative
stress *4.

Other nutrients present in fish

Besides n-3 PUFA, fish contains other nutrients that could have beneficial effects on CRC
risk, such as vitamin D, selenium, or protein.

The D of vitamin D originally was derived from the German word ‘Dérschleberél’, which
means cod liver oil, indicating the historical link between vitamin D and seafood. The
intake of fish contributes 9-12% to the daily vitamin D intake in the Netherlands and is
mainly derived from fatty fish #*. In the Netherlands, the current recommendation is to
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consume 2.5-5 mcg/d vitamin D *®. Several epidemiological studies have shown that

vitamin D could reduce CRC risk %%

. Vitamin D can have anti-proliferative and
pro-differentiation effects in some cells, mediated by the vitamin D receptor, which could
reduce CRC risk >**%, Potential anti-cancer properties are mainly attributed to the
hormonal form of vitamin D, calcitriol. Vitamin D can induce differentiation and apoptosis
in intestinal cells and thereby influence growth *.

Fish also contains the trace element selenium (Se), varying from 20-45 mcg/100g fish in
both lean and oil-rich fish *°. However, fish only contributes a minimal amount to the total
daily intake with plant foods accounting for more than 9o% of daily intake **. The current
recommendation in the Netherlands is to consume at least 50-150 mcg/d Se % Inverse
associations of selenium with colorectal cancer or adenomas have been found in a few
observational studies **** and one randomized controlled trial (RCT) with colorectal
mortality as outcome *3; however, the evidence thus far is sparse *. Selenium could affect
colorectal carcinogenesis by altering phase | and Il enzymes leading to reduced DNA
adduct formation, and by inhibiting cell proliferation and inducing apoptosis **°°.
Moreover, selenium has been found to reduce COX-2 protein levels and PGE2 levels in
vitro *’.

Fish is also a source of high quality proteins. Fish protein contains lysine, the sulfur-
containing amino acids cysteine and methionine, and glutamic acid *°. Cysteine and
methionine can improve the anti-oxidant status of the body *°, modulate nitric oxide (NO)

6763 which

synthase and NO production *°, and can affect the inflammatory response
consequently may reduce CRC risk. Moreover, cysteine analogues can induce apoptosis
>%. Fish proteins are readily digested which can contribute to formation of less nitrogen in
the colon. A reduction in N-fermentation in the colon is associated with a reduction in

phenols and indols, which could also reduce inflammation by inhibiting COX ®+%.

In summary, the consumption of fish could beneficially affect colorectal carcinogenesis in
various ways which are schematically summarized in Figure 1.4.

™/ .n3PUFA -
e vitamin D T~
- ¢ selenium

Apoptosis 1

: | Inflammation | I
® protein

Figure 1.4 How fish can beneficially affect processes related to colorectal carcinogenesis:
a schematic overview adapted from 2.
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Fish consumption and colorectal cancer: evidence so far

The first suggestions that fish consumption could be related to a decreased CRC risk were
derived from ecological studies, demonstrating that mortality and incidence of CRC were
lower in populations consuming large amounts of fish, for example Inuit or Japanese

®%7'Moreover, migrant studies showed that the incidence of CRC dramatically

people
increased in Japanese people who relocated to the United States, compared with those
who stayed in Japan 7% This difference may be related to a change in diet, including a
possible reduction in fish consumption, or an increase in red meat consumption, both of
which could increase CRC risk °. In recent years, Japan has been adopting more Western-
style dietary habits, which has been reflected by an increase in the incidence of CRC in
this population 7. Conversely, not all ecological studies have found an association

74-76

between fish consumption and colorectal cancer mortality and colorectal cancer

incidence 7778,

Results from 17 case-control studies investigating the association between fish
consumption and colorectal cancer also showed conflicting results: nine studies
confirmed this beneficial effect of fish consumption on CRC risk **72® while eight other
case-control studies did not observe this ¥4 Additionally, the results of prospective
cohort studies were also not equivocal. Recently, two meta-analyses were performed
¢ hoth showing an inverse association of fish consumption and CRC risk. Geelen et al
found a relative risk (RR) of 0.88 (95% confidence interval (Cl) 0.78; 1.00) comparing the
highest quartile of fish consumption with the lowest (~70g/d difference between the
highest and lowest quartile) *°.

A general limitation of case-control and prospective cohort studies is that many of these
studies were not specifically designed to study the association between fish intake and
CRC risk, which could have affected the study outcomes in different ways. In many
studies, the intake of fish is assessed by a food frequency questionnaire and often no
distinction is made in the type of fish consumed, nor are other factors related to fish
consumption taken into account, such as preparation of the fish. Observational studies
are also limited by the fact that they cannot establish a causal relationship. This requires
randomized controlled trials (RCTs) that are considered the ‘gold standard’ to provide
causal evidence .

To date, no RCTs have been performed on fish consumption and markers of colorectal
carcinogenesis, however three RCTs have studied the effects of fish, either salmon or
cod, on inflammation markers %99, These studies found that CRP levels were decreased
after cod consumption ® but not after salmon consumption . Levels of cytokines were
decreased after salmon consumption %%, but not after cod consumption ®.
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Further evidence from RCTs is restricted to RCTs studying the effects of specific fish
components, mainly n-3 PUFA. In Tables 1.1 & 1.2 the effects of fish components on
intermediate markers of colorectal carcinogenesis are summarized.

Eleven RCTs studied the effects of n-3 PUFA on apoptosis and mitosis, showing
conflicting results: six studies demonstrated a reduction in cell proliferation **'*' and an

increase in apoptosis %%

in response to fish oil supplementation, whilst five other
studies failed to show any effect '*"% (Table 1.1). The studies varied in study duration (1-6
months), doses of n-3 PUFA (ranging from 2-8g/d EPA +DHA), type of subjects included
(healthy, colorectal adenoma or carcinoma patients). However, not one feature could
explain the observed differences in results.

Many RCTs have been conducted on n-3 PUFA and inflammation; an overview of 22 RCTs
is given in Table 1.2. Four RCTs showed an effect of n-3 PUFA on all inflammatory markers

studied 108"

, three studies showed an effect on a limited number of inflammation
markers studied """, whilst fifteen studies demonstrated no effect whatsoever "™, The
different doses (varying from 0.3-8 g/d n-3 PUFA) and study durations (varying from 4-52
weeks), the different populations (men/women, healthy vs. diseased), and the numerous
different markers of inflammation studied (serum markers, ex vivo stimulated markers),
could have contributed to these inconsistent results.

To the best of our knowledge, no RCTs on vitamin D, Se, or protein and apoptosis, mitosis
or inflammation have been performed, other than two studies supplementing vitamin D

in combination with calcium that showed no effect on cell proliferation "' (Table 1.1).

In summary, the evidence on fish consumption and colorectal cancer risk is restricted to
observational studies, showing limitedly suggestive evidence that fish consumption is
associated with reduced colorectal cancer risk. Randomized controlled trials using fish
components showed conflicting results. Thus, an RCT studying the effects of fish
consumption on markers of colorectal carcinogenesis is needed.
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Rationale and outline of this thesis
The overall aim of this thesis was to study whether fish consumption can beneficially

affect markers of colorectal carcinogenesis.

The evidence from observational studies on fish consumption and CRC thus far suggests
that fish consumption is associated with a reduced CRC risk, but the evidence is limitedly
suggestive and not equivocal. Therefore, we used serum n-3 PUFA levels as biomarker of
fish intake, in combination with serum n-6 PUFA levels, to study the association with
colorectal adenomas as precursor lesion of CRC, in a case-control study (Chapter 2).

One of the potential mechanisms by which n-3 PUFA could reduce CRC risk is by favorably
affecting inflammation. Several RCTs on n-3 PUFA and inflammation markers have been
conducted, although the evidence thus far is inconclusive and no RCT included a large
panel of inflammation markers, or their interrelationships. Therefore, we have studied
the effects of fish oil supplementation on a large panel of serum inflammation markers in
an RCT (Chapter 3).

To answer the question whether increasing fish consumption beneficially affects markers
of colorectal carcinogenesis, we performed an RCT on fish consumption and several
intermediate markers of colorectal carcinogenesis. We included oil-rich and lean fish to
also study whether different types of fish lead to differential effects on markers of
colorectal carcinogenesis. Chapter 4 describes the results of the effects of fish
consumption on the CRC risk markers apoptosis and mitosis in colonic crypts. The effects
of the fish intervention on markers of genotoxicity in the colon are presented in Chapter
5. Chapter 6 describes the effects of the fish intervention on inflammatory markers in
serum, feces, and colonic tissue. Finally, in Chapter 7 the main outcomes and implications
are discussed.
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Abstract

Several human and animal studies have shown that n-3 polyunsaturated fatty acids (PUFA) might
be associated with a decreased risk, whereas other studies showed that n-6 PUFA may be
associated with an increased risk of colorectal cancer. However, results from these studies are not
consistent.

We evaluated the associations between serum n-3 and n-6 PUFA levels and colorectal adenoma risk
in an endoscopy-based case-control study, conducted in the Netherlands between 1997 and 2002.
We included 363 cases of colorectal adenomas and 498 adenoma-free controls. Serum fatty acids
were measured in cholesteryl esters. Logistic regression models were used to calculate odds ratios
(OR), which were adjusted for age, gender and alcohol intake.

Total serum n-3 PUFA levels were inversely associated with colorectal adenoma risk, the OR
comparing the third tertile with the first tertile was 0.67 [95% confidence interval (Cl) 0.46; 0.96, p
for trend=0.03]. Serum eicosapentaenoic acid (EPA; C20:5n-3) and docosahexaenoic acid (DHA;
C22:6n-3) and the n-3/n-6 ratio were inversely associated with colorectal adenoma risk, but these
were not statistically significant. In contrast, the risk of colorectal adenomas was increased by total
n-6 PUFA with an OR of 1.68 (95% Cl, 1.17; 2.42, p for trend=0.006) and by linoleic acid (LA; C18:2n-6)
with an OR of 1.65 (95% Cl, 1.15; 2.38, p for trend=0.007). This is the first observational study that
simultaneously finds an inverse association of serum n-3 PUFA and a positive association of n-6
PUFA with colorectal adenoma risk.

Introduction

Consumption of fish might be associated with a reduced risk of colorectal cancer, as was
shown in a recent meta-analysis ". It could be hypothesised that a possible protective
effect could be due to the n-3 polyunsaturated fatty acids (PUFA) eicosapentaenoic acid
(EPA; C20:5n-3) and docosahexaenoic acid (DHA; C22:6n-3). N-3 PUFA can work through
several actions to protect against the initiation and early stages of colorectal cancer,
including reducing cell proliferation, enhancing tumor cell apoptosis, promoting cell
differentiation and reducing inflammation *°. However, results from human studies
evaluating colorectal cancer risk and n-3 PUFA measured in serum, have not been
consistent, 1 study did observe a negative association ¥, whereas another study did not
find an association %, or only in men °. Studies on colorectal adenomas, which can be
considered as a precursor stage of colorectal cancer and n-3 PUFA are even more scarce.
Oh et al found no association between n-3 PUFA intake obtained by a food frequency
questionnaire and colorectal adenoma risk 7.

In contrast to n-3 PUFA, n-6 PUFA could be related to an increased risk of colorectal
cancer. Animal studies have shown that n-6 PUFA may enhance the risk of colorectal
carcinogenesis *°. However, the evidence of a relationship between n-6 PUFA and
colorectal cancer from human studies is not consistent: positive associations have been

6,12-14

found ", some studies have shown no association > whereas other studies showed
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inverse associations **. To the best of our knowledge, no human studies on colorectal
adenomas and n-6 PUFA measured in serum have been performed.

Based on the opposing effects of n-3 and n-6 PUFA on tumor initiation, cell proliferation,
and inflammation, it could be hypothesized that n-3 and n-6 PUFA could have opposing
effects on colorectal cancer risk in human studies. However, studies which assessed n-3

19214 or by serum levels +°, did not

and n-6 PUFA intake by food frequency questionnaire
show opposed associations.

As far as we know, no studies have been performed evaluating serum n-3 and n-6 PUFA
and colorectal adenoma risk, as a precursor lesion of colorectal cancer, simultaneously.
Therefore, we studied the association between colorectal adenomas and serum levels of

n-3 and n-6 PUFA in an endoscopy-based case-control study.

Material and methods

This Dutch case-control study has been described in detail elsewhere ™

. Briefly,
participants were recruited among those undergoing an endoscopy in 10 outpatient
clinics between June 1997 and October 2002. Cases and controls were Dutch speaking,
Caucasian, aged 18- 75 at the time of the endoscopy, who did not suffer from hereditary
colorectal cancer syndromes or chronic inflammatory bowel diseases, and did not have a
history of colorectal cancer or (partial) bowel resection. The response rates in different
hospitals varied from 35-87%. The study protocol was approved by the Medical Ethical
Committees of all participating hospitals and all participants provided written informed
consent.

The total study population included 768 colorectal adenoma cases and 709 polyp-free
controls. Cases were defined as those with at least 1 histologically confirmed colorectal
adenoma ever in their life. For the current analyses, we redefined cases as those who
were diagnosed with a first adenoma at the index endoscopy conducted at the start of
the study when blood samples were collected and questionnaires were filled in. We only
included recently diagnosed cases, because it could be hypothesised that serum fatty
acid levels may be influenced by the presence of colorectal adenomas. In controls,
diagnosis of any type of adenoma was negative at the index endoscopy, and they had no
history of any type of adenomas, based on medical records. For the current analyses, we
excluded controls who did not undergo a full colonoscopy to exclude the chance of
misclassification due to possible proximal adenomas. From the total study population, we
excluded 169 subjects because analysis of serum PUFA could not be performed, due to
limited samples or technical reasons. Finally, this resulted in a study population of 861
participants: 363 colorectal adenoma cases and 498 polyp-free controls.

Nonfasting venous blood samples were obtained for the assessment of fatty acids in
cholesteryl esters. Serum cholesteryl fatty acids were analyzed by gas chromatography as
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previously described . The total coefficients of variation of n-3 and n-6 PUFA of the assay
ranged between 3.7 and 5.9%. Serum PUFA are expressed as mass percentage of total
fatty acid methyl esters in gram per 100-g fatty acids methyl esters.

Participants filled in dietary and lifestyle questionnaires regarding their habits in the year
before the index endoscopy. The lifestyle questionnaire included questions on family
history of colorectal cancer (only first degree family members), physical activity, smoking
and use of medications, as non steroidal anti-inflammatory drugs (NSAIDs). To assess
dietary habits a standardized semi-quantitative food frequency questionnaire, was used
(EPIC FFQ) . Intakes of total energy and various nutrients were calculated using the
Dutch food composition table ™.

Pearson’s correlation coefficients were used to calculate correlations between serum
total n-3 PUFA and reported fish consumption and between serum n-3 and n-6 PUFA.

To evaluate the association between serum PUFA and colorectal adenoma risk, we used
logistic regression models to calculate odds ratios (ORs) and 95% confidence intervals (Cl)
per tertile of serum PUFA based on the distribution among controls. To test for linear
trend, representing potential dose-response relationships over the ordered categories of
exposure, the median value among controls was assigned to each tertile.

Effect modification by gender, family history of colorectal cancer, age and regular NSAIDs
use was evaluated by comparing stratified ORs. The following variables were evaluated
for confounding: family history of colorectal cancer, body mass index, indication for
endoscopy, physical activity, ever smoker, regular use of NSAIDs, use of hormone
replacement therapy, diet change due to gastrointestinal complaints, and daily intake of
energy, alcohol, fat, fiber, red meat, vegetables and legumes and cholesterol. Variables
were included as confounding variables in the multivariate model if they changed the OR
by 10% or more. The variables age and gender differed markedly between cases and
controls in this study population '® and therefore remained in the models at all times. As a
separate and additional analysis, n-3 and n-6 PUFA levels were included 1 model
simultaneously to test for independence of effects. All statistical analyses were carried
out using the SAS statistical software program (version 9.1, SAS Institute, Cary, NC).

Results

Cases were more likely to be male, older, and smoked more than controls (Table 2.1).
Furthermore, the percentage of participants who had a colonoscopy for screening
purposes was somewhat higher among cases compared to controls. Cases also had a
higher alcohol intake (Table 2.1). Subjects in the highest tertile of serum n-3 PUFA levels
were more likely to be male, older and had a higher intake of fish, alcohol and total
energy than those in the lowest tertile of n-3 PUFA (data not shown). Hormone
replacement therapy was more common among women in the highest tertile of serum
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n-3 PUFA. Subjects in the highest tertile of n-6 PUFA levels smoked less than those in the
lowest tertile of n-6 PUFA, but there were no differences in gender distribution or age.

Additionally, their total fish intake and consequently their n-3 PUFA serum levels were

lower, as was their intake of alcohol (data not shown).

Table 2.1 Characteristics of 363 cases and 498 controls (total n=861)
Cases (n=363)
Demographic variables

Indication for endoscopy (%)

Complaints/ Screening/ Other

Serum PUFA '

Gender (% men) 53.7
Age (years, mean + SD) 58.1%10.3
BMI (kg/m?, mean * SD) 26.2 * 4.1
Family history of CRC (% yes) 22.0
Education (%4low) 39.2
Lifestyle variables
Ever smoker (% yes) 66.2
Physical activity (% low) 58.4
Regular use of NSAID* (%) 34.7
HRT among women (% yes) 15.5

70.3/18.5/11.0

n-3 PUFA 2.0 (1.7 -2.5)
ALA 0.5(0.5-0.7)
EPA 0.8 (0.6 - 1.2)
DHA 0.6 (0.4 -0.7)
n-6 PUFA 61(59 - 64)
LA 53 (49-55)
AA 6.9 (5.9-8.0)
n-3/n-6 ratio 0.03 (0.03- 0.04)

Dietary intake (mean * SD)

Energy (MJ/d) 8.8+2.5
Fat (g/d) 83.6 £29.2
Total fish intake (g/d) ' 8.4 (3.3-16.3)
Red meat (g/d) 59.9 * 34.1
Total fruit (g/d) 190 * 131
Total vegetables and legumes (g/d) 129 51
Fibre (g/d) 23.9%6.2
Alcohol (g/d) 8.8 (1.0 - 23.3)
Cholesterol (mg/d) 233+ 96
Diet change due to gastrointestinal complaints 19.9

(% yes)

Controls (n=498)

39.2

52.0 13.5

25.6 +4.1
21.7
32.1

58.2
51.8
37.6
17.1

75.9/13.1/11.0

2.0 (1.6 —2.4)
0.6 (0.5-0.7)
0.8 (0.6 -1.1)
0.6 (0.4 -0.7)
61(58 - 64)
52 (49 -55)
6.9(5.9-7.9)
0.03 (0.03- 0.04)

8.4%2.5
78.5+29.2
8.8(3.3-16.8)
54.9%32.4
185 £ 129
120 * 47
22.9+6.5
4.4 (0.3 -15.1)
214 + 81
36.1

*> 12 times per year; " expressed in mass % of fatty acids in cholesteryl esters; ' Values are medians (25" percentile-75" percentile);
Abbreviations: SD (standard deviation), BMI (body mass index), CRC (colorectal cancer), NSAID (non steroidal anti-inflammatory
drug), HRT (hormone replacement therapy), PUFA (polyunsaturated fatty acid), ALA (alpha-linolenic acid; C18:3n-3), EPA
(eicosapentaenoic acid; C20:5n-3) , DHA (docosahexaenoic acid; C22:6n-3) , LA (linoleic acid; C18:2n-6), AA (arachidonic acid; C20:4n-

6), MJ/d (Mega Joule per day), g/d (gram per day)
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No modifying effect was observed for gender distribution, age, family history of
colorectal cancer or regular NSAIDs use. Identified confounding variables were age,
gender, and alcohol intake.

The correlation coefficient between serum total n-3 PUFA and total fish consumption was
0.37, and for serum total n-3 PUFA and fatty fish consumption it was 0.44. The correlation
coefficient between total n-3 PUFA and total n-6 PUFA was -0.41.

