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Abstract
Background—Interleukin 1 (IL-1) á and â
are potent cytokines which play key roles
in inflammation. They are controlled by
IL-1 receptor antagonist (IL-1ra).
Aims—To investigate the influence of
mucosal inflammation and IL-1ra geno-
type on the IL-1ra:IL-1 balance.
Patients and methods—IL-1á, IL-1â, and
IL-1ra were measured by enzyme linked
immunosorbent assay (ELISA) in biopsy
specimens taken from inflamed and non-
inflamed colon of 60 patients with Crohn’s
disease (CD), 34 with ulcerative colitis
(UC), 15 inflammatory controls, and 103
non-inflamed controls. IL-1ra genotype
was determined by polymerase chain
reaction and gel electrophoresis.
Results—IL-1á and IL-1â were signifi-
cantly increased in inflamed mucosa in
inflammatory bowel disease (IBD) (CD:
53.5 (22.4) and 409.9 (118.7) pg/mg pro-
tein, respectively; UC: 18.9 (6.8) and 214.5
(78.2) pg/mg, respectively) and non-IBD
patients (19.2 (7.4) and 281.4 (121.0)
pg/mg, respectively; p<0.0001) compared
with normal controls (2.8 (0.6) and 30.6
(5.6) pg/mg, respectively). In CD IL-1á
and â were also significantly increased in
non-inflamedmucosa (6.1 (1.3) pg/mg and
88.7 (17.4) pg/mg, respectively; p<0.0012).
IL-1ra:(IL-1á+â) ratios were significantly
decreased in inflamed mucosa of patients
with CD (182 (45); p<0.0001), UC (425
(136); p=0.0018) and without IBD (221
(76); p<0.0001), and in non-inflamed mu-
cosa in CD (369 (149); p<0.0001) com-
pared with normal controls (1307 (245);
p<0.0001). Patients with IL-1ra genotype 2
had slightly but significantly reduced
mucosal IL-1ra concentrations (p=0.003).
The greatest diVerence was seen in colonic
biopsy specimens from patients with in-
flamed Crohn’s disease.
Conclusion—Mucosal inflammation can
modulate the balance of the IL-1:IL-1ra
system in colonic mucosa.
(Gut 1997; 41: 651–657)
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The aetiology inflammatory bowel disease
(IBD) is still unknown. However, from genetic

epidemiological studies there is considerable
evidence that genetic factors are associated
with both Crohn’s disease (CD) and ulcerative
colitis (UC).1–4 A study of families with
multiple members with CD identified a
putative susceptibility locus in the pericentro-
meric region of chromosome 16.5 In patients
with extensive UC, allele 2 of the interleukin 1
(IL-1) receptor antagonist (IL-1ra) gene was
found to be significantly overrepresented.6

These statistical data do not however explain
the development of chronic inflammation and
no connection between distinct genotypes and
immunological function has been described so
far.
Mucosal inflammation is characterised by an

infiltration with neutrophils and mononuclear
cells, which on activation are important
producers of cytokines and other inflammatory
mediators. Among the still growing number of
known cytokines, the proinflammatory cy-
tokines IL-1á and IL-1â play key roles, as they
are produced early during inflammation and
induce production of many other cytokines,
amplifying their proinflammatory action.7

Their great proinflammatory potential must be
tightly controlled by endogenous inhibitors
such as IL-1ra and soluble IL-1 receptors to
prevent an acute or chronic overproduction of
proinflammatory cytokines, leading to fatal
consequences as seen in septic shock.8 9 In IBD
altered concentrations or altered production of
these cytokines have been found in colonic
mucosa.10–20 Clinical studies21–26 and animal
models provided further evidence that altera-
tions of the cytokine balance can improve or
worsen inflammatory bowel diseases.27–29 Little
is known however about the factors regulating
the local and systemic balance between pro-
and anti-inflammatory cytokines. Two previous
studies suggested a disturbed balance between
IL-1á+â and IL-1ra in inflamed colonic
mucosa only from patients with UC and
CD.20 30 The inflammatory controls in these
studies however had less inflammation than the
patients with IBD.
In the present paper we studied the influence

