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an accumulation of mast cells colocalised with
laminin but not with fibronectin or vitronectin
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Abstract
Background/Aims—Intestinal fibrosis and
stricture formation is an unresolved prob-
lem in Crohn’s disease. The aim of this
study was to investigate whether mast cells
accumulate in these tissues and whether
their localisation is associated with extra-
cellular matrix components.
Methods—Mast cells were visualised by
immunohistochemical staining of the mast
cell specific proteases chymase and tryp-
tase. Their localisation in relation to extra-
cellular matrix components was shown by
immunohistochemical double labelling.
Results—In strictures in Crohn’s disease,
a striking accumulation of mast cells was
seen particularly in the hypertrophied and
fibrotic muscularis propria, with a mean
(SEM) mast cell number of 81.3 (14.9) v
1.5 (0.9)/mm2 in normal bowel (p<0.0005).
All mast cells in the muscularis propria
were colocalised with patches of laminin.
In contrast, in the submucosa, laminin
was exclusively found in the basal lamina
of blood vessels where many adherent
mast cells were seen. No colocalisation of
mast cells was found with fibronectin or
vitronectin.
Conclusions—The large accumulation of
mast cells in the muscle layer of strictured
bowel suggests a functional role for these
cells in the hypertrophic and fibrotic
response of the smooth muscle cells. The
colocalisation with laminin indicates a
mechanism of interaction between smooth
muscle cells and mast cells that may be
important in the role of mast cells in the
process of fibrosis.
(Gut 1999;45:210–217)
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Fibrosis and stricture formation of the bowel is a
common complication and hallmark of Crohn’s
disease leading to partial or complete obstruc-
tion of the lumen, and surgical resection is often
required. Deposition of collagen and prolifera-
tion of smooth muscle cells are the response to
chronic inflammation and injury of the submu-
cosa leading to fibrosis and thickening of the
submucosa and the smooth muscle layers of the
bowel wall.1 In Crohn’s disease, smooth muscle
cells are considered to be the predominant cells
involved in the process of stricture formation.2–4

The pathogenesis, factors, and cell types in-
volved in this process are largely unknown.

In fibrosing colonopathy, a complication
observed in children with cystic fibrosis treated
with high strength pancreatic enzyme replace-
ment therapy, an accumulation of mast cells was
observed in the intestinal strictures.5 Richter et
al6 reported elevated mast cell numbers in
association with increased transforming growth
factor-â immunoreactivity in radiation induced
enteropathy in rats, which is characterised by
intestinal wall fibrosis, serosal thickening, and
chronic ulceration. These studies provide evi-
dence that mast cells with their plethora of
mediators may be involved in intestinal fibrosis,
a notion supported by the observation of mast
cell hyperplasia and activation in a variety of
clinical and experimental situations in which
fibrosis is prominent.7 8 In systemic mast cell
disease, association of fibrosis and mast cell
infiltrates has been documented in the liver,
spleen, lymph nodes, and bone marrow. How-
ever, liver cirrhosis and intestinal stricture
formation are not common in mast cell disease,
indicating that besides mast cells additional fac-
tors or specific stimulation of mast cells may be
necessary to induce severe fibrosis.9–11

Fibrosis is characterised by an excessive
production of extracellular matrix components,
and cells in the tissue are constantly interacting
with these extracellular matrix proteins. This
interaction is essential for the migration of cells
in response to chemotactic factors, their localisa-
tion in tissues, and many of their functional
properties. Important extracellular matrix glyco-
proteins are fibronectin, laminin, and vitronec-
tin. Fibronectin has been found to be a nearly
ubiquitous cell-cell and cell-matrix adhesion
molecule. Unlike fibronectin, laminin is almost
exclusively localised in basal laminae and
basement membranes as part of a specialised
structural matrix organisation which separates
epithelial, endothelial, muscle, and nerve cells
from the stromal matrix and mediates multiple
biological activities.12 13 Vitronectin has a distinc-
tive function in cell attachment, and, in contrast
with laminin and fibronectin, appears to be
absent from most basement membranes.14

The aim of this study was to assess the
distribution, localisation, and quantification of
mast cells in the fibrotic intestine, particularly
in strictures in Crohn’s disease, and to examine
the association of these cells with specific com-
ponents of the extracellular matrix, fibronectin,
laminin, and vitronectin.

