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Activated eosinophils and interleukin 5 expression
in early recurrence of Crohn's disease

S Dubucquoi, A Janin, 0 Klein, P Desreumaux, P Quandalle, A Cortot, M Capron,
J-F Colombel

Service d'Anatomie
et Cytologic
Pathologiques, Hopital
Calmette, Centre
Hospitalier Regional et
Universitaire, Lille,
France
S Dubucquoi
A Janin

Service des Maladies
de l'Appareil Digestif
et de la Nutrition,
H6pital Huriez, Centre
Hospitalier Regional et
Universitaire, Lille,
France
0 Klein
P Desreumaux
A Cortot
J-F Colombel

Service de Chirurgie
Adulte Ouest, H6pital
Huriez, Centre
Hospitalier Regional et
Universitaire, Lille,
France
P Quandalle

Centre d'Inumunologie
et Biologie Parasitaire,
Institut Pasteur,
INSERM U167, Lille,
France
S Dubucquoi
M Capron

Correspondence to:
Professor J F Colombel,
Service des Maladies de
l'Appareil Digestif et de la
Nutrition, H6pital Huriez,
Centre Hospitalier Regional
et Universitaire, Lille, 59037
France.

Accepted for publication
19 December 1994

Abstract
Endoscopic recurrences after radical
surgery for Crohn's disease are useful for
studying the pathogenesis of initial lesions
ofCrohn's disease. Factors predisposing to
recurrence are poorly understood, but it
has been shown that eosinophilic infiltra-
tion ofthe neoileum may occur within a few
weeks of resection. The aim of this study
was to compare, in nine patients having
an ileocolectomy, the infiltration of
eosinophils and their activation state in
normal and diseased areas ofthe neoileum,
three months after surgery. Tissue
eosinophils were studied by histochemical
methods and electron microscopy.
Mucosal expression of interleukin 5 (IL 5),
an important eosinophil activating factor
was studied using in situ hybridisation.
Sixty per cent of patients had endoscopic
recurrence at three months. Eosinophil
infiltration was more pronounced in
diseased than in endoscopically normal
areas and was associated with a high
expression of IL 5 mRNA. Ultrastructural
analysis showed features of eosinophil
activation, but no cytotoxic lesions of
surrounding inflammatory or epithelial
cells. This study suggests that local syn-
thesis of IL 5 associated with eosinophil
activation in the tissues could participate in
early mucosal damage in Crohn's disease.
(Gut 1995; 37: 242-246)
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Crohn's disease is characterised by multiple
recurrences, which may be endoscopic (often
silent) or clinical. In a series of 89 patients
studied one year after ileal resection and ileo-
colonic anastomosis, Rutgeerts et al 1 found
respectively 73% of endoscopic recurrences and
only 20% of clinical relapses within the same
period. More recently, Olaison et a12 reported
almost similar figures in a series of 30 patients
studied three months and one year after ileal

TABLE I Clinical data and surgical indications in patients with Crohn's disease

Patients Agedsex Years of evolution Extent of disease Surgical indications

1 35/F 0 Ileum Fistula
2 35/F 1 Ileum Stenosis
3 40/F 1 Ileum Stenosis
4 32/F 11 Ileum Stenosis
5 44/M 24 Ileum Stenosis
6 23/M 1 Ileum Medical treatment failure
7 22/F 1 Ileum Fistula
8 29/F 3 Ileocolon Fistula
9 27/M 7 Colon Fistula

resection and ileocolonic anastomosis: rates of
endoscopic and clinical recurrences reached
73% and 33% at three months and 93% and
37% at one year respectively. Finally, in a
placebo controlled trial of Claversal in the pre-
vention of early endoscopic relapse, a 63%
endoscopic recurrence rate at three months in
52 patients of the placebo group was found.3
The multiple gut involvements in non-oper-

