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Parasitism is a constant drama played in nature,
where different biological species strive to gain
those elements necessary for growth, maintenance,
and reproduction from the surrounding environ-
ment as well from other organisms. (Pérez-
Tamayo, 1985). For survive the parasite interacts
dynamically with the host, which usually butlt an
inflammatory barrier or interface, airning to limit
the spreading of the parasites and their products
to the entire organism. The nomenclature used in
describing different aspects of the host-parasite
relationship has a strong teleologic flavor (Pérez-
Tamayo, 1985) stressing the inflammation and the
immunological response as a defense mechanism.
The reductionist approach of biology first consi-
dered the antibody proteins (humoral response) and
posteniorly some cells (cellular response) as the prin-
cipal defenders. However the host responses against
infection are at once local and systemic, nonspecific
and specific, humoral, cellular and extracellular
(Extracellular matrix — ECM). The local reactions
in direct contact with the infectious organisms (in-
flammatory stimulus) are characterized by an acute
and/or chronic inflammatory process, which is
highly complex and built up with many cellular and
extracellular components. The stimulus activates
a primary effector system which produces media-
tors recruiting and activating a secondary effector
system, thus augmenting the inflammation. The
secondary mediators can act as further inflamma-
tory stimuli, thus propagating the cycle (Raphael
& Metcalfe, 1986), The infectious stimulus to in-
flammation may be extremely brief or protracted.
In chronic inflammation caused by many parasites,
the tissue reaction loses its dominant exsudative
pattern and becomes mainly proliferative, rich in
fibroblast and components of the extracellular
matrix. The two basic proliferative response result-
ing from the host-parasite relationship are the
granuloma and the granulation tissue. These reac-
tions are carried out by means of cell-cell and cell-
matrix interactions and their cellular and extracel-
lular elements exhibit structural and functional het-
erogeneity, creating different kinds of environment,
which can limit or favor the maintenance of the
parasitism. In this paper we will present some ex-
amples about the importance of the ECM in the
host-parasite relationship.

ECM AND ADHERENCE OF
INFECTIOUS ORGANISMS

A crucial event in the initiation of many infec-
tions involves the adherence of infectious organ-
isms to cells of the host (Reed & Williams, 1978).
Peterson et al. (1983) using hyperimmune an-
tifibronectin serum as a probe revealed the ability
of virulent treponemes (T'reponema pallidum)
to avidly bind fibronectin from a complex medi-
um such as plasma. No acquisition of host macro-
molecules was evident by the avirulent spirochete,
T. phagedenis, biotype Reiter.

Cell fibronectin binds to Staphylococcus
aureus via a site in the NH,-terminal, 27-Kd
fragment of fibronectin (Mosher & Proctor, 1980).
Fibronectin can clump a variety of S. aureus
strains but not 8. epidermidis (Esperden & Clem-
mensen, 1981; Mosher, 1980). Fibronectin binds
also to streptococcl via bacterial lipoteichoid acid
(Courtney et al., 1983), and can mediate the attach-
ment of streptococci to neutrophils (Simpson et al.,
1982) and epithelial cells in vitro (Abraham et al.,
1983). Wyler et al. (1985) stablished that live Leish-
mania spp. could bind iodinated human plasma
fibronectin in vitro. Furthermore, they observed
that both amastigotes and promastigotes preferen-
tially bount to glass coverslips that had been coat-
ed with fibronectin than with another, unrelated,
protein. In parasite-monocyte co-cultures the ad-
dition of rabbit antiserum to human plasma
fibronectin reduced by as much as 63% the attach-
ment of amastigotes to human monocytes. Uptake
of amastigotes was reduced 54% by the addition
of antiserum. In the case of 8. aureus, not only
has specificity of fibronectin binding been demon-
strated, but a candidate receptor on these bacteria
has been identified (Ryden et al., 1983). Wirth and
Kierszenbaum (1984) showed that fibronectin in-
creases the association of Trypanosoma cruzi
trypomastigotes with mouse peritoneal macro-
phages. Ouaissi et al. (1984, 1985) reported simi-
lar observations using trypanosome-infected 3T3
fibroblast monolayer cultures. Quaissi et al. (1986;
1986a) 1dentified a putative trypomastigote recep-
tor for fibronectin and also determined that the
same domain that binds fibronectin to mammalian