For total n-3 PUFA, the OR of colorectal adenomas comparing the third tertile with the
first was 0.67 (95% Cl 0.46; 0.96, p for trend 0.03) (Table 2.2). Serum EPA and DHA were
also inversely associated with colorectal adenoma risk, but not statistically significantly.
In contrast, the risk of colorectal adenomas was increased by total n-6 PUFA with an OR
of 1.68 (95% Cl, 1.17; 2.42, p for trend 0.006) and by linoleic acid (LA; C18:2n-6) with an OR
of 1.65 (95% Cl, 1.15; 2.38, p for trend 0.007).

Table 2.2 Association between serum PUFA and colorectal adenomas in an endoscopy-based case-control
study including 363 cases and 498 polyp-free controls

Serum PUFA* Tertiles' Number of cases/ Model p for trend
controls OR (95% Cl)
Total n-3 PUFA <1.8 115/166 1.00 (ref) 0.03
1.8-2.3 124/166 0.80 (0.56-1.15)
22.3 124/166 0.67 (0.46-0.96)
ALA <05 127/166 1.00 (ref) 0.66
0.5-0.6 109/166 0.86 (0.61-1.22)
>0.6 127/166 0.93 (0.66-1.31)
EPA <o0.7 106/166 1.00 (ref) 0.24
0.7-1.0 122/166 0.86 (0.60-1.24)
>1.0 135/166 0.79 (0.55- 1.15)
DHA <o0.5 112/166 1.00 (ref) 0.05
0.5-0.6 140/166 1.02 (0.73-1.45)
>0.6 111/166 0.71(0.49-1.02)
Total n-6 PUFA <58.9 103/166 1.00 (ref) 0.006
58.9-62.8 127/166 1.55 (1.08- 2.23)
>62.8 133/166 1.68 (1.17-2.42)
LA <50.0 111/166 1.00 (ref) 0.007
50.0-54.1 117[166 1.27 (0.89-1.83)
>54.1 135/166 1.65 (1.15- 2.38)
AA 6.2 123/166 1.00 (ref) 0.83
6.2-7.5 112/166 0.91(0.64-1.30)
>7.5 128/166 0.96 (0.68-1.35)
n-3/n-6 ratio <0.028 116/166 1.00 (ref) 0.07
0.028-0.038 127/167 0.81(0.57-1.16)
>0.038 127/165 0.71(0.49-1.02)

* mass% of fatty acid methyl esters; ' Tertiles based on distribution among controls; > Model : Adjusted for gender, age and alcohol
intake; Abbreviations: PUFA (polyunsaturated fatty acid), ALA (alpha-linolenic acid; C18:3n-3), EPA (eicosapentaenoic acid;
C20:5n-3), DHA (docosahexaenoic acid; C22:6n-3), LA (linoleic acid; C18:2n-6), AA (arachidonic acid; C20:4n-6)
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No marked association with colorectal adenomas was found for serum a-linolenic acid
(ALA; C18:3n-3) and for serum arachidonic acid (AA; C20:4n-6) (Table 2.2). The n-3/n-6
ratio was inversely associated with colorectal adenoma risk, OR 0.71 (95% Cl 0.49; 1.02, p
for trend 0.07). When we also adjusted for n-6 PUFA, we found that the association
between n-3 PUFA and colorectal adenomas was slightly attenuated, OR 0.79 (95% Cl
0.53; 1.18). When the associations of n-6 PUFA or LA were adjusted for n-3 PUFA, these
were also slightly attenuated, OR 1.51 (95% Cl 1.02; 2.24) and 1.48 (95% Cl 1.01; 2.17),
respectively.

Discussion

In this endoscopy-based case-control study, we observed an inverse association of serum
n-3 PUFA and a positive association of serum n-6 PUFA and LA with colorectal adenoma
risk. Although there were indications for opposing associations of n-3 and n-6 PUFA on
colorectal cancer risk in animal studies >**9, other human studies on colorectal cancer
have not found this simultaneous opposing effects of n-3 and n-6 PUFA %" |t is
hypothesised that n-3 and n-6 PUFA can have opposing effects on colorectal tumor
formation via modulation of the AA pathway; by changing the substrates and products,
like eicosanoids, or by a direct effect on the genes involved in this pathway, although the
precise mechanisms are far from clear 3.

One could question whether the observed association of n-3 PUFA and colorectal
adenomas could partly be explained by n-6 PUFA, and vice versa. However, when we
adjusted the appropriate models for n-3 PUFA with n-6 PUFA or vice versa, results would
only slightly attenuate.

One of the strengths of this study is that we used serum PUFA levels to determine the
association of PUFA with colorectal adenoma risk. Serum PUFA levels take into account
the bioavailability of PUFA from foods and the metabolism of PUFA in the human body
and are not dependent on memory, awareness of fat intake or willingness to report
details of diet and are therefore considered to be a better marker of PUFA intake than

20,21

dietary questionnaires “*". A second strength is that our control population did not have
any colorectal adenomas as confirmed by a full colonoscopy. This reduces the chance of
misclassification due to possible proximal adenomas. Moreover, the cases were all
recently diagnosed with colorectal adenomas. This reduces the possibility that the
presence of colorectal adenomas may have influenced serum fatty acid levels *.

A limitation of this study is that endoscopies are not routinely conducted for screening
purposes in the Netherlands, but only on clinical indication. Therefore, the reason for
most subjects’ initial endoscopy was either bowel complaints, faecal blood loss or a
family history of colorectal cancer. Bowel complaints may lead to changes in dietary

habits. However, when we excluded participants who had indicated that they had
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changed their diet due to these complaints (72 cases, 178 controls), it did not change our
results. Also, we do not have sufficient data on serum PUFA levels of patients not
participating in the study to further evaluate the possible selection bias due to
nonresponse. However, from a short questionnaire distributed upon invitation inquiring
after age, gender, body weight, height, education level, smoking and consumption of
alcohol and meat, we know that there were no large differences in these characteristics
between responders and nonresponders *. We tried to limit information bias by including
only recently diagnosed cases in these analyses, by asking the participants to fill out the
questionnaires regarding their habits in the year before their complaints or last
endoscopy, and by using serum markers of PUFA.

Furthermore, we studied colorectal adenomas instead of colorectal cancer. One could
question whether all colorectal adenomas would eventually develop into carcinomas. If
we would include only ‘high-risk’ adenomas in our analyses, defined as villous adenomas,
more than 3 adenomas or adenomas with severe dysplasia, results would only slightly
attenuate for n-6 PUFA. Also, colorectal adenomas might be a better marker for the
earlier processes of colorectal carcinogenesis, especially villous adenomas. It could be
hypothesized that dietary effects may especially play a role in these early processes.
Genetic factors could possibly influence the association between n-3 or n-6 fatty acids
and the risk of colorectal adenomas ***>, which could have contributed to the observed
discrepancies in human studies. For instance, single nucleotide polymorphisms in
cyclooxygenase (COX)-2 and peroxisome proliferator-activated receptor (PPAR)-delta
could modify the association between colorectal adenomas and fish consumption .

In conclusion, this is the first observational study that simultaneously finds an inverse
association of serum n-3 PUFA and a positive association of serum n-6 PUFA with
colorectal adenoma risk. Prospective studies are needed to further investigate the role of
PUFA, particularly the opposing effects of n-3 and n-6 PUFA, in colorectal carcinogenesis
taking genetic polymorphisms into account.
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Abstract

Background: High intake of n-3 polyunsaturated fatty acids (PUFA), mainly present in fish, may be
associated with decreased inflammation. Previous intervention studies on fish PUFA and
inflammatory markers in healthy subjects did not analyze a broad spectrum of inflammatory
cytokines, chemokines, and cell adhesion molecules, or their interrelationships. Therefore, we
determined the effects of fish oil supplementation on 19 serum inflammatory markers and their
interrelationships in healthy, middle-aged individuals.

Methods: Individuals (n=77) aged 50-70 years completed a randomized, double-blind placebo
controlled intervention study. Participants received 3.5g/d fish oil (1.5g/d total n-3 PUFA) (n=39) or
placebo (high oleic sunflower oil) (n=38) during 12 weeks. Serum concentrations of 19 inflammatory
markers were determined using a multiplex immunoassay pre- and post-intervention. Changes in
concentrations were analyzed using analysis of covariance (ANCOVA) and differences in patterns in
inflammatory markers between the fish oil and placebo group were analyzed by principal
components analysis (PCA).

Results: Fish oil supplementation did not significantly affect serum concentrations of cytokines,
chemokines, or cell adhesion molecules as compared with placebo. However, there was a trend
that all inflammatory markers were increased after fish oil supplementation. PCA did not result in
markedly distinctive patterns of inflammatory markers for the fish oil and placebo group.
Conclusion: This 12-week randomized, double-blind placebo-controlled intervention trial did not
show that 1.5g/d n-3 PUFA significantly affected the serum inflammatory response in healthy
individuals, nor patterns of inflammatory markers. Thus, a healthy middle-aged population may not
benefit from fish oil as anti-inflammatory agent.

Introduction

Chronic inflammation underlies a variety of human diseases, including cardiovascular
disease and inflammatory bowel disease. Consumption of the n-3 polyunsaturated fatty
acids (PUFA) eicosapentaenoic acid (EPA, C20:5 n-3) and docosahexaenoic acid (DHA,
C22:6 n-3), as mainly present in fish, may be associated with anti-inflammatory effects .
A generally accepted mechanism behind this is that higher dietary intake of EPA increases
its inflammatory cell membrane concentration at the expense of arachidonic acid (AA,
C20:4 n-6). This can lead to a shift in production of cytokines via an altered eicosanoid
production, resulting in a less pro-inflammatory state 3. Numerous studies have
investigated the effects of n-3 PUFA on inflammatory markers in different types of
populations. If we only focus on studies on inflammatory markers in healthy subjects, the
evidence of effects of n-3 PUFA on inflammatory markers is not very solid, as is shown in
two recent reviews *°. Fritsche concluded that n-3 PUFA supplementation studies with
healthy human subjects did not provide consistent or compelling evidence to support the
hypothesis that dietary PUFAs affect inflammatory responses in a manner that is likely to
have clinical consequences *. And also Sijben and Calder concluded in their review that
most studies in healthy subjects did not show effects on immune markers such as
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cytokine production by lymphocytes and monocytes °. In most of the studies evaluating
the effect of n-3 PUFA on inflammatory cytokines, isolated cells stimulated with stimuli
like endotoxin were studied, while studying circulating soluble markers in serum might be
more closely linked with the in vivo situation. In addition, in most of these studies only a
few inflammatory markers were studied, like in a recent study of Yusof and Calder ® who
studied six systemic inflammatory markers or Fujioka et al 7 who studied only two
inflammatory markers. Moreover, since cytokines are interrelated in regulatory networks,
a wide spectrum of cytokines rather than a few selected cytokines should be analyzed
including their interrelationships. Besides cytokines, other forms of soluble inflammatory
markers could be added to this spectrum of inflammatory markers, such as chemokines,
and cell adhesion molecules. Chemokines are chemotactic cytokines which regulate the
process of inflammation by controlling the homeostasis of circulation of leukocytes °.
Soluble forms of cell adhesion molecule-1, and vascular cell adhesion molecule-1 are found
in serum and are elevated during inflammatory conditions °. So far, few studies have
addressed the effects of fish oil supplementation on cytokines in combination with cell
adhesion molecules or chemokines in a healthy, middle-aged population, showing

6,10

conflicting results: some studies showed a decrease in cell adhesion molecules > while

1,12

other studies showed no effect ™. Therefore, our main aim was to study the effects of
fish oil supplementation on a large range of serum inflammatory markers including
cytokines, chemokines, and cell adhesion molecules using a multiplex immunoassay in
middle-aged individuals. In addition, we evaluated the interrelationships of these

inflammatory markers in the two treatment groups.

Subjects and methods

Subjects and Study design

This study was primarily designed to investigate the effects of fish oil supplementation on
heart rate variability and baroreflex sensitivity in healthy subjects and power calculations
were based on the primary outcome of changes in heart rate variability and baroreflex
sensitivity .

We included 81 subjects aged 50-70 years in a parallel, double-blind, placebo-controlled
intervention trial that was performed between January and May 2001. After a run-in
period of 4 weeks, in which subjects were provided with placebo capsules and were
instructed not to consume fish, seafood, or fish oil capsules, subjects were randomized to
receive either a daily dose of 3.5g of fish oil or placebo oil (high oleic sunflower oil) during
a 12-week intervention period. Subjects were stratified by habitual fish consumption,
diastolic blood pressure, and gender and then randomized to receive either fish oil or
placebo by a person independent of the study. Both researchers and participants were
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blinded to the treatment and fish oil and placebo capsules were indistinguishable from
each other.

The daily dose of fish oil provided approximately 700 mg of EPA, 560 mg of DHA, and 260
mg of other n-3 fatty acids (in total 1.5 g/d n-3 PUFA). Exclusion criteria were mainly
related to problems of the cardiovascular system including past or present cardiovascular
disease, diabetes mellitus, and hypertension (> 1770 mm Hg systolic or > 100 mm Hg
diastolic). Only post-menopausal women not receiving hormone replacement therapy
were included. Compliance was checked and confirmed by analyzing n-3 fatty acids in
serum cholesteryl esters and by counting the number of leftover capsules. The study
protocol was approved by the Medical Ethical Committee of Wageningen University and
all subjects gave written informed consent.

Characteristics of the study population including height, weight, and physical activity '*®
were measured at baseline and published previously . Habitual fish intake was assessed
by interviewing the subjects using a questionnaire on the frequency of fish intake.
Participants also kept a diary on their general health status. High sensitivity serum
C-reactive protein (CRP) concentrations were measured at baseline and after
intervention using an enzyme immunoassay and results were published before .

Measurements of inflammatory markers

Non-fasting blood samples were collected at the start and end of the intervention, for
each participant at the same time of day pre- and post-intervention. Also, subjects were
instructed to eat low fat meals on the day of the blood draw. Blood samples were stored
at -80°C until further processing. Multiplex immunoassays were performed as previously
described 7™ to measure serum concentrations of soluble interleukin (IL)-1a, IL-1B, IL-2,
IL-4, IL-5, IL-6, IL-8 (or CXCL8), IL-10, IL-12p70, IL-13, tumor necrosis factor alpha (TNF-a),
interferon-gamma (IFN-y), macrophage migration inhibitory factor (MIF), monocyte
chemo-attractant protein-1 (MCP-1 or CCL2), intracellular adhesion molecule-1 (sICAM-1),
vascular adhesion molecule-1 (sVCAM-1), macrophage inflammatory protein-1-alpha (MIP-
10 or CCL3), Regulated upon Activation, Normal T-cell Expressed and Secreted (RANTES
or CCL5), and Eotaxin (CCL11). Samples were analyzed using the Bio-plex system in
combination with the Bio-plex Manager software version 3.0 (Bio-Rad Laboratories,
Hercules CA, USA). Concentrations of analytes were quantified using a standard curve
that was generated using five parametric curve fittings to the series of known
concentrations of analytes. Due to technical reasons, results of one participant were
excluded from analyses (Figure 3.1). Intra-assay variability expressed as coefficient of
variation (CV) of the multiplex immunoassay has been published previously and varied

between 6.5- 22% 7,
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Statistical methods

We excluded three subjects from the analyses based on a serum concentration of CRP >
10 mg/l, either at baseline or at the end of the intervention resulting in a study population
of 77 subjects (Figure 3.1). These three excluded subjects reported flu-like symptoms in

their diary preceding blood collection

. We assigned a value equal to half of the
detection limit of a given cytokine or chemokine if any values were below detection limit.
A sensitivity analysis was performed to determine whether the results were sensitive to
this arbitrary choice by comparing analyses where one quarter of the detection limit was
assigned to such data points.

Since data were not normally distributed, medians and interquartile ranges (25"
percentile, 75 percentile) are presented for baseline and end values of all inflammatory
markers. The end values of the outcomes were used in a model of analysis of covariance
(ANCOVA) comparing the fish oil supplemented group with the placebo group adjusted
for baseline values.

As additional and explorative analysis, we applied principal components analysis (PCA) to
analyze patterns of cytokines, chemokines, and cell adhesion molecules by using the
Factor procedure in SAS ". We also included CRP measures which were measured and
published previously in these patterns '®. Responses of inflammatory markers (after —
before measurement) were entered into the model and based on evaluation of
eigenvalues and the Scree plot, patterns were derived and rotated using the VARIMAX
option in SAS. Individual factor loadings for the main three factors were plotted to
explore whether two clusters would be visible representing the two treatment groups.
For the inflammatory markers, we considered a p-value of < 0.01 as statistically significant
since we performed multiple comparisons. All statistical analyses were carried out using
the SAS statistical software program (version 9.1, SAS Institute Inc., Cary, North Carolina,
USA).

Randomized (n=81)

"§ Fish oil (n=40) Placebo (n=41)
K
Excluded (n=1) Excluded (n=3)
*CRP > 10 (n=1) *CRP > 10 (n=2)
) ¢ Technical reasons (n=1)
—é Analysed (n=39 ) Analysed (n=38)

Figure 3.1 Flow chart of participants
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Results

Baseline characteristics of the participants are presented in Table 3.1. Subjects receiving
fish oil and placebo were similar in terms of gender, age, BMI, habitual fish intake,
smoking status, and degree of physical activity. One serious adverse event was reported
during the study but this was not related to the study. This person was not included in
the analysis.

Table 3.1 Baseline characteristics of all subjects (n=77) presented as mean + SD, or in n (%)

Fish oil (n=39) Placebo (n=38)
Gender (n, % male) 19 (49%) 20 (53%)
Age (y) 58.04.3 59.5 £5.3
BMI (kg/m?) 26.5 + 3.2 26.6 3.6
Habitual fish intake (freq/month) 3.4+2.4 3.4 £3.0
Current smokers (n, %) 7 (18%) 8 (21%)
Physical activity (PASE)' 134.1%54.3 136.9 £ 58.4

' PASE=Physical Activity Scale for the Elderly, a higher score indicates more physical activity

Serum cytokine concentrations at baseline and after the 12-week intervention are
presented in Table 3.2 and serum chemokines, and cell adhesion molecules are presented
in Table 3.3. The percentage of subjects with a measurement below the detection limit
varied from 0% for some cytokines and adhesion molecules to 87% for IL-10 (Table 3.2 and
3.3).

Serum concentrations of cytokines after treatment did not differ statistically significantly
between the fish oil treated and placebo treated subjects (Table 3.2). In addition, serum
concentrations of chemokines and cell adhesion molecules were not significantly
different between the two intervention groups after the 12-week fish oil intervention
(Table 3.3). Overall, it appeared that all serum inflammatory markers were increased
rather than decreased after fish oil supplementation as compared with placebo,
however, these increases were not statistically significant. Results from the sensitivity
analysis, using a different value for replacing values below the detection limit, were
comparable with the original analysis (data not shown).
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In Figure 3.2 the individual results of the PCA are plotted for the first three factor
loadings, each dot represents one person. Factor 1 consisted of IL-1f, IL-2, IL-5, IL-6, IL-10,
IL-13, TNF-a, IFN-y, MIP1a, IL-8, and sVCAM and explained 43.4% of the total variance.
Factor 2 consisted of IL-1a, IL-2, IL-4, and MIF and explained 17.6% of the total variance.
Factor 3 consisted of MCP-1 and RANTES and explained 10.7% of the total variance. The
first three factors together explained 71.7% of the total variance. We observed no explicit

clusters for subjects treated with either fish oil or placebo (Figure 3.2).
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Discussion

This randomized, double-blind placebo-controlled intervention trial showed no effect of
1.5g n-3 PUFA daily for 12 weeks on serum inflammatory markers in healthy middle-aged
individuals. If anything, there was a trend that all serum inflammatory markers tended to
be increased after fish oil supplementation but this was not statistically significant. No
marked differences in patterns of serum inflammatory markers between treatment
groups were observed.

