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bstract Objective: Although immune dysfunction in patients with cancer could be multifactorial, the immune
system may be modulated by nutritional substrates and genetic background. Our study evaluated the
effect of G308A polymorphism of the tumor necrosis factor-� (TNF-�) gene on inflammatory markers
in patients after surgery for head and neck cancer who received early enteral nutrition.
Methods: A population of 60 patients with oral and laryngeal cancer was enrolled. At surgery
patients were treated with a hyperproteic enteral diet. Perioperatively and on postoperative day 6 the
following parameters were evaluated: serum values of prealbumin, transferrin, total number of
lymphocytes, interleukin-6, TNF-�, and C-reactive protein. In addition, genotyping of G308A gene
polymorphism was assessed.
Results: Patients’ mean age was 61.1 � 14.6 y (four women, 56 men) with a body mass index of
25.4 � 5.2 kg/m2 and a previous weight loss of 0.35 � 0.2 kg. Forty patients (37 men, 3 women;
66.6%) had the genotype G308/G308 (wild group) and 20 patients (19 men, 1 woman; 23.4%) had
the genotype G308/A308 (mutant group). A significant increase in prealbumin and transferrin levels
was detected in both groups. C-reactive protein decreased in both groups (wild group: 105.1 � 60
versus 53.8 � 62.3 mg/dL, P � 0.05; mutant group: 99.5 � 46 versus 43.9 � 51.9 mg/dL, P �
0.05). Interleukin-6 decreased in both groups (wild group: 20.1 � 22 versus 6.2 � 4.1 pg/mL, P �
0.05; mutant group: 22.3 � 38 versus 9.2 � 7.4 pg/mL, P � NS). Lymphocytes increased in both
groups (wild group: 1102 � 468 versus 1600 � 537 103/mL, P � NS; mutant group: 1441 � 739
103/mL versus 1669 � 614 106/mL, P � NS). TNF-� showed no changes.
Conclusion: The G308A polymorphism of the TNF-� gene did not affect levels of inflammatory
markers in patients after surgery for head and neck cancer who were treated with early enteral
nutrition. © 2007 Elsevier Inc. All rights reserved.
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Surgery and malnutrition have been found to depress the
mmune system in patients with head and neck cancer.
lthough immune dysfunction could be multifactorial, the
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mmune system may be modulated by enteral nutrition [1].
or instance, some studies have shown that arginine in-
reases lymphocytic interleukin-2 production by macro-
hages [2]. There is evidence suggesting that enteral nutri-
ion, supplemented with different agents including arginine
nd dietary fiber, improve immune function and reduce
ostoperative complications in patients with head and neck

ancer [3–5]. However, our group [5] found no influence on
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umor necrosis factor-� (TNF-�) and interleukin-6 (IL-6)
lood concentrations with an arginine-enhanced enteral for-
ula in a randomized clinical trial with two intervention

roups. Perhaps these heterogenous results in the literature
ould be due to a different inflammatory genotype of these
atients. Genetic background could influence stress-induced
nflammatory reactions. There is little evidence on this topic
n patients after surgery for cancer. However, in other pa-
ients with cardiovascular surgery, genetic background has
emonstrated modulated inflammatory markers.

Mutation analysis has identified a G¡A transition in the
romoter region of the TNF-� gene at position �308. This
olymorphic variant has been shown to affect the promoter
egion of the TNF-� gene leading to a higher rate of tran-
cription compared with the wild allele [7]. In some studies,
he TNF-� G308A polymorphism has been associated with
nhanced cytokines and acute-phase protein production [8].

Our study evaluated the relation of the G308A polymor-
hism of the TNF-� gene with inflammatory markers in
atients after surgery for head and neck cancer who re-
eived early enteral nutrition.

aterial and methods

atients

A population of 60 patients with oral or laryngeal cancer
as enrolled. Exclusion criteria included severely impaired
epatic function (total bilirubin concentration �3.5 mg/dL)
nd renal function (serum creatinine concentration �2.5
g/dL), ongoing infections, steroid treatment, and good

utritional status (weight loss �10% of body weight,
.35 � 0.2 kg). The study was a prospective interventional
rial. Baseline studies on all patients consisted of complete
istory taking and physical examination. Informed consent
as provided by all patients.

utrition

At surgery patients received a high protein enteral diet
20.4% proteins, 46.8% carbohydrates, and 33.8% fats).

