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Aims: Gluten ingestion in coeliac disease is associated with alterations of the intestinal mucosa, espe-
cially the expansion of the lamina propria. Antiendomysium and antireticulin antibodies may result
from interactions between gliadin and extracellular matrix components. By behaving as autoantigens,
connective tissue protfeins could initiate mucosal damage. This study evaluates changes in the distribu-
tion of laminin, type IV collagen, and fibronectin in the mucosa of patients with coeliac disease in an
attempt to explain the alterations of mucosal morphology.

Methods: Intestinal biopsies were obtained from patients with coeliac disease on admission and while
on a gluten free diet. The distribution of type IV collagen, laminin, fibronectin, and a-smooth muscle
actin was evaluated by immunofluorescence and by immunogold labelling and electron microscopy.
Results: In patients with coeliac disease, the intensity of type IV collagen, laminin, and fibronectin
immunofluorescent staining was decreased and less well defined than in controls, with frequent
breaches in the basement membrane; fibronectin staining was weak in the distal third of the elongated
crypts and absent under the flat surface. The distribution of smooth muscle fibre in the distal lamina pro-
pria of flat mucosae was altered. The distribution of these proteins was normal as assessed by immu-
noelectron microscopy.

Conclusions: The infensity of staining of some components of the basement membrane is decreased in
coeliac disease and the distribution of smooth muscle fibres is altered. These changes may result from
inferactions between gliadin and components of the extracellular matrix and may play a role in the

coeliac disease, with a flat surface, effacement of villi, and

elongation of crypts. The surface epithelium is severely
damaged with decreased height, alterations of the brush bor-
der, and vacuolisation of cytoplasm with accumulation of fat
laden vesicles; the basement membrane is thickened in the
flat areas. However, even in the absence of villi the mucosa
maintains its normal thickness, and the volume of the lamina
propria is increased two to threefold, with a considerable
increase of plasma cells, lymphocytes, and some eosinophils.
The numbers of intraepithelial lymphocytes are also consid-
erably increased, giving the surface epithelium the appear-
ance of greater cellularity.'” The maintenance of normal
mucosal morphology requires on the part of the epithelium a
delicate balance between proliferation, differentiation, apop-
tosis, and desquamation.’ * This implies continuous interac-
tions between the epithelium, the extracellular matrix repre-
sented by the basement membrane, and the underlying
myofibroblast network. Myofibroblasts and enterocytes syn-
thesise the components of the basement membrane and
establish specific gradients of these proteins along the crypt—
villus axis and the different segments of the gut,”* as has
been shown for laminin.”” Antireticulin and antiendomy-
sium antibodies are considered pathognomomic of coeliac
disease." Dieterich ef al have recently identified tissue trans-
glutaminase (tTG), an enzyme present in the extracellular
matrix, as the endomysial autoantigen." It has been proposed
that IgA class antibodies against tTG interfere with mesen-
chymal cell-enterocyte crosstalk, resulting in inhibition of
enterocyte differentiation and increased proliferation."” These
antibodies also disturb transforming growth factor B
mediated fibroblast—enterocyte crosstalk in the crypt-villus
axis.” This suggests that certain components of the
connective tissue may function as autoantigens, and that this
may constitute the primary alteration of the mucosa in

The architecture of small bowel mucosa is altered in
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genesis of mucosal lesions and in the damage to the epithelium.

coeliac disease; in turn, this may be lead to the architectural
changes of the mucosa. If coeliac disease results in major
morphological changes in the mucosa, are these changes
reflected in the extracellular matrix?

“Certain components of the connective tissue may
function as autoantigens, and this may constitute the pri-
mary alteration of the mucosa in coeliac disease”

The aims of this study were: (1) to evaluate the distribution
of three of the main components of the extracellular matrix—
laminin, collagen type 1V, and fibronectin—in the small intes-
tinal mucosa of patients with coeliac disease at different
stages of their evolution, at the time of diagnosis and while on
a gluten free diet; and (2) to identify differences in
distribution that may explain the changes in mucosal
morphology in this disease. The expression of a-smooth mus-
cle actin (aSMA) was evaluated as a marker of the presence
and distribution of myofibroblasts and smooth muscle fibres.

