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RESUMO.- [Distribuição dos colágenos tipo I, III e IV
em tecido gástrico de sagüis (Callithrix spp., Callitri-
chidae: Primates).] Os componentes da matriz extra-ce-
lular (MEC), como os colágenos fibrilares, desempenham
um papel fundamental no reparo de feridas, tendo sido es-
tudados em gastroenterologia, em associação com a cica-
trização da úlcera gástrica. No entanto, não há estudos até

o presente momento, que relatem a descrição e caracteri-
zação de componentes da MEC no tecido gástrico, quer
seja normal ou com lesão, de espécies de primatas. O ob-
jetivo deste estudo foi investigar a expressão dos colágenos
tipo I, III e IV no tecido gástrico de sagüis (Callithrix sp.).
Foram avaliadas amostras do estômago de 6 Callithrix
jacchus, 12 C. kuhli e 12 C. geoffroyi. As amostras foram
submetidas à reação de imuno-histoquímica com anticorpos
policlonais anti–colágenos tipo I e III e monoclonal anti-
colágeno tipo IV. Os colágenos tipo I e III foram detectados
na submucosa e na lâmina própria da mucosa, entre as
glândulas gástricas, enquanto que o colágeno tipo IV foi
detectado na muscularis mucosae, nas camadas muscu-
lares, nos vasos sanguíneos e na camada mucosa, entre
as glândulas gástricas. Estes achados poderão contribuir
com estudos futuros relacionados aos componentes da
MEC no tecido gástrico de primatas e com estudos com-
parativos na área da gastroenterologia.

TERMOS DE INDEXAÇÃO: Matriz extra-celular, estômago,
primatas.
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Extracellular matrix (ECM) components such as fibrillar collagens play a fundamental
role in wound repair and have also been studied in association with the gastric ulcer healing
process in gastroenterology. Nevertheless, there have been no studies in the literature to
date regarding the description and characterization of ECM components, neither in normal
nor in injured gastric tissue of primate species. The objective of this study was to investigate
the expression of gastric collagen types I, III, and IV in marmosets (Callithrix sp.). Histological
specimens from the stomach of 6 Callithrix jacchus, 12 C. kuhli, and 12 C. geoffroyi were
evaluated. The specimens were immunostained with anti-types I and III collagen polyclonal
antibodies and anti-type IV collagen monoclonal antibody. Collagen types I and III were
detected in the submucosa and lamina propria between the mucosal glands while collagen
type IV was detected in the muscularis mucosae, muscular layers, blood vessels, and
gastric mucosa between the mucosal glands. It is hoped that these findings can contribute
to future studies on the gastric extracellular matrix components in primates and to
comparative studies in the area of gastroenterology.
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INTRODUCTION
Multicellular animals possess various extracellular
matrices, responsible for determining body shape and
stability, organ structure, and a number of cellular activities
(Timpl 1989).

The extracellular matrix (ECM) is formed by complex
and intrincate networks within which molecules are precisely
organized. These molecular networks determine the
specific histoarchitecture of tissues and provide cells with
biological information and a mechanical scaffold for
adhesion and migration (Aumailley & Gayraud 1998). The
structural extracellular matrix molecules are collagens,
noncollagenous glycoproteins, and proteoglycans (Aumailley
& Gayraud 1998). Type I, found in a variety of tissues, is the
most abundant collagen. Many of the other fibril-forming
collagens have a more selective tissue distribution. For
example, the expression of type III collagen is observed in
extensible connective tissues such as those found in the
vascular system while the expression of type IV collagen
is seen in basement membranes (Prockop & Kivirikko
1995, Sato et al. 2007, Baba et al. 2008).

ECM plays an important role in wound repair (Mikami
et al. 1994) not only by providing support for regenerating
cells, but also by creating the appropriate environment for
cellular interaction (Shahin et al. 1997). In this connection,
other investigations have focused on the expression of
ECM components in the stomach and their role in patho-
logical gastric conditions (Gillensen et al. 1993, Shahin et
al. 1997, Baba et al. 2007).