able 1
omposition of enteral diet (per 100 mL)

otal energy (kcal) 125

rotein (g) (casein) 6.3
otal lipid (g) 4.9
�-6/�-3 5/1
Linoleic acid 1.3
�-Linolenic acid 0.3

arbohydrate (g) 14.1
ietary fiber (g)* 0.9

* Oligofructose, inulin, soy polysaccharide, resistant starch, arabic gum,

mnd cellulose.
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able 1 presents the composition of the enteral diet. Enteral
eeding was started within 24 h of surgery at a rate of 20
L/h through an intraoperatively placed nasogastric tube.
he infusion rate was progressively increased every 24 h
ntil the daily nutritional goal (32 total kcal/kg, 1.7 g
rotein/kg) was reached, on postoperative day 4. All pa-
ients reached 100% of calculated requirements. Prophylac-
ic antibiotic treatment was given for 3 d postoperatively
500 mg of ceftazidime intravenously three times daily and
00 mg of clyndamicine intravenously three times daily).

atient monitoring

Perioperatively and on postoperative day 6 the following
arameters were evaluated: serum values of prealbumin
milligrams per deciliter), transferrin (milligrams per deci-
iter), albumin (grams per deciliter), total number of lym-
hocytes (106/mL), IL-6 (picograms per milliliter), TNF-�
picograms per milliliter), and C-reactive protein (milli-
rams per deciliter; CRP).

ssays

Fasting blood samples were drawn for measurement of
realbumin (18–28 mg/dL) and transferrin (250–350 mg/
L) with an autoanalyzer (Hitachi, ATM, Manheim, Ger-
any).
Interleukins were measured by an Immulite analyzer

DPC, Los Angeles, CA, USA). One hundred microliters of
erum (heparinized plasma) was required to determine IL-6
nd TNF-�; the analytical sensitivities of IL-6 and TNF-�
ere 5 and 1.7 pg/mL, respectively. CRP was measured by

mmunoturbimetry (Roche Diagnostics GmbH, Mannheim,
ermany); the analytical sensitivity was 0.5 mg/dL. Sam-
les were assayed in duplicate in 1 d by the same investi-
ator to avoid interinvestigator variability.

enotyping of G308A gene polymorphism

Oligonucleotide primers and probes were designed with
eacon Designer 4.0 (Premier Biosoft International, Los
ngeles, CA, USA). The polymerase chain reaction was

arried out with 50 ng of genomic DNA, 0.5 �L of each
ligonucleotide primer (primer forward: 5=-CTG TCT GGA
GT TAG AAG GAA AC-3=; primer reverse: 5=-TGT
TG TAG GAC CCT GGA G-3=), and 0.25 �L of each
robe (wild probe: 5=-Fam-AAC CCC GTC CTC ATG
CC-Tamra-3=; mutant probe: 5=-Hex-ACC CCG TCT
CA TGC CCC-Tamra-3=) in a 25-�L final volume (Ter-
ociclador iCycler IQ, Bio-Rad, Hercules, CA, USA).
NA was denatured at 95°C for 3 min; this was followed by
0 cycles of denaturation at 95°C for 15 s and annealing at
9.3°C for 45 s. The polymerase chain reaction was run in
25-�L final volume containing 12.5 �L of IQTM Super-

ix (Bio-Rad) with hot start Taq DNA polymerase.
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tatistical analysis

The results were expressed as mean � SD. The distri-
ution of variables was analyzed with the Kolmogorov-
mirnov test. Quantitative variables with normal distribu-

ion were analyzed with two-tailed paired or unpaired
tudent’s t test, as needed. Non-parametric variables were
nalyzed with Friedman’s and Wilcoxon’s tests. P � 0.05
as considered statistically significant.

esults

Sixty patients were enrolled in the study. Their mean age
as 61.1 � 14.6 y (4 women, 56 men). Five patients
nderwent resection of a tumor located in the oral cavity
ith unilateral or bilateral neck dissection; 55 patients un-
erwent laryngectomy (total or partial) or pharyngolaryn-
ectomy.

Forty patients (37 men, 3 women; 66.6%) had the geno-
ype G308/G308 (wild group) with an average age of
3.3 � 11 y, and 20 patients (19 men, 1 woman; 23.4%) had
he genotype G308/A308 (mutant group) with an average
ge of 60.7 � 11.9 y, without statistical differences in other
arameters (Table 2).

