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SUMMARY

Polymorphisms of the tumour necrosis factor (TNF) gene have been related to TNF production and

outcome in a variety of in¯ammatory and malignant diseases. Proin¯ammatory cytokines and the

in¯ammatory state appear to affect outcome in pancreatic cancer. Thus, the present study examined the

TNFB and TNF-308 polymorphisms for their relationship to the in¯ammatory state and survival in

pancreatic cancer. Sixty-four patients with advanced pancreatic cancer and 101 healthy subjects were

genotyped for each polymorphism. Serum concentrations of the two TNF receptors and C-reactive

protein (CRP) were measured in 45 of the cancer patients with no evidence of infection or jaundice,

1 month after surgical intervention. There was no difference in distribution of genotypes between the

patient and control groups. There was no association between any genotype and concentrations of any of

the measured in¯ammatory mediators. While those with an elevated CRP concentration had signi®-

cantly poorer survival, there was no association between either TNF genotype and survival. This study

found no association between TNF genotype and the in¯ammatory state or survival in advanced

pancreatic cancer. Other cytokines may be more important than TNF in determining the in¯ammatory

state and disease progress in pancreatic cancer.
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INTRODUCTION

A number of polymorphisms within the gene coding for tumour

necrosis factor (TNF) have been described and shown to in¯uence

outcome in a variety of conditions. Septic patients in intensive care

homozygous for the TNFB2 allele of a polymorphism in the gene

coding for TNF-b have been shown to have higher circulating

concentrations of TNF-a and higher mortality [1]. Cells bearing

the TNF2 allele of a G to A substitution polymorphism at ÿ308 of

the TNF-a promoter (TNF-308 A allele) exhibit increased tran-

scription of the TNF gene [2] and have an increased risk of chronic

bronchitis [3].

There has been increasing interest in the role of proin¯amma-

tory cytokines in malignant disease. In pancreatic cancer we have

shown that the acute-phase response, activated by proin¯ammatory

cytokines, is associated with poor survival [4]. The TNFB geno-

type has been examined in two groups of cancer patients. In a

group of 102 patients with stage III and IV lung cancer, hetero-

zygotes had reduced survival compared with the homozygotes [5].

Patients with oesophageal cancer homozygous for the TNFB1

allele have also been shown to have poor survival [6].

In the present study we aimed to assess the relationship of

two polymorphisms of the TNF gene with survival and the

in¯ammatory state in patients with advanced pancreatic cancer.

PATIENTS AND METHODS

Subjects

After informed consent, venous blood was collected for genotyp-

ing from 64 patients with a diagnosis of unresectable pancreatic

cancer based on histological or unequivocal radiological or opera-

tive ®ndings. Blood was also collected for genotyping from 101

healthy volunteers attending the Blood Transfusion Service

Plasmapheresis Centre in Edinburgh.

Survival was noted from time of histological con®rmation of

pancreatic adenocarcinoma (80%) or of unequivocal radiological

or operative ®ndings in those for whom histological con®rmation

was not obtained.
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Genotyping

DNA was extracted from 1-ml samples of EDTA anti-coagulated

blood using a Puregene DNA isolation kit based on a simple salting

out technique (Gentra Systems, NC).

TNFB Nco1 polymorphism. The polymerase chain reaction

(PCR) was used to amplify a 368-bp fragment of the TNFb

genomic sequence using primers upstream 50 CCGTGCTTCGT-

GCTTTGGACTA 30 and downstream 50 AGAGGGGTGCAT

GCTTGGGTTC 30 (Genosys, Pampisford, UK) [1]. The following

PCR protocol was used: 958C for 3 min, 45 cycles of 958C for 30 s,

688C for 40 s, 748C for 48 s; and 748C for 6 min using reagents

supplied by Promega (Southampton, UK) on a Hybaid Omn-E

thermal cycler (Teddington, UK). The PCR product was digested

directly with 1 U of NcoI restriction enzyme (Promega, Madison,

WI) at 378C for 4 h. Restriction enzyme products were analysed on

1% NuSieve agarose (FMC Bioproducts, Rockland, ME) or 6%

polyacrylamide gels (BioRad, Hemel Hempstead, UK). The

cleaved product produced bands at 133 and 235 bp representing

the allele TNFB1, while the uncleaved 368-bp product represented

the allele TNFB2 (Fig. 1).

