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Decreased mucosal interleukin-4 (IL-4)
production in gut inflammation

R Karttunnen, E J Breese, J A Walker-Smith, T T MacDonald

Abstract
Aims-To determine the prevalence of
cells secreting interleukin-4 (IL-4) in the
gut mucosa of children with chronic
inflammatory bowel disease.
Methods-Mononuclear cells were iso-
lated from intestinal biopsy specimens
from control children (n = 10) and chil-
dren with active inflammatory bowel dis-
ease (Crohn's disease n = 15, ulcerative
colitis n = 9, indeterminate colitis n = 3).
Spontaneous IL-4 production was then
measured by SPOT-enzyme linked
immunosorbant assay (ELISA) using a
pair of non-competing anti-IL-4 mono-
clonal antibodies. The percentage of T
cells in the isolated cells was also deter-
mined and the prevalence of IL-4 secret-
ing cells calculated per 10 000 T cells.
Results-In control children the mean
number of IL-4 secreting cells was 15-1
per 10 000 T cells. In Crohn's disease and
ulcerative colitis the means were 5 3 and
5*2, respectively. In two children with
indeterminate colitis numbers were also
low. There was no difference in the per-
centage ofT cells in the cell preparations
isolated from each patient group. The
reduction of IL-4 secreting cells in
patients with Crohn's disease was not
caused by steroids.
Conclusions-In idiopathic inflamma-
tory bowel disease IL-4 secreting cells are
reduced in diseased mucosa.
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There is increasing evidence that T cell
immunity has a primary role in the pathogene-
sis of the chronic granulomatous inflamma-
tion in the gut mucosa of patients with
Crohn's disease. Use of immunohistochem-
istry, polymerase chain reaction (PCR),
northern blots, measurement ofT cell derived
lymphokines in serum, and functional assays
of lymphokine release shows that there seems

to be an ongoing T cell response in the
mucosa in Crohn's disease that is not
detectable in ulcerative colitis.' 5 The antigens
driving this response are not known. Animal
models of Crohn's disease rely on the genera-
tion ofT cell responses in the gut wall.6 8

Studies to date on T cell lymphokine
release in the mucosa in Crohn's disease have
concentrated on the measurement of inter-
leukin-2 (IL-2) and interferon-y. It is becoming
increasingly clear, however, that these cyto-
kines are produced mainly by Thi-type helper
T cells and that activated Th2-type helper T
cells can produce other cytokines such as IL-4

or IL-5.9 '° Thus, the absence of IL-2 and
interferon-y secreting cells in ulcerative colitis
may not be due to the absence ofT cell activa-
tion, but to the T cells releasing other
cytokines (a Th2 response).
To address this question, we isolated cells

from the intestinal mucosa of children with
Crohn's disease, ulcerative colitis, or controls
and determined whether they were secreting
IL-4, using the well established enzyme linked
immunosorbent SPOT (ELISPOT) assay.'

Methods
Clinical details of the patients are shown in
the table. Biopsy specimens were obtained
from 37 patients. Children with inflammatory
bowel disease were all in the active phase of
the disease. All children underwent
colonoscopy because of known inflammatory
bowel disease in relapse or for initial investiga-
tion (table). Of the patients with Crohn's dis-
ease receiving treatment, elemental diet had
been administered for eight weeks,
cyclosporin A for eight weeks, prednisolone
only between six and 10 weeks, prednisolone
and mesalazine between four and 20 weeks
and mesalazine only for two weeks before
endoscopy.