As presented in Table 3, no significant intergroup differ-
nces in the trend of plasma proteins were detected, with a
ignificant increase in prealbumin and transferrin levels.

C-reactive protein and IL-6 decreased in both groups.
NF-� showed no changes. Lymphocytes increased in both
roups. No differences between groups were detected.

iscussion

Malnutrition and immunosuppression are two character-
stics of patients with head and neck cancer [9]. Malnutri-
ion is due to reduced dietary intake secondary to dysphagia

able 2
atient characteristics in wild group (G308G) and mutant group
G308A)*

G308G G308A

ge (y) 63.3 � 11 60.7 � 11.9
en/women 3/37 1/19
ody mass index 25.4 � 4.9 25.5 � 5.2
revious weight loss 0.4 � 0.3 0.3 � 0.2
isease stage
I 0 0
II 3 1
III 4 2
IV 33 17

iagnosis of disease
Oral cavity 4 1
Larynx 36 19
t* No statistical differences.
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nd interleukins secreted by the tumor, with catabolic action
laying a dominant role [10]. IL-6 concentrations correlate
ith the prognostic and inflammatory nutritional index [11].
There is evidence suggesting that enteral nutrition im-

roves immune function and decreases postoperative com-
lications in patients with head and neck cancer [1,5,12].
owever, effects of enteral nutrition on cytokine concen-

rations of these patients are not well documented [6,13].
he genetic background might play a role in these unclear

esponses and a main actor could be G308A polymorphism
f the TNF-� gene. This genetic variation in the TNF-�–
08 gene seems to be consistently associated with adverse
linical outcomes and nutritional status in patients with
nd-stage renal disease [14] and those with inflammatory
owel disease [8].

Certain nutrients such as the semi-essential amino acid
rginine, RNA, and �-3 fatty acids may act pharmacologi-
ally on the immune system. It has been suggested that these
utrients improve host immune defences [1,15]. Our group
13] found no differences between two enteral formulas
enhanced with arginine and fiber versus no arginine and no
ber) [6]. In our first study, fiber may have biased the results
ue to the dietary fiber contained in the arginine-enhanced
ormula. In our second study [6], with only arginine as the
ifferent nutrient between the two enteral formulas, IL-6
nd CRP concentrations decreased in both groups. Perhaps
his decrease in IL-6 concentration (in the previous study
13] only decreased CRP was found) could be due to dif-
erent genetic statuses of patients (TNF-� polymorphisms)
16]. In this present study without an immunoenhanced
ormula, we found that decreased CRP and Il-6 concentra-

able 3
iochemical and hematologic parameters

arameters Basal Day 6

realbumin (mg/dL)
Group I† 12 � 4.4 25.3 � 3.9*
Group II‡ 13.9 � 5.4 20.2 � 5.8*

ransferrin (mg/dL)
Group I 142.7 � 19.3 187.1 � 39.5*
Group II 149.8 � 48.1 200.7 � 52*

-reactive protein (mg/dL)
Group I 105.1 � 60 53.8 � 62.3*
Group II 99.5 � 46 43.9 � 51.9*

nterleukin-6 (pg/mL)
Group I 20.1 � 22 6.2 � 4.1*
Group II 22.3 � 38 9.2 � 7.4*

umor necrosis factor-� (pg/mL)
Group I 8.3 � 5.8 7.7 � 4.6
Group II 9.1 � 6.1 5.7 � 1.8

ymphocytes (103/mL)
Group I 1102 � 468 1600 � 537*
Group II 1441 � 739 1669 � 614*

* P � 0.05 versus basal values. No statistical differences were detected
etween groups.

† Wild group (G308G).
‡ Mutant group (G308A).
ions after surgery are not related to the G308A polymor-
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hism of the TNF-� gene. It is clear that enteral nutrition is
good option to attenuate the immunosuppression status of

hese patients [17,18], with better results than with paren-
eral nutrition [19]. Further studies are needed to evaluate
he interaction between artificial nutritional support after
urgery and genetic background.

In conclusion, the G308A polymorphism of the TNF-�
ene had no effect on levels of inflammatory markers in
atients after surgery for head and neck cancer who were
reated with early enteral nutrition.
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