of diagnosis and inflammation on the produc-
tion of IL-1á, IL-1â, IL-1ra, and the IL-
1ra:IL-1 ratios in the colon using biopsy speci-
mens from patients with and without IBD with
similar degrees of inflammation. Furthermore,
for the first time we looked for an association
between IL-1ra genotype 2 and colonic IL-1ra
levels.
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Patients and Methods
PATIENTS

Endoscopic biopsy specimens were obtained
with informed consent from the colon of 60
patients with CD and Crohn’s colitis (92
biopsy specimens) and from 34 patients with
UC (52 biopsy specimens) during routine
colonoscopy or sigmoidoscopy. Twenty two of
the UC patients had pancolitis and 12 had left
sided colitis. Whenever possible, paired biopsy
specimens were taken from inflamed and non-
inflamed mucosa in order to have the same
eVects of medication in inflamed and non-
inflamed biopsy specimens. This was possible
in 23 patients with CD and in 18 patients with
UC. For comparison, control biopsy specimens
were taken from colonic mucosa of 118
patients without IBD, of which 103 were non-
inflammatory controls undergoing colonos-
copy for cancer screening or polypectomy. Fif-
teen patients with diverticulitis (n=3) or
infectious colitis (n=12) were used as inflam-
matory controls. The mean age (SD) of CD
patients (29 males, 31 females) was 32 (11)
years. Thirty one were taking corticosteroids,
19 were on 5-aminosalicylic acid (5-ASA), four
sulphasalazine, and three azathioprine; 21
patients took no medication. The mean age of
UC patients (12 males, 22 females) was 43
(18) years. Fourteen were taking corticoster-
oids, 18 were on 5-ASA, and two sulphasala-
zine; 12 patients took no medication. The
mean age of the non-IBD patients (72 males,
54 females) was 56 (15) years. Five patients
took corticosteroids; 119 took no anti-
inflammatory medication.

BIOPSY SPECIMENS

The degree of inflammation at the biopsy site
was assessed macroscopically as non-inflamed
or inflamed. One biopsy specimen for histo-
logical assessment and two biopsy specimens
for cytokine measurements and for the deter-
mination of total protein were taken from
essentially the same regions. In some patients
one set of three biopsy specimens was taken
from an inflamed area and another set of three

from a non-inflamed area. Histological assess-
ment of the degree of inflammation correlated
well with the macroscopic assessment in
controls (p<0.001), CD (p<0.001), and in UC
(p<0.001). All macroscopically non-inflamed
control patients had no inflammation histologi-
cally. Histological grading was performed
diVerently in CD (0 = no inflammation, 1 =
discontinuous inflammation without aphthous
lesion or ulcers, 2 = superficial aphthous
lesions, 3 = deep ulcers or fissures),UC (0 = no
inflammation, 1 = one or two crypt abscesses
per viewing field, 2 = more than two crpyt
abscesses per viewing field, 3 = ulcers and
necrosis), and controls (0 = no inflammation, 1
= faint inflammatory infiltrate, 2 = moderate
inflammatory infiltrate, 3 = dense inflamma-
tory infiltrate).
The mean (SD) wet weight of biopsy

specimens was 8.3 (2.6) mg with no diVerence
between specimens taken from controls (8.5
(2.6) mg), patients with CD (8.2 (2.5) mg), or
patients with UC (7.6 (2.4) mg). For cytokine
and protein measurements biopsy specimens
were washed in phosphate buVered saline
(PBS) and then immediately frozen at –20°C.