ated patients with Crohn's disease make it
difficult to analyse easily the early pathological
events leading to the inflammatory process. A
prospective study of early immunopathological
lesions occurring after 'curative' ileal resection
and ileocolonic anastomosis was thus under-
taken. This study focused on eosinophils, as
these cells are present not only in early endo-
scopic recurrences,4 but also throughout the
different evolutive stages of Crohn's disease.5
Activated eosinophils release specific cationic
proteins such as major basic protein and
eosinophil cationic protein, which are cyto-
toxic for a variety of target cells, including
intestinal epithelial cells.6 Among other
factors, interleukin 5 (IL 5) represents the
most potent cytokine for eosinophil recruit-
ment and activation.7 8 We therefore assessed,
in early Crohn's disease endoscopic relapses,
the magnitude of infiltration by eosinophils,
the state oftheir activation, and simultaneously
the mucosal expression of IL 5.

Methods

Patients
From November 1991 to July 1992, nine
patients with Crohn's disease (six women,
three men, mean age 33 years, range 22-44)
having had an ileocolectomy for Crohn's
disease and ileocolonic anastomosis underwent
two successive ileoscopies (Table I). The first
one was performed during the initial surgical
procedure and the second one three months
later. All patients gave their informed consent
after approval of the project by the local ethical
committee. In all patients, the diagnosis of
Crohn's disease was established on the usual
clinical, radiological, endoscopic, and histo-
logical grounds. All patients had surgery
because of complications - that is, sympto-
matic stenosis (four cases), fistula (four cases),
and medical treatment failure (one case). If
patients were taking corticosteroids before
surgery, the drug was tapered and stopped
within four weeks before operation. No further
specific medical treatment - that is, cortico-
steroids, salicylates, antibiotics, immunosup-
pressive drugs was prescribed between surgery
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TABLE II Endoscopic and symptomatic recurrences in the
nine patients with Crohn 's disease, three months after right
ileocolectomy and ileocolonic anastomosis

Endoscopic Distance of Symptomatic
Patient recurrence* anastomosis (cm) relapse

1 il 15, 30 No
2 il 10 No
3 i3 0-30 No
4 il 7 No
5 i2 2 No
6 il 5 No
7 io - No
8 io - No
9 io - No

*Rutgeerts's criteria. io: no endoscopic lesion; il: less than five
aphtous lesions; i2: more aphtous lesions but normal mucosa
between the lesions or a few skip areas, or larger lesions, or
lesions confined to the ileocolonic anastomosis (that is, < 1
cm); i3: diffuse aphtous ileitis with diffusely inflamed mucosa;
i4: diffuse inflammation with already larger ulcers, nodules, or
narrowing, or all three.

and the endoscopy at three months, but
antidiarrhoeal and antispasmodic drugs were
permitted. Three months after surgery, clinical
and endoscopic examinations were performed.
Endoscopic recurrence was assessed according
to Rutgeerts' criteria, 1 and macroscopic lesions
were biopsied. Furthermore, four biopsies
were systematically performed, 10 and 20 cm
above the anastomosis in macroscopically
normal mucosa.

Control samples from endoscopically
normal small intestine were collected by the
same method in seven patients (one woman,
six men, mean age 71 years, range 63-79),
operated on for carcinoma of the right colon.
Control specimens were taken during time of
surgery in five patients, six months after right
ileocolectomy in one patient, and two years
after in the last one.

Pathological study
Intestinal biopsy specimens were immediately
cut into two parts. One was fixed in
paraformaldehyde 4% in cacodylate buffer,
and embedded in paraffin wax for histological
study, and in situ hybridisation. The other
one was fixed in glutaraldehyde 1% and
further processed for electron microscopy.
Paraffin wax sections were stained with
haematoxylin and eosin and May-Grunwald
Giemsa (MGG). Cell counts were systemati-
cally performed at magnification 250 on three
different areas of the mucosal surface. The
results were expressed as a mean number of
cells per field. The density of inflammatory
infiltrate was graded as 0: no infiltrate, +:
mild infiltrate (less than 150 cells per field at
magnification 250), + +: moderate infiltrate
(150 to 300 cells per field at magnification
250), +++: dense infiltrate (more than 300
cells per field at magnification 250).
Eosinophils were systematically counted on
MGG stains at the same magnification of 250.
The results were expressed as the mean num-
ber of eosinophils seen in three different
fields. Lysis of eosinophils was analysed ultra-
structurally, and graded as 0: no lysis, +: lysis
of less than 50°/O of eosinophils, + +: lysis of
more than 50% of eosinophils. When it was
possible 30 cells per section were analysed for
each patient.