PATIENTS, MATERIALS, AND METHODS

Patients

Patients were diagnosed as having coeliac disease on the basis
of the criteria established by ESPGAN."” They had a history of
chronic diarrhoea, abdominal distention, short stature,
clinical signs of malabsorption, macromicrocytic anaemia,
positive antiendomysium antibodies, and histological findings
compatible with the diagnosis of coeliac disease. Immediately

Abbreviations: FITC, fluorescein isothiocyanate; aSMA, a-smooth
muscle actin; fTG, tissue transglutaminase
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thereafter, patients were placed on a strict gluten free diet and
the presence of antiendomysium antibodies was evaluated
periodically; when these became negative the second biopsy
was obtained.

In total, 32 patients with coeliac disease were studied; of
these, 16 were biopsied before the gluten free diet was started
and the same number while on a gluten free diet for up to
three years.

Sixteen patients who on the basis of the abovementioned
criteria were found not to have coeliac disease or who needed
surgery for correction of intestinal malformations served as
controls.

Tissue samples

Biopsies of jejunal mucosa were obtained by endoscopic or
peroral biopsies from patients with coeliac disease at the time
of diagnosis and while on a gluten free diet. Tissue samples
were fixed in buffered formalin or Bouin’s fluid, dehydrated,
embedded in paraffin wax, and serially sectioned.

This protocol was approved by the committee on ethics in
research in humans (patients older than 16 years or parents or
legal guardians for younger individuals provided informed
consent for these procedures, which for the patients with coe-
liac disease were part of their clinical follow up).

Antibodies

The following antibodies were used: (1) monoclonal antibod-
ies 4C7 (MO0638; Dako, Carpinteria, California, USA) and
LAM-89 (L8271; Sigma Chemical Company, St Louis, Mis-
souri, USA) directed against the a-5 chain of human laminin;
(2) monoclonal antibody COL-94 (C1926; Sigma) directed
against type IV collagen; (3) polyclonal A0245 (Dako) directed
against cellular fibronectin; and (4) monoclonal antibody 1A4
(A2547; Sigma) directed against aSMA. Fluorescein isothio-
cyanate (FITC) conjugated goat antimouse or antirabbit IgG
was used as secondary antibody.

Indirect immunofluorescence

For laminin and type IV collagen detection, sections were
treated with pepsin in 0.2N HCI, before incubation with the
antibodies against laminin or type IV collagen. The sections
were incubated with FITC conjugated antibody. For fibro-
nectin and aSMA, sections were incubated with their specific
antisera, and with the FITC conjugated antibody. For all
proteins, negative controls were processed omitting the
primary antibody. Preparations were viewed using epifluores-
cence with an Olympus BX-40 microscope equipped with a
PM-20 automatic camera.

Analysis of the histological preparations

All sections were examined and evaluated independently by
two observers without foreknowledge of the diagnosis of the
individual. To describe results the following factors were taken
into consideration: presence or absence of label at the crypt or
villus levels, location (basement membrane of epithelium,
basement membrane of myofibroblasts, capillaries and
smooth muscle fibres, diffuse staining in matrix, staining in
any other structure), thickness, intensity, and continuity,
comparing patients with coeliac disease at their different
stages of treatment with controls.

Immunogold labelling for electron microscopy

For immunoelectron microscopy, tissue was fixed in 2% para-
formaldehyde with 0.2% glutaraldehyde in phosphate buffer;
after washing with buffer it was dehydrated in ethanol/NaCl.
The tissue was then transferred to increasing concentrations
of LR-Gold (Sigma), which was polymerised at 4°C by the
addition of 0.8% (wt/wt) of benzoil peroxide (Sigma). The
polymerised blocks were properly oriented and ultrathin sec-
tions were cut; the sections were collected on Formvar coated
gold grids and stained in Terasaki plates. The primary
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antibodies were the same as for immunofluorescence and the
secondary antibody was Aurion GAM IgG labelled with 10 nm
gold particles (Aurion, Wageningen, The Netherlands). After
brief counterstaining with uranium and lead citrate, grids
were viewed using a Philips CM-100 electron microscope
operated at 60 kV.