78

cells probably is involved in binding the molecules
to trypanosomes. Recently, Noisin & Villalta (1989)
showed that T. cruzi amastigotes also present
receptors for human fibronectin. In the presence
of physiological concentration of fibronectin, these
receptors appear to increase the binding to and up-
take of amastigotes by both murine macrophages
and human monocytes. The fact that T. cruzi
amastigotes (Noisin & Villalta, 1989),
trypomastigote (Ouaissi et al., 1984; Wirth & Kier-
szenbaum, 1984) and epimastigote (Peyrol et al.,
1987) forms present receptors for fibronectin
molecule, 1ndicate that fibronectin receptors are
present on all stages of this parasite, regardless of
their invasive capacities. This molecule may there-
fore play a significant role in increasing the attach-
ment and incorporation of intracellular forms of
T. cruzi, released from bursting infected cells, by
macrophages and monocytes at the level of cha-
gasic tissue lesions (Noisin & Villalta, 1989).

Compared with fibronectin, little work has been
published concerning the interaction of laminin and
type IV collagen with bacteria and parasites. Spezi-
ale (1982) reported that laminin binds to KEs-
cherichia coli but not S. aureus, suggesting that
laminin may be an important substrate for bacterial
adherence and interacts distinctly from fibronec-
tin with bacteria. Vercellotti et al. (1985) demon-
strated that gram-positive, but not gram-negative,
organisms avidly bind to matrix-protein-coated sur-
faces and that a representative gram-positive Or-
ganism, S. aureus, aggregates in the presence of
fibronectin, laminin, and type IV collagen. Lopes
et al. (1985, 1988) have recently characterized a
laminin receptor on the surface of 8. aureus as
a 52-Kd protein. In Trichomona vaginalis
another receptor to laminin was also identified as
a 118-Kd protein (Silva Filho et al., 1986).

Studies have shown that sera from patients with
Chagas’ disease or American Cutaneous Leish-
maniasis contain distinct antibody titers against
laminin and nidogen (Avila et al., 1984; Szarfman
et al., 1982; Avila et al., 1986). Bretana et al. (1986)
using immunogold technique employing a specific
anti-laminin antibody found laminin located in 7.
cruzi trypomastigotes on the external surface of
the plasma membrane, close to the sites where the
flagellar veil attaches to the plasma membranes.
Laminin immunoreactivity, was rapidly lost when
trypomastigotes were cultured in liquid medium
and no reactivity was found in fresh epimastigotes.
Promastigotes and amastigotes of American
Leishmania spp. also showed a specific localiza-
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tion of laminin immunoreactivity, this being limited
to the lips of the flagellar pocket and to the para-
sitic side exactly opposite to the flagellar exit.
Bretana et al. (1986) suggest that laminin-like pro-
teins could facilitate trypomastigote-host cell inter-
action or movement through small blood vessels.
Towbin et al. ( 1987) provided evidence that cir-
culating antibodies to mouse laminin in Chagas’
disease, American Cutaneous Leishmaniasis, and
normal individual recognize terminal galactosyl («
1-3)-galactose epitopes.

Thrombospondin, another adhesive glycoprot-
ein, binds falciparum malaria parasitized erythro-
cytes and may mediate cytoadherence. Aotus mon-
key or human erythrocytes containing Knobby
(K 7) but not Aotus erythrocytes containing Knob-
less strains of Plasmodium falciparum bind to
immobihzed thrombospondin (Roberts et al., 1985;
Howard & Sherwood, 1986).

ECM AND PENETRATION OF
INFECTIOUS ORGANISMS

In order to become pathogenic the majority of
the parasites and infectious agents must be capa-
ble of penetrating the different epithelial coverings
of the orgamism. Other parasites bypass this step
completely as part of their life cycle: malaria, yel-
low fever, and trypanosomiasis are perfect exam-
ples of parasites that are delivered into the circu-
lation of the host by their respective vectors and
that have no problems of penetration at all (Pérez-
Tamayo, 1985). During the process of penetration
into the body or invasion into the tissues, the in-
fectious organisms must transverse two types of ex-
tracellular matrix barriers: basement membranes
and interstitial stroma. The infectious agents, like
the tumors (Liotta et al., 1983), can modify the ex-
tracellular matrix in the following three ways: 1.
Degradation of matrix components associated with
invasion; 2. Desmoplastic reaction, 1.e., increased
production of matrix components by host cells in
response to the presence of the extraneous organ-
1Isms and 3. Parasitic synthesis of matrix-like com-
ponents.