Patients with ulcerative colitis receiving
treatment before endoscopy received either
cyclosporin for eight weeks, prednisolone only
for eight to 10 weeks, prednisolone and
mesalazine for four to eight weeks, or
mesalazine only for six weeks. The two
patients with indeterminate colitis receiving
treatment received either prednisolone for
eight weeks or prednisolone and mesalazine
for six weeks before endoscopic examination.
Multiple biopsy specimens were taken from
the terminal ileum and colon for histopatho-
logical analysis. Two biopsy specimens were
also taken from a site of active inflammation
(taking care to avoid ulcers) in children with
endoscopically visible disease. Children with
no endoscopic disease had biopsy specimens
taken from the transverse colon or caecum.
The degree of inflammation in two biopsy

specimens taken adjacent to those taken for
measurement of IL-4 secretion was graded
blind as mild, moderate, or severe by an inde-
pendent histopathologist using the criteria
described elsewhere. 12 All biopsy specimens
for histological assessment were assigned an
overall inflammation score. Separate scores
were given for small and large bowel as appro-
priate. The score ranged from 0-3 (where 0
was normal, 1 was mild inflammation, 2 was
moderate inflammation, and 3 was severely
inflamed), according to the presence of ulcera-
tion, acute and chronic inflammation, crypt
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Clinical details of children from whom mucosal specimens were obtainedfor measurement ofIL-4 secreting cells

Histological Disease ESR CRP
Age Sex Biopsy site score location mmlhour mg% Treatment

Crohn's disease
1 10-5 F I 3 I 24 Prednisolone/mesalazine
2 15-0 F I 3 I Elemental diet
3 14-0 M I 2 I,C 27 5 Nil
4 14-2 M I 2 I,C 15 5 Elemental diet
5 12-3 F C 2 C 34 15 Prednisolone/mesalazine
6 14-4 M C 1 C 44 55 Mesalazine
7 14-0 M C 3 C 26 42 Prednisolone
8 140M C 2 C 16 52 Nil
9 115 F C 1 C 54 37 CyclosporinA
10 11-5 F C 1 C,I 27 Nil
11 6-8 F C 2 C 102 Prednisolone
12 16-4 M C 3 C 55 Prednisolone
13 16-0 F C 2 C,I 26 61 Prednisolone/mesalazine
14 12-5 F C 2 C,I 14 99 Prednisolone/mesalazine
15 4-8 F C 2 C 24 54 Nil

Ulcerative colitis
16 8-4 F C 3 C 38 37 Cyclosporin A
17 12-5 M C 1 C 3 5 Prednisolone
18 9 1 F C 3 C 34 51 Prednisolone/mesalazine
19 12-8 F C 3 C 54 58 Prednisolone/mesalazine
20 14-0 M C 2 C 6 10 Prednisolone/mesalazine
21 4-3 F C 1 C 5 <5 Prednisolone
22 15-2 M C 3 C 57 >115 Prednisolone/mesalazine
23 5 7 F C 1 C 13 Mesalazine
24 9 9 M C 1 C 6 <5 Prednisolone/mesalazine

Indeterminate colitis
25 10.9 M C 3 C <1 <5 Prednisolone/mesalazine
26 10-5 M C 2 C 25 24 Nil
27 7-5 F I 2 I,C 11 Prednisolone

Controls
28 4-4M C 0 <5
29 3 9 M C 0 110 12
30 9-9F C 0 7 7
31 95 M C 0 18 23
32 0-6F C 0
33 7-3 F C 0 57
34 8-3 M C 0 8 <5
35 10-8 F C 0 3 <5
36 7-1 F C 0 <5
37 10-3F C 0 6 <5

I = ileum; C = colon; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate.

distortion, goblet cell depletion, and villous
atrophy. In patients with Crohn's disease the
presence of granulomas did not necessarily
influence the overall score.

This study received ethical approval from
the Hackney and District Health Authority.