In situ hybridisation
In situ hybridisation was performed as pre-
viously described.9 Briefly, the cDNA for
human IL 5 was subcloned into the Blue Script
vector by standard techniques. Linearised
plasmid was used as the template for the synthe-
sis in vitro of a 35S labelled RNA probe
(Amersham-France, Les Ullis, France) comple-
mentary to the cellular IL 5 mRNA (antisense
probe). RNA was also transcribed in the
opposite direction and used as a negative
control (sense probe). Antisense or sense probes
(4150 cpm/mm2) were hybridised with intesti-
nal samples. To inhibit non-specific binding of
35S, tissues were acetylated in triethanolamine
0-1 M, then in acetic anhydride 0.25% tri-
ethanolamine for 10 minutes before hybridisa-
tion. Further to avoid non-specific binding to
eosinophils, prehybridisation was carried out
with a solution containing a non-radiolabelled
S-UTP irrelevant probe for at least two hours at
420C, dithiotreitol was added to the hybridisa-
tion buffer, and ribonuclease A was used for
posthybridisation washings. After development
of the emulsion, tissue sections were then
stained with MGG for examination by light
microscopy. Specific hybridisation was recog-
nised as clear dense deposits of silver grains in
the photographic emulsion overlaying the tissue
sections. The counts of labelled cells were per-
formed at magnification 1000, and the results
were expressed as a mean percentage of labelled
cells counted on 200 cells of the lamina propria.

Results

Recurrences
None of the nine patients had clinical relapse
at three months while endoscopic recurrences
occurred in the neoileum above anastomosis in
six of nine patients (66%) (Table II). In all
controls, the mucosa was endoscopically
normal.

Pathological examination
Table III summarises the histological analysis
of diseased and endoscopically normal areas in
the nine patients with Crohn's disease, per-
formed at three months after right ileocolec-
tomy and ileocolonic anastomosis.

In the six patients with endoscopic relapse
(patients 1, 2, 3, 4, 5, 6), the inflammatory
infiltrate was dense in the recurrence areas (Fig
1), whereas it was moderate (five of six) or
mild (one of six) in the endoscopically normal
areas. In the three patients without endoscopic
relapse (patients 7, 8, 9), the inflammatory
infiltrate was similar to the one seen in the
uninvolved areas of the six patients with early
recurrences. In the control specimens, the
inflammatory infiltrate was mild.
The counts of eosinophils were higher in

recurrence areas (mean 83; range 63-111 )
than in the endoscopically normal mucosa of
both patients with endoscopic recurrences
(mean 26; range 21-33) or without endoscopic
recurrences. In the normal small intestinal
biopsy specimens of controls, the counts of
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TABLE III Histological analysis of lesions and systematic biopsy specimens in the nine
patients with Crohn 's disease three months after right ileocolectomy and ileocolonic
anastomosis and in controls

Density of inflammatory
infiltrate Eosinophil counts Eosinophil lysis

Normal Normal Normal
Patient Lesion mucosa Lesion mucosa Lesion mucosa

Crohn's disease with early recurrence
1 +++ ++ 105 34 + 0
2 +++ + 73 23 + 0
3 +++ ++ 111 32 ++ 0
4 +++ ++ 75 23 + 0
5 +++ ++ 83 28 + 0
6 +++ ++ 63 22 + 0