Materials and methods
TISSUES

Surgical specimens were obtained from the
Department of Surgery, University of Regens-
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burg and submitted to the Institute of Pathol-
ogy for routine histological examination. One
surgical specimen of ulcerative colitis was
obtained from Professor S Werner, Max Planck
Institut, Martinsried, Germany. The study was
approved by the ethics committee of the
University Hospital of Regensburg.

The diagnoses of Crohn’s disease (colon n =
8, ileum n = 7), ulcerative colitis (n = 5), and
sigmoid diverticulitis (n = 6) were established
on the basis of clinical, radiological, and histo-
logical criteria. Tissue from involved but
non-strictured and strictured colon segments
was available from an additional five patients
with Crohn’s disease. Normal control tissue
was obtained from patients having surgery for
bowel cancer (colon n = 8, ileum n = 5). The
tissue was stored in liquid nitrogen. Before use,
5 µm cryostat sections were fixed in acetone for
four minutes. Table 1 gives the patient charac-
teristics.

IMMUNOHISTOCHEMISTRY

Peroxidase staining
Slides were rehydrated with Tris buVered
saline (300 mM NaCl, 100 mM Tris/HCl, pH
7.4). The slides were then incubated with 1%
bovine serum albumin and 3% serum of the
animal in which the secondary antibody was
raised. Endogenous peroxidase activity was
quenched by incubating the slides in 0.3%
hydrogen peroxide. Between subsequent steps,
slides were washed three times in Tris buVered
saline. Mouse monoclonal antibodies directed
against human chymase (dilution 1:500) or
tryptase (dilution 1:250) (Chemicon, Te-
mecula, California, USA) were used as primary
antibodies. The respective negative controls
were polyclonal non-specific mouse IgG1
(Dako, Glostrup, Denmark). Biotinylated goat
anti-mouse antibody (Vector, Burlingame,
California, USA) was used as secondary
antibody (dilution 1:750). After incubation
with the Vectastain ABC (Vector), a peroxidase
substrate solution was applied.

For red staining, a freshly prepared solution
of 3-amino-9-ethylcarbazole (Sigma, Deisen-
hofen, Germany; 0.4 mg/ml in 0.05 M acetate
buVer, pH 5.0) containing 0.01% hydrogen
peroxide was used. For pink staining, the Vec-
tor VIP (Vector) substrate kit was applied, and
for grey staining the Vector SG substrate kit as
recommended by the manufacturer.

Glucose oxidase staining
Staining was carried out as described above
except that incubation in hydrogen peroxide

was omitted. Instead of the Vectastain ABC
peroxidase reagent, the Vectastain ABC-
glucose oxidase reagent was used. Staining was
developed using nitroblue tetrazolium bro-
mide.

Double staining
For immunohistochemical double labelling,
the peroxidase staining procedure was applied
twice to the same tissue section with diVerent
antibodies according to the procedure de-
scribed above. For the initial labelling, mono-
clonal antibodies (dilution 1:200) to laminin
(A chain, B1 chain, or B2 chain), fibronectin,
or vitronectin were used and visualised with
3-amino-9-ethylcarbazole (red colour). All
antibodies were purchased from Chemicon.
For the second labelling, an anti-tryptase anti-
body or biotinylated anti-chymase antibody

Table 1 Patient characteristics

Control Crohn’s disease Crohn’s disease
(strictured/
non-strictured)

Ulcerative
colitis

Sigmoid
diverticulitisIleum Colon Ileum Colon

No of patients 5 8 7 8 5 5 6
Mean (range) age (y) 62

(49–76)
58
(38–80)

44
(28–61)

38
(28–50)