Our results contribute to the body of evidence that in studies with healthy individuals
generally no effects of n-3 PUFA supplementation on inflammatory markers were
observed *°. Healthy individuals, like the participants of this study, generally have low
levels of serum inflammatory markers. Thus, the chance that low levels of inflammation
are reduced by an intervention with fish oil is very small. In addition, low levels of serum
inflammatory markers are not easy to detect, which is reflected in the number of values
below detection limit in this study. Chemokines and cell adhesion molecules were in the
detectable range, but no effect of fish oil supplementation was observed for these
inflammatory markers. Therefore, it may well be possible that in a middle-aged
population like this no beneficial effect of fish oil supplementation on serum
inflammatory markers is to be expected, although it may be possible that other markers
of immune function, like the expression of cell adhesion markers on monocytes and
respiratory burst response in neutrophils could be affected, as was shown in previous
studies >,

A limitation of our study is that blood samples were collected throughout the day which
could have introduced some variation due to possible natural fluctuations in cytokine
concentrations . To counteract this potential problem, blood samples per participant
were collected at the same time of day before and after intervention. In addition,
fluctuations in cytokine concentrations could be expected after meals, especially high fat

meals 242°

. However, subjects were asked to consume low fat meals before the
measurement. Nevertheless, the additional variation caused by fluctuations over the day
may have weakened our results. Moreover, we used a multiplex immunoassay rather
than enzyme-linked immunosorbent assay (ELISA), which is generally considered the gold
standard. Nevertheless, the multiplex immunoassay used in our study was validated
against ELISA 7 and sensitivity, accuracy, and reproducibility of the two methods were
similar. Using different methods of measuring inflammatory markers could lead to

different results 2

. However, if we compare studies using different methods for
measuring inflammatory markers in healthy individuals, the conclusions are the same for
these studies, i.e. no beneficial effects of fish oil were observed in healthy individuals.

A clear strength of our study is the compliance of our subjects to the intervention, which
was very high ®. Another advantage is that we measured a large panel of serum

inflammatory markers, including chemokines, cell adhesion molecules, and previously
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CRP. This might better reflect the overall inflammatory response compared with other
studies, investigating only a few markers. When studying a large range of markers it
should be kept in mind that correction for multiple testing might be necessary. In this
study we choose a p-value of <0.01 as statistically significant. We chose not to use the
Bonferroni correction as this might be too conservative since the inflammatory markers
are also interrelated *. Additionally, we studied the coherence and interrelationships of
the inflammatory markers using PCA. While studying patterns of inflammatory markers,
one could make the distinction between pro- and anti-inflammatory markers. However,
we could not identify any specific pro- or anti-inflammatory pattern, or specific patterns
for chemokines or cell adhesion molecules. It could be argued that the classification of
pro- and anti-inflammatory is too simplistic since the function of a specific cytokine
depends on the amount, the target cell, the producing cell, and the sequence of actions
of cytokines. Furthermore, we used PCA to analyze the possible patterns in our data set
since PCA is a commonly used method to analyze possible patterns . We realize that
other types of factor analysis can be applied as well, although these other methods have
other underlying assumptions. Due to the number of participants, the PCA was rather
explorative.

For future large-scale studies, the use of the multiplex immunoassay has two big
advantages: first only soul of biological fluid is necessary for the measurement of the
multiplex immunoassays and second, its relatively low costs. Future observational and
experimental studies could use this approach to measure a large range of inflammatory
markers and using factor or cluster analysis. It would be most interesting to include
subjects with an inflamed status, like patients with cardiovascular disease or
inflammatory bowel disease, especially since inflammatory markers are elevated and
possible patterns of interrelationships are easier to detect. In addition, besides serum
inflammatory markers also more local markers of inflammation, such as markers in
colonic tissue, could be considered to study the effects of diet on inflammation .

In conclusion, the results of this randomized, double-blind, placebo-controlled
intervention are in agreement with previous studies that suggest that fish oil
supplementation has no effect on serum inflammatory markers in a healthy middle-aged
population. Moreover, no effects on the interrelationships of these inflammatory
markers were found.
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Abstract

Background: Diet is a major factor in the etiology of colorectal cancer, with high fish consumption
possibly decreasing colorectal cancer risk, as is shown in several observational studies. To date, no
intervention trials have examined the possible beneficial effects of fish intake on colorectal cancer
risk.

Objective: The objective was to investigate the effects of a 6-mo intervention with oil-rich or lean
fish on apoptosis and mitosis within the colonic crypt.

Design: In a multi-centre, randomized, controlled intervention trial, patients with colorectal polyps,
inactive ulcerative colitis, or no macroscopic signs of disease were recruited (n=242) and randomly
allocated to receive dietary advice plus either 300g oil-rich fish (salmon) per week (n=82), 300g lean
fish (cod) per week (n=78), or only dietary advice (DA) (n=82). Apoptosis and mitosis were
measured in colonic biopsy samples collected before and after intervention (n=213).

Results: The total number of apoptotic cells per crypt did not increase in the salmon or cod group:
-0.10 (95% Cl -0.36; 0.16) and -0.06 (95% Cl -0.32; 0.20) respectively compared with DA. The total
number of mitotic cells per crypt decreased non-significantly in the salmon group (-0.87, 95% Cl
-2.41; 0.68) and in the cod group (-1.04, 95% Cl -2.62; 0.53) compared with DA. Furthermore, the
distribution of mitosis within the crypt did not significantly change in either group.

Conclusion: An increase in the consumption of either oil-rich or lean fish to 2 portions weekly over 6
mo does not markedly change apoptotic and mitotic rates in the colonic mucosa. The trial has been
registered at www.clinicaltrials.gov under identifier NCT00145015.

Introduction

Colorectal cancer is one of the cancers most strongly related to dietary habits "*, with 65-
75% of the incidence of colorectal cancer attributed to dietary factors 3. One of the dietary
habits that may reduce colorectal cancer risk is consumption of fish ". Several
observational studies have shown that fish consumption could be related to a decreased
risk of colorectal cancer ". Recently, a meta-analysis of 19 prospective cohort studies
showed a 12% decrease in relative risk (RR) of colorectal cancer (RR 0.88, 95% Cl 0.78;
1.00) in a comparison of high fish consumption with low fish consumption *. The largest
contributing study to this meta-analysis was the European Prospective Investigation into
Cancer (EPIC) study, with a hazard ratio of 0.69 (95% Cl 0.54; 0.88) and a contrast of 70g
fish/d between the lowest vs. highest intake category °. The beneficial effects of fish
consumption are generally attributed to their very long chain n-3 or omega-3
polyunsaturated fatty acid (VLC-PUFA) content, as established in animal and in vitro

studies ©

. However, fish contains other nutrients that have been associated with a
reduced colorectal cancer risk, such as vitamin D and selenium . Observational studies
are currently unable to assess whether the possible protective effect of fish on colorectal
cancer risk is only associated with the consumption of oil-rich fish or with fish in general,
as no discrimination in type of fish is normally made in these studies. Hence, there is a

need for intervention studies involving different types of fish. Because the assessment of
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colorectal cancer incidence as outcome is not feasible, intermediate endpoints of
colorectal cancer risk have to be used, despite their recognized limitations.

An intermediate endpoint often used for colorectal cancer risk in intervention studies is
cell proliferation ®. A decrease in cell proliferation or mitosis indicates a longer cell cycle
time, thereby increasing time for cells to repair any replication errors °. For many years,
this has been considered one of the few available early biomarkers of colorectal cancer
risk. Patients with ulcerative colitis (UC) and those with colorectal polyps have increased
mitotic rates ' and are at an increased risk of developing colorectal cancer.
Gastrointestinal epithelial cell homeostasis is maintained by the balance between cell
growth and apoptosis; therefore, more recently apoptosis has been considered to be a
useful marker of colorectal cancer risk ™. Higher levels of apoptosis indicate faster
removal of damaged cells which can possibly prevent clonal expansion, and higher
apoptotic levels have been linked to reduced colorectal cancer risk in both animal models
™ and humans . Patients with UC "*' and those with polyps " have decreased apoptotic
rates.

Mitosis and apoptosis have been examined in several studies that investigated dietary

supplementation with fish oil and have shown inconsistent results. Some studies showed

17-20 18,21

a reduction in cell proliferation and an increase in apoptosis in response to fish oil
supplementation, whereas other studies failed to show an effect ***°. Also, a number of
studies only confirmed an effect of fish oil in adenomatous tissue and not in normal tissue
71925 or only showed an effect of fish oil within and not between treatment groups 7.

To our knowledge, no intervention trials have examined the possible beneficial effects of
fish consumption on colorectal cancer risk. Therefore, the aim of the current study was to
investigate the effects of an intervention using either oil-rich or lean fish, on apoptosis
and mitosis in colonic crypts as markers of colorectal cancer risk in a high-risk population
of patients, with either colorectal polyps or inactive UC, and in healthy control patients.
We hypothesized that increased fish consumption would lead to increased apoptotic
levels and decreased mitotic levels and that oil-rich fish would result in more pronounced

effects than would lean fish.

Subjects and methods

Subjects and sample size

The trial (FISHGASTRO study) was carried out by two research centers, Wageningen
University (WU), Wageningen, the Netherlands (NL), and the Institute of Food Research
(IFR), Norwich, United Kingdom (UK). Potential participants were recruited from
outpatient colonoscopy clinic lists in eight clinical centers (6 in the Netherlands, 2 in the
United Kingdom). The primary outcome of this trial was the change in apoptosis. Based
on findings in a previous study, a sample size of 90 subjects per intervention group was
calculated to provide power of at least 80% to detect a change of 0.2 apoptotic cells per
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crypt with a standard deviation (SD) of 0.46, using a two-sided statistical significance
level of p <0.05 *. To account for a dropout rate of 10%, we needed 100 subjects per
intervention group (n=300).

Between November 2004 and July 2007, we recruited male and female volunteers aged
18- 80 years for the study from outpatient clinic attendees visiting the hospital for a
colonoscopy, which was part of their regular medical care. Three groups of subjects were
recruited: (i) those with (previous) colorectal polyps which were histologically confirmed,
(ii) those diagnosed with non-active UC, and (jii) those without any macroscopic signs of
disease in the colon, whose reasons for attending included irritable bowel syndrome,
hemorrhoids, unexplained anemia, bowel complaints, or changes in defecation pattern.
Approximately 10% of the invited patients were willing to participate in the trial. The main
reasons for not participating were an unwillingness to increase their fish consumption or
to undergo an extra sigmoidoscopy at the end of the trial, which was additional to their
regular medical care. Subjects were excluded if they were: allergic to fish, taking fish oil
supplements, taking non-steroidal anti-inflammatory drugs (NSAIDs) or acetylsalicylic
acid, organ transplant recipients receiving immuno-suppression therapy, type | diabetics,
or patients with an elevated infection risk.

The Dutch study protocol was approved by the Medical Ethical Committee of Nijmegen
University Medical Centre St. Radboud (reference 2004/111), and the English study
protocol was approved by King’s Lynn Local Research Ethics Committee (reference
04/Qo105/8). All subjects gave written informed consent after the study was explained to
them both in writing and verbally.

Design and Treatment

The FISHGASTRO study is a multi-centre parallel randomized controlled intervention trial
(RCT). After an initial colonoscopy procedure, eligible subjects were randomly allocated
by an independent person to 1 of 3 dietary intervention groups: (i) oil-rich fish group
receiving two 150g portions of farmed salmon per week for 6 mo, (ii) lean fish group
receiving two 150g portions of Icelandic cod per week for 6 mo, or (jii) dietary advice (DA)
group. All 3 intervention groups received general dietary advice to achieve a healthy diet
728 Treatment codes were generated by country and patient group in blocks of six using
a computer-generated randomization schedule. The fish was provided to the participants
at their home and they were asked to consume it in addition to any regular fish
consumption. Salmon and cod provided approximately 1.4g/d and 0.09g/d of n-3 VLC-
PUFA respectively *°. We chose a study duration of 6 mo since this would be long enough
to incorporate n-3 PUFA in the colonic epithelium *.

Volunteer compliance was checked using food diaries, regular phone calls every 2-4 wk,
and for the salmon group by pre- and post-intervention measurements of serum n-3 VLC-
PUFA concentrations.
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Data collection

Colonic biopsy samples were collected before intervention during a routine colonoscopy
procedure and after intervention during a sigmoidoscopy procedure. The preparation of
the colonoscopy procedure consisted of macrogol (Kleanprep, Norgine BV, Amsterdam,
NL) in NL, or Picolax (Ferring Pharmaceuticals Limited, Berkshire, UK) in UK; the
preparation of sigmoidoscopy procedure consisted of an enema in both NL and UK. Distal
colon biopsies were obtained from mucosa of normal-appearance at ~20- 30cm from the
anal verge during the colonoscopy or sigmoidoscopy.

Fasted blood samples were taken on the day of the colonoscopy or sigmoidoscopy
procedure and serum was stored at -80°C prior to analysis. Serum cholesteryl fatty acids

*. Furthermore, we determined serum

were measured as previously described
25-hydroxy vitamin D (enzyme-immunoassay, Immunodiagnostics Systems Ltd, UK) and
serum selenium concentrations using an Agilent 7500ce ICP/MS (Agilent UK Ltd,
Stockport, UK) following UV assisted wet digestion in a Metrohm 705 UV digester
(Metrohm, Buckingham, UK). Dietary habits were assessed before and at the end of the
intervention period by a self-administered food frequency questionnaire (FFQ) 3**, and
additionally by a 7-day food diary in the UK. Information on lifestyle, including physical
activity * and smoking, weight, and height measures was obtained at baseline by
questionnaire. Participants were asked to report any changes in well being, and

medication and supplement use during the intervention period.

Analysis of crypt cell apoptosis and proliferation in colonic biopsies

After being collected, colonic biopsies were immediately fixed in ethanol: acetic acid (3:1)
and stored at 4°C before analysis. Apoptosis and mitosis were determined in intact micro-
dissected crypts using morphological criteria ¥3°. Biopsies were dissected under low
power microscopy to yield thin strips of crypts which were gently squashed beneath a
cover-slip. Ten to twenty randomly selected intact crypts were viewed under a light
microscope (x400). The length of each crypt was determined by comparison with a
calibrated linear eyepiece graticule (Nikon UK, Kingston, UK) and the positions of mitotic
cells were recorded along the length of the crypt. Data were expressed as the total
number of apoptotic or mitotic cells per crypt. The microscopist was blinded to both
treatment and patient group and all analyses were performed in the same research
center (IFR).

Statistical analyses

Data analysis was carried out according to a predefined analysis plan. Subject compliance
of the salmon group, based on serum n-3 VLC-PUFA changes, was tested using a paired
Students t-test within the salmon group. After the intervention, changes in outcome
variables were evaluated by using an analysis of covariance (ANCOVA), with adjustment
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for baseline values. We compared the changes in outcome measures in the salmon and
cod group with the changes in the DA group; therefore changes are presented as mean
change compared with the DA group (95% CI). The distribution of mitosis within the crypt
was also analyzed. Crypt lengths were normalized in tenths and ANCOVA was used to
compare mitotic rates in the bottom 40% and top 40% of the crypts, as previously
described by Anti et al 7. For all analyses, we explored whether results were different per
patient group and per country. We performed analyses using the SAS statistical software
program (SAS version 9.1) and considered a p-value of <0.05 as statistically significant.
The researchers performing the statistical analyses were blinded to the treatment and
patient group during the analyses.

Results

Subjects and compliance

Of the 242 randomized participants, 216 completed the 6-mo intervention, as is shown in
Figure 4.1. Reasons for discontinuation are depicted in Figure 4.1 and consisted mainly of
not wanting an extra sigmoidoscopy (n=5), not willing to eat fish (n=3), pregnancy (n=2),
or occurrence of prostate cancer (n=2). Four serious adverse events were reported
during the study period but none were related to the study.

Randomized (n=242)
19% UC (n=47), 41% Polyp (n=99), 40%, ‘Healthy Colon’ (n=96)

=l
]
3
<=‘z Salmon (n=82) Cod (n=78) Dietary advice (n=82)
20% UG, 40% Polyp, 20% UG, 42% Polyp, 20% UC, 40% Polyp,
40% ‘Healthy Colon’ 38% ‘Healthy Colon’ 40% ‘Healthy Colon’
a Discontinued intervention (n=8) Discontinued intervention (n=7) Discontinued intervention (n=11)
] Reasons: Reasons: Reasons:
2 ¢ Fish related (n=2) ¢ Not wanting sigmoidoscopy ¢ Not wanting sigmoidoscopy
8 e¢Health problems (n=1) (n=2) (n=3)
° e Prostate cancer (n=2) e Fish related (n=1) *Too busy (n=1)
¢ Other (n=3) ¢ Too busy (n=2) ¢ Pregnancy (n=1)
* Pregnancy (n=1) *No reason indicated (n=4)
¢ No reason indicated (n=1) e UC flare up (n=1)
¢ Other (n=1)
| | |
% Analyzed (n=71) Analyzed (n=69) Analyzed (n=69)
E Excluded from analysis Excluded from analysis Excluded from analysis

Due to technical reasons (n=3)

Due to technical reasons (n=2)

Figure 4.1 Flow chart of the Fishgastro intervention study.

Due to technical reasons (n=2)

Baseline characteristics of all subjects that completed the intervention are shown in

Table 4.1. Overall, no differences in baseline characteristics were observed between the 3



Fish and colorectal cancer risk markers | 55
intervention groups, although subjects receiving cod included fewer women and fewer
smokers. Baseline characteristics of the dropouts were similar to those participants who

finished the intervention (data not shown).

Table 4.1 Baseline characteristics of the FISHGASTRO study population (n=213) (mean = SD)

Intervention group: Salmon Cod Dietary advice
Characteristic (n=74) (n=70) (DA) (n=69)
Age (year) 55.1+11.5 57.4 £10.3 55.3% 9.5
Sex (% female) 51 41 54
BMI (kg/m?) 26.5 * 4.4 26.8 + 4.3 26.7+3.5
Smoking (% current) 26.0 1.4 15.9
Family history of CRC (% yes) 1.3 4.3 4.4
Indication for baseline colonoscopy
(% screening) 41 44 46
Research Centre (% NL) 76 74 78

Patient groups

(% polyp/ UC/ healthy controls) 38/19/ 43 46/ 20/ 34 42[19/39
Abbreviations: SD (standard deviation), BMI (body mass index), CRC (colorectal cancer), NL (Netherlands), UC

(ulcerative colitis)
'There were no statistical significant differences among the three intervention groups

Before the start of the intervention, fish was consumed on average 1.5 times per week, as
is shown in Table 4.2. Dietary assessment data indicated that fish consumption increased
by 1.4 portions per week in the salmon group and by 1.3 times per week in the cod group
during the intervention (Table 4.2); no increase in fish consumption was observed in the
DA group. Furthermore, nutrient intake indicated that dietary habits other than fish
consumption did not significantly change in any of the intervention groups, and
specifically that meat consumption did not decrease in the salmon or cod group (data not
shown).

Table 4.2 Fish intake at baseline and the end of the intervention presented as frequency per week
(mean £ SD)

Intervention group: Salmon Cod Dietary advice
Fish intake (freq./wk) (DA)
Baseline 1.6+1.3 1.6 £1.1 1.5 £ 1.1
End 2.8+1.3" 2.9+13" 1.6 £1.3
Change 1.4+1.1° 1.3+1.4° 0.1+1.0
Difference in change compared 1.3 (0.9; 1.7) 1.2(0.8; 1.7)

with DA (mean (95% CI))

' Significantly different compared with baseline (p<0.0001, paired t-test)

* Significantly different change compared with DA (p<0.05, ANCOVA)

Abbreviations: freq. (frequency), wk (week), DA (dietary advice), Cl (confidence interval)

Measured at baseline in n=71 salmon, n=65 cod, n=69 DA, after intervention n=59 salmon, n=61 cod, n=60 DA
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Participants in all 3 intervention groups had similar levels of serum n-3 VLC-PUFA at
baseline, as is shown in Table 4.3. Serum n-3 VLC-PUFA levels significantly increased in the
salmon group (p<0.0001; Table 4.3) and not in the cod or DA group compared with
baseline. This indicated that subjects in the salmon group generally complied with the
salmon intervention.

