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TNF-a promoter polymorphisms, production and susceptibility to
multiple sclerosis in different groups of patients
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Abstract

TNF-a production in whole blood cultures upon stimulation with LPS was determined in 179 individuals from 61 families in order to
characterise the magnitude of inherited differences in TNF-a production. The three families characterised by highest TNF production
showed 7.1"0.3 ng TNFrml upon culture with 10 ng LPS and 10.2"0.2 ng TMFrml upon culture with 1000 ng LPS, in contrast to
the three families characterised by the lowest TNF production that showed a production of 1.6"0.1 ng TNF upon culture with 10 ng and
2.5"0.2 ngrml upon culture with 1000 ng LPSrml. This difference could not be attributed to the promoter polymorphisms y308 G to
A, y238 G to A or y376 G to A, although the y238 GA donors produced 2.1"0.9 ng TNF upon culture with 10 ng endotoxin
compared to 3.2"2.2 ng TNF for the y238 GG donors. In line with these results the frequency of the y238 GG genotype was

Ž . Žincreased in hospitalized MS patients in a nursing home 100% 238GG, ns57 compared to MS patients in an outpatient’s clinic 94%
. Ž .238GG, ns98 or Dutch controls 90% 238GG, ns180 . These results suggest that the y238 GG genotype is differently distributed in

hospitalized MS patients in a nursing home.
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1. Introduction

TNF-a is an important cytokine in the inflammatory
response. Both in vivo and in vitro studies have shown that
the amount of TNF-a produced upon a standard stimulus
varies between different individuals. This variation is asso-

Ž .ciated with the HLA-class II genotype Jacob et al., 1990 .
Zipp et al. identified a different production of TNF-a
between HLA-DR2q and HLA-DR2y myelin basic pro-

Ž .tein specific T-cell-lines Zipp et al., 1995 . The interindi-

Abbreviations: TNF-a : tumor necrosis factor a ; MS: multiple sclero-
sis; CI: confidence interval

) Corresponding author. Tel.: q31-71-5263598; fax: q31-71-5266752.

vidual differences in the capacity to produce TNF-a may
be caused by differences in either transcription rate, the
regulation of mRNA stability, translation efficiency or
processing of the mature protein. Polymorphisms in the
proteins that regulate these processes may cause differ-
ences in TNF production.

Since the TNF-a gene is located in the HLA class III
region on chromosome 6, it might be possible that TNF-a
gene polymorphisms are in part responsible for the ob-
served association between TNF-a production and HLA-
DRr-DQ genotypes.

During the last years, five bi-allelic polymorphisms
have been described in the promoter of the TNF-a gene
ŽWilson et al., 1993; D’Alfonso and Richiardi, 1994;

.Hamann et al., 1995; Brinkman et al., 1995 .
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In this study, we have tested the TNF-a production of
179 individuals from 61 families in relation to the pro-
moter genotypes at position y308, y238 and y376. The
distribution of these promoter genotypes was determined

Ž .in two different populations of multiple sclerosis MS
patients.

2. Materials and methods

2.1. Cytokine production during endotoxin stimulation

The production of cytokines was determined in whole
blood samples. Blood samples were obtained in endotoxin

Ž .free heparin tubes Chromogenix AB, Molndal and imme-¨
Ždiately diluted once with endotoxin free RPMI 1640 Flow

.laboratories, Rockville . One ml aliquots of diluted blood
were incubated with 0, 10 and 1000 ngrml endotoxin form

Ž .E. coli OIII: B4 Sigma, St. Louis in 24 well tissue
culture plates at 378C and 5% CO . After 6 h incubation,2

Ž .the suspension was centrifuged 10 min at 600=g , the
resulting supernatant collected and stored at y708C until
assay. The concentration of TNF was determined by en-

Žzyme-linked immunosorbent assay ELISA, BPRC, Ri-
.jswijk . In 8 individuals either the endotoxin stimulation or

DNA isolation failed for various reasons and these blood
samples were left from the analysis.