The initial step in infection of the mammalian
host by Schistosoma mansoni is invasion of in-
tact skin by the cercariae. To gain access to the vas-
cular system, cercariae must cross the epidermal
basement membrane, the dermal connective-tissue
extracellular matrix, and finally an endothelial-cell
basement membrane (Lewart & Lee, 1954;
Stirewalt, 1974). During migration, schistosome
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cercartae transform into schistosomulae. Most of
the proteolytic activity of invading larvae is due to
the preacetabular gland proteinase of the cercar-
1ae, which diffuse widely ahead of the invading lar-
vae (Stirewalt, 1982). Nevertheless, other surface-
assoclated proteinases of the schistosomule in con-
cert with the cercarial enzyme may facilitate sub-
sequent vascular invasion (Auriault et al., 1982:
Keene et al., 1983). The proteinase of cercariae de-
grades water-insoluble elastin and is thus classified
as an clastase. Additional substrates include: pro-
teoglycan, gelatin, laminin, fibronectin, keratin,
and types I, IV and VIII collagen (Pino-Heiss et
al., 1986; McKerrow et al., 1985 and 1986: New-
port et al., 1987).

A collagenase has been described in pathogen-
1c amebas, which is absent in nonpathogenic strains
and which correlates fairly well with the virulence
of the parasite (Mufioz et al., 1982; Gadasi et al.,
1983).

To complete the vertebrate phase of the life cy-
cle of 8. mansoni, eggs must pass out of mesen-
teric venules and transverse a portion of the bowel
wall before leaving the host by fecal excretion. This
subject deserved attention of the researchers for
many years and still the ‘‘metastatic capability’’ of
the S. mansoni eggs is an intriguing question.
Kloetz] (1967, 1968) postulated that proteolytic en-
zymes released by the developing miracidium

diffuse through pores of the eggs and facilitate the
eggs passage through blood vessels and bowel walls.
However, Ping-Heiss et al. (1985) did not detecte
elastase and collagenase activity in S. mansoni
eggs and miracidia, supporting the contention of
Ash & Dresden (1979) that the collagenase activity
of hive eggs reported previously (Smith, 1974) was
due to bacterial contamination. Torres & Pinto
(19495) suggest that S, mansoni egg release to the
feces is due to the inflammatory process surround-
ing the eggs. Doenhoff et al. (1978; 1981) and
Dunne et al. (1983) provided the first evidence that
the host immune system is intimately involved in
the excretion of 8. mansoni eggs. Immunosup-
pressed mice have a reduced rate of faecal egg ex-
cretion, but when serum from donor mice with a
chronic infection is injected into immunosupressed
animals faecal egg excretion is partly restored;
transfer of lymphoid cell is even more effective in
this respect (Doenhoff et al., 1985; 1986). Damian
(1987) proposed that the granuloma is the agent of
translocation of the eggs to the lumen of an intes-
tinal cript, due to the mobility of T and B lympho-
cytes, plasma cells, eosinophils, neutrophils, fibrob-
lasts, macrophages and multinucleated giant cells.
In fact, Lenzi et al. (1987), analising intestinal serial
sections, observed that the eggs released to feces
were always wrapped in inflammatory cells, spe-
cially eosinophils. This observation allow us to
offer the following explanation: 1) Only during the
exsudative phase of the granuloma, when there 1s

Fig. 1: Schistosoma mansoni egg attached to a portal vein by a cellular monticule composed

by eosinophils and monocytes. HE X 500.
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a strong peri-ovular destruction of the intestinal ex-
tracellular matrix the eggs have a chance to be
released to the feces; 2) Products of the eosinophils
alone or together with those of monocytes/mac-
rophages are responsible for the corrosion of the
basal membrane and the destruction or detachment
of the superposed epithelial cells, thereby opening
channels for the passage of the eggs to the intesti-
nal lumen; 3) During the exsudative stage of the
granulomas, collagenase, elastase and nonspecific
protease production by granuloma macro-
phages/eosinophils destroy the fibers of the ex-
tracellular matrix of the intestinal chorion creat-
ing an afibrillar and easily penetrated environment
for the eggs, thus allowing them to be passively
ejected to the feces by intestinal peristalsis. A com-
parison of neutral protease (collagenase, elastase)
levels within the granulomas and granuloma secre-
tions showed that the large granulomas of acutely
infected mice contained and secreted more enzymes

than their smaller immunomodulated counterparts
(Truden & Boros, 1989).