Table 4.3 Serum measures of very long chain n-3 PUFA (EPA + DHA) per intervention group of
participants that completed the intervention (mean + SD mass% of total fatty acids in cholesteryl

esters)

Intervention group: Salmon Cod Dietary advice
Serum very long chain n-3 PUFA n=71' n=69’ (DA) n=70
Baseline 2.85 £ 1.41 2.71+1.07 2.64 +1.20
End 3.59 +1.41° 2.68 £1.04 2.49 £ 1.06
Change 0.74 +1.35 -0.04 + 0.94 -0.14 %+ 0.80

Difference in change compared 0.88(0.52;1.24) 0.11(-0.27; 0.47)
with DA (mean (95%Cl))

! missing values due to technical reasons, in salmon group n=3, in cod group n=1, and in DA n=1
* Significantly different compared with baseline (p<0.0001, paired t-test)
3 Significantly different change compared with DA (p<0.05, ANCOVA)

Serum selenium concentrations were significantly increased after intervention compared
with baseline within the cod group (+ 4.6 * 14.5 ng/ml, p 0.02). However, compared with
the DA group, changes in the cod and salmon group were not statistically significant, for
cod 4.7 ng/ml (95% Cl -1.6; 11.1) and for salmon 1.3 ng/ml (95% Cl -4.9; 7.4). Serum vitamin D
concentrations were non-significantly increased in the fish intervention groups, by 1.5
nmol/l (95% Cl -8.4; 11.3) in the salmon group and by 1.5 nmol/l (95% CI -8.9; 11.7) in the cod
group as compared with DA.

Markers of colorectal cancer risk

Fish consumption had no effect on the number of apoptotic cells per crypt after 6-mo
intervention compared with DA, as is indicated in Table 4.4. Similarly, the changes in the
number of mitotic cells per crypt were not significantly different after intervention with
fish compared with dietary advice, although a non-statistically significant decrease was
observed of -0.9 mitotic cells per crypt (95% Cl -2.4; 0.7) in the salmon group and -1.0
mitotic cells per crypt (95% Cl -2.6; 0.5) in the cod group compared with the DA group
(Table 4.4).
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Table 4.4 Markers of colorectal cancer: number of apoptotic cells per crypt, and number of mitotic
cells per crypt in the FISHGASTRO study (mean + SD)

Intervention group: Salmon Cod Dietary advice
Number of apoptotic cells per crypt  (n=74) (n=70) (DA) (n=69)
(nr/crypt)
Baseline 0.8+1.0 0.7+0.9 0.6 +0.7
End 0.6 £ 0.7 0.5+0.7 0.5%0.6
Change -0.2+0.9 -0.2+0.8 -0.1£ 0.6
Difference in change compared with  -0.1(-0.4; 0.2) -0.1(-0.3; 0.2)

DA (mean (95% Cl))

Number of mitotic cells per crypt

(nr/crypt)

Baseline 7.0£3.9 7.1%4.5 6.2+ 4.2
End 5.1+3.3 5.0 3.1 5.1%3.3
Change -1.9%5.0 2.1+ 4.6 1.1t 4.5
Difference in change compared with  -0.9 (-2.4; 0.7) -1.0 (-2.6; 0.5)

DA (mean (95% Cl))

After intervention, the percentage of mitotic cells in the bottom of the crypt non-
significantly increased in the salmon group with 2.7 (95% Cl -2.9; 8.3), and in the cod group
with 5.5 (95% Cl -0.2; 11.2) compared with DA, and no changes were observed for the
percentage of mitotic cells at the top of the crypt, as is shown in Table 4.5.

Comparison of the results per country at baseline showed statistically significant
differences between countries in the number of apoptotic cells per crypt (NL 0.5 * 0.8;
UK 1.1 £ 0.9, p < 0.0001) and in the number of mitotic cells per crypt (NL 6.1 £ 3.6; UK 9.1 £
5.0, p < 0.0001). However, compared with the DA group, the changes in the number of
apoptotic cells per crypt in the intervention groups did not differ between countries: -0.2
(95% Cl -0.5; 0.2) for salmon and -0.2 (95% Cl -0.5; 0.1) for cod in the Netherlands and 0.1
(95% Cl -0.4; 0.6) for salmon and 0.3 (95% Cl -0.2; 0.8) for cod in the United Kingdom. The
non-significant decrease in mitotic cells in the salmon and cod group was more
pronounced in NL participants compared with UK, although the decrease in mitotic cells
in NL was not statistically significant, changes in number of mitotic cells per crypt were in
-0.1 (95% Cl -1.3; 1.2) for salmon and -0.7 (95% Cl -2.0; 0.6) for cod in the Netherlands and
0.0 (95% Cl -3.3; 3.2) for salmon and 1.5 (95% Cl -1.7; 4.7) for cod in the United Kingdom.
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Table 4.5 Results of the percentage of mitotic cells in the 40% upper part of the crypt and in the 40%
bottom part of the crypt (nr/crypt) (mean + SD)

Intervention group: Salmon Cod Dietary advice
Percentage of mitotic cell numbers (n=74) (n=70) (DA) (n=69)
per crypt
407% upper part crypt
Before 3.5 5.9 2.8+4.3 2.5+4.4
After 2.7%5.1 2.8+5.3 2.2%4.3
Change -0.8 5.9 -0.1+5.6 -0.3+3.8
Difference in change compared -0.5 (-2.2;1.2) 0.2 (-1.6; 1.9)

with DA (mean (95% ClI))

Percentage of mitotic cell numbers

per crypt

40% bottom part crypt

Before 81.7£15.0 80.5+13.4 86.0+16.5
After 82.9 £12.2 84.4 £13.3 84.5 £10.8
Change 1.1£15.5 4.0 £17.3 -1.5+18.1
Difference in change compared 2.7 (-2.9; 8.3) 5.5 (-0.2; 11.2)

with DA (mean (95% ClI))

Comparison of the different patient groups at baseline showed that the number of
apoptotic cells per crypt was significantly higher in UC patients (0.9 * 1.2, p=0.04), and
non-significantly higher in polyp patients (0.7 + 0.9, p=0.11) as compared with control
subjects (0.6 + 0.6). The number of mitotic cells per crypt was significantly higher in UC
patients (8.1 £ 4.2, p=0.02) but not in patients with polyps (6.6 * 4.3, p=0.33), as
compared with healthy controls (6.3 + 4.0). The conclusions from our study did not
change when we analyzed changes in apoptosis and mitosis stratified for patient group.
We observed no change in the number of apoptotic cells after intervention, and this
result was not affected by patient groups (data not shown).

Compared with the DA group, the number of mitotic cells per crypt changed
non-significantly in polyp patients for salmon (-1.6, 95% Cl -4.0; 0.8) and for cod (-0.4, 95%
Cl -2.7; 1.9), in UC patients for salmon (-1.7, 95% Cl -5.4; 2.1) and for cod (-2.9, 95% Cl -6.6;
0.8), and in healthy controls for salmon (0.1, 95% Cl -2.5; 2.7) and for cod (-0.9, 95% Cl -3.6;

1.9).
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Discussion

The results of this trial do not support the hypothesis that additional fish consumption
over a 6-mo period changes the number of colonic apoptotic and mitotic cells or the
distribution of mitotic cells within the crypt. Furthermore, no marked differences in these
markers were observed between oil-rich and lean fish. To the best of our knowledge, this
is the first RCT to have studied the effects of fish consumption on markers of colorectal
cancer risk. It is generally considered preferable by many health professionals to
encourage dietary change rather than the use of supplements. Therefore, the use of fish
in this study better reflects the effects of the current advice of 2 portions of fish per
week, as compared with previous fish oil studies intervening with n-3 PUFA doses

79, Another advantage of our study was

corresponding to 1-4 portions of salmon per day
that we compared oil-rich fish to lean fish. This allowed us to explore whether or not the
possible effects of fish were mainly associated with n-3 PUFA.

There may be several reasons for not finding significant effects of fish on apoptotic and
mitotic cell numbers per crypt. First, the baseline fish consumption of 1.5 portions/wk was
already high in these subjects, which was also reflected in their higher serum n-3 VLC-
PUFA levels, compared with those of subjects in other fish oil supplementation studies
3637 perhaps a more pronounced effect of increasing fish consumption would be
expected in a population of non-fish consumers. Second, it appeared that subjects did
not consume the salmon or cod in addition to their habitual fish consumption, as
requested, but partly substituted the fish they would normally consume with the study
fish. Therefore, the intended increase of 2 additional portions of fish per week actually
only resulted in an increase of 1.4 and 1.3 extra portions per week of salmon and cod
respectively. This resulted in an additional intake of 0.99 and 0.05g/d n-3 VLC-PUFA for
salmon and cod, respectively. Thus, the contrasts in our study between the intervention
groups may not have been large enough to observe a beneficial effect of additional fish
consumption. On the other hand, an increase of 1.4 portions/wk may be the maximally
achievable dietary modification in a population of fish eaters. The study duration of 6 mo
was chosen as being of sufficient length to allow incorporation of n-3 VLC-PUFA in the
colonic epithelium *. Such changes were expected to increase eicosapentaenoic acid and
docosahexaenoic acid in mitochondrial phospholipids of colonocytes at the expense of
n-6 PUFA, also known as omega-6 PUFAs, thereby enhancing the deletion of colonic cells
through apoptosis and reducing the level of DNA adducts through cell proliferation 3. Of
all 7 studies that evaluated the effects of fish oil supplementation on cell proliferation, 4

'72°, As far as we know, 3 studies assessed the

studies lasting 1-6 mo observed an effect
effects of fish oil supplementation on apoptosis: 2 studies observed an effect after 3 ™
and 24 months *'. Thus, for both markers 6 mo intervention appears to be long enough,

however, for apoptosis only one short-term study was not able to do so *.
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To measure apoptosis and mitosis, a morphological method was used that has 2
advantages over other methods. Ki67 ® and TUNEL " require well orientated histological
sections to allow identification of full length longitudinal crypt sections %, whereas
apoptosis, mitosis, and the distribution of mitosis within the crypt can be measured
simultaneously using the morphological method. In a whole crypt mount it is easier to
detect the relatively rare apoptotic cells. However, the whole crypt mount approach does
not identify all apoptotic cells on the luminal surface whereas TUNEL and M30 stains may
preferentially detect this normal programmed cell death ". It is a moot point as to
whether crypt associated apoptosis or luminal apoptosis is of most clinical significance *°.
Different methods have been used to measure apoptosis and mitosis in various studies
which makes it difficult to compare our results to those of others. Although, compared
with a previous study using the same method to measure mitosis, our subjects have
comparable levels of cell proliferation #, yet the variation in mitotic levels was much
higher despite the larger number of subjects in this study; and this could have affected
the power of our study. One possible explanation as to why the variation was higher than
in a previous study, might be that the patient group used in this study was less
homogenous than in this previous study, in which all patients were undergoing resection
for colorectal cancer *. Ideally, we would have studied incidence of colorectal cancer as
outcome measure; however because this is not feasible in an RCT, we studied apoptosis
and mitosis as intermediate markers of colorectal cancer risk. In addition, other potential
early markers of colorectal cancer risk may also be relevant, eg, DNA damage leading to
key mutations, DNA methylation, mitochondrial dysfunction, or presence of aberrant
crypt foci. However, in this study we chose to focus on apoptosis and mitosis as the most
well-established markers for relatively short-term RCTs.

Because UC and polyp patients are at an increased risk of developing cancer, it could be
hypothesized that the most pronounced effects would occur in these subjects. However,
the number of subjects we were able to recruit in the UC group was lower (n=41) than
was originally planned (n=90). Recruitment of patients with inactive UC was difficult
because the number of eligible patients from those visiting the hospital for a
colonoscopy was relatively low; thus not reaching 90 subjects as planned would have
decreased the power of our study. The changes in apoptotic numbers did not differ
between patient groups for either salmon or cod. However, the most pronounced
decrease in the number of mitotic cells was found in the UC patients, although it was not
statistically significant. Thus, this data suggests that fish consumption might decrease the
number of mitotic cells in UC patients but this should be investigated in a larger UC
population. It should also be noted that of the patients referred to as having a ‘healthy
color’, ~60% had bowel complaints as indication for their colonoscopy, whereas the
reasons for the initial endoscopy included familiar occurrence of CRC, hemorrhoids or
anemia in the other 40%. Although their colonoscopy did not show any colonic
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abnormalities, these ‘healthy colon’ patients do not all represent truly healthy individuals.
Indeed, it has previously been shown that a similar group of symptomatic patients with
apparently normal mucosa had more mitotic cells per crypt than those assessed as part
of a routine screening program *.

Another factor that could have affected our results, was the use of different bowel
preparations before intervention in the 2 countries, and also after intervention compared
with pre-intervention. First, pre-intervention Kleanprep was used in the Netherlands and
Picolax in the UK as preparation for colonoscopy; Picolax has recently been reported to
give higher levels of cell proliferation than Kleanprep *. Indeed, we found significantly
higher levels in the UK as compared to NL for both apoptosis and mitosis at baseline,
suggesting that this could well have influenced our results. However, changes in
apoptosis and mitosis were not significantly different between countries. Second, post-
intervention colonic biopsy samples were collected by means of sigmoidoscopy, which
was additional to patient’s regular medical care because it was considered unduly
invasive to require subjects to undergo an additional colonoscopy. The switch from
colonoscopy at baseline to sigmoidoscopy after the intervention might explain the
reduction in mitosis seen in all three intervention groups, although this might only
explain the decrease in the UK since for Picolax a decrease in cell proliferation has been
found switching from Picolax to no bowel preparation while this has not been observed
for Kleanprep ®. In designing future studies using colonoscopy or sigmoidoscopy
procedures, especially in multi-centre studies, attention should be paid to standardizing
bowel preparations if feasible.

To further elucidate the association of fish consumption with colorectal cancer, future
intervention studies should also try to include nonfish eaters or individuals with a
relatively low fish consumption, although this would practically be a major challenge.
Alternatively, observational studies could be performed, using more detailed
questionnaires on fish intake and specifically inquiring as to the different types of fish and
the preparation of fish, since this could affect the possible beneficial effects of fish.

In conclusion, this randomized, controlled intervention study on fish and markers of
colorectal cancer showed that additional fish consumption of ~1.4 portions of either oil-
rich or lean fish per week over 6 mo does not markedly change apoptotic and mitotic
rates of the colonic mucosa in a population of fish eaters.
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Abstract

Observational studies suggest that fish consumption is associated with a decreased colorectal
cancer (CRC) risk. A possible mechanism by which fish could reduce CRC risk is by decreasing
colonic genotoxicity. However, concerns have also been raised over the levels of toxic compounds
found in mainly oil-rich fish, which could increase genotoxicity. Therefore, the objective was to
investigate the effects of fish on genotoxicity markers in the colon in a randomized controlled
parallel intervention study. For a period of six months, subjects were randomly allocated to receive
two extra weekly portions of (i) oil-rich fish (salmon), (ii) lean fish (cod), or (jii) just dietary advice.
The Comet Assay was used to measure the DNA damage-inducing potential of fecal water (n=89)
and DNA damage in colonocytes (n=70) collected pre- and post-intervention as markers of
genotoxicity.

Genotoxicity of fecal water was not markedly changed after fish consumption: 1.0% increase in tail
intensity (Tl) (95% confidence interval (CI) -5.1; 7.0) in the salmon group and 0.4% increase in Tl (95%
Cl -5.3; 6.1) in the cod group compared with the dietary advice group. DNA damage in colonocytes
was also not significantly changed after fish consumption, in either the salmon group, (-0.5%Tl, 95%
Cl -6.9; 6.0), or cod group (-3.3%Tl, 95% Cl -10.8; 4.3) compared with the dietary advice group.
Measurements of genotoxicity of fecal water and DNA damage in colonocytes did not correlate
(r=0.06, n=34). In conclusion, increasing consumption of either oil-rich or lean fish did not affect
genotoxicity markers in the colon.

Introduction

Colorectal cancer (CRC) is one of the most commonly occurring cancers worldwide and
has been associated with dietary habits '. CRC develops over many years as a result of
accumulation of DNA damage and mutations, resulting in a loss of control of cell
proliferation and failure of damaged cells to undergo apoptosis ">. DNA damage is
thought to be caused by genotoxic insults and factors in the diet may modulate
genotoxicity in the colon. One of the dietary habits that possibly influences the risk of
CRCis consumption of fish. Several observational studies have shown that high intakes of
fish could be related to a decreased risk of CRC "3”. This potential benefit on CRC could be
mediated by apoptosis and mitosis, which has been shown in several intervention studies
812 Genotoxicity could be decreased by the intake of fish by modulation of enzymes
involved in detoxification of phase | or Il enzymes like glutathione S-transferase “, by a
decrease in inflammatory processes via oxidative stress pathways ", or by decreasing
the bacterial conversion of bile acids into more genotoxic secondary bile acids "*".

Whilst the focus has been on the beneficial effects of fish consumption, concerns have
been raised as to whether it could also have unfavorable effects, due to the possible
presence of toxins. Toxic compounds such as dioxins or polychlorinated biphenyls
(PCBs), which can accumulate in the food chain and which are mostly found in oil-rich fish
®19 could increase colonic genotoxicity. Although mostly associated with beneficial
effects, n-3 polyunsaturated fatty acids (PUFA), highly abundant in oil-rich fish, could
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potentially increase genotoxicity as they are readily oxidized and could enhance lipid
peroxidation *° and oxidative stress *' leading to an increase in endogenous DNA damage.
Thus, oil-rich fish could have differential effects on CRC risk compared with lean fish. To
the best of our knowledge, no intervention study has been performed examining the
genotoxic effects of consumption of either oil-rich or lean fish in the colon.

Colorectal genotoxic effects can be measured indirectly by determining the DNA-damage
inducing potential of fecal water in human colon adenocarcinoma cells (e.g. HT29 cells) in
vitro, or directly by measuring DNA damage in colonocytes extracted from colorectal
biopsies in vivo. Fecal water represents the aqueous fraction of the feces and diet has
been shown to affect fecal water genotoxicity ***°. Moreover, it has been demonstrated

that fecal water can influence processes related to colorectal carcinogenesis, such as

26 2

apoptosis *® and proliferation *; patients with colorectal polyps differ in fecal water
biochemistry compared with healthy controls . However, it is not clear how genotoxicity
of fecal water translates to DNA damage in the colonic epithelium, and ultimately we are
interested in the processes in the colon. Therefore, we also included measurements of
DNA damage in colonocytes. To sum up, the aim of the current study was to study the

effects of fish consumption on markers of genotoxicity in the colon.

Subjects and Methods

Subjects and study design

The design of the study was a multi-centre parallel randomized controlled intervention
study and has been described in detail elsewhere 2. Three groups of subjects were
recruited: those with (previous) colorectal polyps, those diagnosed with non-active
ulcerative colitis (UC), and those without any macroscopic signs of disease in the colon.
After an initial colonoscopy procedure, 242 eligible subjects were randomly allocated by
an independent person to one of three dietary intervention groups: (i) oil-rich fish group
receiving two 150g portions of salmon per week for six months, (ii) lean fish group
receiving two 150g portions of cod per week for six months, and (iii) dietary advice (DA)
group. All three intervention groups received dietary advice on achieving a healthy diet
293°, The fish was delivered to the participants in their home and they were instructed to
consume it in addition to their regular fish intake. Salmon provided approximately 3.3g of
long chain n-3 PUFA (eicosapentaenoic acid [EPA] + docosahexaenoic acid [DHA]) per
100g fish and for cod this was 0.2g/100g fish *'. Furthermore, salmon contained 0.45 TCDD
equivalents (TEQ)/g fish and cod contained 0.04pg TEQ/g fish 3. We chose a study
duration of six months since this would be sufficient to incorporate n-3 PUFAs into the
colonic epithelium ¥. Compliance was checked by food diaries and regular phone calls
every two to four weeks, and in the salmon group by serum levels of the long chain n-3
PUFA.
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Feces was collected by a subgroup (n=128) of the subjects 1-3 weeks prior to the
collection of colonic biopsy samples; 89 pairs of pre- and post-intervention fecal samples
were randomly selected among those who collected feces and processed for the Comet
Assay. Colorectal biopsy samples were collected at baseline during a colonoscopy
procedure and post-intervention during a sigmoidoscopy procedure. A subset of
complete sets of pre- and post-intervention samples collected in the Netherlands (NL)
could be used for the Comet Assay (n=70) based on practical reasons associated with the
need to process colorectal biopsies within 24h. A total of 34 subjects had DNA damage
measured both in fecal water and in colonocytes at baseline. Life style factors including
smoking, weight and height measures were obtained by questionnaire at the start; the
frequency of fish consumption was assessed pre- and post-intervention.