TNF-308 G to A substitution. PCR was used to amplify a 107-

bp fragment of the TNFb genomic sequence using primers

upstream 50 AGGCAATAGGTTTTGAGGGCCAT 30 and down-

stream 50 TCCTCCCTGCTCCGATTCCG 30 (Oswell) [7]. The

following PCR protocol was used: 948C for 3 min, 608C for 1 min,

728C for 1 min; 35 cycles of 948C for 1 min, 608C for 1 min, 728C
for 1 min; and 948C for 1 min, 608C for 1 min, 728C for 5 min using

reagents supplied by Promega (Southampton, UK) on a Hybaid

Omn-E thermal cycler (Teddington, UK). The PCR product was

digested directly with 1 U of NcoI restriction enzyme (Promega) at

378C for 4 h. Restriction enzyme products were analysed on 9%

polyacrylamide gels (BioRad). The cleaved product produced

bands at 87 and 20 bp representing the TNF-308 A allele, while

the uncleaved 107-bp product represented the TNF-308 G allele

(Fig. 2).

Assessment of the in¯ammatory state

To assess the endogenous in¯ammatory state it was important to

collect samples from cancer patients without evidence of infection

or jaundice approximately 1 month after diagnosis, surgery or

endobiliary stenting. It was possible to obtain venous blood from

45 such patients for the measurement of serum C-reactive protein

(CRP) and soluble tumour necrosis factor receptor (TNF-R)

concentrations.

Serum CRP concentrations were measured by an automated

immunoturbidometric method (Abbott Labs, Maidenhead, UK).

Limit of detection was 10 mg/l.

Serum concentrations of soluble TNF-RI and TNF-RII were

measured by ELISA (Quantikine; R&D Systems, Abingdon, UK).

Limits of detection were 0´156 ng/ml and 0´78 ng/ml, respectively.

Statistical analysis

Data are presented as median and interquartile range unless

otherwise stated. Categorical variables were compared by the x2

test. Relationships between genotype and the in¯ammatory state

were assessed by the Kruskal±Wallis and Mann±Whitney U-test.

Survival was analysed using the Kaplan±Meier technique and

groups compared by the log rank test. P < 0´05 was taken to

denote signi®cance.

RESULTS

Characteristics of the subjects studied and TNF genotypes (Figs 1

and 2) are shown in Table 1. There was no signi®cant difference

between cancer patient and control groups in the distribution of

either genotype.

Serum concentrations of TNF-RI, TNF-RII and CRP presented

by genotype are shown in Fig. 3. There were no signi®cant

differences in serum concentrations of either TNF-R or CRP

between TNFB or TNF308 genotype. In addition, there was no

signi®cant difference between serum concentrations of TNF-RI,

TNF-RII and CRP between those bearing allele 2 of either

polymorphism and those with allele 1.

Survival of patients with advanced pancreatic cancer strati®ed

by the presence or absence of an elevated CRP concentration is

shown in Fig. 4. Those with an elevated CRP concentration had

a signi®cantly shorter survival (median 137 (interquartile range
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Fig. 1. TNFB Nco1 polymorphism. The polymerase chain reaction (PCR)

was used to amplify a 368-bp fragment of the of the TNFb genomic

sequence and the PCR product was digested directly with 1 U of NcoI

restriction enzyme. Lane 1 shows a homozygous for the cleaved product

produced bands at 133 and 235 bp (with incomplete digestion of the 368-bp

band) representing the allele TNFB1, while the uncleaved 368-bp product

in lane 3 represents the allele TNFB2. Lane 2 shows a heterozygote pattern.

Fig. 2. TNF-308 G to A substitution. Polymerase chain reaction (PCR) was

used to amplify a 107-bp fragment of the of the TNFb genomic sequence

which was digested with 1 U of NcoI. The cleaved product produced bands

at 87 and 20 bp representing the TNF-308 A allele, while the uncleaved

107-bp product represented the TNF-308 G allele. Lanes 1±4, homozygote

87/20 TNF-308 A allele; lane 5, heterozygote 107, 87/20; lanes 6 and 7,

homozygote 87/20; lane 8, homozygote 107 band TNF-308 G allele; lanes

9±11, homozygote 87/20 TNF-308 A allele.