Cells were isolated from two biopsy speci-
mens by collagenase digestion exactly as
described elsewhere.'3 Over 90% of the cells
were viable by trypan blue exclusion. A
median of 20% (range 16-24%) of the cells
were large, containing prominent organelles
and occasionally a brush border could be
seen; these were presumably epithelial cells.
The remainder of the cells were mononuclear.
Total cell yields (including epithelial cells)
from the two biopsy specimens were 1 32 x
106 (range 0-9-1-8) for patients with Crohn's
disease; 1 1 x 106 (range 0 6-2 0) from the
patients with ulcerative colitis; and 0 9 x 106
(range 04-1.2) from the controls. An aliquot
of the cells was used to make cytocentrifuge
preparations so that the prevalence of T cells
could be determined by immunochemistry
with CD3, as described elsewhere.'3 CD3 +
cells were determined as a percentage of the
total cells on the cytocentrifuge slide, includ-
ing epithelial cells. The rest of the cells were
used for the ELISPOT assay. Tests for each
specimen were performed in duplicate.

For the ELISPOT assay, mucosal cells
(20-25 000) were added to nitrocellulose-bot-
tomed microwells coated with monoclonal
anti-IL-4 antibody (1.7 ug/ml, Mabtech AB,
Stockholm, Sweden). After incubation for 20

hours, the cells were washed off and bound
IL-4 revealed by adding a biotinylated, non-
competing, anti-IL-4 antibody (2,ug/ml,
Mabtech AB). These concentrations were
shown to be optimal in preliminary experi-
ments. Bound antibody was revealed by strep-
tavidin conjugated alkaline phosphatase.
These antibodies stain Chinese hamster ovary
(CHO) cells transfected with the human IL-4
gene and do not show any cross-reactivity
with other cytokines.
The number of spots were counted in each

well and related to the number of T cells
added (calculated from the cytocentrifuge
preparations). Results from duplicate wells
were averaged. Variation between duplicates
was usually less than 20%. If variation was
large, the experiment was considered a techni-
cal failure and the results from that patient
discarded.

Data from each group were first analysed to
determine if they conformed to a sample from
a normally distributed population. In all cases
they did. Comparisons between means were
carried out using Student's t test.

Results
There was a slightly higher percentage of T
cells in the cell suspensions isolated from chil-
dren with inflammatory bowel disease than
control children, but it did not reach signifi-
cance because of the wide ranges (fig 1).
When the prevalence of IL-4 secreting cells

per 10 000 T cells was determined in control
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Figure 1 The percentage of Tcells (individual values and mean SD) isolatedfrom
intestinal biopsy specimens of control subjects and those with active Crohn 's disease,
indeterminate colitis, or ulcerative colitis.
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Figure 2 The number ofIL-4 secreting cells per 10 000 T cells (individual values and
mean SD) in cells isolatedfrom mucosal biopsy specimens of control patients and those with
active Crohn's disease, indeterminate colitis, or ulcerative colitis (Crohn's v controlp <
0-02; ulcerative colitis v normal, p < 0 05; Student's t test).
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Figure 3 The effect of treatment modality on the loss ofIL-4 secreting cells in Crohn's

disease. Despite treatment all children had ongoing active inflammation. Each point
represents an individual patient.

children, a mean of 15 cells per 104 T cells
were secreting IL-4 (range two to 57). This
was significantly reduced to around 5 cells per
104 T cells in children with ulcerative colitis or
Crohn's disease, although again there was a
wide variation between individual patients.
Two of three children with indeterminate col-
itis also had levels of 1 and 2 IL-4 secreting
cells per 104 T cells (fig 2).

There were enough children with active
Crohn's disease to determine whether the
reduction was related to steroid use or to the
histological severity of the lesion. There was
no difference in the prevalence of IL-4 secret-
ing cells between children treated with
steroids or those treated with enteral nutrition
or no treatment (fig 3). The subgroup of four
children with untreated Crohn's disease had
low numbers of IL-4 secreting cells (1,3,3,8
per 10 000 T cells). A single child treated
with mesalazine alone also had low numbers
of IL-4 secreting cells (2 per 10 000 T cells).
The children treated with steroids (n = 7) fell
into two distinct subgroups, four with low lev-
els (1,1,2,4 per 10 000 T cells) and three with
high levels (8,13,17). Although the numbers
in each group are small, there was no correla-
tion with histological severity of disease, most
patients having less than 5 IL-4 secreting cells
per 10 000 T cells (fig 4).