37
(22–49)

49
(24–69)

62
(39–74)

Sex (M/F) 2/3 3/5 3/4 3/5 4/1 2/3 4/2
Treatment (treated/total)

With steroids
(prednisolone

None None 5/7 5/8 3/5 3/5 None

equivalent) 10–30 mg/day 10–30 mg/day 10–20 mg/day
With mesalamine None None 7/7 6/8 4/5 4/5 None

3 g/day 3 g/day 3 g/day 2–3 g/day

Figure 1 Distribution of mast cells in normal colonic
tissue. Mast cells were visualised by immunohistochemical
staining for mast cell tryptase (pink colour) with the
biotin-avidin-peroxidase system. The mucosa, submucosa,
and muscularis propria are shown. Mast cells are found in
the mucosa and submucosa. Hardly any mast cells are
detectable in the muscularis propria. Of the two mast cells
seen in the muscularis propria (arrows), one is located in a
connective tissue septum reaching from the submucosa into
the muscle layer. Original magnification ×50.
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was used as primary antibody. If the bioti-
nylated anti-chymase antibody (dilution 1:500;
Chemicon) was used, incubation with the sec-
ondary antibody was omitted. Mast cells were
visualised in a grey/black colour using the Vec-
tor SG substrate kit.

For control of specific staining an irrelevant
polyclonal mouse IgG antibody was used
instead of the anti-tryptase and anti-chymase
antibodies or instead of the laminin antibody.

To test the specificity of the antibodies against
laminin, antibodies were preincubated with
equimolar concentrations of laminin (human
placenta; Sigma) for 30 minutes on ice, which
blocked 90% of antibody activity. To exclude the
possibility that staining was non-specifically
blocked by laminin, we incubated the anti-
chymase antibody with the same concentration
of laminin. Anti-chymase staining was not
aVected by the procedure.

Figure 2 Distribution of mast cells in the muscularis propria in colonic strictures in Crohn’s disease. (A) Mast cells are
shown by immunohistochemical peroxidase staining for mast cell tryptase (red colour). An impressive accumulation of mast
cells is found in the inner layer of the muscularis propria (lower part of the picture) beneath the submucosa (upper half of
the picture). Original magnification ×100. (B) Localisation of mast cells in the inner (top two thirds of the picture) and
outer (bottom) layer of the muscularis propria in an ileal stricture in Crohn’s disease. Glucose oxidase staining for chymase
was used to detect mast cells (dark blue colour). The highest numbers of mast cells are seen in the inner layer beneath the
submucosa and in the outer layer of the muscularis propria. Original magnification ×100.

Figure 3 Numbers of mast cells in colonic strictures in
Crohn’s disease compared with normal colon. Mast cells
were detected by staining for tryptase and chymase. Mast
cell numbers were determined in five adjacent microscope
fields in the mucosa, submucosa, and muscularis propria at
200 × magnification and normalised to 1 mm2. Mast cell
numbers for the three diVerent bowel compartments of
strictured colon of Crohn’s disease were compared with those
of the respective compartments of normal colon: †p<0.005,
‡p<0.0005,**p<0.01.
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Figure 4 Numbers of mast cells in ileal strictures in
Crohn’s disease and in normal ileum. Mast cells were
detected by staining for tryptase and chymase. Mast cell
numbers were determined in five adjacent microscope fields
in the mucosa, submucosa, and muscularis propria at 200
× magnification and normalised to 1 mm2. Mast cell
numbers for the three diVerent bowel compartments of the
ileum of Crohn’s disease were compared with those of the
respective compartments of normal ileum: †p<0.005,
**p<0.01.
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After being stained, tissues were usually
counterstained with Mayer’s haematoxylin
(Sigma).

HISTAMINE ASSAY

Slices of the entire bowel wall (10 mg) were
sonicated for five seconds in 500 µl phosphate
buVered saline (Bandelin Sonopuls HD70, Ber-
lin, Germany; continuous mode, 45% of maxi-
mum power) and then boiled for 10 minutes to
release all histamine. Histamine content in the

supernatants was determined using a commer-
cially available histamine enzyme linked
immunosorbent assay (ELISA) kit (Immu-
notech, Marseille, France) and was performed
according to the instructions of the manufac-
turer.