PROTEIN CONTENT OF COLONIC BIOPSY

SPECIMENS

The mean (SD) total protein content per
biopsy specimen was 0.38 (0.36) mg. Protein
content did not diVer significantly between
biopsy specimens from patients with CD (0.42
(0.43) mg), UC (0.35 (0.17) mg), and controls
(0.36 (0.35) mg). There was no diVerence in
protein content of the biopsy specimens from
inflamed and non-inflamed regions (p=0.8).
All cytokine and cytokine antagonist concen-
trations were normalised to total protein
content of the biopsy specimens.

MEASUREMENT OF IL-1á, IL-1â, AND IL-1RA
PROTEIN CONCENTRATIONS

Two biopsy specimens were homogenised by
two cycles of freezing and thawing in 200 µl
PBS, pH 7.2, in the presence of proteinase
inhibitors (leupeptin 10 mg/ml, pepstatin
10 µg/ml, aprotinin 1 mg/ml, and EDTA
0.5 mg/ml) as described previously.31 Insolu-
ble material was spun down at 18 000 g for five
minutes. Aliquots of the soluble supernatant
were used for the determination of IL-1á,
IL-1â, and IL-1ra (R&D Systems, Minneapo-
lis, Minnesota, USA) by enzyme linked
immunosorbent assay (ELISA) and for the
determination of total protein by BCA protein
assay (Sigma, Deisenhofen, Germany). Detec-
tion limits of the ELISAs were 0.2 pg/ml for
IL-1á, 0.3 pg/ml for IL-1â, and 6.5 pg/ml for
IL-1ra. Duplicate measurements were per-
formed according to the manufacturers’ in-
structions.

DETERMINATION OF IL-1RA GENOTYPE

DNA was extracted from 5 ml EDTA pre-
served whole blood taken prior to endoscopy
after freezing and thawing once using the
Q/Amp DNA extraction kit from Qiagen
(Hilden, Germany). DNA (0.1–0.5 µg) was
amplified by polymerase chain reaction (30

TABLE 1 Distribution of IL-1ra genotypes in patients with or without inflammatory bowel disease

IL-1ra genotypes

1/1 1/2 1/3 2/2 2/3 3/3

Controls
(n=63) 20 (31.7%) 29 (46%) 5 (7.9%) 8 (12.7%) 1 (1.6%) 0 (0%)

CD (n=40) 16 (40.0%) 17 (42.5%) 2 (5.0%) 5 (12.5%) 0 (0%) 0 (0%)
UC (n=21) 7 (33.3%) 8 (38.1%) 0 (0%) 5 (23.8%) 1 (4.8%) 0 (0%)

TABLE 2 IL-1ra colonic mucosa in patients with or without IL-1ra genotype 2

Diagnosis and inflammatory
status of the biopsy specimens

IL-1ra in biopsy specimens (pg/mg
protein, mean (SEM)) from
patients without IL-1ra genotype 2

IL-1ra in biopsy specimens
(pg/mg protein, mean (SEM))
from patients with IL-1ra
genotype 2

Controls
Non-inflamed 10 590 (2280)(n=25) 6530 (1300)(n=37)
Inflamed 19 400 (n=1) 15 300 (5170)(n=6)

Crohn’s disease
Non-inflamed 9340 (1560)(n=17) 10 100 (1650)(n=14)
Inflamed 43 640 (11 600)(n=12) 11 000 (1990)(n=18)

Ulcerative colitis
Non-inflamed 14 600 (4520)(n=6) 9900 (1790)(n=14)
Inflamed 23 500 (7470)(n=7) 21 200 (3810)(n=14)

652 Andus, Daig, Vogl, Aschenbrenner, Lock,Hollerbach, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.41.5.651 on 1 N

ovem
ber 1997. D

ow
nloaded from

 

http://gut.bmj.com/


cycles: one minute at 94°C, one minute at
37°C, one minute at 72°C, followed by five
minutes extension at 72°C) using the primers
described previously.6 Negative controls with-
out DNA template were included with each
reaction. All analyses were performed blinded
with respect to the diagnosis and patient char-
acteristics. The amplified DNA was separated
by electrophoresis on a 2% agarose gel and
visualised by ethidium bromide staining. IL-
1ra genotype 1 corresponded to 410 bp, geno-
type 2 to 240 bp, and genotype 3 to 500 bp (see
example in fig 1).