2.2. Typing of the TNF gene

ŽThe method was described earlier Brinkman et al.,
.1995; Bouma et al., 1996 . In summary, DNA was isolated

from SDS-lysed and proteinase-K treated peripheral blood
cells and phenol–chloroform extraction. Fragments of the
TNF promoter gene were amplified by PCR using primer

Ž X‘C’, spanning y164ry144 5 -TCTCGGTTTCTTCTC-
X. Ž XCATCG-3 and primer ‘D’, spanning y675ry655 5 -

X.GAGTCTCCGGGTCAGAATGA-3 . The amplified DNA
segments were analyzed by dot blot analysis using the

Ž Xbiotin-labelled oligonucleotide probe 5 -CCCTGCTC-
X.CGATTCCGAG-3 to detect the y238 G variant, wash-

ing was performed at a temperature of 598C. The biotin-
Ž Xlabelled oligonucleotide probe 5 -CCTCGGAATCA-

X.GAGCAGGG-3 was used to detect the y238 A variant,
washing temperature 608C. The biotin-labelled oligo-

Ž X X.nucleotide 5 -AGGGGCATGAGGACGGGG-3 was used
to detect the y308 A variant, washing temperature 578C.

Ž XThe biotin-labelled oligonucleotide probe 5 -CCGTCCC-
X .CATGCCCCT-3 was used to detect the y308 G variant,

washing temperature 508C. Hybridization was performed
at 428C. The biotin-labelled oligonucleotide probe 5X-
TGTCTGGAAATTAGAAGG-3X was used to detect the
y376A variant, washing temperature 528C. The biotin-
labelled probe 5X-CCTTCTAACTTCCAGACA-3X was used
to detect the y376G variant, washing temperature 528C.
Positivity was detected by horseradish peroxidase en-

Table 1
Ž .Production of TNF-a pgrml dependent on various genotypes

Addition of endotoxin

10 ngrml 1000 ngrml

Highest 3 families 1.6"0.1 10.2"0.2
Lowest 3 families 2.5"0.2 7.1"0.3

All individuals
Ž .308 AA 6 2.7"1.7 4.2"1.4
Ž .308 GA 67 3.4"2.6 5.6"2.6
Ž .308 GG 106 2.9"1.8 5.2"2.4

)Ž .238 GA 21 2.1"0.9 4.6"2.0
Ž .238 GG 158 3.2"2.2 5.3"2.5
Ž .376 GA 6 1.9"0.8 4.1"1.8
Ž .376 GG 173 3.1"2.1 5.3"2.5

Only y238 GA
Ž .376 GA 6 1.9"0.8 4.1"1.8
Ž .376 GG 15 2.4"1.0 5.0"1.8

Non-related only
) )Ž .238 GA 11 2.2"1.2 4.1"1.6

Ž .238 GG 90 3.1"1.9 4.9"2.3

Data are presented in ngrml as means"SD. Production of TNFa was
determined after incubation for 6 h in whole blood samples.
) p-0.05, ) ) p-0.08, compared to y238 GG genotypes.

hanced chemiluminescence. In all blots both a positive and
a negative sample for y308, y376 and y238 G and A
was included.

3. Results and discussion

3.1. TNF-a production related to promoter polymorphisms

The functional consequences of the promoter polymor-
phisms were assessed by measurement of the amount of
TNF-a produced upon stimulation of whole blood samples
with standard doses of endotoxin. The TNF-a production
of different individuals varied from 1000 to 10,000 ngrml.
Table 1 shows that TNF-a production in the three families

Žwith the highest production capacity shown is the mean
.TNF-a production of one parent with hisrher children is

five times higher than in the three families with the lowest
TNF-a production. The TNF-a production in the 21
individuals with the y238 GA genotype was lower than
the TNF-a production in 158 healthy individuals with the