STATISTICAL ANALYSIS

Mast cell numbers were determined in five adja-
cent microscope fields in the mucosa, submu-
cosa, and muscularis propria in a blinded man-
ner by two diVerent observers at 200 ×
magnification. Comparable mast cell numbers
were obtained, and the mean cell number was
used for statistical analysis. Counts were nor-
malised to 1 mm2. Comparisons between
control and diseased bowel were analysed for
significance using the Mann-Whitney rank sum
test. The results are expressed as mean (SEM).

Results
ACCUMULATION OF MAST CELLS IN STRICTURED

LARGE AND SMALL INTESTINE IN CROHN’S DISEASE

In the normal colon, mast cells were mainly
located in the mucosa and submucosa. They
were rarely detectable in the muscularis
propria, and the few found were usually located
in the delicate connective tissue reaching from
the submucosa into the deep smooth muscle
layer (1.5 (0.9) cells/mm2) (fig 1). In sections
taken from strictured colon of patients with
Crohn’s disease, mast cells were abundant in
the mucosa and submucosa. The most striking
diVerence from normal intestinal tissue, how-
ever, was an impressive accumulation of mast
cells in the muscularis propria, with highest
densities in the area beneath the submucosa
and in the outer layer of the muscularis propria.
The mean (SEM) number of mast cells was
81.3 (14.9)/mm2 (p<0.0005) (fig 2A,B). Equal
numbers of mast cells were detected in this
smooth muscle layer when either an antibody
against mast cell specific tryptase or mast cell
specific chymase was used, indicating that
these mast cells are of the MCTC type, which
contain both types of proteases15 16 (fig 3). In
the submucosa of fibrotic lesions, mast cell
density was also significantly increased in com-
parison with control bowel: staining for chy-
mase showed 59.7 (7.6) v 29.8 (4.4) cells/mm2,
p<0.01 and staining for tryptase showed 53.7
(5.9) v 24.4 (4.1) cells/mm2, p<0.005. In the
normal intestine the muscularis mucosae is a
thin layer of smooth muscle cells, two to five
cells thick and part of the mucosa. In strictured
bowel of patients with Crohn’s disease in
particular, this muscle layer is considerably
thickened by hypertrophy and proliferation,
often extending deep into the submucosa.
Mast cells were located close to and between
the muscle cells of the muscularis mucosae
(data not shown). The number of mast cells
found in the mucosa of strictured compared
with normal bowel was 25.8 (5.8) v 14.7 (3.3)/
mm2 for chymase staining and 47.3 (5.2) v 35.2
(3.8)/mm2 for tryptase staining. The diVer-
ence, however, was not statistically significant.
In the tissues examined, about 50–60% of the
mast cells in the mucosa stained for tryptase
only, and thus were of the MCT type.

Table 2 Numbers of mast cells in inflamed but non-strictured and in strictured bowel of
Crohn’s disease and numbers of mast cells in the ulcerative colitis compared with normal
bowel

Mucosa
(cells/mm2)

Submucosa
(cells/mm2)

Muscularis propria
(cells/mm2)

Inflamed but
non-strictured bowel 54.5 (16.1) 55.0 (11.4)* 8.2 (2.4)*

Strictured bowel 69.2 (10.2)* 59.6 (8.3)† 78.2 (6.3)†
Ulcerative colitis 51.4 (7.1) 29.4 (2.2) 6.4 (2.7)
Normal control 35.2 (3.8) 24.4 (4.1) 1.1 (0.6)

Mast cell numbers were determined by tryptase staining in five adjacent microscope fields in the
mucosa, the submucosa, and the muscularis propria at 200× magnification and normalised to 1
mm2. The results are expressed as mean (SEM).
*p< 0.05, †p<0.005 compared with normal control.