ECM of the gastric mucosa is composed of collagen,
laminin, proteoglycan, elastin, fibronectin, and hyaluronic
acid (Mori et al. 2003). Fibrillar collagens are especially
important for the generation of wound strength in the peptic
ulcer healing process. Furthermore, stimulation of the
synthesis of collagen types I, III, and IV has been described
in the gastric ulcerated areas of rats (Shahin et al. 1997).
Matrix enzymes such as metalloproteinases are also
associated with pathological conditions causing gastric
injury as in the Helicobacter sp. infection (Mori et al. 2003).

Although the elucidation of the molecular composition
of these complex structures in human tissues has been
rapidly developing via the use of a variety of molecular
biology approaches, no studies describing or characterizing
ECM components in the gastric tissue of the primate species
were available for consultation. And because pathological
conditions such as gastritis also occur among primate
species (Dubois et al. 1991, Khanolkar-Gaitonde et al. 2000,
Reindel et al. 1999), this study was conducted to analyze
the expression of collagen types I, III, and IV in the gastric
tissue of marmosets (Callithrix sp.).

MATERIALS AND METHODS
Animals. Thirty captive marmosets (6 Callithrix jacchus, 12

C. kuhli, and 12 C. geoffroyi, 11 males and 19 females, 2-15
years of age) had their stomachs used in this study. These
animals were maintained in captivity at Centro de Primatologia
do Rio de Janeiro (CPRJ) of Fundação Estadual de Engenharia

do Meio Ambiente (FEEMA), in Guapimirim, RJ, Brazil, and died
of natural causes at different times. This Brazilian Institution
works with conservation of non-human primates according to
the legal requirements of animal care and use. The animals had
been provided a diet of commercial chow, fresh fruit, and water
ad libitum and had no history of gastric disease. The marmosets
were group-housed in large, airy, brick-work cages in the midst
of the extant Atlantic Rain Forest. Necropsy was conducted in
dead animals and their organs and carcasses were fixed in
neutral-buffered 10% formalin.

Specimens. One specimen from fundic, corpus, and antral
gastric regions was collected from each of the 30 stomachs and
fixed in neutral-buffered, 10% formalin, totalizing 90 specimens.
These specimens were routinely processed in paraffin for light
microscopy, and histological sections were produced for both
hematoxylin-eosin (HE) and immunohistochemistry staining. The
antibodies used for immunostaining were rabbit anti-types I and
III collagen polyclonal antibodies (nº 2150-0020, and nº 2150-
0100, respectively; Biogenesis Corp., Brazil), and mouse anti-
type IV collagen monoclonal antibody (“Clone CIV 22”; nº M0785;
DAKO Corp., Carpinteria, CA, USA).

Immunohistochemistry (IHC). Sections were deparaffinized,
rehydrated, and treated with 6% hydrogen peroxidase solution
for 30 minutes prior to heat-induced antigen retrieval (water bath
at 96°C for 30 minutes in a sodium citrate buffer, pH 6.0). After
antigen retrieval, sections were incubated with a solution of milk
and bovine albumin (37°C, 30 minutes), followed by treatment
with rabbit anti-type I or anti-type III collagen polyclonal
antibodies (dilution of 1:200, overnight), or mouse anti-type IV
collagen monoclonal antibody (dilution of 1:50, overnight).
Sections were washed three times with Tris buffer prior to
treatment with DAKO LSAB Link (nº K0690, item nº 002488;
DAKO Corp.) for 30 minutes at room temperature. Sections were
again washed three times with Tris buffer prior to treatment with
DAKO LSAB HRP (nº K0690, item nº 002492; DAKO Corp.) for
30 minutes at room temperature. After cleansing with Tris buffer,
sections were treated with Diaminobenzidine Tetrahydrochloride
Substrate, Chromogen System (DAB, nº K3468; DAKO Corp.)
to brown stain a specific collagen. All sections were
counterstained with hematoxylin. For negative controls, the
primary antibody was omitted.

Immunostained sections were qualitatively evaluated with
regard to the detection of collagen types I, III, and IV, which was
confirmed by way of brown immunostaining. A descriptive
analysis of the intensity and distribution of the three types of
collagen was conducted. The immunostaining was considered
intense when the color obtained was strongly brown e it was
considered mildly when the brown color was pale. For all the 30
animals, one section from fundic, corpus, and antral gastric
regions underwent light microscopy examination by two different
examiners.