Ž . Ž .y238 GG genotype ANOVA, ps0.05 Table 1 . Since
the variation in the TNF-a response upon endotoxin might
be influenced by family membership, the results were also
analyzed in non-related individuals. Similar differences
between TNF-a production between non-related individu-
als with y238 GA and y238 GG genotypes were found.
No significant differences in TNF-a production in individ-
uals with the y308 AA, y308 GA or y308 GG geno-
types were observed. This is in accord with the functional
analysis of the y308 G to A polymorphism by allele-
specific transcript quantification and reporter gene studies
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Žof TNF-a promoter enhancer constructs Brinkman et al.,
.1996a . However, the y308 GG donors produced less

Ž .TNF-a than y308 GA Table 1 . This might be caused by
the fact that the y238 A allele is only present on a

Ž .haplotype with the y308 G allele Crusius et al., 1994 .
The y376 GA donors produced less TNF-a than the

Žy376 GG donors 1.9"0.8 mgrml versus 3.1"2.1
.mgrml . Given the association of the y376 A allele with

the y238 A allele, the lower TNF-a production of the
y376 GA donors might be secondary to the association
between y238 GA and y376 GA. The effect of the
y376 mutation in the y238 GA group yielded a differ-
ence of 1.9"0.8 mgrml versus 2.4"1.0 mgrml. No
conclusions can be made whether the y376 is indepen-
dently associated with a different production of TNF-a
due to the small number of donors and the variability in
whole blood stimulation assays.

In another study on 78 individuals, in which peripheral
blood mononuclear cells were isolated and subsequently
stimulated, no significant differences were found between
the amount of TNF-a produced by mononuclear cells
from y238 GA and y238 GG donors stimulated with

Ž .endotoxin Pociot et al., 1995 . The differences in the
results between the 2 studies might be ascribed to method-

Žological factors isolated cells versus whole blood cultures,
the amount of endotoxin used to stimulate the cells and

.differences in study size .
The individual differences in TNF-a production as

Ž .observed between the three families out of 61 with the
highest TNF-a production and the three families with the
lowest TNF-a production are only to a limited degree

Žattributable to the promoter polymorphisms tested Table
. Ž .1 . Recently, Jacob et al. 1996 demonstrated 10-fold

higher TNF-a protein production by macrophages in the
low producer NZW- compared to the high producer SWR-

mouse strain. Sequence variation in the 3X-untranslated
region of the TNF-a gene, involved in translational con-
trol, was shown to be responsible for these variabilities
selective to TNF-a production. It is not yet known if the
5-fold differences in TNF-a production as observed be-
tween different individuals can also be attributed to the 3X

region of the TNF-a gene.
The individuals with the y238 GA genotype produced

less TNF-a than the individuals with the y238 GG
genotype. Therefore, we tested if the y238 polymorphism
has any relevance with regard to disease susceptibility in
MS.

3.2. TNF-a promoter polymorphisms and susceptibility to
MS

Population, family, twin and adoptee studies have clearly
shown that genetic factors exert a very significant influ-

Žence on disease susceptibility Ebers et al., 1995; Ebers
.and Sadovnick, 1994; Compston et al., 1995 . In several

animal models of MS, TNF-a is capable of inducing
degradation of the myelin sheath and inhibition of TNF-a
is protective against auto-immune demyelinating diseases
Ž .Genain et al., 1995 . In man, immunoreactivity for TNF-a
has been observed in the astrocytes and macrophages in
MS lesions whereas astrocytes outside the MS lesion do

Žnot express TNF-a Zimmerman et al., 1994, Canella and
.Raine, 1995 . Moreover, increased TNF-a levels in the

cerebrospinal fluid were detected in patients with active
MS as compared to healthy individuals. In these patients,
the levels of TNF-a produced by peripheral blood
mononuclear cells correlate with the extent of neurological

Ž .deterioration and disability Sharief et al., 1991 . There-
fore, we tested in two different groups of MS patients the

Table 2
Frequencies of y308 and y238 genotypes in MS patients and two control groups

