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Abstract

Colorectal cancer patients with systemic inflammation as evidenced by elevated C-reactive protein (CRP) have been shown to have significantly worse prognosis.
Recent reports demonstrated that resolvin D1, a novel lipid mediator generated from dochosahexaenoic acid (DHA), activates factors that reduce inflammation. This
study was designed to investigate not only the relationship between CRP and resolvins (resolvin D1 and resolvin E1) but also the effect of DHA on CRP in colorectal
cancer patients with systemic inflammatory response.

Relationship between serum levels of CRP and resolvins in colorectal cancer was investigated by using commercially available assay kits. The effect of DHA and/
or eicosapentaenoic acid (EPA) on cell proliferation was also evaluated using colorectal carcinoma cell lines. The clinical study was conducted to check whether
supplementation of 2.2 g/day of DHA-enriched fish oil for one week ameliorates the systemic inflammatory response in patients with advanced or recurrent colorectal
cancer.

‘The serum levels of resolvin D1 in colorectal patients with CRP = 0.5 mg/dL were significantly lower than those in patients without. In the in vitro study, DHA was
more efficient than EPA in suppressing cell proliferation. Ten patients with colorectal cancer in chemotherapy were enrolled in clinical supplementing study. Eight of
the ten patients showed decreased levels of CRP after the one week supplementation compared with the levels before supplementation. Also, eight of the ten patients
showed increased levels of resolvin D1 after the supplementation compared with the levels before supplementation.

Taken together, these data suggest that the dietary DHA-enriched supplement ameliorates cancer-associated systemic inflammatory response at least in part via
upregulation of resolvin D1.

Introduction inflammatory and immunoregulatory actions [16-19]. However, there

. are few clinical data about the effects of resolvin family on resolution of
Colorectal cancer is currently one of the most prevalent causes

of cancer death [1]. Although various chemotherapy regimens and
biological drugs have been developed, the outcome of colorectal
cancer is not sufficient. Excessive inflammation has emerged as a
critical component in many prevalent human diseases including
cancer [2,3]. There is increasing evidence that the elevated C-reactive
protein (CRP) in various solid tumors including colorectal cancer is
an independent prognostic factor [4-6]. Previous reports demonstrated
that interleukin-6 (IL-6) in tumor and serum in patients with colorectal
cancer plays a key role in systemic inflammatory response such as
elevated CRP [7-9]. However, it is still unclear whether this cancer-
associated inflammation is reversible or not.

systemic inflammation, such as elevated CRP, in cancer patients.

In this study, first, we examined the relationship between systemic
inflammation as evidenced by elevated CRP and resolvins. Next, we
investigated the cytotoxic effect of DHA and/or EPA on human colon
adenocarcinoma cells. Third, we determined whether supplementation
of DHA-enriched supplement for one week in patients with advanced
or recurrent colorectal cancer receiving chemotherapy alters
inflammation markers, such as CRP.

Omega-3 fatty acids (omega-3 FAs) mostly promote anti-

inflammatory activities [10]. The therapeutic benefit of marine-based Correspondence to: Yasuhiko Mohri, MD, PhD, FACS. Department of

Gastrointestinal and Pediatric Surgery, Mie University Graduate School of

foods on cancer has been proven by several experimental studies, which
have been performed focusing on omega-3 FAs [11-15]. Resolvin
familiy, novel enzymatically oxygenated lipid mediators derived from
eicosapentaenoic acid (EPA) or docosahexaenoic acid (DHA), were
recently identified in resolving exudates [16]. Increasing evidence in
basic research indicates that resolvin family possesses potent anti-
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Materials and methods

Correlation between serum CRP level and resolving D1
and E1

To determine the correlation between serum CRP level and
resolvins (resolve D1 and resolving E1), we collected the blood samples
from 35 patients who diagnosed a colorectal cancer and 10 healthy
volunteers. The serum levels of CRP were measured with a turbidimetric
immunoassay using an N-Assay TIA CRP-S kit (Nittobo Medical,
Tokyo). The serum levels of resolvin D1 and E1 were measured using
commercially available ELISA kits (resolvin E1; MyBiosource, Inc, San
Diego, CA, resolvin D1; CAYMAN CHEMICAL, Michigan, USA).