Figure 5 Numbers of mast cells in the muscularis propria
of involved but non-strictured bowel compared with
strictured bowel segments of five individual patients. Mast
cells were visualised by staining for tryptase, and numbers
represent cells counted in five adjacent fields at 200 ×
magnification normalised to 1 mm2.
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Figure 6 Numbers of mast cells in the muscularis propria
in the colon in ulcerative colitis and sigmoid diverticulitis
and in normal colon. Mast cells were detected by staining
for tryptase and chymase and counted in five adjacent fields
and normalised to 1 mm2. Only numbers of mast cells in
sigma diverticulitis were significantly diVerent from those in
normal colon: *p<0.05, †p<0.005.
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In the ileum, mast cells were comparably
distributed in all three compartments in
strictured and normal bowel (fig 4). We found

the same accumulation of mast cells in the
muscularis propria in strictures of the ileum as
we found in the strictured colon. In contrast

Figure 7 Localisation of laminin and mast cells in strictured and normal colon. Immunohistochemical double staining was
used to demonstrate laminin (red colour) and mast cell chymase (grey colour). (A) Shown is the muscularis propria of a
fibrotic stricture of the colon in Crohn’s disease. Patches of laminin (red colour) are colocalised with mast cells (grey colour).
Original magnification ×200. (B) In the muscularis propria, mast cells (grey colour) are located in the centre of laminin
deposits (red colour). Original magnification ×400. (C) Distribution of laminin and mast cells in the submucosa in the
same fibrotic stricture. Laminin is mainly located in the basal lamina of blood vessels where many adherent mast cells are
found. A small part of the inner layer of the muscularis propria is shown in the left lower corner. Original magnification
×100. (D) Localisation of laminin in the normal colon. Laminin is found in the basal lamina of blood vessels in the
submucosa (top of the picture). There are no laminin deposits and no mast cells in the muscle layer (lower part of the
picture). Original magnification ×10\.
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with the colon, the ileum of normal bowel con-
tained more mast cells in the muscularis
propria (colon v ileum of normal bowel: 1.5
(0.9) v 12.2 (2.6) cells/mm2 detected by
anti-chymase staining, p<0.05).

In the colon and ileum, the highest densities
of mast cells in the muscularis propria and
submucosa were found when stricture forma-
tion of the bowel wall was pronounced with a
thickened muscle layer and an expanded
fibrotic submucosa. In these cases the muscu-
laris propria also showed appreciable fibrotic
changes with enhanced collagen depositions.

Histamine as the major mediator of mast
cells is released upon appropriate stimulation.
Histamine content in tissues correlated with
the number of mast cells present. Determina-
tion of the histamine concentration in sections
through the entire intestinal bowel wall of the
colon and ileum showed significantly higher
values for Crohn’s disease compared with con-
trol bowel (377.2 (109.8) v 88.3 (12.3) ng/10
mg tissue, p<0.005).

COMPARISON OF INFLAMED BUT

NON-STRICTURED AND STRICTURED BOWEL

In the muscularis propria of inflamed but non-
strictured colon of Crohn’s disease, only small
numbers of mast cells were found (8.2 (2.4)
cells/mm2) (table 2). In individual patients
mast cell numbers increased markedly in stric-
tured bowel segments (fig 5). The average mast
cell number in the muscularis propria of stric-
tured bowel segments was 78.2 (6.3)/mm2

(p<0.008, compared with inflamed but non-
strictured bowel). In the mucosa and submu-
cosa, mast cell numbers were slightly higher in

strictured than inflamed but non-strictured
bowel, but numbers were not significantly
diVerent, in striking contrast with cell numbers
in the muscularis propria (table 2).