RESULTS

Immunohistochemistry

Laminin

The distribution of the a-5 laminin chain in the basement
membrane was similar in patients with coeliac disease and
controls. In healthy individuals, laminin appeared in the
crypts as a thin, uninterrupted line, which was thicker and
more intensely stained but less well defined in the villi, with
occasional 5-7 pm breaches. Subepithelial myofibroblasts,
smooth muscle fibres in the axis of villi, and surrounding
venules had a laminin sheath around their perimeter. In the
lamina propria of the villi there were some lightly stained
areas of irregular size and shape with diffuse edges. The
distribution of laminin remained unchanged in the patients
with coeliac disease; however, its staining was consistently less
intense, the thickness and the definition of the basement
membrane was decreased, and it was interrupted by wider,
more frequent breaches in the crypts and the blunt villi, and
particularly under the epithelium of the flat surface. In biop-
sies of patients with coeliac disease who were on a gluten free
diet, as the morphology improved, the appearance of the lam-
inin reverted to normal.

Fibronectin

In the crypts of Lieberkithn of the controls, fibronectin
appeared as a sharp, well defined structure underlining the
epithelium. The intensity of the staining decreased progres-
sively distally along the crypts—villus axis to such a degree that
in the distal third of the villi it appeared as a thin, lightly
stained, discontinuous line. As with laminin, there were areas
of weak fluorescence in the connective tissue between the
crypts. In the patients with coeliac disease, the overall
distribution of fibronectin was similar to the controls,
although the staining was always less intense. Under the epi-
thelium of the flat surface, fibronectin staining was usually
absent, whereas near the opening of the crypts it appeared as
a succession of dots; this same punctate distribution was
apparent in the basement membrane surrounding the myofi-
broblasts around the crypts. Staining reverted to normal after
a gluten free diet.

Type IV collagen

A thick, well defined band of type IV collagen was present in
the basement membrane of the controls; it occasionally
presented interruptions 5-7 pm in width. Type IV collagen was
also present in the endomysium of the smooth muscle fibres
and the basement membrane of blood capillaries in the lamina
propria (fig 1A) In the patients with coeliac disease, type IV
collagen was thinner under the epithelium of both the crypts
and the villi, and it showed frequent interruptions; these were
also present in the basement membrane of blood capillaries
(fig 1B). Like the other two proteins, type IV collagen staining
reverted to normal as the histology of the mucosa improved
with the gluten free diet.

a-SMA

This protein was studied as a marker of myofibroblast and
smooth muscle fibre distribution. In normal controls, the
cytoplasm of myofibroblasts at the crypt and villus level was
lightly stained. Compact bundles of smooth muscle fibres were
present between the crypts of Lieberkiihn and in the axis of
villi. In the cytoplasm of these smooth muscle fibres,
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myofibrils appeared as closely packed, very thin lines, parallel
to the main axis of the cells (fig 2A).

In untreated patients with coeliac disease, in those areas of
the mucosa where villi were reduced to thick, short remnants,
the normal arrangement of muscle fibres began to appear
distorted—they were organised into less compact, although
still parallel, bundles and the thickness of individual fibres
was irregular (fig 2B).

In the areas where the mucosa was severely damaged and
flat, the distribution of muscle fibres was comparable to that
seen in controls only in the deeper parts; in the distal half of
the mucosa, in the vicinity of the intestinal lumen, fibres were
oriented in all directions, very unlike that seen in normal con-
trol villi. The myofilaments were less numerous and their
appearance resembled a bead chain, as a result of their uneven
thickness (fig 2C).

Verbeke, Gotteland, Ferndndez, et al

Figure 1 Immunofluorescent
staining for type IV collagen. (A) In
healthy individuals, type IV collagen
stains in the villi as a thick, well
defined structure in the basement
membrane. (B) In patients with
coeliac disease, the distribution of
type IV collagen in the basement
membrane is similar to that seen in
normal controls, although it stains
much less intensely and has many
inferruptions; original magnification,
x200.

During the gluten free diet the alterations to the smooth
muscle fibres persisted until the normal architecture of the
mucosa was restored.

Immunoelectron microscopy
Although the density of labelling for type IV collagen, laminin,
and fibronectin was not very high, it was easy to identify the
gold particles and to study there location and distribution.
Type IV collagen was detected only in the basement mem-
brane of the epithelium (fig 3) and the blood capillaries and
in the cytoplasm and the surface of subepithelial myofibrob-
lasts. Type 1V collagen was not detected in the enterocytes.
Fibronectin was seen in the cytoplasm of myofibroblasts and
in the basement membrane but, in contrast to type IV colla-
gen, it was easily detected in the matrix of the lamina propria,
in the cytoplasm of enterocytes, and occasionally in the

Figure 2
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Immunofluorescent staining for a-smooth muscle actin. (A) In healthy individuals, smooth muscle fibres appear as bundles of parallel
elements between the crypts and in the axis of the villi; original magnification, x100. (B) As the mucosa is damaged and villi become short and
blunt the smooth muscle bands become less compact; original magnification, x250. (C) When the mucosa is flat the smooth muscle fibres
become disorganised and single fibres can be seen in any direction in the distal third of the mucosa; original magnification, x200.
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Figure 3 Immunogold staining of type IV collagen for electron
microscopy. High magnification view of staining in the basement
membrane of the surface epithelium in untreated coeliac disease;
original magnification, x90 000.