Ž . Ž . Ž . Ž . Ž . Ž .‘Nursing home’ ns57 % ‘Outpatient clinic’ ns98 % Dutch controls ns186 %

Genotypes
Ž . Ž . Ž .y308 AA 1.8 1 6.1 6 4.5 8
Ž . Ž . Ž .y308 GA 29.8 17 27.6 27 38.6 63
Ž . Ž . Ž .y308 GG 68.4 39 66.3 65 56.6 115

Gene frequency
y308 A 16.7 19.9 23.8

Genotypes
Ž . Ž . Ž .y238 GG 100 57 93.9 92 89.1 166

aŽ . Ž . Ž .y238 GA 0 0 5.1 5 10.9 20
Ž . Ž . Ž .y238 AA 0 0 1 1 0 0

Gene frequency
y238 A 0 3.6 5.7

Ž .Data are presented as percentages numbers . The control group consisted of Dutch healthy individuals. Genotypes from the respective groups were
determined.
a Comparison between MS patients and Dutch controls: y308 genotypes: chi-squares2.3, p)0.3. Comparison between MS patients and Dutch controls:
y238 genotypes: chi-squares6.9, p-0.01.
Patients: All patients fulfilled the clinical criteria for definite MS.
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distribution of the y238 and y308 polymorphisms. All
Žpatients fulfilled the clinical criteria for definite MS Poser

.et al., 1983 . The first group of MS patients came from a
tertiary referral center. These patients all suffered from
severe neurological disability that necessitates longterm

Žhospitalization in a tertiary referral center ‘MS-center
Overpelt’ Overpelt, Belgium which is a rehabilitation cen-
terrnursing home especially designated to treat MS-pa-

.tients . In these 57 MS patients no y238 A alleles were
Ž .detected Table 2 . Based on a population frequency of the

y238 GA genotype of 10%, there is a 0.4% chance that in
57 patients no y238 GA genotype is detected. The rela-
tive risk for this patient group is many-fold increased; odds
ratio indeterminately high with a lower 95% confidence
limit of 2.3. We also analysed 98 MS patients from an
outpatient neurologic clinic of a large university based

Žhospital in Amsterdam Free University Hospital, Amster-
.dam, The Netherlands . In this group of 98 MS patients the

frequency of the y238 G allele was higher but not signifi-
cantly different from the Dutch controls. The y308 geno-
types were not differently distributed in patients compared

Ž .to controls Table 2 both in the first and the second group
Ž .of MS patients. In line with these data, He et al. 1995

reported no significant difference in the distribution of the
y308 genotypes between 93 Swedish MS patients and
controls.

These studies might suggest that the y238 G to A
transition polymorphism in the TNF-a promoter is less
common in MS patients with severe neurological damage.
It might be possible that the y238 A allele is protective
for damage in MS while it is not associated with differ-
ences in susceptibility. This is in accord with the proposed
role of TNF-a in the pathophysiology of demyelination in
MS. In another auto-immune disease in which TNF-a is
presumably important, rheumatoid arthritis, a similar effect
of the y238 polymorphism was found. Brinkman et al.
observed a more aggressive disease course of rheumatoid
arthritis in y238 GG patients compared to y238 GA

Ž .patients Brinkman et al., 1996a,b . These data also sug-
gest that the y238 GG genotype is associated with a more
aggressive disease course. However, the size of the group
of MS patients that were hospitalized because of high
disability is relatively small. A new study in a large group
of patients for whom detailed disability criteria as well as
severity criteria for MS are available is necessary before
conclusions can be drawn.

4. Conclusion

Five-fold differences between TNF-a production are
observed between high TNF-a producers and low TNF-a
producers. The promoter polymorphism y238 G to A is
associated with a small difference in TNF-a production as
measured in a whole blood culture. It remains to be
determined whether the y238 G to A polymorphism is

directly associated with different production or is a mere
genetic marker of different production.

The y238 G to A polymorphism is differently dis-
tributed in hospitalized MS patients in a nursing home
compared to healthy controls.
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