Cell viability assay for DHA and EPA

Human colorectal cancer cell lines HT29 and LoVo were obtained
from the Cell Resource Center of Biomedical Research, Institute of
Development, Aging and Cancer (Tohoku University, Sendai, Japan).
These cell lines were maintained in RPMI-1640 medium supplemented
with 10% fetal bovine serum, 100 IU/ml penicillin and 100 pg/ml
streptomycin at 37°C in a 5% humidified CO, atmosphere. DHA and
EPA were obtained from Sigma-Aldrich Inc. (Buchs, Switzerland), and
were diluted in ethanol and stored at 10mg/ml at -80°C.

The cytotoxicity was evaluated using a WST-8 [2-(2-methoxy-
4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-
tetrazolium, monosodium salt] colorimetric assay. WST-8 is a
modification of the MTT assay, which was applied to estimation of
cellular viability using a commercially available kit (cell counting kit,
Dojindo Laboratories, Japan). HT29 and Lovo cells (5,000 cells/well)
were seeded into 96-well cell plates (Becton Dickson Labware, NJ,
USA) in 100 pl of culture medium for 24 hours prior to fatty acid (FA)
exposure, and then treated with various concentrations of DHA and/or
EHA for 48 hours. After FA exposure for the indicated concentrations
and times, the medium was discarded and replaced with 90 pl of fresh
medium. Next, 10 ul of WST-8 reagent solution (Cell Counting Kit;
Dojindo Laboratories, Kumamoto, Japan) was added and incubated
for 4 hours at 37°C in an incubator. Cell viability was determined
colorimetrically by the optical density (OD) at a wavelength of 450
nm, as measured using a microplate reader. Cytotoxicity was evaluated
using the Cell Counting Kit according to manufacturer’s instructions.
The supernatants obtained from Lovo cell line culture were harvested
at 24, 48, 72 hours and stored at —80°C until assayed. The supernatant
concentration of IL-6 was measured using commercially available
ELISA kit for IL-6 (R&D systems, Minneapolis, USA).

Supplementation of DHA-enriched supplement and changes
of CRP level

Patients with colorectal cancer treated in the Mie University
Hospital, Mie, Japan were participated. The eligibility criteria were: age
Z 20 years; histopathological diagnosis of colorectal carcinoma; CRP 2
0.5mg/dL; and chemotherapy treatment indication. Not included were
those in palliative care; taking statin or anti-inflammatory drugs; with
allergy to fish and derivatives; without oral intake conditions; previously
subjected to chemotherapy; or patients with autoimmune diseases and;
those who had used supplements containing fish oil or omega-3 FAs
during the three months prior to study initiation. Individual energy
requirements for patients were estimated by Harris-Benedict equation
[20]. Based on these requirements, patients were advised to follow a
diet based on standardized menus of 1600, 1800, or 2000 kcal. No extra
calories were provided, and patients were given isocaloric diets.
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The fish oil supplement was offered in the form of gelatinous
micro-capsules with 20 mg/capsule (Toyo capsule Inc, Japan). Each
capsule contained 11 mg of n-3 polyunsaturated FAs (7.6 mg of DHA
and 0.84 mg of EPA). The participants were instructed to ingest 200
micro-capsules/day of fish oil (2.2 g/day), in addition to their habitual
dietary intake, for one week. They were instructed to ingest the capsules
in a dose-fractionated form (100 capsules x 2 times), about 20-30 min
before two main meals and accompanied by liquid. In addition, they
were instructed to record capsule intake in a specific form provided.
Blood samples (9 ml) were collected after approximately 8 h fasting at
two times: on the day prior to supplementation and one week later. The
material was collected in separating gel tubes for the determination of
serum CRP and resolvin D1. The study protocol was approved by the
Human Research and Ethics Committee of the institution and was in
accordance with the Declaration of Helsinki. All participants agreed to
participate by signing a consent form.