STATISTICAL ANALYSIS

Group comparisons of normally distributed
data were performed by analysis of variance
with Bonferroni correction for multiple testing.
Natural logarithms of the cytokine concentra-
tions were used to provide normally distributed
data. Correlations were analysed by the Spear-
man rank test. A value of p<0.05 was
considered significant. Group comparisons of
non-parametric data were performed by the
Mann-Whitney U test or ÷2 test as appropriate.
In order to exclude the influence of diagno-

sis and inflammation, Z normalised values of
the data were calculated using the mean and
the standard deviation (SD) of the respective
disease and degree of inflammation groups (z =
(patient’s value−mean)/SD). A Z score of 0
represents the mean of the data; Z scores of –1
and +1 represent data 1 SD below or above the
mean.
The study was approved by the ethics

committee of the University of Regensburg,
Germany, and performed in accordance with
the Declaration of Helsinki.

Results
We measured the protein concentrations of
IL-1á, IL-1â, and IL-1ra in colonic mucosa
and determined the ratios between IL-1ra and
IL-1â as a marker for the local balance of the
IL-1 system.

Figure 1: DiVerent IL-1ra genotypes. The following genotypes are shown (from left to
right) 1/3, 2/2, 1/1, 1/2, 1/2. A ë Pst l digest was used as size standard.

Figure 2: IL-1á (A), IL-1â (B), IL-1ra (C), and IL-1ra:IL-1á+â ratios (D) in colonic mucosa. Data were
logarithmically transformed (to achieve a normal distribution) and were expressed as means (95% confidence intervals).
Asterisks indicate statistically significant diVerences compared with non-inflamed controls.
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IL-1á AND IL-1â CONCENTRATIONS IN COLONIC

BIOPSY SPECIMENS

Only low amounts of IL-1á (mean (SEM) 2.8
(0.6) pg/mg protein) and IL-1â (30.6 (5.6)
pg/mg protein) could be detected in normal
control biopsy specimens (fig 2A, B). IL-1â
concentrations were usually about 10-fold
higher than IL-1á concentrations. IL-1á and
IL-1â concentrations were significantly in-
creased in macroscopically inflamed (IL-1á:
53.5 (22.4) pg/mg protein, p<0.0001; IL-1â
409.9 (118.7) pg/mg protein, p<0.0001) as
well as in non-inflamed specimens from
patients with CD (IL-1á: 6.1 (1.3) pg/mg pro-
tein, p=0.001; IL-1â: 88.7 (17.4) pg/mg
protein; p<0.0001; fig 2A, B). In patients with
UC, IL-1á (4.3 (1.5) pg/mg protein) and IL-1â
(63.7 (15.7) pg/mg protein) concentrations
were not significantly increased in macroscopi-
cally non-inflamed biopsy specimens (after
Bonferroni correction) but were both signifi-
cantly increased in inflamed colonic mucosa
(IL-1á: 18.9 (6.8) pg/mg protein, p<0.001;
IL-1â 214.5 (78.2) pg/mg protein, p<0.0001;
fig 2A, B). IL-1á (19.2 (7.4) pg/mg protein,
p<0.0001) and IL-1â (281.4 (121.0) pg/mg
protein, p<0.0001) protein concentrations
were also significantly increased in inflamma-
tory controls. There was no significant diVer-
ence between IL-1á or IL-1â concentrations in
inflammatory controls, inflamed mucosa of
CD, and inflamed mucosa of UC.
IL-1á and IL-1â were also significantly

increased in inflamed mucosa of inflammatory
controls, of patients with CD or UC, and in the
non-inflamed mucosa in the subgroup of
patients with CD who were not taking
medication (p<0.0001). A statistically signifi-
cant diVerence for IL-1á or IL-1â concentra-
tions was not found in any group when patients
on anti-inflammatory medication were com-
pared with patients without medical treatment.