Ethical approval was obtained from the Medical Ethical Committee of Nijmegen
University Medical Centre St. Radboud in NL (reference 2004/111) and King’s Lynn Local
Research Ethics Committee in the United Kingdom (UK) (reference 04/Q0105/8). The trial
has been registered at www.clinicaltrials.gov under identifier NCTo0145015. All subjects
gave their written informed consent and a subset of subjects consented separately for
collection of fecal samples.

Preparation of fecal water and treatment of HT29 cells

The DNA-damage inducing potential of fecal water in the colonic HT29 cell line was
determined as previously described 3*. A total fecal sample from one bowel movement
was collected and stored in a cooled container for transport to the laboratory within 4h.
At the laboratory, samples were homogenized, aliquoted and stored at -80°C until further
processing. Samples were defrosted, homogenised by stirring, mixed with the same
amount (w/v) of ice chilled PBS and centrifuged at 25,000xg for 2h at 4°C as described
previously *. The pre- and post-intervention samples from individual volunteers were
analyzed in parallel. After incubation of the cells with fecal water (50% concentration) or
control treatments (PBS or 75uM H,0,) an aliquot was taken and cell viability was
assessed by staining the cells with Trypan blue and dead and viable cells were counted
using a haemacytometer.

Preparation of colonic biopsies
Primary colonocytes were isolated from colonic biopsies within 24h of the endoscopy

procedure, as described previously

. Briefly, biopsy samples were incubated with
1mg/ml collagenase P and 2mg/ml proteinase K in Hank’s balanced salt solution (HBSS),
for approximately gomin at 37°C. The suspension was centrifuged for 5min at 400xg. The
pellet was re-suspended in fresh HBSS for further processing. Cell numbers and viability

were determined using the Trypan blue exclusion test *°.
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Comet Assay

DNA damage was determined by the Comet Assay as previously described ¥ and
expressed as % tail intensity (TI), with a higher score indicating more DNA damage. For
the Comet Assay in colonocytes, a single batch of HT29 cells which had been treated with
or without a known genotoxin (75uM H,0,) served as positive and negative control.
Colonocytes (2x10°) were mixed with 50ul 0.7% low-melting agarose and distributed onto
microscope slides (Trevigen, Gaithersburg, US). Alternatively, fecal water treated HT29
cells (2x10°) were distributed in 9oul 0.7% low-melting agarose on agarose pre-covered
microscope slides and after 1omin covered with another layer of agarose. Only slides with
colonocytes or controls were treated with 99% ethanol for 1omin allowing them to dry
prior to storage and shipment. All slides were stained with SYBR Green (2 pg/ml, Trevigen
Inc.) and microscopical images were quantified using the image analysis system of
Perspective Instruments (Halstead, UK); 50 images were evaluated per slide and the
percentage of fluorescence in the tail, % Tl was scored. For fecal water genotoxicity mean
values of three parallel slides were determined and for colonocytes mean values of four
replicate slides were determined. All slides were scored by a single scorer in a blinded
manner.

Statistical analyses

Changes in outcome variables were evaluated using an analysis of covariance (ANCOVA)
adjusting for baseline values. We compared the changes in outcome measures in the
salmon and cod group with the changes in the DA group and therefore changes are
presented as mean change compared to DA (with a 95% confidence interval). We
explored if genotoxicity measured in HT29 cells after incubation with fecal water
correlated with measurements of DNA damage in colonocytes using the Spearman
correlation coefficient (n=34) and by cross-classification based on the median value. We
also explored whether results were different between smokers and non-smokers as it has

been shown that smoking could affect genotoxicity >3

. We performed analyses using
the SAS statistical software program (SAS version 9.1) and considered a p-value <0.05 as
significant. The researchers performing the statistical analyses were blinded to the

treatment and patient group.

Results

Baseline characteristics of subjects whose fecal water was used for the Comet Assay are
shown in Table 5.1. The DA group included more women compared with the salmon and
cod group. The cod group had a lower percentage of current smokers and was less
physically active. Further, subjects in all three intervention groups did not differ in terms
of age or BMI. Subjects in whom DNA damage was determined in colonocytes (n=70,
data not shown) were comparable in terms of age and BMI. The cod group included
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somewhat fewer females, no current smokers, and were more physically active. The DA
group included fewer polyp patients compared with the salmon or cod group.

Table 5.1 Baseline characteristics of the FISHGASTRO population for whom fecal water genotoxicity
was determined by the Comet Assay (n=89)

Intervention group: Salmon Cod Dietary advice (DA)
Characteristic (n=26) (n=34) (n=29)
Age (year, mean + SD) 57.8 £12.6 57.9 £ 8.5 55.6 £10.5
Sex (% female) 46 47 58
Smoking (% current) 31 9 15
BMI (kg/m? mean * SD) 25.2 3.7 26.0 + 4.3 25.9 £3.2
Physical activity (% high) 46 24 31
Type of patient
(% polyp/ UC /[ Healthy) 50/ 19/ 31 50/ 21/29 42/ 15/ 42
Country (% NL) 58 56 69

Abbreviations: SD (standard deviation), BMI (Body Mass Index), UC (ulcerative colitis), NL (Netherlands)

Baseline values of genotoxicity in fecal water was 9.9 + 7.5% Tl in the salmon group, 7.5
6.2% Tl in the cod group, and 13.9 £ 10.4% Tl in the DA group. DNA damage in colonocytes
was 17.8 £ 11.1% Tl in the salmon group, 17.6 £ 7.0% Tl in the cod group, and 15.0 + 7.5% Tl in
the DA group at baseline.

The Spearman correlation coefficient between genotoxicity measured in fecal water and
DNA damage in colonocytes was 0.06 (n=34). The overlap of the cross-classification
based on the median values of genotoxicity of fecal water and DNA damage of
colonocytes was 19 out of 34 subjects (56%).

At baseline genotoxicity was higher in smokers than in non-smokers: for fecal water
genotoxicity values were 13.6 = 8.3% Tl for smokers (n=15) and 9.3+ 8.2% Tl for non-
smokers (n=74, p=0.07); for colonocytes these values were 18.0 * 13.9% TI for smokers
(n=14) and 16.6 + 8.2% Tl for non-smokers (n=55, p=0.63).

Before the start of the intervention, subjects (n=89) consumed on average 1.1 = 0.8
portions fish per week. Fish consumption increased by 0.7 + 0.6 weekly portions in the
salmon group, 0.9 + 0.9 in the cod while the DA group changed their fish consumption
with 0.2 = 0.9 weekly portions of fish.

Subjects in whom DNA damage was measured in colonocytes (n=70) consumed on
average 0.8 £ 0.6 portions fish per week at baseline. Fish consumption increased by 0.8 +
0.7 weekly portions in the salmon group and 0.4 * 0.7 weekly portions in the cod group
while the DA group changed their fish consumption by 0.0 + 0.4.
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Fecal water

At baseline, viabilities of the HT29 cells after 30min incubation with 50% fecal water
ranged from 62-100%, post-intervention this ranged from 61-100%.

Changes in genotoxicity of fecal water are presented in Figure 5.1A. We observed
changes of 5.8 + 10.6% Tl (mean = SD) in the salmon group, 5.3 + 10.4% Tl in the cod group,
and 4.8 £ 11.9% Tl in the DA group. The changes in the salmon and cod group compared
with DA were 1.0%T1 (95% Cl -5.1; 7.0) and 0.4%T1 (95% Cl -5.3; 6.1), respectively.

Colonocytes

At baseline, viabilities of the fresh colonocytes ranged from 70-100%, post-intervention
this ranged from 84-100% indicating that cells were viable for DNA damage measurement.
Changes in DNA damage measured in colonocytes are presented in Figure 5.1B. We
observed changes of -0.1 £ 14.3% Tl in the salmon group, -2.9 + 9.8% Tl in the cod group,
and 0.3 = 8.4% Tl in the DA group. After intervention, levels of DNA damage in
colonocytes were not significantly changed compared with DA in the salmon group, -0.5%
Tl (95% Cl-6.9; 6.0), or in the cod group, -3.3% Tl (95% Cl -10.8; 4.3).

A. Changes in DNA-damage B. Changes in DNA damage
inducing potential of fecal water in colonocytes
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Figure 5.1 Results of changes in DNA-damage inducing potential of fecal water (Figure 5.1A, n=89)
and DNA damage of colonocytes (Figure 5.1B, n=70). The horizontal line indicates the mean value.
Abbreviation: DA (dietary advice)
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Discussion

This intervention study showed that increasing fish consumption for six months neither
positively nor negatively altered the genotoxicity of fecal water or DNA damage in
colonocytes and that results of both measurements did not correlate. To the best of our
knowledge, this is the first intervention study that has examined the effects of increasing
fish consumption on genotoxic effects in the colon, in both fecal water and colonocytes.
We included two types of fish in this trial to study the possible differential effects of oil-
rich and lean fish but observed no marked differences between the two types.

The Comet Assay, which we used in this trial, is considered to be a rapid, simple,
economical, and sensitive method to measure DNA damage °*'. However, the Comet
Assay also has a limitation **, since it does not specifically identify the type or site of DNA
damage. In general, there are several aspects that contribute to the internal validity of
the Comet Assay *. By including positive and negative controls throughout the study by
including a control group (DA group) to compare our results with, and by scoring the
slides and analyzing the data in a blinded manner, we have optimized our internal validity.
In most dietary intervention studies, blood lymphocytes have been used to study the
effects of diet on DNA damage. However, DNA damage in lymphocytes does not
necessarily represent DNA damage in all cells, tissues, or organs **%. Since we are
specifically interested in colorectal carcinogenesis, we measured the genotoxicity of fecal
water and DNA damage in colonocytes. In previous studies, genotoxicity of fecal water
has been considered a suitable marker for the assessment of the rapid changes in
genotoxicity in the gut in response to diet **”*. Previous studies demonstrated that

several specific dietary modifications could influence fecal water genotoxicity *>*4374%%,

while other studies showed no effect 24?537:46:48

. An advantage of using fecal water
genotoxicity in intervention studies is that this does not require an invasive procedure to
obtain biological material, which decreases the burden on participants. However, the use
of fecal water as a marker of genotoxicity also is restricted. For example, for patients
with active UC, constipation or other bowel complaints it might not be feasible to collect
feces. In our study, we were only able to collect feces from about half of the subjects; a
possible reason for this could that subjects who did not collect feces had more bowel
complaints compared with those who did collect feces. It may be possible that more
pronounced effects would have been observed in their feces.

More importantly, we would like to know the effect of diet specifically in the colon itself.
Only one previous dietary intervention study has assessed DNA damage in colonocytes,
which demonstrated that levels of colorectal DNA damage were reduced after
intervention with a synbiotic preparation containing both pre- and probiotics for 12 weeks
9. Thus, measuring DNA damage in colonocytes is applicable in intervention studies,
though due to the invasive method of obtaining tissue this method is not always
preferred or possible. Therefore, we also explored the correlation between
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measurements of genotoxicity in fecal water and DNA damage in colonocytes, but found
no agreement between these methods. One reason for this could be that genotoxicity of
fecal water and DNA damage in colonocytes do not measure exactly the same endpoint;
the fecal water induced DNA-damage represents the genotoxic burden of excreted feces,
which is mainly modulated by dietary exposure and processes of the gut flora *°, whereas
the DNA damage measured in colonocytes also reflects the effects in the cells which
additionally depends on the expression of biotransformation enzymes or the extent of
DNA repair mechanisms . However, since the number of subjects in whom both
outcomes were measured was low (n=34), this analysis was explorative, and needs to be
confirmed in larger studies.

A limitation of this study was that subjects were all fish consumers at baseline. Subjects in
whom fecal water genotoxicity was determined consumed 1.1 + 0.8 portions of fish week
before the start of the intervention. It seems inevitable that in recruiting subjects to an
intervention study with fish, mainly fish consumers will volunteer. Another limitation was
that whilst the subjects were asked to increase their consumption of salmon or cod by
two portions per week, the actual average increase was ranged from 0.7-0.9 weekly
portions of fish, probably due to the relatively high habitual fish consumption at baseline.
This resulted in smaller differences between the fish intervention groups and the DA
group than anticipated which could have led to smaller effects of the intervention. An
additional limitation was the coincidental imbalance in numbers of smokers between the
intervention groups. We observed higher levels of DNA damage in current smokers
compared with non-smokers in both fecal water and colonocytes; however, the study
lacked power to further investigate the possible effect modification of smoking in our
data. It is known that smokers may differ in their enzyme expression of detoxifying
enzymes *® and it could be that smokers respond differently to a possible beneficial diet
compared with non-smokers *. A strength of this study was that we included two types
of fish, salmon and cod, though we did not observe differential effects on genotoxicity.

It has been hypothesized that the possible beneficial effects of fish could be outweighed
by potential unfavorable effects by toxins, peroxidation, or oxidative stress **. We only
measured the levels of dioxin equivalents and found that the levels of dioxin equivalents
in intervention fish were well below the current maximum tolerable intake of 8 pg
TEQ/100g fish *3, and thus the unfavorable effects in this fish intervention due to toxins
were considered to be small. However, more studies are needed to further investigate
the effect of fish consumption on genotoxicity.

In conclusion, increasing consumption of oil-rich and lean fish over six months did not
result in genotoxic effects in the colon.
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Abstract

Background: Fish consumption is associated with a reduced colorectal cancer risk. A possible
mechanism by which fish consumption could decrease colorectal cancer risk is by reducing
inflammation. However, thus far intervention studies investigating both systemic and local gut
inflammation markers are lacking.

Objective: The objective of the current study was to investigate the effects of fatty and lean fish
consumption on inflammation markers in serum, feces, and gut.

Design: In an intervention study, subjects were randomly allocated to receive dietary advice (DA)
plus either 300g of fatty fish (salmon) or 300g of lean fish (cod) per week for six months, or only
DA. Serum C-reactive protein (CRP) levels were measured pre- and post-intervention (n=161). In a
subgroup (n=52), we explored the effects of the fish intervention on fecal calprotectin and a wide
range of inflammation markers in fecal water and in colonic biopsies: cytokines (interleukin (IL)-1a,
IL-B, IL-4, IL-6, IL-10, IL-13, TNF-a) and chemokines (MCP-1, MIP-1a, Rantes, Eotaxin, IL-8).

Results: Serum CRP concentrations were decreased after consuming salmon (-0.smg/l, 95%
confidence interval (Cl) -0.9; -0.2) and cod (-0.4mg/l, 95% Cl -0.7; 0.0), compared with DA. None of
the inflammation markers in fecal water and colonic biopsies were changed after fish consumption
compared with DA.

Conclusions: Increasing salmon or cod consumption over six months decreased the systemic
inflammation marker CRP. Exploratory analysis of local markers of inflammation in the colon or
feces did not reveal an effect of fish consumption.

Introduction
Fish consumption has been associated with a decreased risk of colorectal cancer, as was

1,2

shown in several observational studies "*. One of the mechanisms by which fish
consumption could lead to a decreased colorectal cancer risk is by favorably altering
inflammatory processes. Chronic inflammation is part of the pathophysiology of a variety
of human diseases, including colorectal cancer 7. In the gut, prolonged or chronic, low-
grade inflammation can create a local tissue microenvironment where reactive oxygen
and nitrogen species released from inflammatory cells could cause malignant DNA
alterations or promote tumor growth #*%, and thus increase colorectal cancer risk ™. It is
hypothesized that the effects of fish intake on inflammation are mostly mediated by n-3
polyunsaturated fatty acids (PUFA), also called omega-3 PUFA, as has been extensively
reviewed "', The intake of very long chain n-3 PUFA could decrease the production of
inflammatory eicosanoids, such as prostaglandin E3 (PGE3) or leukotriene Bs (LTB5), and
cytokines, such as interleukin (IL)-6 or tumor necrosis factor alpha (TNF)-a, which are
inducers of C-reactive protein (CRP) . The eicosanoids formed from n-3 PUFA are less
potent pro-inflammatory metabolites compared with the eicosanoids derived from n-6
PUFA, such as PGE2 and LTB4 . Conversely, also an increased cod consumption has been
shown to decrease inflammation . Cod contains low amounts of n-3 PUFA compared
with salmon " but high amounts of protein and selenium. It is hypothesized that cod
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could affect inflammation by its specific amino acid content, which could down-regulate
the production of pro-inflammatory mediators such as TNF-a and IL-6 ®, or by its
selenium content, which could affect cyclooxygenase (COX)-2 pathways " and by that
route, also inflammation.

Currently, the evidence for a relationship between fish consumption and inflammatory
processes is restricted to a few intervention studies, all studying effects of consumption

16,2021 |ntervention studies

of a single type of fish on inflammatory markers in serum
addressing the effects of fish consumption on local inflammatory markers in the colon
are lacking. Therefore, we aimed to study the effects of consumption of two weekly
portions of fatty and lean fish over six months on serum levels of CRP, as well as on fecal
calprotectin and on cytokines and chemokines in fecal water and in colonic biopsies.
Furthermore, we explored the correlation between cytokines and chemokines measured

in fecal water with those measured in colonic biopsies.

Subjects and Methods

Subjects and study design

The design of this study was a multi-centre parallel randomized controlled intervention
study which has been described in detail elsewhere **. Briefly, the trial was carried out by
two research centers, Wageningen University (WU), Wageningen, the Netherlands (NL),
and the Institute of Food Research (IFR), Norwich, United Kingdom (UK). Potential
participants were recruited from outpatient colonoscopy clinics in eight clinical centers
(six in NL, two in UK).

Three groups of subjects were recruited: those with previous colorectal adenomas, those
diagnosed with non-active ulcerative colitis (UC), and those without any macroscopic
signs of disease in the colon. After an initial colonoscopy procedure, 242 eligible subjects
were randomly allocated to one of three dietary intervention groups: (i) fatty fish group
receiving two 150g portions of farmed salmon per week during six months, (ii) lean fish
group receiving two 150g portions of Icelandic cod per week during six months, and (iii)
dietary advice only (DA) group. All three intervention groups received general dietary
advice to achieve a healthy diet **%. Two weekly portions of fish are in concordance with

324 The fish was provided to the participants at

the current dietary recommendation
their home and had to be consumed in addition to the fish they normally consumed. The
fish was analyzed for its fatty acid content *: salmon provided on average 3.3g/100g and
cod o.2g/100g of very long chain n-3 PUFA (eicosapentaenoic acid [EPA] +
docosahexaenoic acid [DHA]). The study duration of six months was based on the time
required for incorporation of n-3 PUFA in the colonic epithelium **. Compliance was
checked using food diaries, regular phone calls every two to four weeks, and for the

salmon group by pre- and post-intervention measurements of serum n-3 PUFA levels *.
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Ethical approval was obtained from the Medical Ethical Committee of Nijmegen
University Medical Centre St. Radboud (reference 2004/111) and King’s Lynn Local
Research Ethics Committee (reference 04/Qo105/8). All subjects gave written informed
consent after the study was explained to them both in writing and verbally.

Blood samples from fasted subjects were taken on the day of the endoscopy procedure
pre- and post-intervention and serum was stored at -80°C prior to analysis. A sub-sample
of the population (n=128) agreed to collect feces. Total feces from one bowel movement
was collected one to three weeks before the endoscopy procedure pre- and post-
intervention, and stored in a cooled container for transport to the laboratory within 4h.
Samples were homogenized, aliquoted and stored at -80°C until further processing.
Colonic biopsy samples were collected from normal-appearing mucosa at 20-30cm from
the anal verge during a colonoscopy procedure pre-intervention and during a
sigmoidoscopy procedure post-intervention. Information on smoking, weight, and height
was obtained by questionnaire at baseline; the frequency of fish consumption was
assessed pre- and post-intervention.

The main outcome of this study was the change in serum CRP levels which was measured
in 197 subjects. Due to technical reasons, CRP could not be determined in 19 of the
original 216 subjects whom completed the intervention (see Figure 6.1 for a flow chart of
subjects). Additionally, inflammation markers were measured in feces and in colonic
biopsies in a random sample (n=52) of those who collected feces.