Statistical analysis

The Mann-Whitney U test was used for comparisons among
unpaired groups. The Wilcoxon signed rank test was used for paired
analysis. P values of less than 0.05 were considered statistically
significant.

Results
Correlation between serum CRP level and resolvin D1/E1

The backgrounds are shown in Table 1. The levels of CRP in all
healthy volunteers were less than 0.5 mg/dL. Twenty-eight percent
(n=10) of colorectal patients had the CRP level at or greater than 0.5
mg/dL. When the patients were divided into three groups based on
the levels of CRP, i.e., CRP <0.5 mg/dl, 0.5 = CRP < 1.0 mg/dl, CRP
2 1.0 mg/dl, the median values of resolving E1 in healthy volunteers,
patients with CRP <0.5 mg/dL, patients with 0.5 = CRP < 1.0 mg/dL,
and patients with CRP 2 1.0 mg/dL were 1,802, 1,902, 2,688, 1,174
pg/ml, respectively. No significant differences were observed between
each group (Figure la). The median values of resolving D1 in healthy
volunteers, patients with CRP <0.5 mg/dL, patients with 0.5 = CRP
< 1.0 mg/dL, and patients with CRP 2 1.0 mg/dL were 8,241, 9,193,
3,107, 2,599 pg/ml, respectively. The levels of resolvin D1 in patients
with 0.5 = CRP < 1.0 mg/dL and patients with CRP 2 1.0 mg/dL were
significantly lower than healthy volunteers (Figure 1b). However, No
significant difference was observed between healthy volunteers and
patents with CRP <0.5 mg/dL.

Table 1. Demographic and clinical features of patients from serum samples were collected
to analyze the relationship between C-reactive protein and resolvins.

Healthy volunteer | Colorectal patients

N=10 N=35

Age, median (range) 60 (44-72) 66 (42-81)
Male (%) 7(70) 22 (63%)
C-reactive protein (mg/dL), median 0.085 (0.01 —0.2) 0.14 (0.01 — 16.42)
(range)
CRP (%)

<0.5 10 25 (72%)

0.5-1.0 6 (17%)

>1.0 4 (11%)
Stage (%)

I 6 (17%)

I 15 (43%)

11 3 (9%)

v 11 (31%)
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Figure 1. Correlation between the levels of CRP and resolvins in healthy volunteer and colorectal patients. a: resolvin E1, b resolvin D1. normal, healthy volunteer; CRP<0.5, colorectal
patients with CRP<0.5mg/dl; 0.5=CRP<1.0, colorectal patients with the 0.5SCRP<1.0mg/dl; 1.0=CRP, colorectal patients with CRP=1.0mg/dl.
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Figure 2. Effect of omega-3 fatty acids (DHA and EPA) supplementation on cell proliferation of HT 29 colorectal cancer cell line.aDHA, bEPA.

Growth inhibition of colorectal cancer cells by DHA and EPA

To elucidate the impact of DHA or EPA on cell growth inhibition,
we evaluated the dose-dependent cell viabilities after exposure to each
FA (DHA or EPA) individually. The cytotoxic effects of DHA or EPA
on HT29 cells were assessed after 48 hour exposure, followed by the
WST-8 colorimetric assay. Growth inhibitory effects were observed
for treatment with either DHA or EPA alone in dose- and time-
dependent manners (Figure 2 and our unpublished data). Moreover,
the inhibitory effect of DHA on the cell growth was less clear at
lower concentrations compared with that of EPA (Figure 2a and b).
To elucidate the optimal combination ratio of DHA and EPA for cell
growth inhibition, we next evaluated the cell viabilities after exposure
under the various combination ratios of EPA and DHA, individually.
The most pronounced cytotoxicity was observed for 200 uM DHA
(Figure 3). Regarding the clinical use of DHA/EPA combinations, these
results suggest that rich concentration of DHA is effective to inhibit
cancer cell growth.