LOCALISATION OF MAST CELLS IN ULCERATIVE

COLITIS AND SIGMOID DIVERTICULITIS

In ulcerative colitis chronic inflammation is
predominantly found in the mucosa. Deeper
layers of the bowel wall are usually not involved
in the inflammatory process and stricture
formation is rarely seen. In sigmoid diverticuli-
tis some fibrosis of the submucosa and muscu-
laris propria can be observed. In these two
conditions, slightly increased mast cell num-
bers were found in the muscularis propria, but
only those in diverticulitis were significantly
diVerent from normal control bowel sections
(12.5 (2.7) v 1.5 (0.9) cells/mm2, p<0.005). In
ulcerative colitis mast cell counts in the
muscularis propria were not significantly dif-
ferent from control bowel (fig 6).

COLOCALISATION OF MAST CELLS WITH LAMININ

IN THE MUSCLE LAYER

To study the relation of mast cells to extracel-
lular matrix components, three matrix proteins
were used: fibronectin and vitronectin, the
abundant matrix proteins, and laminin, the
principal matrix protein of the basement mem-
brane.

In fibrotic strictures of Crohn’s disease, lam-
inin was accumulated in a patchy pattern in the
muscularis propria. Immunhistochemical dou-
ble labelling disclosed that all mast cells found
in the muscularis propria were colocalised with
these patches of laminin (fig 7A). Mast cells

Figure 8 Deposition of fibronectin and vitronectin in the muscularis propria in colonic strictures in Crohn’s disease. (A)
Fibronectin (red colour) is diVusely distributed in the muscle layer. There is no strict colocalisation with mast cells (grey
colour). Original magnification× 200. (B) Vitronectin (red colour) is spotted in the muscle layer. No colocalisation with
mast cells (grey colour) is seen. Original magnification ×200.
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were located in the centre of the accumulated
laminin (fig 7B). In the submucosa, laminin
was exclusively found in the blood vessel
vascular basement membranes, and many of
the submucosal mast cells were attached to the
basal lamina of blood vessels (fig 7C). The
prominent colocalisation of each single mast
cell with patches of laminin, however, was not
seen in the submucosa. In normal bowel the
distribution of laminin in the submucosa was
similar. No depositions of laminin were found
in the muscle layer (fig 7D).

Laminin is a heterotrimer consisting of á, â,
and ã chains.17 The colocalisation of mast cells
with laminin was shown with three diVerent
monoclonal antibodies against the laminin A
(á1), B1 (â1), and B2 (ã1) chain (data not
shown).

In chronic sigmoid diverticulitis with mild
fibrosis, the mast cells found in the deep mus-
cle layers showed a similar association with
laminin to that in Crohn’s disease. Also, the
same colocalisation was observed for the few
mast cells scattered in the muscularis propria
in ulcerative colitis (data not shown).

In Crohn’s disease, deposition of fibronectin
and vitronectin in the large muscle layers and
to a smaller extent in the submucosa was
enhanced compared with control tissue. The
distribution was diVuse, and mast cells were
preferentially located in these areas (fig 8A,B).
However, there was no strict colocalisation of
mast cells with fibronectin or vitronectin.

Discussion
In this study we show a striking accumulation
of mast cells in the submucosa and particularly
in the circular and longitudinal layer of the
thickened muscularis propria of fibrotic stric-
tures in Crohn’s disease compared with the
normal colon where almost no mast cells were
found in the muscle layers. In sigmoid
diverticulitis, in which some fibrosis occurs,
and in involved but non-strictured bowel of
Crohn’s disease, mast cell numbers were
slightly elevated in the muscularis propria. In
ulcerative colitis, another chronic inflamma-
tory condition not characterised by extensive
intestinal fibrosis, mast cells counts were not
significantly diVerent from those in normal
bowel. These findings suggest that the abun-
dance of mast cells found in the smooth muscle
layer of fibrotic intestinal strictures correlates
with the process of stricture formation charac-
terised by extensive fibrosis of the submucosa
and hypertrophy and thickening of the muscle
layers.

