
― 123―

秋　田　医　学Akita J Med　36 : 123-132, 2009 （51）

EFFECT OF MODEST PERIOPERATIVE INTAKE OF  

IMMUNO-NUTRITION RICH IN ω-3 POLYUNSATURATED FATTY 

ACIDS ON IL-10 IN ESOPHAGEAL CANCER PATIENTS

Manabu Okuyama, Satoru Motoyama, Kiyotomi Maruyama,  

Kenji Sasaki, Yusuke Sato and Jun-ichi Ogawa

(Received 8 December 2008, Accepted 25 March 2009)

Division of Thoracic Surgery, Department of Surgery, Akita University School of Medicine, Akita 010-8543, Japan

Abstract
Background  Recent trials have shown that perioperative administration of an immuno-enhanc-
ing diet can reduce the incidence of infectious complications and shorten hospital stay following 
elective surgery.  The purpose of this study was to evaluate whether a relatively small periopera-
tive intake of ω-3 polyunsaturated fatty acid (PUFA)-rich nutritional supplement modulates post-
operative inflammatory responses.
Methods  Twenty-three patients with esophageal cancer were prospectively randomized into 
Treatment (n=11) and Control (n=12) groups.  The former drank 2 packs (0.4 L) of a liquid diet 
that was supplemented with ω-3 fatty acids each day for 6 consecutive days prior to esophagecto-
my, while the latter drank a control liquid.  In addition, both groups received postoperative enteral 
feeding with the same formula.  The levels of human leukocyte antigen-DR (HLA-DR), interleu-
kin (IL)-6 and IL-10 were measured, and polymorphonuclear cell and total lymphocyte counts 
were obtained.
Results  Plasma IL-10 levels were significantly (p<0.05) higher in the Treatment group than the 
Control group after beginning supplemental nutrition.  By contrast, postoperative IL-6 levels 
tended to lower in the Treatment group, but the difference did not reach the level of significance.
Conclusions  Preoperative oral intake of a small amount of ω-3 PUFA-rich nutritional supple-
ment increased postoperative IL-10 expression.

Key words : esophagectomy, esophageal cancer, immuno-nutrition, IL-10, ω-3 Polyunsatu-
rated Fatty Acids

Introduction

The survival rate among esophageal cancer patients 

has improved in recent years due, in large part, to ad-

vances in surgical techniques and perioperative manage-

ment1,2).  Postoperative morbidity rates associated with 

esophagectomy also have declined, though they continue 

to be substantial3,4).  To address this issue, greater atten-

tion is being paid to preventing surgery-related complica-

tions and to new strategies aimed at modulating postop-

erative inflammatory responses through administration 

of key nutrients.  For instance, recent trials have shown 

that perioperative administration of an immuno-enhanc-

ing diet can significantly reduce the incidence of infec-

tious complications5-10) and shorten the patient’s hospital 

stay7,10) following elective surgery for gastrointestinal 
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cancer.

Recent findings indicate that specific nutrients such as 

arginine, glutamine, ω-3 polyunsaturated fatty acids (PU-

FAs) and RNA may modulate immune and inflammatory 

responses, as well as gut function5-11).  This suggests im-

muno-enhanced nutrition may produce clinical benefits 

for postoperative and critically ill patients.  In particular, 

ω-3 PUFAs may exert effects that directly suppress im-

mune function12).  For instance, several studies have 

shown that ω-3 PUFAs reduce the production of a variety 

of inflammatory cytokines, including tumor necrosis fac-

tor (TNF)-α 13-17), interleukin (IL)-613-15), IL-1β 16) and 

IL-817), as well as arachidonic acid-derived eicosanoids 

such as prostaglandin E2 (PGE2)
16,18), thromboxane B2 

(TXB2)16) and leukotriene B4 (LTB4)14,17).  Furthermore, 

enteral nutrition that includes ω -3 PUFAs reportedly 

leads to significantly greater expression of HLA-DR on 

monocytes in patients after severe trauma19), and it was 

recently, reported that ω-3 PUFAs are associated with in-

creased production of IL-10 in humans20,21).  Thus ω-3 

PUFAs appear to be potentially useful anti-inflammatory 

agents that preserve immune function better than stan-

dard formulas, while attenuating some aspects of the in-

flammatory response22).