Inhibition of producing IL-6 from Lovo cells by DHA

As the IL-6 production was observed only in Lovo cells, we chose
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Figure 3. Effect of various combination ratios of DHA and EPA supplementation on cell
proliferation of HT 29 colorectal cancer cell line.

the Lovo cells in this examination. In the culture supernatant of the
control (no treatment) cells, IL-6 concentration was time-dependently
increased. The IL-6 production in Lovo cells treated with DHA after 72
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hour incubation was significantly more inhibited than that in Lovo cell
without DHA (Figure 4).

Supplementation of DHA-enriched omega-3 fatty acid

We examined the effect of DHA-enriched supplement on serum
CRP level in colorectal patients with elevated CRP. Ten patients were
enrolled in this study. Baseline characteristics of the patients were shown
in Table 2. All patients were able to take the supplement according to
the protocol. Although one patient had experienced loose stool, no
severe adverse events were observed. There were eight patients whose
CRP levels were reduced after one week of supplementation compared
with those before supplementation (Figure 5a). Among them, 5
patients had the CRP <0.5 mg/dl after supplementation (Figure 5a).
Although the median reduction rate, which was calculated from ((CRP
before supplementation - CRP after one week supplementation)/
CRP before supplementation)) x 100, was 64.3%, the significant

= 24hr #48hr = 72hr

3

o

IS

-

=

IL-6 concentration (pg/ml)

)
3
L

control DHA

Figure 4. Quantification of IL-6 concentration. Cells were treated with 200uM/L DHA for
72 hours. IL-6 concentrations of supernatant were measured at 24, 48, and 72 hours.

difference between the levels of CRP before and after was not observed
(median CRP before supplementation, 3.46 mg/dL; median CRP after
supplementation, 1.25 mg/dL; Wilcoxon Signed-Rank Test: P=0.160).
The levels of resolvin D1 after 1 week supplementation were increased
in 8 patients compared with that before supplementation (Figure 5b).
Seven of those eight patients showed the decreased CRP levels during
supplementation. However, the significant difference between the
levels of resolving D1 between before and after supplementation was
not observed (median resolvin D1 before supplementation, 4431 pg/
ml; median CRP after supplementation, 5830 ug/ml; Wilcoxon Signed-
Rank test: P=0.193).

Discussion

This study demonstrated that serum resolvin D1 level was
significantly decreased in colorectal cancer patients with systemic
inflammatory response and DHA-enriched supplement had a potential
for improvement of systemic inflammatory response in colorectal
cancer patients by increasing serum resolvin D1 level.

A subgroup of omega-3 FAs, primarily EPA and DHA, are
essential FAs which have long been known to be important for
metabolic dysfunction. Resolvins are a family of novel autacoids
enzymatically generated within resolving inflammatory exudates
and are biosynthesized from precursor essential omega-3 FAs, such
as EPA, and DHA [21]. They are linked with a range of diseases
including inflammatory disorders [22,23]. Resolvins are a new area
of investigation that may aid in resolution of inflammation in various
disorders. Colorectal cancer patients with a systemic inflammatory
responses involving elevated CRP have been shown to have worse
prognosis than those without [4-6]. Correlation between elevated CRP
and resolvins has not been analyzed to our knowledge. Interestingly,
this study demonstrated that patients with elevated CRP levels had
significantly lower levels of resolvin D1 than those without or healthy
population. The results suggested that resolvin D1 might play a key role
resolving the systemic inflammation associated with cancer.
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Figure 5. The serum levels of C-reactive protein and resolvin D1 before and after DHA-enriched supplementation

a, serum levels of C-reactive protein; b, serum levels of resolvin D1
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Omega-3 FAs have also been shown to inhibit cell growth of
several malignant cancer cells. Habermann et al. found that DHA
was the most cytotoxic among the FAs including EPA [24]. This is in
agreement with our in vitro findings that DHA was more efficient than
EPA in suppressing cell survival in HT29 cells, possibly due to a better
intracellular absorption rate of DHA than EPA in colorectal cell lines.