Figure 4 Immunogold staining of fibronectin for electron
microscopy. High magnification view of fibronectin staining in the
endoplasmic reticulum of an epithelial cell at the surface of the
mucosa in untreated coeliac disease; original magnification,
%110 000.

lumen of blood capillaries (fig 4). The distribution of laminin
was similar to that seen for fibronectin (fig 5).

1t was difficult to establish differences in the density and
distribution of the labelling with this technique when
comparing healthy controls and patients with coeliac disease
in all stages of treatment of this condition.

DISCUSSION

Although the mechanism(s) causing the lesion of the small
intestinal mucosa in coeliac disease remain unknown, it has
been thought for many years that an alteration in the epithe-
lium is present at its inception. In patients with coeliac
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Figure 5 Immunogold staining of laminin for electron microscopy.
High magnification view of laminin staining in a tangential section of
the surface of a myofibroblast in the vicinity of the lumenal opening
of a crypt in untreated coeliac disease; original magnification,

x125 000.

disease, antibodies against an exogenous protein, gliadin, and
against proteins of the extracellular matrix synthesised by the
myofibroblasts of the lamina propria can be detected." " These
immune responses have been interpreted as a consequence of
the damage to the epithelium and the access of gliadin to the
lamina propria, which results in the secondary expression of
hidden epitopes present in connective tissue." '

The protein components of the basement membrane in the
interface between the enterocytes and the connective tissue
have a dual origin because they are synthesised by both the
epithelium and the myofibroblasts. Their distribution along
the crypt—villus axis establishes gradients that are involved in
the regulation of multiplication and differentiation of the
absorptive epithelium.’” " It is possible that the injury causing
coeliac disease affects the matrix of connective tissue and that
the changes in the architecture of the mucosa result, at least in
part, from this damage to the matrix. The antiendomysium
antibodies, directed against tissue transglutaminase, alter the
exchange of information between myofibroblasts and entero-
cytes, and at the same time induce the activation of tissue
metalloproteinases, which results in the changes in mucosal
architecture seen in coeliac disease. For this reason, we tried to
answer the following question: are there any gross changes in
the extracellular matrix or the basement membrane of the
epithelium which could be associated with the lesion of the
small intestinal mucosa of coeliac patients?

Changes of some components of the basement membrane
cause morphological and functional alterations of the intesti-
nal mucosa. Goulet ef al suggested that inborn defects of lam-
inin are associated with a flattening of the mucosal surface
that resembles that of coeliac disease.'® Other authors, using
non-specific stains, described deposits of subepithelial colla-
gen below the basement membrane of the epithelium in coe-
liac disease and in other conditions of the gastrointestinal
tract.””" In our study, type IV collagen was not increased and,
on the contrary, it consistently stained less intensely than in
the normal controls. This suggests that the thickening of the
basement membrane demonstrated by other investigators"'
may be caused by other forms of collagen, not by type IV.

Our study shows that in coeliac disease, the distribution of
type IV collagen, laminin, and fibronectin is similar to the
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controls but that these proteins consistently stain less
intensely and there are increased numbers of breaches. Simi-
lar changes are detected in the subepithelial blood capillaries,
which suggests that there may be a generalised alteration of
basement membranes in coeliac disease.