IL-1RA CONCENTRATIONS IN COLONIC BIOPSY

SPECIMENS

IL-1ra concentrations were much higher than
IL-1â concentrations in all mucosal biopsy
specimens (fig 2C). Compared with normal
controls (9970 (1250) pg/mg protein) IL-1ra
concentrations were significantly increased
only in specimens from inflamed mucosa of
patients with CD (24 000 (4840) pg/mg
protein, p=0.002) and UC (22 700 (3350)
pg/mg protein, p<0.0001; fig 2C). In inflam-
matory controls IL-1ra concentrations tended
to be higher than in non-inflamed controls
(16 000 (4450) pg/mg protein) without reach-
ing statistical significance (p=0.2).
IL-1ra was also significantly increased in

inflamed mucosa in the subgroup of patients
with CD (p=0.002) or UC (p<0.0001) without
medication. A statistically significant difference
between IL-1ra levels determined in patients
treated with glucocorticoids, 5-ASA, or sul-
phasalazine was not found when compared
with patients without medical treatment.

RATIOS BETWEEN THE CONCENTRATIONS OF

IL-1RA AND IL-1A+B IN COLONIC BIOPSY

SPECIMENS

In order to determine changes in the balance
between pro- and anti-inflammatory compo-
nents of the IL-1 system the ratios between
IL-1ra and IL-1á+â were calculated (fig 2D).
As the increase in IL-1á and IL-1â during
inflammation was more pronounced than the
increase in IL-1ra, the ratios between IL-1ra
and IL-1á+â were lower in inflamed biopsy
specimens than in non-inflamed specimens.
Compared with non-inflamed controls (1307
(245)) the ratios were significantly decreased in
the inflamed mucosa of patients with CD (182
(45), p<0.0001), UC (425 (136), p=0.0018),
and non-IBD patients (221 (76), p<0.0001; fig
2D). Interestingly, the IL-1ra:IL-1á+â ratio

Figure 3: Intraindividual concentrations of IL-1á (A), IL-1â (B), IL-1ra (C), and IL-1ra:IL-1á+â ratios (D) in
inflamed and non-inflamed colonic mucosa of patients with CD.Data were logarithmically transformed (to achieve a
normal distribution) and were expressed as means (95% confidence intervals). Asterisks indicate statistically significant
diVerences between inflamed and non-inflamed regions.
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was also significantly decreased in non-
inflamed CD mucosa (369 (149), p<0.0001).
The ratios of IL-1ra:IL-1á+â were also

significantly decreased in the inflamed mucosa
of patients with CD and in the inflammatory
controls in the subgroup of patients without
medication. The ratios were not significantly
diVerent in patients with or without
medication.

INTRAINDIVIDUAL CONCENTRATIONS OF IL-1á,
IL-1â, AND IL-1RA, AND IL-1RA:IL-1á+â RATIOS IN

COLONIC MUCOSA OF PATIENTS WITH CD

In 23 patients with CD paired biopsy speci-
mens were taken from inflamed as well as from
non-inflamed colonic mucosa. As shown in fig
3 IL-1á (68.0 (23.0) versus 36.8 (17.0) pg/mg
protein; p=0.001), IL-1â (333.3 (62.3) versus
210.5 (48.9) pg/mg protein; p<0.0001), and
IL-1ra (29 000 (4920) versus 19 100 (3810)
pg/mg protein; p=0.005) were significantly
higher in inflamed mucosa than in non-
inflamed mucosa. The ratios of IL-1ra:IL-
1á+â tended to be lower in inflamed mucosa
without reaching statistical significance (fig
3D). In UC and in the inflammatory controls
IL-1á, IL-1â, and IL-1ra were also higher in
the inflamed than in the non-inflamed mucosa.
Due to smaller numbers these diVerences were
not statistically significant (data not shown).