It is well established that the interleukin (IL)-1-IL-6 network
stimulates the acute phase expression of CRP, while interaction of CRP
with Fc receptors leads to the generation of proinflammatory cytokines
that enhance the inflammatory response [25]. The IL-6-IL-6 receptor
autocrine loop was previously found to exist in colorectal carcinoma,
creating a local environment more favorable to tumor growth [26,
27]. The biological effect of IL-15 closely parallels several of the
experimental features of IL-6-induced cell growth, since IL-18 induces
IL-6 in an autocrine manner. Moreover, the presence of an acute phase
reactant, such as elevated CRP, results in the tumor microenvironment
being suitable for survival of colorectal cancer cells by up-regulating
the local IL-1-IL-6 network system [9]. It has been unclear whether or
not DHA had the potential of reducing IL-6 production from cancer
cells. Recently, new mediators such as resolvin and protectins, which
are involved in the resolution stage of inflammation, were found and
those were products of DHA and EPA. There were few reports whether
DHA inhibit the production of IL-6 from colorectal cancer cells.
Interestingly, our study demonstrated that DHA had the potential of
IL-6 reduction from colorectal tumor cells.

The results from omega-3 FAs supplementation in humans have
generally showed improvement in therapeutic outcome with fewer risks
and side effects for patients [28-30]. Therefore, DHA and/or EPA can
be administered in combination with chemotherapy or radiotherapy
with a potential beneficial effect. Bougnoux et al. have revealed the
presence of clinical benefit of DHA in breast cancer patients under
chemotherapy [31]. This tumor progression inhibition and survival
prolongation was correlated with the level of DHA absorbed to plasma.
From our results of in vitro studies and previous clinical study, we
hypothesized that DHA-enriched omega-3 free FAs could potentially
improve the systemic inflammatory response such as elevated CRP.

To conduct supplementing study in human settings, there were
two issues: the optimal dose and optimal duration of omega-3 free
FAs. From previous studies, the dose of combination of EPA and DHA
typically in the form of fish oil ranged from 600 mg to 3.6 g per day,
with different ratios of EPA to DHA. Based on clinical benefit, the
optimal and safe dose established for n-3 long chain PUFA (EPA and/
or DHA) is approximately 2 g/day [29,32,33]. The time period for the
duration of supplementation ranged from 1 to 12 weeks in previous
studies. Therefore, the DHA-enriched supplement (2.2 g/day, one
week supplementation) was used in clinical setting. The duration of
supplementation in our study was set at one week, because our aim
was to evaluate the impact of DHA-enriched supplement on systemic
inflammatory response, and serum level of CRP had a short half-life (6
to 8 hours).

Lower levels of systemic inflammation, based on CRP levels, after
omega-3 FAs supplementation have been observed in several studies
[30,32,35-37]. These previous studies confirm the anti-inflammatory
activity of fish oil FAs, and further indicate that this supplement may
benefit oncologic patients. Although some studies demonstrated
that omega-3 FAs help in the management of persistent chronic
inflammatory states, the subjects enrolled were both patients with
systemic inflammatory response and without. For this reason, the
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effects of omega-3 FAs on systemic inflammatory response were
not fully understood. Although the significant difference was not
observed between the levels of CRP before and after supplementation
in our study, DHA-enriched supplement could improve the systemic
inflammatory response in most colorectal patients. To confirm this
finding, large scale prospective study is required in future.

In conclusion, the DHA-enriched supplement for individuals with
colorectal cancer had the ability to ameliorate systemic inflammatory
response which could have been worsened due to a reduced serum
level of resolvin DI1. This supplementation represents adjuvant
in the treatment of colorectal cancer accompanied with systemic
inflammatory response.
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