We suggest that even the passage of the eggs
from the vessels to the tissues is due to similar
mechanisms, i.e., destruction of vessel wall by
products of inflammatory cells surrounding the
eggs (Figs 1 and 2). Mechanicat irritation of the en-
dothelium by the eggs themselves appears to be a
non relevant phenomenon.
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ECM AND INFECTIOUS AND
PARASITIC GRANULOMAS

Granulomas, wnlike granulation tissue which is
rich in vascular neoformation, is usually an avas-
cular structure. It appears that the granuloma 1is
under the balanced influence of angiogenic stimu-
lation or inhibition, with predominance of the lat-
ter, especially in the mouse advanced lesions (Lenzi
et al., 1988; 1988a). Granulomas ultimately serve
to protect the host from high local concentrations
of foreign or ‘‘non-self’’ materials of both en-
dogenous and exogenous origin {(Adams, 1983),
limiting antigen diffusion to the vascular system
(Lenzi et al., 1988) and working as an important
interface between the self (host) and the non-self
(infectious organism). Granulomas also limit the
‘“‘metastatic capability’’ of some infectious agents.
Some instances of the granulomatous process are
under control of immunologic regulation (Warren
et al., 1967; Boros, 1976), and present maturative
and involutive phases, where occurs a balance be-
tween synthesis and digestion of structural elements
of the extracellular matrix (Dunn et al., 1977; Taka-
hashi et al., 1980). The connective tissue reaction
inside the granulomas, independently of the etiol-
ogy, is initially characterized by a provisional stro-
ma, and later on by a fibrous stroma, reflecting

"the events of early embryonic development (Sher-

man et al., 1980). The dynamism of the granuloma-

Fig. 2: two mature Schistosoma mansoni eggs in the lumen of portal vein, surrounded by cel-
lular reaction. The cells interact with the wall of the vessel which is partially ruptured. Gomort’s

reticulum stain X 200.
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tous process depends on the characteristic of the
etiologic agent.

Etiwlogical agent is intracellular — In this
category are the infectious diseases in which the
host-parasite relationship begins insidiously and,
if untreated, continues until the death of the host,
to which the parasite usually contributes signifi-
cantly; instances of such chronic and severe host-
parasite relations are tuberculosis, leprosy and
syphilis (Pérez-Tamayo, 1985). Antunes (1989)
stuched the effects of leprous inflammatory lesions
on the structure of dermal extracellular matrix com-
ponents. The leprous lesions generally had scarce
collagen fibers, except in lepromatous lesions,
where the collagen fibers were deposited in higher
amounts than in tuberculoid ones. There was a
constant elastolysis in both lepromatous and tuber-
culoid lesions. The oxytalan and elaunin fibers in
the dermal clear zone disappeared or were frag-
mented. This finding was associated with an
atrophic epidermis above these fibers. Fibronectin
showed a dense and diffuse fibril meshwork in
tuberculoid or lepromatous lesions. The diffuse al-
ctanophilic ground substance of the dermis was
replaced for an irregular alcianophilic material
embedding the inflammatory cells. Collagenesis,
predominantly of collagen type I1I, in the leproma-
tous lesions was associated with local angiogene-
SIS.

Etiological agent is intra and extracellu-
lar — Paracoccidioidomycosis, caused by
Paracoccidiwides brasiliensis is an example of
this category. P. brasiliensis releases multiple
buds from the parent cells by a pinching-off process
similar to that seen in true veast (Conant et al.,
1971). The disease is characterized by a chronic
granulomatous inflammation, with the involvement
of several organs in its generalized form.
Histopathology has revealed that the lesions are fre-
quently accompanied by an intense fibrosis, some-
trmes causing severe visceral haemodynamic alter-
ations, especially in the lungs, or abnormal
mucocutaneous healing resulting in anatomical dis-
tortion, as in oropharynx (Tuder et al., 1985; Pau-
la, 1962; Teixeira et al., 1978; Machado et al., 1965;
Afonso et al, 1979; Campos et al., 1986). Using
intraperitoneally-inoculated rats, Kerr et al. (19;88)
observed that both cellular and extracellular matrix
components present during the inflammation were
temporary elements which fluctuated in their role