Crohn's disease without early recurrence
7 - + - 33 0
8 - + 21 - 0
9 - ++ 23 0

Controls (colonic carcinoma)
1 + - 2 0
2 + 4 - 0
3 - + 1 0
4 + - 2 0
5 + - 4 0
6 + 1 - 0
7 - + - 1 - 0

The density of inflammatory infiltrate was graded as: 0: no infiltrate, +: mild infiltrate (less than
150 cells per field at magnification 250), + +: moderate infiltrate (150 to 300 cells per field at
magnification 250), + + + dense infiltrate (more than 300 cells per field at magnification 250).
Counts of eosinophil were expressed as the mean number of eosinophils seen in three different
fields at magnification 250. Lysis of eosinophils was graded as 0: no lysis, +: lysis of less than
50% of eosinophils, + +: lysis of more than 50% of eosinophils.

eosinophils were always lower than five
eosinophils per field.

Eosinophil lysis was only seen in diseased
areas and not in endoscopically normal areas of
patients with or without endoscopic recur-
rences. In intestinal biopsy specimens of
controls no lytic eosinophil could be seen.

Ultrastructural study of eosinophil changes
in samples of diseased mucosa, showed two
types of fine structural changes. Some
eosinophils had nuclear necrosis with complete
cytoplasm lysis and numerous free granules in
the extracellular space (Fig 2 left). Others had
only granular changes with an inverted density
of the central core or tubulovesicular struc-
tures (Fig 2 right), and numerous cytoplasmic
lipid bodies. The epithelial or endothelial cells
surrounding altered eosinophils were not
necrotic. Cytoplasmic contacts between
eosinophils and lymphocytes, plasma cells, or
mast cells were numerous (not shown).

In situ hybridisation
Cells infiltrating intestinal sections showed

00

Figure 1: Dense inflammatory infiltrate in diseased mucosa, three months after right
ileocolectomy, in a patient with Crohn 's disease who relapsed. After May-Grfinwald-
Giemsa stain, eosinophils appeared red and scattered in the inflammatory infiltrate. In this
Figure the eosinophils count is 52 perfield (X400) (patient 1).

positive in situ hybridisation with the IL 5 anti-
sense probe. Positive labelling was only seen in
recurrence areas at three months (mean 16.5%
of positive cells, range 7-28) (Fig 3 left). The
labelled cells were not identified on these sec-
tions. In endoscopically normal areas of both
Crohn's disease patients and controls, less
than 0.9% of cells were positive (range 0-2).
The control sense probe did not hybridise on
the sequential sections (Fig 3 right).

Discussion
In this series of patients, there was a 66% rate
of endoscopic relapses at three months in
patients having an ileocolectomy for Crohn's
disease in accordance with previous results.1-3
Early recurrence after surgery is one of the best
fitted situations for studying the pathogenesis
of initial lesions of Crohn's disease. Areas of
endoscopic recurrence were characterised by a
dense inflammatory infiltrate with numerous
eosinophils presenting structural changes:
some cells appeared lytic with release of partly
changed granules, whereas other cells showed
granular changes with disappearance of
granule central core.
The detection of numerous eosinophils pre-

senting such changes in areas of endoscopic
recurrence suggest their participation in the
early mucosal damage in Crohn's disease.
Previous studies have reported that morpho-
logical changes, and degranulation are associ-
ated with activation of blood and tissue
eosinophils in eosinophil related diseases.'0 11 In
particular, fading of the central core of numer-
ous eosinophils found in intestinal mucosa, has
been linked to release of major basic protein in
chronic inflammatory bowel diseases, such as
coeliac disease, or eosinophilic gastroenteritis.12
13 Such evidence of eosinophil activation with
release of major basic protein and eosinophilic
cationic protein has been previously reported in
surgical specimens of patients with Crohn's
disease.5 14 15 In vitro, eosinophil cationic
proteins are able to exert cytotoxicity against
epithelial cells and parasites.6 16