88±251) days versus 243 (152±320) days; P� 0´0073). Survival

strati®ed by TNF genotype is shown in Figs 5 and 6. For the TNFB

polymorphism, those with 1/1 genotype had a median survival of

235 (122±266) days, 1/2±202 (112±357) days and 2/2±256 (76±

333) days. For the TNF-308 polymorphism, those with G/G

genotype had a median survival of 202 (97±333) days, G/A±227

(136±294) days and A/A±82 (57±185) days. There was no

signi®cant relationship between either genotype and survival. In

addition, the possession of the TNFB2 or TNF2 genotype made no

difference to survival (P� 0´51 and 0´77, respectively).

DISCUSSION

Distribution of the TNF genotypes was similar between pancreatic

cancer patients and controls. Frequencies of the genotypes were

also similar to those described by other groups in healthy subjects

and in patients with in¯ammatory and malignant diseases [1,5±8].

It has been suggested that the TNFB2 heterozygote is less common

in patients with lung cancer than in the control population and may

thus protect against this disease [5]. The present study provides no

evidence to support this hypothesis in pancreatic cancer.

TNF is rarely detected in serum samples from patients with

cancer [9]. However, the two TNF receptors are shed from cells in

response to TNF release and therefore the serum concentration of

soluble TNF receptors may provide a measure of TNF release [10].

Serum concentrations of the soluble TNF receptors have been

shown to be progressively elevated with more advanced disease

stage in cancer patients [11]. We have also shown that the serum

concentrations of soluble TNF receptors correlate with the level of

the acute-phase protein response in advanced pancreatic cancer

[12]. However, in the present study we were unable to show any

relationship between either TNF genotype and concentrations of

the two TNF receptors. The administration of TNF to volunteers

results in an acute-phase protein response [13,14]. Once again

the present study showed no relationship between either TNF

genotype and the acute-phase response as measured by serum
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Table 1. Characteristics and tumour necrosis factor genotype of 64 patients with pancreatic cancer and 101 healthy subjects

TNFB genotype* (%) TNF308 genotype** (%)

Age

(years) Sex 1/1 1/2 2/2 G/G G/A A/A

Cancer patients 64 30 F 9 56 34 56 38 6

(57±72) 34 M

Healthy volunteers 42 32 F 16 47 38 64 31 5

(36±47) 69 M

Ages are median (interquartile range).

Comparison by x2 test: *P� 0´35; **P� 0´89.

Fig. 3. Serum concentrations of soluble tumour necrosis factor receptor (sTNF-R) I and II and C-reactive protein (CRP) from 45 patients

with advanced pancreatic cancer with no evidence of infection or jaundice 4 weeks after surgery or bile duct stenting presented by TNFB and

TNF-308 genotype. Statistical analysis by Kruskal±Wallis test.
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CRP concentration. A relationship between the TNFB genotype

and serum TNF concentration was found in septic patients [1] and

between the TNF-308 genotype and TNF production by lymphoid

cell lines [15]. However, others have found no relationship

between TNF-308 genotype and TNF production by peripheral

blood cells in culture [8]. It may be that serum concentrations of

the TNF receptors and CRP are an inadequate measure of TNF

production, or that other factors are more important in determining

the in¯ammatory state in pancreatic cancer than the TNF genotype.

The present study demonstrates that advanced pancreatic

cancer patients with an elevated serum CRP, despite having no

evidence of infection or jaundice, have a signi®cantly shorter

survival than those without. We have previously described the

importance of CRP in determining survival in pancreatic cancer

[4]. However, despite the apparent importance of the in¯ammatory

state, the present study found no association between survival and

either TNF polymorphism. Those with the A/A genotype for the

TNF-308 polymorphism had an almost signi®cantly shorter survi-

val than the other two groups (P� 0´054), but this genotype was

seen in only 6% of patients, making it of little practical value.

Previous studies of the TNFB polymorphism in cancer have

suggested that two different genotypes, G/A and G/G, are asso-

ciated with poor survival in lung and oesophageal cancer, respec-

tively [5,6]. Although no measurement of the in¯ammatory state

was made in the cancer patient groups, these genotypes have been

associated with signi®cantly lower TNF concentrations in septic

patients [1]. This would appear to con¯ict with the observation that

elevated proin¯ammatory cytokine levels are associated with a

worse outcome in cancer [4,9]. It may be that other proin¯amma-

tory cytokines are of more importance in determining outcome in

cancer patients, and that the cytokines of importance vary between

different malignancies.

In conclusion, genotypes resulting from two polymorphisms of

the TNF gene were not found to be associated with outcome or the

in¯ammatory state in patients with advanced pancreatic cancer.
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