We were interested in the effects of perioperative en-

teral administration of ω-3 PUFAs to patients planning to 

undergo esophagectomy.  We reasoned that esophageal 

cancer patients could benefit from immuno-enhanced nu-

trition, as they frequently suffer from malnutrition, en-

dure greater surgical traumas and have higher complica-

tion rates than patients undergoing other surgical 

procedures.  Moreover, in most previous studies the pa-

tients were asked to drink about 1 L/day of liquid diet pri-

or to surgery5-10), but this is not possible for many pa-

tients.  In fact, the mean daily preoperative intake of the 

formula was only about 90% in one of those studies9), and 

several percent of patients had to be excluded for lack of 

compliance in a number of the other studies5,8,10).  We be-

lieved all of our patients would consider 0.4 L/day of liq-

uid diet an acceptable nutritional supplement to their 

usual diet.  If this small amount of oral immuno-enhanc-

ing nutrition had some beneficial effect for patients plan-

ning to undergo surgery, the cost would be reduced and 

use of immuno-enhancing nutrition as a preoperative 

preparation might be more prevalent.  We therefore de-

signed the present study to determine whether a rela-

tively small amount of perioperative ω-3 PUFA-rich nu-

trit ional supplement would positively modulate 

postoperative inflammatory responses.

Methods

Patients and preoperative nutrition

Between December 2004 and December 2005, we con-

ducted a randomized trial in the Department of Surgery, 

Akita University School of Medicine.  The main inclusion 

criterion was operable thoracic esophageal cancer with-

out severe dysphagia.  Exclusion criteria included severe 

dysphagia that made the patient unable to take in ade-

quate food, ages older than 75 years, preoperative 

chemoradiotherapy, liver cirrhosis and immunological 

diseases.  All patients provided written informed consent 

after the details of the protocol were fully explained.  The 

protocol was approved by the Ethical Committee of the 

Akita University School of Medicine.

Using sealed envelopes, patients were randomized to 

drink 2 packs of either a liquid diet supplemented with 

ω-3 PUFAs (ω-6/ω-3=3), [Racol (200 mL/pack), Otsuka 

Pharmaceutical, Tokyo, Japan] or a control liquid diet 

(ω-6/ω-3=44) [Ensure Liquid (250 mL/pack), Abbot, To-

kyo, Japan] for 6 consecutive days (Table 1)23).  Hospital 

admission was scheduled 6 days before surgery, and both 

groups of patients were asked to drink 2 packs of the liq-

uid diet any time they liked each day until the evening of 

the day before surgery.  During that period, they also ate 

the standard food provided by the hospital.

Surgery

All patients underwent esophagectomy with extended 

lymph node dissection through a right posterolateral tho-

racotomy and reconstruction with a gastric tube via the 

posterior mediastinal route.  A tube jejunostomy was 

placed intraoperatively using the modified Witzel tech-

nique for postoperative enteral feeding.

Postoperative nutrition

After surgery, all patients received enteral feeding with 

the same liquid diet taken preoperatively and were on the 
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same schedule.  Enteral nutrition was started at 200 mL/

day on postoperative day 3, after which the volume was 

progressively increased to a maximum of 1,000 mL/day 

by postoperative day 7.  Beginning on postoperative day 

1, all patients also received continuous infusion of paren-

teral nutrition (1,120 kcal/day) through a central venous 

catheter.  On postoperative day 8, the anastomosis was 

checked for leakage using a water-soluble contrast medi-

um.  If no leakage was observed, the patient was started 

on an oral diet on postoperative day 9, and the volume of 

enteral nutrition was reduced to 800 mL/day on postop-

erative day 11.  That volume of enteral nutrition was then 

continued until the day of discharge from the hospital 

(Fig. 1).

Blood sample

Peripheral blood was collected from all patients before 

starting the oral intake of liquid diet (day −6), 1 day be-

fore surgery (day −1), 1 day after surgery (day +1), 2 

days after surgery (day +2), 7 days after surgery (day 

+7) and 14 days after surgery (day +14).  The collected 

samples were used to obtain polymorphonuclear cell 

(PMN) counts, total lymphocyte counts and plasma levels 

of C reactive protein (CRP).  Additional blood samples 

Table 1.　Comparison of the supplemental diets (per 100 ml)23)

Component Treatment group  Racol Control group  Ensure

Energy (kcal)  
     (protein/fat/carbohydrate)

100
(18/20/62)

100
(14.1/31.5/54.5)

