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SUMMARY

Crohn’s disease (CD) is a multifactorial disease with genetic heterogeneity aTpN&ys a key role in

the development of the mucosal lesions. The aim of our work was to study a single base pair
polymorphism located in the promoter region of TNF gene, in a large population of CD patients with
well defined phenotypes. One hundred and ninety-three patients with CD and 98 ethnically matched
controls were studied. The308 single base pair polymorphism of TNF gene was studied using an
allele-specific polymerase chain reaction. Genotype and allelic frequencies were compared between
patients and controls and between subgroups of patients defined by sex, age at diagnosis, familial
history, location of disease, type of disease, extra-intestinal manifestations, and response to steroid
treatment. In 29 patients a measure of Tproduction by colonic biopsies was performed. The
frequency of the allele TNF2 as well as the proportion of carriers of the allele TNF2 were slightly but not
significantly lower in CD than in controls (11-99&rsusl4-8% and 21-5%ersus27-6%, respectively).

A more prominent difference in frequencies of allele TNF2 and in proportions of TNF2 carriers was
found when comparing subgroups of patients. The frequency of allele TNF2 was significantly higher in
steroid-dependent than in non-steroid-dependent disease (28218aGs 10-3%; A=17-8%, 95%
confidence interval (Ch-6-3-29-5%P =0-0027) and tended to be higher in colonic than in small
bowel disease and in fistulizing than in stricturing disease. Furthermore, TNF2 carriers tended to be
more frequent in patients with steroid-dependent than non-steroid-dependent disease @389
19-3%;A = 24-5%, 95% Ck= 3-6—45-4%P = 0-022), in patients with fistulizing than stricturing disease
(26-5%versus9-6%;A = 16-9%, 95% C&1-1-32-6%P =0-036), and in patients with colonic than

small bowel disease (26-5%ersusll-1%;A =15-4%, 95% C& —0-8—-31-6%P =0-063). Finally,
patients carrying at least one copy of allele 2 were found to produce slightly morexTdtiEire colonic

level. The—308 TNF gene polymorphism may have a slight influence on the behaviour of CD. The
carriage of allele 2 may favour steroid-dependent disease and to a lesser extent fistulizing and colonic
disease, possibly secondary to a more intense &Mffiven inflammatory reaction at the mucosal level.
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INTRODUCTION Clinical and epidemiological data suggest that CD is a hetero-
geneous entity and familial studies have shown a relative con-

In Crohn’s disease (CD), a genetic predisposition was first sug=

gested by epidemiological studies [1]. The most convincing dataservatlon of the disease phenotype among affected members in the

come from twin studies, showing a higher concordance rate for thgame family [5,6]. The genetic background may therefore not only

disease among monozygotic than dizygotic twins [2]. More recentlyexplam the predisposition to the disease but also influence its

; ) " ; ) -~ bhenotype. A few preliminary studies have shown an association
wide genome screenings have confirmed a genetic predispositign

and have identified regions significantly associated with the trans: etween a genetic polymorphism and the phenotype of CD [7-9].

mission of the disease on chromosomes 16 and 12 [3,4] The genes potentially influencing the phenotype of the disease may
T be different from the ones responsible for the predisposition to the

Correspondence: E. Louis, Service de Gastraehigie, CHU de  disease and may be missed by the wide genome screenings. The
Liége, 4000 Lige, Belgium. TNF gene located on chromosome 6 in the HLA region is a good
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candidate gene to look for genotype—phenotype relationships.
Indeed, the production of TNE-is increased in the mucosa of
patients with CD [10,11] and anti-TNF therapies have shown
dramatic effects on the activity of the disease [12,13]. Several
polymorphisms have been described in the TNF gene and some of
them have already been studied in CD [14—18]. However, these
studies looked for genes involved in the overall predisposition to
the disease and did not study carefully the genotype—phenotype
correlations. The single base pair (SBP) polymorphism at position

Table 1. Characteristics of patients

Sex

Male 82

Female 111
Familial history

Yes 42

No 151

Age at diagnosis (years)