IL-1RA GENOTYPE AND IL-1RA PROTEIN

CONCENTRATIONS IN COLONIC MUCOSA

Table 1 shows the distribution of the diVerent
IL-1ra genotypes. One or two alleles of the
IL-1ra genotype 2 (240 base pairs) were found
in 57% of control patients, in 55% of patients
with CD, and in 67% of patients with UC.
When IL-1ra concentrations in colonic mucosa
of patients with and without genotype 2 were
compared, IL-1ra concentrations were found
to be decreased in most of the subgroups
defined by diagnosis and macroscopic inflam-
mation (fig 4) to some extent. However, only in
the inflamed mucosa of CD patients was the
diVerence highly significant (p=0.006, table 2).
To combine the data we excluded the eVect of
diagnosis and inflammation by calculating Z

scores for the respective disease and degree of
inflammation. Comparing the Z scores of
IL-1ra between patients with and without
genotype 2 we found that IL-1ra concentra-
tions were significantly lower in the colonic
mucosa of patients with IL-1ra genotype 2
(p=0.003). The Z scores of IL-1á (p=0.8) and
IL-1â (p=0.2) were used as controls and were
not significantly diVerent between patients
with or without IL-1ra genotype 2. The Z score
of the IL-1ra/IL-1á+â ratio tended to be lower
in patients with IL-1ra genotype 2; however,
the diVerence was not statistically significant
(p=0.29).
When patients were grouped according the

number of IL-1ra genotype 2 alleles, a weak
but significant correlation was found between
the number of type 2 alleles and the decrease in
IL-1ra concentrations (r=–0.25; p=0.001; fig
5B) and in the IL-1ra/IL-1á+â ratio (r=0.15,
p=0.04) in colonic mucosa (fig 5C).
When macroscopically inflamed or non-

inflamed biopsy specimens were analysed
separately, IL-1ra protein and IL-1ra genotype
2 correlated much better in specimens from
inflamed mucosa (r=–0.39, p=0.01) than in
specimens from non-inflamed mucosa (r=–
0.15, p=0.17).

Figure 4: IL-1ra in colonic mucosa and genetic
polymorphism of IL-1ra. Data were logarithmically
transformed (to obtain a normal distribution) and are
expressed as mean (SEM).
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Discussion
The colonic concentrations of IL-1á, IL-1â,
IL-1ra, and IL-1ra genotypes were determined
in order to address the questions: Is there a
specific imbalance between pro- and anti-
inflammatory mediators in IBD; and are IL-1ra
genotypes associated with colonic IL-1ra pro-
duction?
To measure the components of the IL-1 sys-

tem present in the colonic mucosa we deter-
mined the mediators in homogenates of
colonic biopsy specimens as previously
described.31 The advantage of this method is
the minimisation of artificial activation or inhi-
bition of cytokine production which occurs
when cells are isolated from the mucosa and
then cultured. The disadvantage is that this
method does not allow diVerentiation between
intracellular and secreted cytokines or identifi-
cation of the cells synthesising the respective
cytokines. Nishiyama et al found intestinal
macrophages to be the major source of IL-1ra
in the mucosa by immunohistochemical colo-
calisation studies.20

The data presented in this paper show that
IL-1á, IL-1â, and IL-1ra are increased in the
colonic mucosa during inflammation. As the
increase in IL-1á and IL-1â was greater than
that in IL-1ra it led to a shift of the balance
between pro- and anti-inflammatory compo-
nents of the IL-1 system towards the pro-
inflammatory side. Although the amount of
IL-1ra was greater than that of IL-1â in all
biopsy specimens, our data indicate an imbal-
ance in the IL-1ra:IL-1á+â system in the
inflamed mucosa, since a 100- to 1000-fold
excess of IL-1ra is required to block the bind-
ing of 50% of IL-1 to its receptors and to
inhibit the activation of IL-1 responsive cells.32