RESULTS
The stomach of all marmosets, including Callithrix jacchus,
C. kuhli, and C. geoffroyi, showed the same histological
aspects. The stomach wall consisted of four main layers:
(1) mucosa, which presented a thin smooth muscle layer
in its base - muscularis mucosae, (2) submucosa, (3)
muscular layer, and (4) serous layer (Fig.1A-C). Collagen
type I was intensely detected in the submucosa of all gastric
specimen (Fig.2A). However, in some cases, the lamina
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propria between the mucosal glands was only mildly
stained. Collagen type III was intensely detected in the
submucosa of all gastric specimens (Fig.2B); and, in the
majority of cases, intense staining was also present in the
lamina propria between the mucosal glands. On the other
hand, collagen type IV was intensely detected between
the mucosal glands in gastric mucosa, in the blood vessels,

and in the areas surrounding the smooth muscle cells in
muscularis mucosae and muscular layers (Fig.2C).

No differences were found in the expression of collagen

Fig.2. Immunostained sections from the gastric tissue of
marmosets. (A) Collagen type I can be observed in the
submucosa (SM). M = mucosa; MM = muscularis mucosae.
(B) Collagen type III can be detected in the submucosa (SM),
as well. M = mucosa. (C) Collagen type IV can be observed
between the mucosal glands in gastric mucosa (arrow), in
the blood vessels (BV), and in the areas surrounding the
smooth muscle cells in muscularis mucosae (MM). Scale
bar: 100mm.

Fig.1. (A-C) HE stained sections from the gastric tissue of
marmosets. M = mucosa; MM = muscularis mucosae; SM =
submucosa; MU = muscular layer; SE = serous layer. Scale
bar: 100mm.
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types I, III, or IV within the fundic, corpus, or antral gastric
regions with regard to either presence or intensity. The
results obtained were the same among the three Callithrix
species studied as well as among males and females, and
individuals from different ages. Specimens used as
negative controls showed no immunoreaction.

DISCUSSION AND CONCLUSIONS
Fibrillar collagens, which are normal ECM components,
were found to be involved in gastric lesions repair
mechanisms in humans and rats (Gillensen et al. 1993,
Shahin et al. 1997). The localization and distribution of
collagen types I, III, and IV, assumed to be present in the
gastric tissue of marmosets, were investigated.

In marmosets, the expression of collagen types I and
III was intense in the submucosa of the gastric wall.  In the
lamina propria between the mucosal glands, however,
collagen type I showed only mild staining, whereas
collagen type III was detected by a more intense staining
in the gastric sections. This distribution pattern was simi-
lar to the normal human gastric pattern described in one
study in which collagen type III was more intensely
expressed in the spaces between the gastric pits in the
mucosa than collagen type I while type III exhibited the
same staining intensity as collagen type I in the submucosa
(Gillessen et al. 1993).  Collagen types I and III were also
detected by immunohistochemistry (IHC) in the lamina
propria between the mucosal glands and in the submucosa
of normal rat gastric tissue (Shahin et al. 1997).

Collagen type IV, the most abundant structural component
in basement membranes (Aumailley & Gayraud 1998),
was also detected in marmoset gastric tissue. In the
present study, collagen type IV stained intensely not only
around the mucosal glands and blood vessels within
which basement membranes are present (Gillensen et
al. 1993), but in the area circumventing the smooth muscle
cells in the Muscularis mucosae and muscular layers as
well.

Rat gastric tissues were also investigated and collagen
type IV was detected in the lamina propria between the
mucosal glands and the submucosa of normal stomachs
in addition to the basement membranes of the gastric
glands, blood vessels, and the Muscularis mucosae
smooth muscle cells in ulcerated gastric areas (Shahin et
al. 1997).

As previously mentioned, up to the publication of the
present study, there was nothing available in the literature
regarding the description and characterization of any ECM
components in the gastric tissue of primates. Neither nor-
mal nor injured primate gastric tissue had yet been
investigated about this subject. Then, there were no
established patterns of normality accounting for the
presence of collagen types I, III, or IV in these animals.

Since such pathological conditions as gastritis also
occur in primates, the results observed in this study,
concerning the expression of collagens in marmoset
stomach, can be useful in attempting to obtain reliable
information regarding the repair mechanisms of gastric
lesions in non human primates.
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