—308 in the promoter of TNk gene has been shown to have a 0-20 37
functional significance on TNEk-production [19-21]. 21-30 70
The aim of our work was to study the TNF ger&08 SBP ‘3&—;‘8 i’;

polymorphism in various subgroups of CD patients defined by

classical phenotypes. We also looked at the production of &NF- 21:?8 1?{
by the colonic mucosa of CD patients according to their genotypes. Location of disease
Small bowel 57
SUBJECTS AND METHODS Colon 36
Mixed 100
Subjects Anal 54
Ethical approval for this study was given by the ¢iée Ethics Type of disease
Committee in March 1995. Clinical data were obtained by review Fistulizing 37
of case records for all patients. Patients were selected at random Stricturing 56
from adult out-patients attending the gastroenterology clinics at the S::Err:;mitory j’f
. . . I . N W
University Hospital of Lige, at the St Joseph Hospital, b and Extra-intestinal manifestations

at University Hospital of Leuven. When a patient had a family Yes 31
history of CD, no other affected members of the family were No 162
recruited for the present study. The diagnosis of CD was made on
the basis of clinical, radiological and histological data, according
to standard criteria. Disease phenotypes were defined by sex, age at
diagnosis, familial disease, disease location, type of disease, extra-
intestinal manifestations, response to steroid. Patients were cate-
gorized in seven subgroups, according to the age at diagnosis
(0-20, 21-30, 31-40, 41-50, 51-60, 61-70 and 71-80 yearsjyvas unsuccessful (either because of inadequate DNA, or non-
Disease extent was defined on the basis of a combination apecific amplification).
clinical, radiological, histological, and endoscopic evidence. The After amplification, DNA samples were electrophoresed in 1%
type of disease was defined as predominantly stricturing, fistulizingagarose gels containing ethidium bromide, and visualized under
or inflammatory. Steroid dependency was defined by either twaultraviolet light.
successive relapses during steroid tapering or two successive relapses
occurring early (within 2 months) after steroid discontinuation.  Culture of colonic biopsies
Colonic biopsy specimens were obtained from macroscopically
CD patients and microscopically uninflamedn& 24) or inflamed (= 20)
One hundred and ninety-three unrelated patients with definite Creas during colonoscopy in 29 patients with IBD. All patients
were studied. Characteristics of the patients are shown in Table Tequired colonoscopy for medical reasons. For each patient a set
of five biopsies in inflamed and/or uninflamed areas was taken.
Controls Two were fixed in formalin for histological assessment, three were
Ninety-eight unrelated European Caucasoid individuals served aglaced at 2C in a medium consisting of G&-and M¢"-free
controls. These control subjects were either hospital workers ofCMF) Hanks’ solution (@&co, Life Technologies, Paisley, UK),
prospective blood donors. None had a personal or familial histonupplemented by 100 U/ml penicillin and 1@/ml streptomycin.
of inflammatory bowel disease (IBD).

Response to treatment
Steroid-dependent 17
Non-steroid-dependent 176

Tissue culture
DNA extraction After collection, biopsy specimens were transferred to the labora-
Genomic DNA was extracted from 10 ml venous blood using atory and cultured as previously described [23]. After 18 h culture at
modified salting out technique [22] and resuspended in sterile87°C in a humidified 95% air/5% Cgatmosphere, medium was
distilled water at a final concentration of 0-1-Aglul, before  removed, centrifuged at 15@For 5 min and stored at80°C until
use. required for cytokine assays. Structural integrity was assessed by
standard histology and by measurement of lactate dehydrogenase
TNF —308 SBP substitution release according to Wardiet al. [24]. After 18 h culture, no
The substitution was studied by a polymerase chain reaction (PCRyistological changes were noted compared with precultured tissue.
involving primers specific for each allele of the G to A polymorph- Furthermore, the release of lactate dehydrogenase in cultured
ism at residue-308, as previously described [16]. In 177 patients, tissues was significantly lower than in uncultured tissues (data
samples were successfully genotyped; in 16 samples, amplificationot shown).
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Immunoassays for cytokines Cl=-4-4-16-6%pP = 0-26).Those include two healthy subjects
TNF-« and IL-6 production was measured using specific immuno-(2%) and four patients with CD (2-3%) who were homozygous for
assays (EASIA; Biosources Europe, Fleurus, Belgium). Immuno-allele 2. The frequencies of the allele TNF2 were 11-9% in CD and
assays were performed according to the manufacturer’s instruction§4-8% in controls4 = 2-9%; 95% Ck —2-9-8-7%P = 0-32).