Randomized (n=242)

41% Polyp (n=99), 19% UC (n=47), 40% ‘Healthy Colon’ (n=96)

C l l l
i
£
v . .
2 Salmon (n=82) Cod (n=78) Dietary advice (n=82)
< 40%Polyp, 20% UC, 42% Polyp, 20% UC 40% Polyp, 20% UC
40% ‘Healthy Colon’ 38% ‘Healthy Colon’ 40% ‘Healthy Colon’
Discontinued intervention (n=8) Discontinued intervention (n=7) Discontinued intervention (n=11)
g— Reasons: Reasons: Reasons:
§ eFish related (n=2) ¢ Not wanting sigmoidoscopy n=2 ¢ Not wanting sigmoidoscopy n=3
o ¢ Health problems (n=1) e Fish related (n=1) ¢ Too busy (n=1)
° ¢ Prostate cancer (n=2) ¢Too busy (n=2) ¢ Pregnancy (n=1)
- ¢ Other (n=3) ¢ Pregnancy (n=1) ¢ No reason indicated (n=4)
¢ No reason indicated (n=1) e UC flare up (n=1)
¢ Other (n=1)
| | |
CRP CRP CRP
w Excluded from analysis for Excluded from analysis for Excluded from analysis for
'_g‘ technical reasons (n=6) technical reasons (n=9) technical reasons (n=4)
]
=
< Excluded CRP >5 (n=14) Excluded CRP > 5 (n=11) Excluded CRP > 5 (n=11)

Analyzed CRP (n=54)

Additional colon inflammation markers

Figure 6.1 Flow chart of subjects . Abbreviations: UC (ulcerative colitis), CRP (C-reactive protein)
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Analyzed n=13
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Analysis of serum C-reactive protein

High-sensitivity CRP concentrations were measured in serum with an enzyme
immunoassay using a high sensitivity CRP protein kit (Immulite, Siemens Medical
Solutions Diagnostics) and are presented in mg/l. The inter-assay variation was 4.8- 10.0%
and the intra-assay variability was 4.2- 6.0%.

Analysis of fecal calprotectin

Calprotectin concentrations were measured in fecal samples using the Calpro-kit (Calpro
AS, Orange Medical, the Netherlands) as previously described ¥. Results of fecal
calprotectin are presented as mg per kg feces dry weight. The inter-assay variation was
5.1% and the intra-assay variability was 2.1%.

Analysis of cytokines and chemokines in fecal water and in colonic biopsies

To obtain fecal water, fecal samples were centrifuged (Optima LE-80K Ultracentrifuge,
Beckmann) at 25,000xg for 2 hours at 4°C. Fecal water samples were filtered before
further use. Frozen colonic biopsy samples were ground with a pestal and mortar in liquid
nitrogen and re-suspended in 100l ice-cold PBS, containing 10 mg/ml cocktail of protease
inhibitors (Sigma, Zwijndrecht, NL); soul saponin containing permeabilization buffer
(Becton Dickinson) was added and the homogenates were subsequently centrifuged
(1min, 14000g, 4°C) to obtain the supernatants which were used for cytokine
determinations.

In fecal water and colonic biopsy supernatants, cytokines and chemokines were
determined using a multiplex immunoassay, as previously described ***°. Concentrations
of the cytokines interleukin (IL)-1a, IL-1B, IL-4, IL-6, IL-10, IL-13, tumor necrosis factor alpha
(TNF-a), and the chemokines IL-8 (or CXCL8), macrophage migration inhibitory factor
(MIF), monocyte chemo-attractant protein-1 (MCP-1 CCL2), macrophage inflammatory
protein-1-alpha (MIP-1a or CCL3), ‘Regulated upon Activation, Normal T-cell Expressed
and Secreted’ (RANTES CCL5), and Eotaxin (CCL11) were determined. Samples were
analyzed using the Bio-plex 100 system in combination with the Bio-plex Manager
software version 3.0 (Bio-Rad Laboratories, Hercules CA, USA). Cytokine and chemokine
concentrations were calculated by means of a standard curve that was generated using
five parametric curve fittings to the series of known concentrations of analytes. Intra-
assay variability expressed as coefficient of variation (CV) of the multiplex immunoassay
varied between 6.5 and 22% %,

Results are presented as ng cytokine or chemokine per g feces or per g protein present in
biopsies. Protein content of the colonic biopsies was determined using the Bicinchoninic
Acid (BCA) protein assay kit (Pierce Biotechnology, Rockford, US).
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Statistical analyses

Outcome measures were evaluated using an analysis of covariance (ANCOVA) adjusting
for baseline values. We tested whether the outcome measures in the salmon and cod
group differed from those in the DA group. Results are presented as mean and standard
error (SE) of the outcome measure post- intervention adjusted for baseline value in each
of the three intervention groups. Also, the differences of the mean outcome variables
with 95% Cl in the salmon and cod group vs. DA are presented. For all analyses, we
explored whether results differed between patient groups. We assigned a value equal to
half of the detection limit of a given cytokine or chemokine if any values were below
detection limit. For the cytokines and chemokines, we did not report the results if more
than 50% of the samples had a value below the detection limit. As a sensitivity analysis,
we explored whether using multiple imputation for cytokine and chemokine values
below the detection limit would change our results *. Factors that were used for multiple
imputation included gender, BMI, country, hospital, clinical diagnosis, treatment, and
compliance. We evaluated Spearman correlations between the baseline levels of
cytokines and chemokines measured in fecal water and in colonic biopsies. We
performed analyses using the SAS statistical software program (SAS version 9.1)
considering a p-value of <0.05 as significant. Statistical analyses were performed blinded
for treatment and patient group.

Results

CRP is an acute phase protein of inflammation and subjects with CRP levels above 5 mgjl
(either pre- or post-intervention) are expected to suffer from acute inflammation and
were therefore excluded from our analyses (n=36). Baseline characteristics of the
resulting 161 subjects are presented in Table 6.1. The distribution of patient groups over
the three intervention groups was not completely balanced. The salmon group included
somewhat more healthy colon patients compared with the cod and DA group (48% vs.
28% and 39%) and the cod group included somewhat more UC patients compared with
the salmon and DA group (26% vs. 17% and 20%). Subjects receiving cod included fewer
women (43% vs. 46% and 52%) and fewer smokers (10% vs. 23% and 16%) compared with the
salmon and DA group. At baseline, serum CRP concentrations were comparable in the
three intervention groups (on average 1.6 * 1.0 mg/l) and levels did not differ (p=0.41)
between UC (1.5 * 1.0 mg/l, n=33) or polyp patients (1.6 + 1.1mg/l, n=66) and healthy
controls (1.6 + 0.9 mg/l, n=62).

Before the start of the intervention, subjects consumed on average 1.7 times fish per
week in all three intervention groups (Table 6.1). Fish consumption increased by on
average 1.5 £ 1.1 times per week in the salmon group, 1.4 £ 1.5 in the cod group and 0.1 %
1.2 in the DA group compared with baseline.
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Table 6.1 Baseline characteristics of the FISHGASTRO for whom C-reactive protein (CRP) was
determined (n=161)

Intervention group: Salmon Cod Dietary advice

Characteristic (n=54) (n=51) (n=56)

Age (year, mean * SD) 54.1%12.1 57.4 9.0 56.1+9.3

Sex (% female) 46 43 52

BMI (kg/m? mean = SD) 25.7+3.7 25.8 +3.3 26.9 3.5
Smoking (% current) 23 10 16

Research Centre (% NL) 76 75 79

Patient groups 35/17/ 48 47/ 26/ 28 41/20/39

(% polyp/ UC/ Healthy controls)

Fish consumption 1.7+1.4 1.7 1.1 1.6 £1.2
(freq./week, mean + SD)

CRP (mg/l, mean = SD) 1.5+1.0 1.6 £1.1 1.7+1.0
Abbreviations: SD (standard deviation), BMI (body mass index), NL (Netherlands), UC (ulcerative colitis), freq
(frequency), CRP (C reactive protein)

In the subgroup (n=52) in which additional inflammation markers were determined, the
percentage of UC patients was higher in the DA group compared with the salmon or cod
group (31% vs. 12% and 13%). The three intervention groups were comparable in terms of
age and habitual fish intake. The cod group had a somewhat higher BMI compared with
the salmon and DA group (27.0 kg/m® vs. 24.4 kg/m® and 25.8 kg/m*) and the salmon
group included more smokers compared with the cod and DA group (31% vs. 13% and 15%).
We observed that levels of calprotectin were higher (p=0.008) in UC patients (274.6 *
451.4 mg/kg (n=9) compared with polyp patients (71.9+ 72.8 mg/kg, n=30) or healthy
colon patients (50.7 * 30.1 mg/kg, n=28). No differences between patient groups were
seen for any of the cytokines and chemokines measured in feces. IL-10 measured in
biopsies was significantly lower in healthy subjects (p=0.02) compared with polyp and UC
patients and Eotaxin measured in biopsies was significantly higher in UC patients
(p=0.0002) compared with polyp and healthy subjects (results not shown).

In this subgroup (n=52), subjects consumed on average 1.9 * 1.5 times fish per week
before the start of the intervention. The salmon and cod group increased their fish
consumption by on average 1.4 £ 1.1 and 1.5 * 1.2 times fish per week respectively, while
the DA group increased their fish consumption with 0.1 £ 1.4 times per week.

C-reactive protein (n=161)

Compared with the DA group, serum CRP concentrations decreased significantly by -0.5
mg/l (95% Cl -0.9; -0.2) in the salmon group and by -0.4 mg/l (95% Cl -0.7; 0.0) in the cod
group (Table 6.2).

As the percentage of UC patients was not equal in the three intervention groups, we
explored whether results were different when UC patients (n=33) were excluded from
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the analysis; however this did not change our conclusions. In this case, serum CRP
concentrations decreased significantly by -0.4 mg/l (95% Cl -0.8; -0.1) in the salmon group

and by -0.4 mg/l (95% Cl -0.8; 0.0) in the cod group when compared with the DA group.

Table 6.2 Results of serum CRP levels (mg/l) in those with CRP below 5 mg/l (n=161)

Intervention group: Salmon Cod Dietary advice (DA)
(n=54) (n=51) (n=56)
CRP (mg/l) post-intervention ' 1.3 (0.1) 1.5 (0.1) 1.8 (0.1)
mean (SE)
Differences compared with DA -0.5 (-0.9; -0.2)? -0.4 (-0.7;-0.0) *

mean (95% Cl )

" adjusted for baseline values

* statistically significant difference (p ANCOVA < 0.05)

Abbreviations: SE (standard error), Cl (confidence interval), CRP (C-reactive protein), DA (dietary advice)

Fecal calprotectin (n=52)

Fecal calprotectin levels post-intervention adjusted for baseline values were 108.1 *
21.omg/kg for salmon, 92.0 £ 17.6 mg/kg for cod, and 87.2 * 23.8 mg/kg for the DA group.
Compared with the DA group, no significant changes in fecal calprotectin concentrations
were observed after intervention with salmon (20.9 mg/kg, 95% Cl -41.3; 83.1) or cod (4.7
mg/kg, 95% Cl -53.2; 62.6).

When the analysis was repeated excluding UC patients (n=9), this did not change our
conclusions: changes in the salmon and cod group compared with DA were -12.3 mg/kg

(95% Cl-58.4; 33.7) and -6.9 mg/kg (95% Cl -50.1; 36.3) respectively.

Cytokines and chemokines in fecal water and colonic biopsies (n=52)

In fecal water, more than 50% of the samples had IL-1B, IL-4, IL-6, IL-13, MIF, and Eotaxin
concentrations below the detection limit and therefore these inflammation markers were
not included in our further analyses. The concentrations of cytokines (IL-1a, IL-10, and
TNF-a) and chemokines (MCP-1, MIP-1a, RANTES, and IL-8) in fecal water were not
significantly changed after intervention with either salmon or cod compared with DA
(Table 6.3).

In colonic biopsies, more than 50% of the samples had MIP-1a concentrations below the
detection limit and therefore this inflammation marker was not included in our analyses.
The levels of the detectable cytokines (IL-1q, IL-4, IL-6, IL-10, IL-13, and TNF- a) and
chemokines (MCP-1, RANTES, Eotaxin, and IL-8) did not change significantly in colonic
biopsies after intervention with either salmon or cod compared with DA (Table 6.4).
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We explored whether changes in cytokine and chemokine concentrations were different
excluding UC patients (n=9) from the analyses. For fecal water, this did not change our
conclusions (data not shown). For colonic biopsies, excluding UC patients did not change
our conclusions except for Eotaxin, for which we now observed a significant decrease of
-0.9 pg/ml (95% Cl -1.7; -0.1) in the cod group compared with DA.

Results from the sensitivity analysis, using multiple imputations for those samples with a
value below the detection limit, were comparable with results from the original analysis
(data not shown).

Correlations of cytokines and chemokines in fecal water and colonic biopsies

Spearman correlation coefficients of measurements of cytokines and chemokines in fecal
water and in colonic biopsies at baseline were below 0.1 for all inflammation markers
except for IL-1a, for which we found a Spearman correlation coefficient of 0.2 (p=0.15).

Discussion

This intervention study showed that increased consumption of both salmon and cod for
six months reduced the systemic inflammation marker CRP by 25-30%. This suggests that
not only oil-rich fish beneficially affects inflammation, but also lean fish. Exploration of a
broad range of local gut inflammation markers, i.e. cytokines and chemokines measured
in feces and colonic biopsies and fecal calprotectin did not reveal an effect of fish
consumption. In addition, the correlation between cytokines and chemokines measured
in fecal water and colonic biopsies was poor.

We hypothesize that the main reason why we did not observe effects of fish
consumption on levels of cytokines and chemokines in the colon and on fecal
calprotectin is the large variation in these markers. This variation may be explained by
technical aspects of the assays, as well as variations throughout the day *'. Also, a shorter
half life of cytokines and chemokines **** may explain the greater variation as compared
with CRP 3. A specific reason for the variation in fecal inflammation markers could be
that we used a stool sample from a single bowel movement, which does not reflect
complete daily fecal output. Altogether, we cannot rule out the possibility that fish
consumption affects inflammation in the colon, which could be detected in a much larger
study where averages of replicate marker measurements are used to decrease variation.
A strength of this study was that we explored the effects of fish on a broad range of local
inflammation markers in feces and colonic tissue, besides looking at a systemic marker of
inflammation (CRP). Also, this was the first study that measured cytokines and
chemokines in colorectal biopsies, i.e. specifically in the tissue of interest. The poor
correlation between cytokines and chemokines measured in fecal water and colonic
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biopsies indicated that measuring inflammation in fecal water could not be assumed to
be a useful and less invasive substitute of the measurements in colonic biopsies.

For the measurement of cytokines and chemokines, we used a multiplex immunoassay
829 previous studies have shown that results of a multiplex immunoassay are
comparable to those of an enzyme-linked immunosorbent assay (ELISA), which is
considered the ‘gold standard’ for cytokine measurement 3. However, a disadvantage
of the multiplex immunoassay might be that it is less sensitive to detect levels in the
lower ranges and thus more samples are below the detection limit compared with ELISA.
In this study, concentrations of IL-4, IL-6, IL-13, MIF, and Eotaxin were below the
detection limit in fecal water in more than 50% of the subjects. Conversely, most
cytokines and chemokines, except MIP-1a, were detectable in colonic biopsies in over 50%
of the subjects. It has been argued whether to assign the value of half of the detection
limit to values below the detection limit, or to use multiple imputations >3%, Therefore,
we performed a sensitivity analysis for cytokines and chemokines with values
extrapolated below the detection limit and found that in this RCT these two methods did
not lead to different conclusions.

UC is a chronic inflammatory disease and we indeed found that UC patients had
significantly higher baseline calprotectin levels compared with healthy controls and polyp
patients. Since the number of UC patients was imbalanced among the three intervention
groups, we explored whether the results of the inflammation markers were different
excluding these patients. For CRP and calprotectin, this did not change our conclusions.
The single change we found for cytokines and chemokines was that we now observed a
small but significant decrease in Eotaxin in colonic tissue in the cod group compared with
DA. However, considering the total number of analyses this could well have been a
chance finding. Also, gender, smoking status and BMI were not equally balanced over the
three intervention groups; however, we do not expect that these factors would
substantially affect responses in inflammation markers.

Another limitation of this study was that the subjects at baseline consumed on average
1.7 + 1.2 times fish per week, which is relatively high compared with the average
consumption in the Netherlands 3% but normal for the Norfolk (UK) population *°. This
was inevitable since only people who like to consume fish were willing to increase their
fish consumption and thus to participate. Thus, the results of this intervention reflect the
effects of increasing fish consumption from moderate to high baseline levels to even
higher levels of fish consumption. Therefore, it remains possible that increasing fish
consumption in subjects who hardly consume fish would reduce local inflammation
markers in the colon.

To the best of our knowledge, this is the first RCT that simultaneously studied the effects
of both fatty and lean fish on serum CRP and local gut inflammation markers in feces and
in colonic biopsies. Previously, three intervention trials studied the effects of a single type



88 | Chapter 6

of fish on serum inflammation markers '***', Of these three studies, only two studied the
effects on serum CRP levels ®*°. Our results are in concordance with those of the study
by Ouellet et al, who found that serum CRP levels decreased by 25% after 4 weeks of
consuming 58-68% of the daily protein intake as cod . They also found no effects of cod
on additional inflammation markers: plasma IL-6, TNF-a, and adiponectin concentrations.
Conversely, Sejerstad et al did not find an effect of 700g salmon per week on serum CRP
levels in 60 patients with coronary heart disease *°. Possible reasons why this study did
not find an effect of salmon on CRP could be related to the relatively short study duration
of 6 weeks or the type of subjects included. Additionally, we excluded those subjects
with CRP concentrations above 5 mg/l to avoid interference of acute inflammation, which
might also have contributed to differences in results. Furthermore, Seierstad et al found
a decrease in serum vascular cell adhesion molecule-1 (VCAM-1) and IL-6, but not in TNF-q,
IL-10, E-selectin, intercellular adhesion molecule-1 (ICAM-1) *°, whereas Meydani et al
found that the production of IL-13, TNF-a and IL-6 by mononuclear cells was significantly
reduced after consumption of salmon *'. Thus, the two salmon intervention studies did
find effects on some cytokines levels in blood, something we cannot directly compare to
our results as we measured cytokines in fecal water and colonic biopsies.

We observed that CRP levels dropped by about 25-30% after the salmon and cod
intervention. The question that remains is whether the decrease in CRP levels is related
to a decrease in colorectal cancer risk. The association between serum CRP levels and
colorectal cancer risk has been studied in a meta-analysis of 8 prospective studies
including 1159 colorectal cancer cases and 37986 controls, showing a relative risk of 1.12
(95% Cl 1.01; 1.25) per unit change in natural log-transformed CRP levels ¥. More recently,
a prospective cohort study found an hazard ratio of 1.9 (95% Cl 0.8; 4.6) for colorectal
cancer, comparing individuals with high CRP levels (> 3mgjl) to those with low levels (<
1mg/l) **. So based on the results of observational studies a decrease in CRP levels is
related to a decrease in colorectal cancer risk. However, it remains to be further
investigated how changes in CRP concentrations are associated with inflammation in the
colon and colorectal cancer risk.

In conclusion, this trial showed that increasing salmon or cod consumption decreased the
systemic inflammation marker CRP but did not reveal an effect on a broad range of local
inflammation markers in colonic biopsies and feces. To further elucidate the effects of
fish consumption on colorectal inflammation, future intervention studies should include a
large population of subjects with a low habitual fish intake and measure markers of
colorectal inflammation in colonic biopsies.



Fish consumption and inflammation | 89

Acknowledgements

We are very grateful to all the people who kindly participated in this study. We also thank the endoscopy and gastroenterology
staff of the following Dutch hospitals where the participants were recruited: University Medical Centre Nijmegen (UMCN) Sint
Radboud (Nijmegen), Ziekenhuis Gelderse Vallei (Ede), Slingeland Ziekenhuis (Doetinchem), Sint Antonius Ziekenhuis
(Nieuwegein), Canisius-Wilhelmina Ziekenhuis (Nijmegen), and Ziekenhuis Rijnstate (Arnhem).