In our patients the imbalance in the IL-1 sys-
tem was not specific for IBD but could also be
found in other types of colonic inflammation.
The measurement of intraindividual differences
showed that the degree of inflammation is the
most important factor for the production of
IL-1á, IL-1â, and IL-1ra. The discrepancy
between our data and those of Nishiyama et al20

and Casini-Raggi et al30 is probably due to the
fact that in their studies the inflammatory activ-
ity of their controls was lower than that of the
IBD patients. This is reflected by relatively low
IL-1á+â concentrations in their inflammatory
controls.20 30 Another explanation may be the
diVerent genetic background of the patients in
the various studies.
There is one major diVerence between CD

and UC: IL-1á and IL-1â levels are signifi-
cantly increased and IL-1ra:IL-1á+â ratios are
significantly decreased in the non-inflamed
mucosa of patients with CD but not in the
non-inflamed mucosa of patients with UC.
Thus, in CD but not in UC there is an imbal-
ance in the IL-1 system in the non-inflamed
mucosa. This indicates that the intestinal
immune system in CD is always activated to
some extent and the pro-inflammatory compo-
nent is predominant, while activation of the
immune system is restricted to grossly in-
flamed areas in UC. This upregulation of the
intestinal immune system might be a general

feature of CD and may explain our previous
findings of continuously elevated IL-6 concen-
trations in patients with CD.33

The gene for IL-1ra is located on the long
arm of chromosome 2 (2q14-q21)34 on a 430
kb stretch of DNA that also contains the genes
for IL-1á and IL-1â.35 Intron 2 of the IL-1ra
gene contains a variable number of identical
tandem repeats of an 86 base pair length of
DNA. Genotype 2 of the polymorphism in the
IL-1ra gene was found to be significantly over-
represented and associated with severe disease
in patients with UC,6 Graves’ disease,36 alo-
pecia areata,37 lichen sclerosis,38 lupus
erythematosus,39 and multiple sclerosis.40 Our
data confirm a moderate overrepresentation of
IL-1ra genotype 2 in patients with UC, which
was not statistically significant due to the rela-
tively small number of patients. The allelic fre-
quency of of IL-1ra genotype 2 was higher in
this study (controls 36%, CD 33%, and UC
44%) than found in the studies of Mansfield et
al (controls 24%, CD 22%, and UC 35%),6

Bioque et al (controls 24%, CD 22%, and UC
35%),41 and Louis et al (controls 21%, CD
24%, and UC 25%).42 This is probably due to
the genetic background of the patients studied
and the relatively small number of patients
(sampling eVect), since we used the same
method as Mansfield et al.6 This conclusion is
supported by the fact that we found similiar
IL-1ra genotype 2 frequencies to the other
authors in a larger group of patients (controls
20%, CD 27%, and UC 29%).43 Furthermore,
we found IL-1ra genotype 2 to be associated
with an impaired increase in IL-1ra in the
colonic mucosa. This may prevent adequate
control of mucosal inflammation and therefore
be a susceptibility factor for chronic mucosal
inflammation. Since we did not measure IL-1ra
production by peripheral blood cells of our
patients, we do not know whether this is only a
local or a systemic eVect.
It is not known whether IL-1ra genotype 2 is

directly responsible for the impaired produc-
tion of IL-1ra in the colonic mucosa or whether
there is a linkage disequilibrium between these
IL-1ra alleles and other polymorphisms
nearby.
In conclusion, we found that in the inflamed

colonic mucosa there is an imbalance between
IL-1 and IL-1ra, which is not specific for IBD.
In patients with CD, this imbalance is also
found in the non-inflamed mucosa, presum-
ably reflecting continuous activation of the
intestinal immune system. Furthermore, we
found that IL-1ra genotype 2 is associated with
a slightly but significantly impaired IL-1ra pro-
duction in colonic mucosa, which may increase
susceptibility to chronic inflammation.
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