Activated eosinophils could participate in
mucosal lesions in two ways: (a) by a direct
cytotoxic effect, or (b) by the recruitment of
other inflammatory cells. In this study, the
systematic ultrastructural analysis performed
on specimens of diseased mucosa did not show
any sign of necrosis on cells surrounding or in
contact with activated eosinophils. Such a dis-
crepancy between the ultrastructural changes
of activation and cytotoxic effects of
eosinophils has already been seen in other con-
ditions. In eosinophilic granuloma ofbone and
chronic eosinophilic pneumonia, eosinophils
were lysed and released cationic proteins,
which were phagocytosed and concentrated in
bone or alveolar macrophages. This inter-
action, however, between eosinophils and
macrophages did not lead to necrosis of the
phagocytic cells.'7 18 A previous in vitro
study showed a similar mechanism of non-
cytotoxic activation in a model of interaction
between neutrophils and eosinophil major
basic protein.19
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Figure 2: Ultrastructural aspect of eosinophils in diseased mucosa, three months after right
ileocolectomy, in a patient with Crohn 's disease who relapsed. (Left) Eosinophils show
signs of cytoplasmic disaggregation, without nuclear lysis (Eol), or cytoplasmic and
nuclear lysis with free granules in the extracellular space (Eo2) (X 4150). (Right) Other
eosinophils had only granular changes with inverted density core (arrows), and
tubulovesicular structures (arrowheads) (X 22 750).

It is possible that activated eosinophils in
early lesions of Crohn's disease might act by
interaction with other inflammatory cells.
Eosinophils express the class II major histo-
compatibility complex,2021 have the capacity
to synthesise numerous cytokines,22 and might
thus serve as antigen presenting cells, as well as
a source of growth and regulatory factors.
The mechanism of eosinophil recruitment

and activation in Crohn's disease is unknown
but an important role of IL 5 is probable. This
study showed the presence of IL 5 mRNA in
early Crohn's lesions, whereas no IL 5 syn-
thesis was seen in endoscopically normal areas
of both Crohn's disease patients or controls.

IL 5 is the main mediator for eosinophil
recruitment and activation.6 7 IL 5 supports
the proliferation and terminal differentiation of
eosinophilic precursors as well as the pro-
longed survival of eosinophils in vitro. It is also
a selective chemotactic agent for eosinophils
and a potent activator of eosinophil functions
such as cytotoxicity or mediator release.
Some previous studies have shown increased

numbers of IL 2 and IFN-y secreting cells in
Crohn's disease.23 These studies have con-
cluded that a Thl like profile of lymphokine
production may exist in the mucosal lesions of
Crohn's disease. The ThI type of cell is thought
to be important in delayed type hypersensitivity
reactions, and is more associated with granu-
loma formation.24 Conversely, in this model of
early recurrence, presence of eosinophils, which
might be attracted and activated through the
synthesis of IL 5, favour a Th2 like profile in
early mucosal lesions of Crohn's disease. Recent
studies have also shown Th2 type of cells in
active lesions of inflammatory bowel disease.25
In animal models of granuloma formation, dif-
ferent profiles of cytokine production could be
seen. In mice infected with Leishmania dono-
vani, IL 2 and IFN'y are expressed in the tissues
during granuloma formation,26 whereas in mice
infected by Schistosoma mansoni, data suggest
that Th2 cells play an important part in granu-
loma surrounding eggs.27 Previous studies have
shown that cytokine profiles might change with
the stage of disease. In agreement with these
findings, it has been shown in a model of experi-
mental colitis that IL 2 activity was higher in
chronic than in acute lesions.28 Studies are in
progress to ascertain if different patterns of
cytokine production may be seen in the different
evolutive stages of Crohn's disease.

Figure 3: In situ hybridisation with IL S mRNA probe on intestinal sections performed in a patient with Crohn's disease,
three months after right ileocolectomy. (Left) Positive labelling was seen only in biopsy specimens ofpatients with recurrent
Crohn's disease at three months (X 250). (Right) Control with the sense control probe on the same sections: no labelling is
seen (x250).
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