The detection limit was 3 pg/ml for TNE&-and 2 pg/ml for IL-6. On subgroup analysis, the only significant difference was when
TNF-o production was expressed by its concentration per ml ofcomparing allelic frequencies between steroid-dependent and non-
culture medium and per mg of tissue in culture. steroid-dependent patientsA £17-8%; 95% Ck6-3—-29-5%,

The production of TNFx at the mucosal level may be influ- P=0-0027). The proportion of TNF2 carriers was slightly higher,
enced by the degree of inflammation. This may interfere with abut without reaching the conservatifevalue of 0-005, in steroid-
possible genetic influence. We thus expressed TNF production bgependent than in non-steroid-dependent disesse4-6%; 95%
the ratio between TN concentration in the supernatants of Cl=3.6-45-4%P =0-022), in fistulizing than stricturing disease
colonic biopsies and histological score of inflammation. The (A =16-9%; 95% Ck 1-1-32-6%P = 0-036) and in colonic than
overall inflammation score was adapted from Ri&yal. [25], as  small bowel disease A(=15-4%; 95% Ck —0-8—31-6%,
previously described [23]. According to Reimuatlal. histologi- P=0-063).
cal inflammation correlates well with IL-6 production by tissue Allelic frequencies as well as frequencies of TNF1 homo-
culture [23]. So, to take into account more accurately the variationzygotes and TNF2 carriers in these subgroups of patients are shown
in the degree of inflammation in the assessment of individualn Table 2.
colonic TNF« production, we also expressed TNFproduction Genotypes and allelic frequencies were similar in subgroups of
as a ratio between TN&-and IL-6 concentrations (units of TN&-  patients defined by sex, age at diagnosis, extra-intestinal manifes-
production) in the supernatants of biopsy cultures. The final resultations or familial history.
for each patient corresponds to the mean of three individual biopsy

cultures in inflamed and/or uninflamed regions. TNF-« production depending on the308 TNF genotype
Among the 29 patients who had a measure of Ta\roduction by
Statistical analysis colonic biopsies, eight were carriers of at least one copy of allele 2

Groups and subgroups of patients were compared on the basis (ificluding two TNF2 homozygotes). When the TNfproduction
genotype and allelic frequencies. Differences in genotype proporwas corrected by a histological score of inflammation, there was no
tions and allelic frequencies were assessed by Studetg& and  significant difference between TNF2 carriers and TNF1 homozy-
the results are given as a difference in proportion of genotypegotes, either in inflamed (18-2 pg/ml.mg (9-9—2&&sus6-4 pg/
or allelic frequencies/) with a 95% confidence interval (Cl) and ml.mg (3:4-18-3), respectivelf,=0-18) or in uninflamed areas
a P value. For subgroup comparisons, as multiple tests were pers-4 pg/ml.mg (4-8—6-0yersus3-9pg/ml.mg (1-4-7-0), respec-
formed, a more conservative level of significanceRoralue was  tively; P=0-19). When TNFx production was corrected by the
taken P =0-005). production of IL-6 by the same biopsy, TNF-production in

The results of TNFe production by colonic biopsies are expressed inflamed regions tended to be higher among the carriers of allele 2
as median and interquartile ranges. The comparison between groufrs= 8) compared with TNF1 homozygotes=£ 12) (0-07 (0-035—
according to the-308 TNF genotype was made using Mann— 0-095) and 0-032 (0-018-0-060), respectiviel;0-069) (Fig. 1).
Whitney U-test. The level of significance was takenRs0-05. In uninflamed regions, there was no significant difference between
carriers of allele 2r{="5) and TNF1 homozygotes & 19) (0-039
RESULTS (0-037-0-055) and 0-078 (0-031-0-148), respectively).
TNF polymorphism
Thirty-eight (21-5%) patients and 27 (27-6%) healthy subjects
were carriers of at least one copy of allele 2%£6-1%; 95%  We have shown differences, some statistically significant, in allelic

DISCUSSION

Table 2. TNF gene polymorphism in various phenotypes of Crohn’s disease (CD): allelic frequencies (%) and proportions of genotypes (%)

TNF1 TNF2 TNF1/TNF1 TNF2 carriers
Steroid-dependent COh& 16) 719 28.1** 56-2 43.-8*
Non-steroid-dependent C & 161) 89-8 10-2 80-8 19:2
** P=0-0027 P=0-022

Colonic CD fi=34) 83-8 16-2* 735 26-5
Small bowel CD (=54) 94.4 5-6 88-9 11-1
Mixed location = 89) 86 14 84.2 25-8

*P=0-020

(colonversussmall bowel)

Fistulizing CD = 34) 83-8 16.-2* 735 26-5*
Stricturing CD 1 =52) 94.2 5.8 90-4 9-6
Inflammatory CD (=52) 87-7 12-3 86-9 231