From the United Kingdom, we thank the endoscopy and gastroenterology staff of the hospitals Norfolk & Norwich University
NHS Trust Hospital (Norwich), and James Paget University Hospital (Great Yarmouth).

From the Division of Human Nutrition, Wageningen University, NL we thank all those who contributed to this intervention
study, including Yvonne ter Telgte, Janneke van Wijngaarden, Celine Brattinga, Margriet Smits, Annemieke Kok, Liza van
Steenbergen, Monique Jéris, Susann Bellmann, Marlieke Visser, Else-Mariette van Heijningen, Cathelijne Mieloo, Jantina Stol,
Maaike Walters, Anke Enneman, and Anne Maria Hilbers.

From the Institute of Food Research, Norwich, UK we thank all those who assisted in many ways with this study: Joanne
Doleman, Jane Scarll, Noreen Neal, Angela Twaite, and the members of the Human Nutrition Unit.

We thank Nathalie van Uden for conducting the multiplex immunsoassay at the Department of Immunology, Wilhelmina
Childrens Hospital, Utrecht, NL and technicians of the Laboratory of Medical Microbiology and Immunology of the St. Antonius
Hospital, Nieuwegein, NL for measurement of CRP.

From NIZO Food Research, (Netherlands Dairy Institute) Ede, NL, we thank Ingeborg Bovee and Arjan Schonewille for the
calprotectin measurement.

We thank Marine Harvest, Norway, for donating the salmon and Pescanova, Spain for donating the cod.

This work was performed within the Integrated Project SEAFOODplus granted by the European Union under contract No
506359 and was also funded by the Food Standards Agency UK.

References

1. Geelen, A. et al. Fish consumption, n-3 fatty acids, and colorectal cancer: a meta-analysis of prospective cohort studies. Am J
Epidemiol 166, 1116-25 (2007).

2. World Cancer Research Fund (WCRF) & AICR. Food, Nutrition, Physical Activity, and the Prevention of Cancer: a Global
Perspective. (AICR, Washington DC, 2007).

3. Balkwill, F. & Mantovani, A. Inflammation and cancer: back to Virchow? Lancet 357, 539-45 (2001).

4. Coussens, L.M. & Werb, Z. Inflammation and cancer. Nature 420, 860-7 (2002).

5. Wang, D. & Dubois, R.N. Pro-inflammatory prostaglandins and progression of colorectal cancer. Cancer Lett 267, 197-203
(2008).

6. ltzkowitz, S.H. & Yio, X. Inflammation and cancer IV. Colorectal cancer in inflammatory bowel disease: the role of

inflammation. Am J Physiol Gastrointest Liver Physiol 287, G7-17 (2004).

Fantini, M.C. & Pallone, F. Cytokines: from gut inflammation to colorectal cancer. Curr Drug Targets 9, 375-80 (2008).

Philip, M., Rowley, D.A. & Schreiber, H. Inflammation as a tumor promoter in cancer induction. Semin Cancer Biol 14, 433-9

(2004).

9. Federico, A., Morgillo, F., Tuccillo, C., Ciardiello, F. & Loguercio, C. Chronic inflammation and oxidative stress in human
carcinogenesis. Int J Cancer 121, 2381-6 (2007).

10. Seril, D.N.,, Liao, J., Yang, G.Y. & Yang, C.S. Oxidative stress and ulcerative colitis-associated carcinogenesis: studies in
humans and animal models. Carcinogenesis 24, 353-62 (2003).

11. Bruce, W.R,, Giacca, A. & Medline, A. Possible mechanisms relating diet and risk of colon cancer. Cancer Epidemiol
Biomarkers Prev 9, 1271-9 (2000).

12. Calder, P.C. n-3 polyunsaturated fatty acids, inflammation, and inflammatory diseases. Am J Clin Nutr 83, 15055-1519S (2006).

13. Fritsche, K. Fatty acids as modulators of the immune response. Annu Rev Nutr 26, 45-73 (2006).

14. Johnson, I.T. & Lund, E.K. Review article: nutrition, obesity and colorectal cancer. Aliment Pharmacol Ther 26, 161-81 (2007).

15. Calder, P.C. Polyunsaturated fatty acids, inflammation, and immunity. Lipids 36, 1007-24 (2001).

16. Ouellet, V. et al. Dietary cod protein reduces plasma C-reactive protein in insulin-resistant men and women. J Nutr 138, 2386-
91(2008).

17. Netherlands-Nutrition-Centre. Dutch Nutrition Composition Table. (Netherlands Nutrition Centre (Voedingscentrum),
Utrecht, the Netherlands, 2004).

18. Schuller-Levis, G.B. & Park, E. Taurine: new implications for an old amino acid. FEMS Microbiol Lett 226, 195-202 (2003).

19. Duffield-Lillico, A.J., Shureiqi, I. & Lippman, S.M. Can selenium prevent colorectal cancer? A signpost from epidemiology. J
Natl Cancer Inst 96, 1645-7 (2004).

20. Seierstad, S.L. et al. Dietary intake of differently fed salmon; the influence on markers of human atherosclerosis. Eur J Clin
Invest 35, 52-9 (2005).

21. Meydani, S.N. et al. Immunologic effects of national cholesterol education panel step-2 diets with and without fish-derived
N-3 fatty acid enrichment. J Clin Invest 92, 105-13 (1993).

22. Pot, G.K. et al. Fish consumption and markers of colorectal cancer risk: a multicentre randomized controlled trial. American
Journal of Clinical Nutrition 90, 354-361 (2009).

23. Netherlands-Nutrition-Centre. Dietary guidelines (Schijf van vijf). (The Hague, the Netherlands, 2004).

24. Health, U.D.o. Just eat more (fruit & veg). in Public Information Booklet 30812 (Department of Health, London, 2003).

25. Glatz, J.F., Soffers, A.E. & Katan, M.B. Fatty acid composition of serum cholesteryl esters and erythrocyte membranes as
indicators of linoleic acid intake in man. Am J Clin Nutr 49, 269-76 (1989).

0



90 | Chapter 6

26.

27.

28.

29.

o

3

31.

32.

33.
34.

35.
36.
37.
38.
39.

40.

41.

42.

Gee, J.M. et al. Consumption of fish oil leads to prompt incorporation of eicosapentaenoic acid into colonic mucosa of
patients prior to surgery for colorectal cancer, but has no detectable effect on epithelial cytokinetics. J Nutr 129, 1862-5
(1999)-

Roseth, A.G., Fagerhol, M.K., Aadland, E. & Schjonsby, H. Assessment of the neutrophil dominating protein calprotectin in
feces. A methodologic study. Scand J Gastroenterol 27, 793-8 (1992).

de Jager, W., te Velthuis, H., Prakken, B.J., Kuis, W. & Rijkers, G.T. Simultaneous detection of 15 human cytokines in a single
sample of stimulated peripheral blood mononuclear cells. Clin Diagn Lab Immunol 10, 133-9 (2003).

de Jager, W., Prakken, B.J., Bijlsma, J.W., Kuis, W. & Rijkers, G.T. Improved multiplex immunoassay performance in human
plasma and synovial fluid following removal of interfering heterophilic antibodies. J Immunol Methods 300, 124-35 (2005).

. Lubin, J.H. et al. Epidemiologic evaluation of measurement data in the presence of detection limits. Environ Health Perspect

112,1691-6 (2004).

Petrovsky, N., McNair, P. & Harrison, L.C. Diurnal rhythms of pro-inflammatory cytokines: regulation by plasma cortisol and
therapeutic implications. Cytokine 10, 307-12 (1998).

Bode, H. et al. IL-1beta and TNF-alpha, but not IFN-alpha, IFN-gamma, IL-6 or IL-8, are secretory mediators in human distal
colon. Cytokine 10, 457-65 (1998).

Aukrust, P. et al. Chemokines and cardiovascular risk. Arterioscler Thromb Vasc Biol 28, 1909-19 (2008).

Vermeire, S., Van Assche, G. & Rutgeerts, P. C-reactive protein as a marker for inflammatory bowel disease. Inflamm Bowel
Dis 10, 661-5 (2004).

de Jager, W. & Rijkers, G.T. Solid-phase and bead-based cytokine immunoassay: A comparison. Methods 38, 294-303 (2006).
Dupont, N.C., Wang, K., Wadhwa, P.D., Culhane, J.F. & Nelson, E.L. Validation and comparison of luminex multiplex cytokine
analysis kits with ELISA: determinations of a panel of nine cytokines in clinical sample culture supernatants. J Reprod
Immunol 66, 175-91 (2005).

Ray, C.A. et al. Development, validation, and implementation of a multiplex immunoassay for the simultaneous
determination of five cytokines in human serum. J Pharm Biomed Anal 36, 1037-44 (2005).

Wong, H.L. et al. Reproducibility and correlations of multiplex cytokine levels in asymptomatic persons. Cancer Epidemiol
Biomarkers Prev 17, 3450-6 (2008).

Netherlands-Nutrition-Centre. Results of the Dutch National Food Consumption Survey. (Netherlands Nutrition Centre
(Voedingscentrum), The Hague, the Netherlands, 1998).

Welch, A.A,, Lund, E., Amiano, P. et al. Variability of fish consumption within the 10 European countries participating in the
European Investigation into Cancer and Nutrition (EPIC) study. Public Health Nutr 5, 1273-85 (2002).

Tsilidis, K.K. et al. C-reactive protein and colorectal cancer risk: a systematic review of prospective studies. Int J Cancer 123,
1133-40 (2008).

Allin, K.H., Bojesen, S.E. & Nordestgaard, B.G. Baseline C-Reactive Protein Is Associated With Incident Cancer and Survival in
Patients With Cancer. J Clin Oncol 27, 2217-24 (2009).



General Discussion




“l have a dream that one day we will have performed the ideal study to show that fish
consumption decreases the risk of colorectal cancer. In this ideal study, people consume fish
once to twice per week and as an endpoint, the incidence of colorectal cancer is studied.

I have a dream that after the intervention with fish the incidence of colorectal cancer has
declined. I have a dream that this ideal study will provide evidence based dietary guidelines
for fish, not only based on cardiovascular disease risk, but also based on colorectal cancer
risk...”

Then | woke up and realized that the ideal study on the effects of fish consumption on
colorectal cancer does not exist.
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The aim of this thesis was to investigate whether fish consumption beneficially affects
markers of colorectal carcinogenesis. In this chapter, the main findings of this thesis are
summarized and discussed, and recommendations for future research are given.

Main findings
Table 7.1 Overview of the results of this thesis
Study Exposure Endpoint Results Chapter
Case-control study  Serum levels n-3 and Colorectal adenoma High n-3 PUFAin 2
(POLIEP-study) n-6 PUFA risk serum: 33% lower risk
363 cases, 498 controls  High n-6 PUFAin
serum: 68% higher risk

Intervention trial Fish oil 3.5g/d (1.5g n-3 Serum cytokines and No effect of fish oil 3
(CardioN) PUFA), 12 weeks chemokines (n=77)
Intervention trial Fish consumption, Apoptosis and mitosis No effect of fish 4
(FISHGASTRO) salmon or cod in colonic crypt

(300g/wk) vs. only (n=216)

dietary advice,

6 months
Intervention trial Fish consumption, Genotoxicity of fecal No effect of fish 5
(FISHGASTRO) salmon or cod vs. only water (n=89) or DNA

dietary advice, damage in

6 months colonocytes (n=70)
Intervention trial Fish consumption, Inflammatory markers: ~ CRP reduced after 6

(FISHGASTRO)

salmon or cod vs. only
dietary advice,
6 months

Serum CRP (n=195);

Fecal calprotectin
Cytokines and
chemokines in feces
and biopsies (n=52)

salmon and cod

No effect on other
inflammatory markers

The main findings of this thesis are summarized in Table 7.1. Initially, in a case-control
study we observed that individuals with high serum n-3 polyunsaturated fatty acid
(PUFA) levels had a decreased risk of colorectal adenomas (odds ratio (OR) 0.67, 95%
confidence interval (Cl) 0.46; 0.96), whereas individuals with high serum n-6 PUFA levels
had an increased risk of colorectal adenomas compared with controls (OR 1.68, 95% Cl
1.17; 2.42) (Chapter 2). Next, we studied the effects of fish oil supplementation on serum
inflammatory markers in healthy subjects in a randomized controlled trial (RCT) and
found that supplementation of 3.5g/d fish oil (~1.5g/d n-3 PUFA) for 12 weeks did not
affect a panel of 19 serum cytokine and chemokine concentrations compared with
placebo (Chapter 3).

Finally, we performed an RCT on the effects of fish consumption on markers of colorectal
carcinogenesis, in a population at increased risk of CRC and those with no macroscopic
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signs of disease in the colon. In this RCT, increasing fish consumption with either salmon
(300g/week, providing ~1.4 g/d n-3 PUFA) or cod (300g/week, providing ~0.09 g/d n-3
PUFA) over six months did not affect apoptosis and mitosis in colonic crypts (Chapter 4),
genotoxicity of fecal water or DNA damage in colonocytes (Chapter 5), or inflammatory
markers measured in colonic biopsies and in feces as compared with dietary advice
(Chapter 6). However, a reduction in serum C-reactive protein (CRP) levels was observed
after intervention with salmon (-0.5 mg/l, 95% Cl -0.9; -0.2) and cod (-0.4 mg/l, 95% Cl -0.7;
0.0) compared with the dietary advice group (Chapter 6). Thus, we only observed an
effect of salmon and cod on the systemic inflammation marker CRP, while other markers
of colorectal carcinogenesis were not affected.

In the next paragraphs, methodological considerations of the RCT on fish consumption
are discussed. We chose to focus on the fish RCT in this chapter since issues regarding
methodological considerations of the case-control study and the CardioN study have
been extensively discussed by for example van den Donk ', Tiemersma * and Geelen 3, and
have been summarized in Chapters 2 and 3, respectively.

Why our fish intervention trial was not a ‘dream’ study: methodological
considerations

As dreams are usually not true 4, also the RCT described in this thesis has its limitations
which need to be taken into account when interpreting the results. In the following
paragraphs, issues related to design, exposure, and endpoints are discussed.

Design

The intervention study had a parallel, randomized, controlled design, as shown in Figure
7.1, including three groups of subjects and three intervention arms. An advantage of a
parallel study design is that the study duration could be six months, which would not
have been sufficient in a cross-over design, with two or three successive intervention
periods and wash-out periods in between. Another advantage was that less endoscopy
procedures per subject were needed as compared with a cross-over design, which
reduced the burden to the subjects. However, a limitation of a parallel study design is
that large inter-individual variation affects the power of the study and thus a larger
sample size is needed, compared with a cross-over design.

The sample size of the fish RCT was based on an expected change in number of apoptotic
cells of 0.2 with a standard deviation of 0.46 °, and it was estimated that with 90 subjects
per intervention group the power would be 80%.
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Exposure
0 6 months
Salmon (n=82)

40% Polyp, 20% UC, 40% Healthy colon

0 6 months
Cod (n=78)
42% Polyp, 20% UC, 38% Healthy colon
o 6 months
; Dietary Advice (n=82) :
Blood & 40% Polyp, 20% UC, 40% Healthy colon Blood &
biopsies biopsies
Intermediate markers of Endpoints Intermediate markers of
colorectal cancer risk colorectal cancer risk

Figure 7.1 Overview of the design of the FISHGASTRO study

After three years of intense recruitment, we had achieved the inclusion of 242 subjects.
Thus, we did not reach 270 subjects as anticipated. This has decreased the power to
detect statistical significant changes and which has increased the chance of type Il error
(“false negatives’). Moreover, the variation in response of the outcome variables was very
large, which also contributed to a decreased power to detect statistically significant
changes.

Subjects were recruited from outpatient clinic attendees visiting the hospital for a
colonoscopy, which had several implications for both the recruitment and the subjects.
The recruitment of subjects for this fish RCT proved to be very difficult since many people
were not willing to increase their fish consumption (~20% of those invited to participate).
Especially individuals who consume little or no fish were not willing to participate in this
particular RCT. Consequently, the baseline fish consumption of those who participated
was relatively high compared with the general Dutch population ®’. Another important
reason for reclining the invitation for participation in this trial was the fact that
participants needed to undergo an additional sigmoidoscopy (~40% of those invited), and
another ~30% reclined for other reasons. Eventually, only about ten percent of the people
we invited actually participated in the trial, which was considerably lower than
anticipated.

Subjects with polyps and ulcerative colitis (UC) are at an increased risk of colorectal
cancer *' and a greater effect of fish on colorectal carcinogenesis markers might be
expected to occur in these patients. For the main study outcome mitosis, subgroup
analysis indicated that if any effects of fish were to be observed, these would occur in
polyp and UC patients; however, we lacked power to draw conclusions within subgroups.
Furthermore, the question could be raised as to how ‘healthy’ the healthy colon patients
were. Our ‘healthy’ subjects were coming to the hospital for a colonoscopy.
Approximately 60% of these subjects had bowel complaints as indication for endoscopy,
whilst in the other 40% reasons for the initial endoscopy included familiar occurrence of
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CRC, hemorrhoids or anemia. Their colonoscopy did not show any colonic abnormalities,
although it has previously been shown that a similar group of symptomatic patients with
apparently normal mucosa had more mitotic cells per crypt than those assessed as part

". Thus, these ‘healthy colon’ patients did not all

of a routine screening program
represent truly healthy individuals.
Another point to take into consideration is the ‘control’ group, which was the dietary
advice (DA) group. It was not feasible to perform a blinded study in such a way that
participants did not know which type of fish they were consuming. Therefore, it is
conceivable that subjects in the DA group also might have increased their fish intake;
however, results from dietary questionnaires indicated that their fish intake did not
increase. It could also be argued that specifically subjects in the DA group changed their
dietary patterns following the dietary advice they received ™. However, all three
intervention groups received dietary advice and nutrient intake did not reflect changes in
dietary intake in any of the three groups, other than changes in fish consumption in the
salmon and cod group. Thus, we consider our control group appropriate.

The data generated in this RCT were analyzed using analysis of covariance (ANCOVA). We
tested the end value and adjusted for baseline value. This increased power as opposed to
testing the response (end minus baseline) values or non-parametric testing . Another
advantage of ANCOVA is that possible imbalances at baseline are accounted for. It is
debatable whether one should adjust analyses for randomization factors ', i.e. here
hospital or patient group. In many RCTs, no adjustments were made for the
randomization factors. In this study, we also chose not to adjust our analyses for hospital,
since this would decrease interpretability of the results and power to detect statistically
significant changes 7. Conversely, we explored whether results were different per patient
group and per country and found differences in baseline values of some outcomes, e.g.
mitosis, CRP, or fecal calprotectin. However, the conclusions of our studies did not
change if we explored the results per patient group or per country, but power was
obviously limited.

Another factor to be taken into account is the per-protocol analysis we performed. An
alternative approach would be to analyze the data according to the intention-to-treat
principle. However, this would answer a different research question, related to the
clinical effectiveness of a fish intervention ™.

In summary in terms of design, the recruitment of subjects in this parallel randomized
controlled trial proved to be very difficult and resulted in a smaller study with reduced
power, including subjects with relatively high habitual fish consumption.



General Discussion | 97

Exposure

The exposure in this RCT was the additional consumption of two weekly portions of
salmon or cod for six months. We estimated that the intervention period was long
enough to incorporate n-3 PUFA in the colonic epithelium °. Six months is relatively short-
term considering the long latency period of CRC, though six months is probably long
enough to affect intermediate markers of CRC risk. For example, the four RCTs on n-3

922 In addition, intervention

PUFA and mitosis that observed an effect lasted 1-6 months
studies with study durations of longer than six months pose a major burden on the
subjects and are likely to result in lower compliance, especially when considering foods
rather than supplements. Thus, we consider the six months intervention an acceptable
study duration, since we used intermediate markers of CRC risk.