“Our results support the idea that in coeliac disease glia-
din sets in motion mechanisms that damage the small
intestinal mucosa by acting primarily on elements of the
lamina propria and that the epithelium is secondarily
affected”

Korhonen et al recently published the results of a similar
study on laminin, fibronectin, and tenascin. Their results show
that laminin distribution is maintained in coeliac disease but
that the proportion between the different zones of the mucosa
varies—there were differences in the distribution of laminin
isoforms along the crypt—villus axis.” In our study, we only
evaluated the o5 laminin isoform and, like Korhonen ef al, we
found that its distribution followed a gradient along the
crypt-villus axis, with staining more intense in the villi and
the flat surface of the mucosa in untreated patients with coe-
liac disease. The breaches in the continuity of the basement
membrane may be caused by impairment of the capacity to
repair damage to this structure or by the increased migration
of lymphocytes in and out of the epithelial compartment. In
our study, the results for fibronectin were similar to those
described by Korhonen ef al—fibronectin was normally
distributed in coeliac disease, but staining was more intense in
the crypts; however, in our study staining of the basement
membrane proteins was less intense in patients with coeliac
disease than in the controls. In coeliac disease, mRNA for
matrix metalloproteinases is increased and the increased
enzymatic activity may explain the less intense staining of the
basement membrane proteins that we observed.”

1t was difficult to establish differences when comparing the
density and distribution of the immunogold labelling between
healthy controls and patients with coeliac disease at all stages
of the disease. This probably results from the magnifications
that had to be used to identify the 10 nm gold label and the
fact that the density of the labelling is not high. This technique
corroborated most of our findings by immunofluorescence,
but it also showed the location of fibronectin and laminin in
the cytoplasm of enterocytes and myofibroblasts.

It has been proposed that in the small intestinal mucosa
there are at least two populations of myofibroblasts that are
involved in the regulation of the proliferation, differentiation,
and function of the epithelium. Myofibroblasts from the villi,
which stain for aSMA, stimulate the differentiation of crypt
cells and play a role in the development of a mature cover of
villus enterocytes, whereas the myofibroblast population sur-
rounding the crypts, which do not stain for aSMA, stimulates
epithelial stem cell proliferation and crypt development.* The
equilibrium between these two populations of myofibroblasts
may shift as a result of alterations in mucosal cytokine
patterns, favouring the preferential development of either
crypts or villi and inducing differences in the amounts of lam-
inin and type IV collagen synthesised.”* Gliadin induces
changes in the pattern of intestinal cytokines of patients with
coeliac disease,”* and this may modulate the morphology
and function of the small intestinal mucosa. In our study,
aSMA staining enabled us to see the changes in the organis-
ation of smooth muscle in the axis of the villi, and perhaps in
the myofibroblasts of the areas where the mucosa is flat.

Our results support the idea that in coeliac disease gliadin
sets in motion mechanisms that damage the small intestinal
mucosa by acting primarily on elements of the lamina propria
and that the epithelium is secondarily affected; the functional
derangement of the epithelium is a consequence of the
primary effect of gliadin and antibodies directed against tTG,
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Take home messages

e The intensity of staining of type IV collagen, laminin, and
fibronectin is decreased in coeliac disease and the distribu-
tion of smooth muscle fibres is altered

e These changes may result from interactions between gliadin
and components of the extracellular matrix and may play a
role in the genesis of mucosal lesions and in the damage to
the epithelium

reticulin, and endomysium on the myofibroblasts and the
extracellular matrix of the connective tissue.
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effects on migration of cancer cells indicate, report Nagy ef al in the first study to establish its

Galectin—8 has a role in the biology of colon cancer, as its expression in cancerous tissue and its

function since its cloning by the group. Galectin-8 belongs to a family of 12 galectins so far
identified— galactoside binding proteins thought to affect cell adhesion, proliferation, and migration in

human colon cancer cells.

ath.com]

Using quantitative computer assisted microscopy and immuno histochemical staining, Nagy ef al were
able to show that galectin-8 was expressed significantly less in thin sections of cancerous tissue from 26
colon cancers than dysplastic tissue from 10 adenomas or normal human tissue from surgical resections
or endoscopy—and least of all in the most invasive cancers (T3-4/N+/M+). It was also expressed in vitro
in four human cancer cell lines—HCT-15, LoVo, CoL0201, and DLD-1—but less so in vivo in these same
lines grafted into nude mice, and least in the fastest growing mouse xenografts, LovVo and DLD-1. When

coated onto culture supports, galectin-8 was shown by computer assisted video microscopy to inhibit cell
migration of the cancer cell lines—but only in those with the slowest growth in vivo, HCT-15 and

CoLo0201.

Galectin-8, this painstaking study shows, acts as a suppressor to slowly growing and less invasive colon
cancers, indicating the importance of galectins other than galectin-1 and galectin-3, which, until now,

have been the focus of most research.
A Gut2002;50:392-401.
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