Protein

Casein protein (g) 3.4 3.4

Soy protein (g) 1.7 0.5

Fat

Medium-chain fatty acid (mg) 716 3.5

Myristic acid (mg) 0 14.1

Palmic acid (mg) 269 415.4

Stearic acid (mg) 72 84.5

Oleic acid (mg) 342 929.3

Linolenic acid (mg) 450 1,992.3

α-Linolenic acid (mg) 150 45.8

Arachidonic acid (mg) 0 21.1

ω-6 FA (mg) 450 2,013.4

ω-3 FA (mg) 150 45.8

ω-6/ω-3 3 44

Carbohydrate (g) 15.6 13.7

Vitamins and trace elements

Vitamin A (IU) 207 250

Vitamin E (IU) 0.7 3

Vitamin C (mg) 28.1 15.2

Folate (μg) 37.5 20

Vitamin B6 (mg) 0.5 0.2

Vitamin B12 (μg) 0.6 0.6

Iron (mg) 0.6 0.9

Copper (mg) 0.1 0.1

Manganese (mg) 0.1 0.2

Zinc (mg) 0.6 1.5

FA, fatty acid ;  Vit, vitamin
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were used to measure the plasma levels of IL-6 and 

IL-10 using specific enzyme-linked immunosorbent as-

says, and to assess expression of human leukocyte anti-

gen-DR (HLA-DR) on CD14+ monocytes.  For mono-

cyte CD14/HLA-DR staining and flow cytometric 

analysis, 100μ l of whole blood collected into sodium ci-

trate-containing tubes were incubated for 15 min in the 

dark at room temperature with 10μ l of fluorescein iso-

thiocyanate (FITC)-conjugated anti-CD14 (DAKO A/S, 

Glostrup, Denmark) and 20 μ l of phycoerythrin (PE)-

conjugated anti-HLA-DR (Becton Dickinson, San Jose, 

CA).  In addition, 100 μ l of the same sample were stained 

with 10 μ l of FITC-conjugated anti-CD14 (Dako) and 20 

μ l of PE-conjugated mouse IgG2a (Becton Dickinson) as 

an isotype control.  After staining, 2 ml of ammonium 

chloride solution were added to each tube, and the sam-

ples were incubated for 15 min in the dark at room tem-

perature and then washed twice in PBS.  The cells were 

then input to a flow cytometer (FACSCalibur ; Becton 

Dickinson) and analyzed using Cell Quest software (Bec-

ton Dickinson).  We evaluated the Geometric mean (Geo 

mean) ratio (Geo mean of the HLA-DR fluorescence in-

tensity/Geo mean of the isotype control fluorescence in-

tensity) as an index of the number of HLA-DR molecules 

expressed on CD14-positive cells.

Statistics analysis

In order to standardize the response profiles and make 

the results more comparable, parameters were expressed 

as percentages of the baseline (day −6) values (Fig. 2, 

3B, 4B).  The baseline value was set as 100%.  There 

were no differences in the absolute baseline values of the 

described parameters between the two groups (data not 

shown).  The data are shown as means±SD.  The non-

parametric Mann-Whitney U test and Student’s t test 

were used to compare continuous variables, and the χ 2 

test was used to compare discrete variables (baseline 

characteristics and clinical outcomes).  Variation in the 

time course of the Geo mean ratio for HLA-DR, cyto-

kines and PMN counts were compared using repeated 

measures ANOVA.  Values of p<0.05 were considered 

significant.

Results

Table 2 summarizes the characteristics of the Treat-

ment and Control groups.  There were no significant dif-

ferences with respect to age, sex, preoperative total pro-

Fig. 1.　Perioperative nutritional plan ; OP, the day of operation
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tein, albumin, preoperative body mass index (BMI), 

operating time, operative blood loss or pathological 

stage24,25) between the two groups.  All patients complet-

ed preoperative oral intake of 0.4-0.5 L (2 packs) of liquid 

diet each day and the postoperative enteral nutrition 

through a tube-jejunostomy.

On day −1 (after being on the liquid diet for 5 days) 

the Geo mean ratio for HLA-DR was higher in the Treat-

ment group than the Control group, but the difference 

was not significant (Fig. 2).  Following surgery, levels de-

clined in both groups.

Plasma IL-10 levels were significantly higher in the 

Treatment group than the Control group (p=0.016) (Fig. 