During intervention, subjects were instructed to consume the fish provided on top of
their habitual fish consumption. Adherence to the intervention or compliance, was
assessed using a combination of approaches: regular phone calls, dietary assessment,
and in the salmon group by serum levels of the very long chain n-3 PUFA
eicosapentaenoic acid (EPA; C20:5n-3) and docosahexaenoic acid (DHA; C22:6n-3). Serum
n-3 PUFA levels were significantly increased in the salmon group and not in the other two
intervention groups, which indicated that overall the subjects consumed the salmon
provided within the study, and that the other two intervention groups did not
significantly increase their n-3 PUFA intake. However, dietary questionnaires indicated
that subjects in the fish intervention groups replaced some of their habitual fish
consumption by the intervention fish. Therefore, one could question as to whether
adherence to the intervention protocol was adequate. In this light, ‘compliance’ might
not have been satisfactory, but it might also be the maximum achievable in a fish
intervention study. This reduced compliance resulted in a smaller contrast between the
fish groups and the DA group.

A possible confounding factor that could have affected our results is the consumption of
meat, which could have declined during intervention, especially in the fish intervention
groups. A decrease in meat consumption is also associated with a reduced CRC risk .
However, our subjects in the salmon and cod group did not report lower meat
consumption, or an increased total energy intake or body mass index.

Intervening with fish, instead of fish oil, introduces another factor that could have
influenced our results, namely the preparation of the fish. From a subgroup of Dutch
participants (n=85), we know that most fish was fried (~73% of salmon, and ~84% of cod),
mostly in margarine or vegetable oil. Serum n-6 PUFA levels were increased after the cod
intervention compared with the dietary advice group, but not after salmon intervention.
This could have weakened the possible beneficial effect of cod, since increased n-6 PUFA

could possibly increase CRC risk >+2¢,
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The possible beneficial effects of fish consumption could have been outweighed by the
presence of toxins in the fish. As an example of an often found toxin, we measured
dioxin equivalents in the salmon and cod provided to the participants and these were
well below the daily tolerable intake *. Moreover, we did not observe an increase in
genotoxicity in the colon, as measured by the Comet assay in colonocytes and fecal
water. Thus, the chance that the potential beneficial effects of fish were outweighed by
the presence of toxins is regarded as small.

An advantage of this RCT was that we included two types of fish, oil-rich and lean fish.
This made it possible to study whether the potential beneficial effects of fish could be
attributed to oil-rich fish, possibly mediated by n-3 PUFA, or to fish in general. In this RCT,
we did not observe any effects of salmon and cod for all but one outcome measure. We
observed that both salmon and cod reduced serum CRP levels, indicating that it might
not only be the very long chain n-3 PUFA that are beneficially affecting inflammation, but
also other constituents in fish, such as vitamin D, selenium or protein.

In summary in terms of exposure, the contrasts between the fish intervention groups and
the dietary advice group may not have been large enough to observe an effect, while the six
month intervention period seemed adequate. The chance that results were biased by other
variables such as meat consumption, fish preparation, or toxic compounds in fish, is
regarded as small.

Endpoints

Since colorectal cancer incidence as such could not be studied as the main outcome
measure, we studied the effects of fish consumption on intermediate or surrogate
outcomes. In general, Schatzkin and Gail proposed that three conditions are required to
establish a surrogate marker for cancer risk: (i) a surrogate endpoint marker should be
associated with cancer, (ii) the exposure (=treatment) should be associated with the
surrogate endpoint marker, and (jii) the surrogate endpoint marker should ‘mediate’ the
association between exposure and cancer 2% as illustrated in Figure 7.2. Another
important consideration, besides reproducibility and variability, is whether the magnitude
of the association between exposure and surrogate marker predicts the magnitude of
the association between exposure and true outcome *.

Exposure — Surrogate marker —— True outcome
this thesis:
Fish consumption —— Apoptosis & Mitosis — Cancer

Figure 7.2 Relationship between a surrogate marker and true outcome, adjusted for this thesis **
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In this RCT, we studied the effects of fish consumption on several intermediate endpoints
of CRC risk, including apoptosis and mitosis as primary endpoints. However, it is currently
debated whether available intermediate endpoints of CRC risk are actually associated
with colorectal cancer. For example, apoptosis and mitosis have been considered by
many to be reliable intermediate markers of CRC risk 3**, but they have also been
criticized for not representing an actual increased CRC risk **%,

For apoptosis, having decreased levels does not necessarily lead to an increased CRC risk
as is shown in literature *: some studies found that apoptotic rates were inversely
related to colorectal adenomas 3*35 or CRC risk 3*“°, whereas other studies observed no

443, or only in distal tumors *%. Notably, the colorectal adenomas

association whatsoever
studies included mostly familial adenomatous polyposis (FAP) patients, which may not be
comparable to other forms of CRC >**. For mitosis, high proliferative activity in colonic
mucosa has been found to be associated with higher CRC risk **®, although another
study did not find this association ¥. The latter study included colorectal carcinoma cases,
whilst the former studies also included cases with colorectal adenomas **#*%, Thus, how
well the surrogate endpoints apoptosis and mitosis are associated with CRC risk remains
uncertain.

Another point to take into consideration regarding apoptosis and mitosis is that methods
to assess apoptosis and mitosis may differ between studies. Of the available methods to
measure apoptosis and mitosis, we used the morphological method, which is generally
accepted %', though other methods like TUNEL, Ki67 or M30 expression are also
commonly used 3***. These methods make use of histology in longitudinal crypt sections,
whereas the morphological method has the advantage that it measures apoptosis,
mitosis, and distribution of mitosis, simultaneously. A disadvantage of the whole-crypt-
mount approach is that it does not identify all apoptotic cells on the luminal surface,
whereas TUNEL and M30 may preferentially detect this normal programmed cell death 3.
Moreover, the use of these different methods to assess apoptosis and mitosis
complicates comparisons between studies.

Taken together, the use of apoptosis and mitosis as intermediate endpoints of colorectal
cancer risk in randomized controlled trials is generally accepted despite their recognized
limitations, though it should be considered that presently a better intermediate marker
of colorectal cancer risk is lacking.

In addition to apoptosis and mitosis, we also studied other intermediate markers of
colorectal carcinogenesis. To measure DNA damage, we used the Comet assay, in both
colonic tissue and in fecal water. The Comet assay is generally considered a rapid, simple,
economical, and sensitive method to measure DNA damage >**’. Conversely, the Comet
assay also has limitations. Factors that could contribute to variation in results of the

Comet assay in human studies include differences in laboratory conditions and the use of
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different Comet parameters, e.g. tail moment or % tail intensity. We performed the Comet
assay in such a way that it only detects DNA damage in the form of strand breaks, while it
could not detect other forms of DNA damage, such as base oxidation and DNA adduct
formation *’. Single strand breaks are quickly repaired and are not regarded as mutagenic
>, and therefore possibly not related to CRC risk. Thus, this makes the use of DNA
damage measured by the Comet assay as surrogate marker of CRC questionable.

Only two observational studies have studied the association between colorectal DNA
damage and CRC risk, showing that DNA damage in the colon is related to CRC °***°. Both
studies measured DNA damage using the Comet assay, although the former study
compared DNA damage in tumor tissue to normal tissue °®, while the latter study
compared the DNA in adenocarcinoma cases with healthy controls *°. Whether a
decrease in levels of DNA damage actually represents a decreased CRC risk should be
further investigated.

As markers of inflammation, we included high-sensitivity serum C-reactive protein (CRP),
which is a sensitive and reliable marker of inflammation, yet it only represents systemic

inflammation °°

. Therefore, we also measured fecal calprotectin and cytokines &
chemokines in fecal water and colonic biopsies, as local gut inflammation markers. The
main reason why we did not observe effects of fish consumption on levels of cytokines
and chemokines in the colon and on fecal calprotectin may be related to the large
variation in these markers. This variation might be explained by technical aspects of the
assays, as well as variations throughout the day °'. Also, a shorter half life of cytokines
and chemokines °*® may explain the greater variation as compared with CRP ®°. A
specific reason for the variation in fecal inflammation markers could be that we used a
stool sample from a single bowel movement, which does not reflect complete daily fecal
output.

For CRP, a meta-analysis of eight prospective studies showed a 12% increased colorectal
cancer risk (95% Cl 1%; 25%) per unit increase of natural log-transformed CRP levels 64,
More recently, a prospective cohort study found a hazard ratio of 1.9 (95% Cl 0.8; 4.6) for
colorectal cancer, comparing individuals with high CRP levels (> 3mg/l) to those with low
levels (< 1mg/l) ®. Similar to the previous surrogate endpoints of CRC risk, it is still not
fully known how changes in inflammatory markers are related to CRC risk **%7.

To summarize in terms of endpoints, due to the near impossibility of actually studying
colorectal cancer incidence as an outcome in randomized controlled trials, we studied
several intermediate markers of colorectal carcinogenesis, each with its limitations. We
observed that increasing fish consumption did not affect these intermediate markers of
colorectal carcinogenesis, other than a decrease in serum CRP levels after intervention with
salmon and cod.
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Future research, a ‘fishing expedition”?

What was already known?

=  Fish consumption is associated with a reduced risk of colorectal cancer, though the evidence from
observational studies was limitedly suggestive

=  Norandomized controlled trials (RCTs) had been performed on fish consumption and the markers of
colorectal carcinogenesis apoptosis, mitosis or genotoxicity

= RCTs on fish and fish oil supplementation have shown that fish and fish oil can reduce inflammation
though results were not consistent

. Fish contains a number of nutrients that could be beneficial, including n-3 PUFA, vitamin D, selenium,
and protein

What does this thesis add?

*  People with higher serum n-3 PUFA levels have a 33% reduced risk of colorectal adenomas and people
with higher serum n-6 PUFA levels have an 68% increased risk of colorectal adenomas

= Supplementation of 1.5g/d n-3 PUFA for 12 weeks did not affect a large panel of serum inflammation
markers in healthy subjects

* Increasing fish consumption by two weekly portions for six months did not affect colorectal apoptosis,
mitosis, genotoxicity, and inflammation markers in a population of fish consumers, except for a
significant decrease in serum CRP levels

=  Salmon and cod did not differentially affect markers of CRC risk

How should we proceed with studies on fish consumption and CRC risk? Our results
together with evidence from literature do not provide strong evidence that fish
consumption can beneficially affect markers of colorectal carcinogenesis. However, we
cannot disregard the limitedly suggestive evidence that has been observed for fish
consumption and CRC.

In order to continue the research on the effects of fish consumption, or any food
product, on colorectal cancer, the first step should be to focus on the likely mechanisms
of action and to develop valid intermediate risk markers of CRC, since the current
markers of CRC risk lack validity, as previously mentioned.

Promising candidates for intermediate markers of colorectal carcinogenesis, besides

68,6 ,70-72
9 49,70-7 ) or

apoptosis and mitosis, include chromosomal instability , aberrant crypt foci
more specifically epigenetic markers, like DNA methylation **73 or histone acetylation 7*.
Nevertheless, it remains to be investigated whether these intermediate markers comply
with the conditions to be an established surrogate marker of cancer risk, as proposed by
Schatzkin and Gail 2.

To study intermediate markers of CRC risk, we could follow a systems biology or systems
epidemiology approach, which is especially attractive now with the wide availability of

affordable human microarrays 7>7°. Systems biology is ‘a discipline that seeks to
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determine how complex biological systems function by integrating experimentally
derived information through mathematical and computing solutions’ 7. Using a systems
biology approach, information from human microarrays could be combined with
functional outcome markers, such as protein levels of these markers, to verify
mechanistic information and possibly to discover new markers.

If we were to perform RCTs with valid intermediate markers of CRC risk, there are a few
aspects to take into consideration. Regarding the exposure, different doses and different
types of fish should be used. The different doses of fish consumption could reveal the
dose-response relationship between fish consumption and CRC risk. The inclusion of
different types of fish per individual has been shown to increase compliance of
participants 7.

Regarding the participants, individuals with a low habitual fish consumption should be
included, although this poses a major challenge since it is difficult to find participants
willing to change their dietary habits and their fish intake in particular. An option to
improve recruitment of subjects consuming little or no fish could be to focus on finding
those people who do not consume fish due to costs, e.g. students or people with a low
socio-economic status. The consumption of fish could be made more attractive by
including more types of (popular) fish like sushi and provide the participants with ready-
to-consume fish to increase compliance.

In summary, using valid intermediate markers of colorectal carcinogenesis in new fish
randomized controlled trials, also including subjects with a low habitual fish consumption,
future studies on fish consumption and colorectal cancer would not be a mere ‘fishing
expedition’.

Concluding remarks

The main message from this thesis is that we found no strong evidence that increasing
fish consumption could beneficially affect markers of colorectal carcinogenesis, and that
oil-rich and lean fish used in this RCT did not have differential effects on CRC risk markers.
However, fish consumption has also been associated with beneficial effects related to

other metabolic diseases, such as cardiovascular disease 7%%°

, and therefore the current
dietary recommendation to consume two portions of fish weekly does not need to be
altered.

Finally, consumption of fish is not the only possible beneficial strategy for colorectal
cancer prevention. Low intake of red and processed meat, low intake of alcohol, reduced
body & abdominal fatness, and increased physical activity have been shown to reduce

colorectal cancer risk 3.



“l have a dream that one day the ideal study has shown that by increasing fish

consumption, the incidence of colorectal cancer has declined.
I have a dream that the fish stocks have been restored and that there is enough fish to feed
the world. I have a dream that for those who do dislike fish or who do not want to consume

fish equivalent alternatives are available.
I have a dream that fish as part of a healthy diet helps to reduce the incidence of colorectal

cancer.”
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Samenvatting

Kanker is momenteel de belangrijkste doodsoorzaak in Nederland. Dikke darmkanker is
daarbij één van de meest voorkomende vormen van kanker. Voeding speelt een
belangrijke rol bij het ontstaan van dikke darmkanker; overgewicht, weinig
lichaamsbeweging, het eten van rood vlees en het consumeren van alcohol verhogen het
risico om dikke darmkanker te krijgen. In dit proefschrift is onderzocht of de consumptie
van vis kan bijdragen aan een verlaagd risico op dikke darmkanker. Daarnaast is
onderzocht of het uitmaakt welke soort vis geconsumeerd wordt. Vis bevat namelijk een
aantal stoffen die mogelijk kunnen beschermen tegen dikke darmkanker. Zo is vis rijk aan
visvetzuren, ook wel omega-3 of n-3 vetzuren genoemd, die vooral in vette vis
(bijvoorbeeld zalm of haring) worden aangetroffen. Naast visvetzuren bevat vis vitamine
D, selenium en eiwitten, die mogelijk ook een bescherming kunnen bieden tegen dikke
darmkanker.

Om de invloed van (vette) vis op dikke darmkanker te onderzoeken, waren gegevens van
twee studies beschikbaar. De eerste studie was een observationeel onderzoek waarbij
mensen met poliepen (n=363) zijn vergeleken met mensen zonder poliepen (n=498)
(Hoofdstuk 2). Poliepen, ook wel adenomen genoemd, zijn een soort voorstadium van
dikke darmkanker. Mogelijk zouden mensen die meer vis eten een lager risico hebben op
het krijgen van dikke darmkanker. De hoeveelheid vis die mensen gegeten hebben kan
worden gemeten aan de hoeveelheid n-3 waardes in het bloed. Uit deze studie bleek dat
mensen die hoge n-3 waardes in het bloed hadden 33% minder kans hadden op het krijgen
van poliepen ten opzichte van mensen met lage visvetzuur waardes in het bloed.

De tweede studie was een interventie studie naar de effecten van visolie in 77 gezonde
vrijwilligers (Hoofdstuk 3). Beschikbare bloedmonsters zijn gebruikt om het effect van
visolie op ontstekingsmarkers in het bloed te onderzoeken. Ontstekingen kunnen
mogelijk het risico op dikke darmkanker verhogen. Visolie bleek geen effect te hebben op
de ontstekingsmarkers in het bloed van deze gezonde mensen. Een mogelijke verklaring
is dat de proefpersonen dermate gezond waren dat er geen verdere
gezondheidsbevorderende effecten zijn waargenomen.

Om de effecten van visconsumptie op het risico van dikke darmkanker te onderzoeken,
zijn vis-interventie studies nodig. Tot nu toe zijn dergelijke vis-interventie studies niet
uitgevoerd en in dit proefschrift zijn de resultaten van het eerste vis-interventie
onderzoek beschreven: de FISHGASTRO studie. Om het risico op dikke darmkanker te
onderzoeken wordt idealiter bestudeerd of gezonde mensen wel of geen dikke
darmkanker ontwikkelen nadat ze wel of geen vis hebben gegeten. Het ontwikkelen van
dikke darmkanker kan echter vele jaren duren, waardoor een dergelijke studie erg lang
zou duren. Daarom is gekeken naar voorspellers van darmkankerrisico, zoals verhoogde
celdeling, verminderde celdood, de mate van DNA schade in de darm, en verhoging van
ontstekingsmarkers.
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Aan de FISHGASTRO studie deden in totaal 242 mensen mee met dikke darmpoliepen,
een chronische darmontsteking, of mensen die gezond waren. Zij kregen zes maanden
lang ofwel twee porties zalm per week, ofwel twee porties kabeljauw, ofwel geen extra
vis (de controle groep). Alle proefpersonen ontvingen informatie over gezonde voeding.
Voor en na de zes maanden interventie is een darmbiopt en bloed afgenomen; daarnaast
zijn ook een aantal vragenlijsten ingevuld door de proefpersonen en hebben sommige
proefpersonen ontlasting verzameld. In darmbiopten is gekeken naar de mate van
celdeling en celdood. Deze waren niet veranderd na het eten van zalm of kabeljauw ten
opzichte van de controle groep (Hoofdstuk 4). De DNA schade in het darmbiopt en in de
ontlasting was niet veranderd na het eten van zowel zalm als kabeljauw (Hoofdstuk 5).
De ontstekingsmarkers in het darmbiopt en in de ontlasting waren ook niet veranderd,
behalve één ontstekingsmarker, C-reactive protein (CRP) in het bloed. Deze was gedaald
na het eten van zowel zalm als kabeljauw (Hoofdstuk 6). Een lager niveau van CRP in het
bloed kan mogelijk duiden op een lager risico op dikke darmkanker, maar de precieze
functie van CRP moet nog verder worden onderzocht. De conclusie op basis van deze
eerste vis-interventie studie is dat er geen duidelijk bewijs is gevonden dat het verhogen
van de visconsumptie intermediaire markers van dikke darmkanker gunstig beinvloedt.

In Hoofdstuk 7 zijn de resultaten van dit onderzoek in perspectief geplaatst. Het
belangrijkste deel van dit proefschrift omvat de vis-interventie studie. Bij de interpretatie
van dit onderzoek is belangrijk te realiseren dat de proefpersonen voordat ze meededen
aan de studie al een vrij hoge visinname hadden, dat de proefpersonen in de visgroepen
wel iets meer zijn gaan consumeren maar niet de twee porties per week die wij voor ogen
hadden, en dat de steekproefgrootte mogelijk niet groot genoeg was om verschillen te
kunnen aantonen. Daarnaast is het onduidelijk in hoeverre de gebruikte voorspellers van
dikke darmkanker risico daadwerkelijk het risico op dikke darmkanker kunnen
voorspellen. Vervolgonderzoek zou zich daarom in eerste instantie moeten richten op
het ontwikkelen van gevalideerde risicomarkers van dikke darmkanker. Tevens zou in
vervolgstudies gebruik gemaakt moeten worden van meerdere dosis vis en meer variatie
in soorten vis. De belangrijkste boodschap van dit proefschrift is dat er geen sterk bewijs
is gevonden dat het verhogen van visconsumptie voorspellers van dikke darmkanker
gunstig kan beinvloeden. Daarnaast is consumptie van vis niet de enig mogelijke factor
ter vermindering van het risico op dikke darmkanker. Zo kan een dieet met matige
consumptie van rood vlees en alcohol, een verlaagde hoeveelheid abdominaal
lichaamsvet, en voldoende lichamelijke activiteit bijdragen aan een verlaagd risico op
dikke darmkanker. Aangezien visconsumptie wel bijdraagt aan het verminderen van
andere ziekten, zoals hart- en vaatziekten, houdt de huidige aanbeveling om twee maal
per week vis te eten stand.
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