In transmission electron microscopic stud-
ies, Dvorak et al3 reported dramatic alterations
in muscle cells of the muscularis propria
particularly in the inner muscle layer, showing
hypertrophy, synthesis and deposition of colla-
gen, hypercontraction, and focal cell necrosis.
Most interestingly, in these studies mast cells
with signs of activation were found in intimate
contact with smooth muscle cells.18 It is
conceivable that mast cells induce at least some
of these alterations as they have the ability to
synthesise numerous potent mediators, cyto-
kines, and proteases. Several recent observa-

tions support this notion. Chymase was shown
to cleave type I collagen to a fibril-forming col-
lagen molecule, and the resulting abnormal
procollagen propeptides stimulated the synthe-
sis of collagen types I and III in intestinal
smooth muscle cells.19 Mast cell tryptase was
found to be a potent mitogen for cultured tra-
cheal smooth muscle cells.20 In animal models,
mast cell tryptase cleaved and activated the
proteinase activated receptor 2 in rat colonic
myocytes, and thus may regulate bowel
motility,21 and histamine led to contraction of
smooth muscle cells.22

The dynamic interaction of cells with certain
extracellular matrix components is essential for
cell adhesion, migration, diVerentiation, and
biological function.23 In particular, laminin
mediates multiple biological activities, includ-
ing migration, cell spreading, diVerentiation,
and cytokine production.24 25 In this respect our
most striking finding was that, without excep-
tion, all mast cells in the muscularis propria
were colocalised with laminin. This was also
found for the mast cells of the hypertrophied
muscularis mucosae in strictured bowel. Mast
cell colocalisation with laminin was not specific
for Crohn’s disease. In sigmoid diverticulitis
and ulcerative colitis, the mast cells seen in the
muscle layers were also colocalised with
laminin. We therefore suggest a causative rela-
tion between smooth muscle cell, mast cell, and
laminin, and this relation is particularly obvi-
ous in the context of chronic inflammation and
the process of stricture formation. Mast cells
were located in the centre of the laminin
deposits, suggesting the mast cell itself or the
surrounding smooth muscle cells or both cell
types as its source. The extent of production
could be dependent on the degree of inflamma-
tion of the neighbouring submucosa and the
extent of the fibrotic process in the submucosa
and muscle layers. The mast cell-laminin inter-
action could mediate diVerentiation, specific
cellular function, and anchoring of mast cells in
the muscle layer.

What can be learned from animal models?
Mouse mast cell precursors have the ability to
adhere to laminin before expression of pheno-
typic characteristics other than IgE, enabling
them to localise in tissues where they may then
develop their final phenotype depending on the
local environment.26 Thompson et al27 showed
that certain murine mast cell lines and cultured
murine mast cells, upon appropriate stimula-
tion, express laminin receptors and adhere to
and spread on laminin in vitro. A specific
amino acid sequence in the A chain of laminin
was found to promote this process.28 In
addition, murine mast cells have been shown to
synthesise components of basement mem-
branes including laminin and collagen IV.29

Vliagoftis and Metcalfe30 recently showed that
physiological stimulation promoted mast cell
attachment to laminin mediated by á6 integrin
and that interaction of mast cells with laminin
enhanced their mediator release after activation
by FcåRI.

Although one has to be very cautious in
extrapolating these results, one could speculate
that the mast cell-laminin interactions in
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particular may influence mast cell functions
important for the fibrogenic process, such as
mediator release, cytokine production, and
response to chemotactic factors. This is
supported by the finding that human mast cells
required laminin for chemotaxis in response to
the complement peptides C3a and C5a.31 In
addition, spontaneous adhesion of human skin
mast cells to laminin and fibronection has been
reported.32 We also found in preliminary
experiments that human intestinal mast cells
isolated from the mucosa and submucosa of
normal bowel adhered to laminin without prior
stimulation.

Stricture formation in Crohn’s disease is a
serious unresolved problem, and no preventive
treatment is available. There is evidence that
mast cells are involved in the fibrogenic
process. Unravelling of the molecular events
leading to accumulation, diVerentiation, and
activation of intestinal mast cells may provide
important information on the complex mecha-
nisms leading to intestinal fibrosis and stricture
formation.
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