3).  By contrast, plasma IL-6 levels were lower in the 

Treatment group than the Control group at all sample 

times, though the difference was not significant (p=0.31) 

(Fig. 4).

There was no difference in the PMN counts between 

the two groups at any sample time (Fig. 5).  There were 

also no significant differences in the total lymphocyte 

counts or plasma CRP levels when expressed as percent-

ages of the baseline (day −6) values (data not shown).

There were no complications related to enteral nutri-

tion, and no significant differences between the two 

groups with respect to outcome variables, anastomotic 

leak, other complications or the length of hospital stay 

(excluding patients who underwent subsequent postop-

erative adjuvant chemotherapy ; Table 3).

Table 2.  Comparison of the clinical and surgical characteristics

Treatment group
(n=11)

Control group
(n=12)  p Valu

Age  69±4.8  66±5.4 N.S.

Male/Female 10/1 11/1 N.S.

Body mass index 21.2±2.2 21.2±2.8 N.S.

Preoperative Total protein 6.6±0.4 6.5±0.5 N.S.

Preoperative Albumin 4.0±0.2 4.0±0.4 N.S.

Number of patients with body weight 
loss of more than 2 kg after disease

2 2 N.S.

Operating time (min) 546±110 515±98 N.S.

Operaitve blood loss（ml） 668±331 666±389 N.S.

pStage I 3 2 N.S.

　　　II 3 5

　　　III 4 4

　　　IVa 1 1

pStage, pathological classification based on the Guideline for Clinical and Pathologic Studies on 
Carcinoma of Esophagus, Japanese Society for Esophageal Diseases24,25).

Fig. 2.　HLA-DR
Percentages of the baseline (day –6) values of Geo 
mean ratios, which served as an index of the number of 
HLA-DR molecules expressed on CD14-positive cells 
in the Treatment and Control groups
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Discussion

In our study, preoperative intake of a small amount of 

ω-3 PUFA-rich supplement increased plasma IL-10 lev-

els in esophageal cancer patients.  To the best of our 

knowledge, there have been no studies evaluating the ef-

fect of perioperative ω-3 PUFA-rich supplement on post-

operative IL-10 levels.

IL-10 is an important anti-inflammatory cytokine ex-

pressed during immune responses in humans26).  It is a 

potent deactivator of monocyte/macrophage proinflam-

matory cytokine synthesis27) and is thought to be released 

to avoid excessive production of proinflammatory cyto-

kines, which can lead to multiple organ failure28).  Human 

Fig. 3.　IL-10
A : Absolute values of mean plasma IL-10 levels.
B : Percentages of the baseline (day –6) values of mean plasma IL-10 levels (p=0.016)

Fig. 4.　IL-6
A : Absolute values of mean plasma IL-6 levels.
B : Percentages of the baseline (day –6) values of mean plasma IL-6 levels 
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volunteers given recombinant IL-10 after an endotoxin 

challenge suffer fewer systemic symptoms and neutrophil 

responses, and show less cytokine production than place-

bo-treated control subjects29).  In addition, administration 

of recombinant IL-10 to experimental animal models of 

endotoxemia improves survival27).  On the other hand, 

high levels of IL-10 and reduced levels of TNF-α  are re-

portedly associated with a fatal outcome in febrile pa-

tients with community-acquired infection30).  Thus IL-10 

generally protects the host from systemic inflammation 

after toxin-induced injury, but can render the host sus-

ceptible to potentially lethal infection26).

Preoperative administration of corticosteroids to 

esophageal cancer patients induces IL-10 expression and 

suppresses the release of proinflammatory cytokines, 

thereby reducing postoperative morbidity and attenuating 

postoperative inflammatory responses31).  Similarly, in 

our study preoperative administration of ω-3 PUFA-rich 

supplement to esophageal cancer patients increased post-

operative IL-10 expression.