Because of small patient numbers, it was
impossible to determine whether there were
differences between patients treated with
steroids alone, steroids plus mesalazine, or
cyclosporin A.

Blood lymphocytes from three healthy
donors were also studied and the prevalence
of spontaneous IL-4 secreting cells was very
low (0l2-0l3 cells per 10 000 T cells).

Discussion
This study was carried out for two main rea-
sons. First to determine whether in ulcerative
colitis T cells were producing a Th2-type
cytokine, such as IL-4, as we had already
shown that, in contrast to Crohn's disease,
IL-2 and interferon-y production was low in
ulcerative colitis.3 The answer to this question
is clear. There is no evidence for increased IL-
4 production in ulcerative colitis nor in
Crohn's disease, thus further substantiating
our notion that Crohn's disease is due to a
Thl-type T cell response in the gut mucosa.
The second question was whether IL-4 is pro-
duced in the gut during inflammation, regard-
less of the disease. The answer to this
question is again, clearly, that it is not. Thus,
although IL-4 can have pro-inflammatory
effects such as synergising with tumour necro-
sis factor a (TNFa) to increase endothelial
vascular cell adhesion molecule (VCAM)
expression,14 induce adherence of eosinophils
and basophils to endothelium,5 and can syn-
ergise with interferon-y to increase secretory
component expression by epithelial cells,'6
this does not seem to be a major pathway in
inflammatory bowel disease.
The major finding in this paper is that

numbers of IL-4 secreting cells were reduced
in the intestinal mucosa in Crohn's disease,
ulcerative colitis, and in two of three patients
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Moderate

in the normal intestine because IgG plasma
cells are rare and those of the IgG4 subclass
particularlySO.22
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Figure 4 Correlation between the degree of reduction in IL-4 in active Crohn's disease
and the degree of histological inflammation. Each point represents an individual patient.

with indeterminate colitis. Further studies on

material from patients with coeliac disease
and other enteropathies are needed to deter-
mine if this is a common feature of all gut

inflammation. Normal mucosa contained
around 15 IL-4 secreting cells per 10 000 T
cells. This number is rather low, but it fits in
well with the results of previous studies.
McCabe et al'7 were only able to detect IL-4
transcripts in one of four intestinal mononu-

clear cell preparations from normal intestine.
Interestingly, these workers were only able to

detect IL-4 transcripts in one of three ulcera-
tive colitis specimens and one of three
Crohn's disease specimens, further confirm-
ing that IL-4 is not up-regulated in idiopathic
inflammatory bowel disease.

Ongoing treatment of patients with
Crohn's disease did not seem to increase the
number of IL-4 secreting cells. However, it is
interesting that in biopsy specimens taken
from children with no treatment (n = 4) levels
were low. In children treated with steroids
two of the seven had normal numbers of IL-4
secreting cells. This might suggest that these
two children were responding to treatment

and that the mucosa was healing.
One obvious explanation for our results is

that the mucosal IL-4 secreting cells were

diluted out by non-IL-4 secreting T cells
moving into the inflamed mucosa from the
blood. However, without a phenotypic marker
for the IL-4 secreting cells in the mucosa it is
impossible to determine if this is the case.

The presence of IL-4 secreting cells in nor-

mal mucosa is likely to be due to the fact that
many of these cells are derived from T blasts,
stimulated by antigen in the Peyer's patches,
which then migrate to the mucosa.'8 There is
good evidence that mucosal T cells are in a

higher state of activation than blood T cells,'9
and indeed, when we measured IL-4 produc-
tion in unstimulated blood lymphocytes, we

only obtained two to three secreting cells per

100 000 T cells, about 70 times lower than
with gut T cells from healthy people. The

main function of IL-4 is in the promotion of
IgE and IgG4 antibody secretion.2021 This,
however, is unlikely to be the function of IL-4
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