*P=0-024 =0-036

(fistulizing versusstricturing) (fistulizingversusstricturing)
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as in a whole blood cell culture model [21], although these associ-
ations were not always found [30,31]. In the present study we
show preliminary data suggesting also an association between the
i carriage of TNF2 allele and a slightly increased production of
0-16 - TNF-« at the colonic level in inflamed regions. The association
between steroid-dependent CD and TNF2 allele may thus be due to
an increased capacity for TNdproduction at the colonic level
giving rise to more inflammation and possibly to a secondary
steroid dependency. Alternatively, the association between steroid-
0-081- dependent CD and TNF2 allele may reflect an association with
o ° - another gene polymorphism in linkage disequilibrium with TNF2.
. Interestingly, an association has also been reported between a TAP
0-04 |- ® transporter gene polymorphism, located close to TNF gene, and the
S o ® o response to steroid treatment in CD [9].
0-00 ° Although not statistically significant, we also found an increased
TNF1/TNF1 TNF2 carriers frequency of allele TNF2 as well as an increased carriage rate of
Fig. 1. TNF-a production by colonic biopsies taken in inflamed areas, TNF2 in patients with fistulizing disease. In contrast, a recent study
depending on the-308 TNF genotype. Biopsies were cultured for 18 h. in a Dutch population [7] showed a negative association between
TNF-« concentrations were measured on the supernatants by immunoassdistulizing CD and the allele HLA-DRB1*03 classically in linkage
TNF-o production is expressed as a ratio between TWNEnd IL-6  disequilibrium with TNF2 [16,32]. However, interestingly, in that
concentrations in the same supernatants to correct for the degree of inflarpopu|ation there was no decrease in TNF2 frequency, suggesting
mation (units of TNFe production)._ Each point corr_espondsto the mean of recombination between DRB1 and TNFloci in patients with
measures performed on three biopsy cultures in the same patient. They jizing CD. As for steroid-dependent CD, this association with
production in TNF1 homozygotes & 12) and TNF2 carriersn=8) was ;o icylar pathological type of CD may reflect a more aggressive
0-032 (0-018-0-060) and 0-070 (0-035—0-095), respectively (median (inter- o . -
quartile ranges)) = 0-069). |nflamm._atory reaction linked to the mag_nltude of TNPE)rodu_ctlon. _
Alternatively, as has been suggested in leprosy [33], this associa-
tion may reflect a particular pathway of the immune response,
frequencies as well as in proportions of genotypes for-t3©8 independently of its intensity.
SBP substitution in the promoter of TNF gene, in various  There was also a slight increase in the frequency of allele TNF2
subgroups of CD patients characterized by different clinicaland in TNF2 carriage rate in colonic disease compared with small
phenotypes. Moreover, the carriage of at least one copy of allel@owel disease. If this difference reflects a true association, it may
2 was associated with a tendency to produce more &Nffthe  suggest a different implication of TN&-in lesions of CD in
inflamed mucosa at the colonic level. the small bowel or the colon. No data comparing TNF production
Previous studies of the polymorphism of TNF gene in CD haveat the mucosal level in the colon and small intestine are avail-
produced controversial results. Some studies have suggested sigble, but differences in intraluminal materialvivo at these two
nificant associations between CD and TNF gene polymorphisms gslaces could determine different profiles of local immunological
haplotypes [16,17] that were not confirmed for other populations ofeaction.
patients [14,15,18], suggesting possible differences between var- |t is important to emphasize that all these associations between
ious ethnic groups or between various subgroups of CD. In thé'NF2 allele and either phenotypes of CD or TtFfproduction in
present study an overall slight decrease of the allele TNF2 wainflamed mucosa are slight, borderline or even not statistically
shown in CD. However, this was not statistically significant. The significant. This suggests that beside TNF gene, other genetic or
decrease in TNF2 frequency was more prominent in subgroups aénvironmental factors are involved in the determination of these
patients, including isolated small bowel disease and stricturinghiological or clinical parameters.
disease. This emphasizes that some of the differences reported in In conclusion, although TNF gene polymorphism is probably
the previous studies of TNF gene polymorphisms in CD [14—18]not critical in overall susceptibility to CD, this study suggests that
may partly be due to different proportions of CD phenotypesit may play a role in the behaviour of the disease. The carriage
represented. of the allele TNF2 of the-308 SBP polymorphism seems to be
In contrast, a significant increase of TNF2 allele frequency wasassociated with steroid-dependent disease and to a lesser extent
found in patients with steroid-dependent CD. Albeit found in awith fistulizing and colonic disease.
small sample of patientm& 16) and although it was not asso-
ciated with a significant increase in the proportion of patients
carrying the allele TNF2 (probably due to the small size of the ACKNOWLEDGMENTS
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