Omega-3 PUFA competes with arachidonic acid, a 

member of the ω-6PUFA family, during prostaglandin and 

leukotriene synthesis.  This suggests the attenuated in-

flammatory response seen after ingestion of ω-3 PUFAs 

is likely a direct effect of replacing arachidonic acid as an 

eicosanoid substrate and an indirect effect of altering the 

expression of inflammatory genes through effects on 

transcription factor activation19,24).  Although the mecha-

nism by which ω-3 PUFA induces IL-10 expression re-

mains unknown, the relationship between ω-3 PUFAs 

and IL-10 in humans was recently described.  The pro-

duction of IL-10 in ConA-stimulated lymphocytes was 

significantly increased after two months of supplementa-

tion with ω-3 PUFAs in healthy human volunteers20).  In 

addition, an epidemiological study that included 1123 par-

ticipants in Chianti, Italy found that lower plasma levels 

of docosahexaenoic acid (DHA), a ω -3 PUFA family 

member, were strongly associated with lower IL-10 lev-

els, and that the ω-6/ ω-3 ratio is a strong negative cor-

relate of serum IL-10 levels21).  IL-10 thus appears to be 

a key mediator of the anti-inflammatory effects of ω-3 

PUFA.

We also detected increased preoperative HLA-DR ex-

（57）

Table 3.  Comparison of the clinical outcomes

Treatment group
(n=11)

Control group
(n=12) p Valu

Anastomotic leak 3 2 N.S.

Other complications 1 3 N.S.

pneumonia 0 1

plumonary embolism 0 1

chylothoracs 0 1

acute cardiac infarction 1 0

Hospital death 0 0 N.S.

Hospital stay 25±6.3 25.6±7.0 N.S.

Length of hospital stay is expressed as the mean±SD, excluding 3 patients in each groups 
who underwent sequential adjuvant chemotherapy.

Fig. 5.　PMN
Mean PMN counts.
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pression and reduced postoperative plasma IL-6 levels, 

but these changes did not reach the level of significance.  

Furthermore perioperative ω-3 PUFA supplementation 

was not associated with a significant clinical benefit, such 

as a lower incidence of complications or a shorter hospi-

tal stay.  This may be because our study sample was too 

small to have sufficient power to show significant clinical 

benefits.  Alternatively, it may be that the amount of pre-

operative ω-3 PUFA supplement taken by the patients 

was not enough to elicit postoperative clinical benefits, or 

that the enteral feeding formula, which was enriched with 

ω-3 PUFAs, but not RNA or arginine, was not sufficient 

to elicit clinical benefits.  Most of the earlier studies that 

did show clinical benefits evaluated the effect of supple-

mental liquid diets that were enriched with ω-3 PUFA, 

arginine and RNA (Oral Impact), and the patients took 1 

L/day for 5-10 days preoperatively4-10).  Only one study 

evaluated the anti-inflammatory effects of ω-3 PUFA us-

ing the same formula that we used (Racol)23).  

The optimal daily intake of preoperative immune-en-

hancing nutrition and the duration of administration 

needed to achieve the most beneficial postoperative ef-

fects are unknown.  There has been no study in which 

the smallest effective level of preoperative immune-en-

hancing nutrition was determined.  Of course, it may be 

that the larger the daily intake and the longer the dura-

tion of administration, the greater the benefit, but it 

would be desirable to know the daily intake and duration 

that was the most cost-effective and acceptable for all pa-

tients.  In considering how a small daily intake of ω-3 

PUFAs increased relative plasma IL-10 levels in the 

present study, it is important to remember that a large 

amount of ω-6 PUFA was included in the control diet (10 

g/day), and this daily intake of ω-6 PUFAs could have en-

hanced the anti-inflammatory effect of ω -3 PUFAs.  

Moreover, because ω-3 PUFAs and ω-6 PUFAs use the 

same series of enzymes in their metabolic pathway, they 

compete with one another32), which may have diminished 

the effect of ω-3 PUFAs in the Control group.  It is also 

noteworthy that esophagectomy with extended lymph 

node dissection is a highly stressful surgical procedure 

and, therefore, one of the most suitable for evaluating in-

flammatory responses31).  Although, this study had only 

one significant result in which plasma IL-10 levels were 

increased, it suggests the possibility that a relatively 

small amount of preoperative ω-3 PUFA-rich supplemen-

tal nutrition is effective.  A larger study will be required 

to test that idea, however.

Conclusion

We have shown that a relatively small preoperative 

oral intake and postoperative enteral intake of a ω-3 PU-

FA-rich nutritional supplement induces postoperative 

IL-10 expression, which could have postoperatively ben-

eficial anti-inflammatory effects.  Although, this was a 

small preliminary study, our findings suggest the possibil-

ity that ω-3 PUFA-rich nutritional supplement has a ben-

eficial effect when given preoperatively to patients who 

will undergo esophagectomy.
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