in the host’s response to P. brasiliensis through
the course of infection. Based on the results, these
authors were able to divide the inflammatory
process into three distinctive sequential stages: 1)
neutrophilic or monocytic-neutrophilic stage (1 day
after inoculation); 2) pre-granulomatous stage
(days 2 and 3); and 3) granulomatous stage (start-
ing on day 7). Synthesis of the extracellular matrix
increased gradually, especially in the granuloma-
tous stage and thereafter, and it started with the
deposition of fibrin-like material as early as the
neutrophtlic stage, imitating the sequence of com-
ponents of the matrix as seen in repair. During their
development, the granulomas displayed their own
extracellular matrix, made up of sulfated and acid
proteoglycans, collagens types I and I1I, and retic-
ular fibers. In the chronic phase of paracoccidi-
oldomycosis (rat model), the granulomatous lesions
were characterized by well-marked areas with the
extracellular matrix showing quantitative and
quahtative differences in its components (Kerr et
al., 1988a). In fact, the extracellular space was com-
posed of abundant collagen of types I and I11. The
granulomas were structurally arranged in two
zones, one central containing fungi and the other
peripheral. Type I predominated in the peripheral
zone, showing a concentring pattern, while type 111
was randomly dispersed in both zones. The
presence of collagen gradually increased from the
center to the periphery of the granulomas, impart-
ing a centrifugal direction to the fibrotic process.
This amount of collagen was greater in the mature
lesions than in the incipient ones, indicating that
the sclerosis was not a static process. Kerr et al.
(1988a) also observed the presence of proteogly-
cans, glycoproteins and a large amount of unde-
fined substance. According to these authors, the
heterogeneity of the extracellular matrix, and the
active character of the fibroblasts, with abundant
and enlarged rough endoplasmic reticulum, indi-
cate the activity of the granulomatous lesions, even
In the chronic stage.

KEtiological agent is extracellular —
Schistosomal granuloma is the best example of this
category. In experimental studies the lesions of
Schistosoma japonicum have been found to be
more acute and destructive than those of 8. man-
soni (Hsu et al., 1972; von Lichtenberg et al.,
1971), and the subsequent fibrosis is more severe
(von Lichtenberg et al, 1971). The evolution of the
host response to schistosome eggs in experimental
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animals has been divided into five stages (Hsu et
al., 1972): a) Nonreactive or weakly reactive stage,
when the egg is immature, at which time 1t gradu-
ally attracts mononuclear cells, neutrophils, and eo-
sinophils; b) Exsudative stage, when the egg ma-
tures and is surrounded by a microabscess, with
many neutrophils and some eosinophils; ¢) Exsuda-
tive productive stage, when histiocytes and
epithelioid cells surround the egg and microabscess,
and are, in turn, encircled by fibroblasts; d)
Productive stage. The granuloma surrounding the
egg consists of three zones: an inner zone of
epithelioid cells, histiocytes, and occasional giant
cells; a middle zone of fibroblasts and fibrocytes,
and an outer zone of lymphocytes, hystiocytes,
plasma cells, and sometimes eosinophils. The
miracidium may be alive or dead during this stage;
e) Involutional stage. The egg is reduced 1n size,
and the shell is surrounded by some collagen fibers.
The egg is usually disintegrated and may be calci-
fied. Lenzi et al. (1987b) studying mice after 67,98
and 134 weeks of S. mansoni infection observed
that the end-stage of the periovular reaction can
present three different patterns: a) thick cicatricial;
b) thin cicatricial (or residual cicatricial) and ¢)
residual pigmented. These authors concluded that
the granulomas can evolve to: a) a complete cure,
remaining only the egg shells and pigmented mac-
rophages; b) cicatricial healing with collagen 1 and
proteoglycans or only a minimum band of colla-
gen [ surrounding the egg shell (thin cicatricial).

Most of the experimentally produced stages
described above can be seem in human biopsy or
autopsy material.

The simultaneous secretion of cytokines and
specific factors from the eggs acts on connective
tissue cells and induces the local secretion of mul-
tiple connective matrix components (glycosa-
minoglycans, glycoproteins such as fibronectin,
laminin, collagen isotypes) (Nishimura et al., 1985;
Grimaud et al., 1987a; Grimaud, 1987). In the early
beginning of the granuloma formation, fibronec-
tin mainly produced by macrophages 1s present
around the inflammatory cell as the major com-
ponent of the matricial edifice concomitantly with
heparan sulfate proteoglycan followed by deposi-
tion of interstitial collagens (type I and III) (Ad-
nani, 1985: Grimaud et al., 1987a; Grimaud, 1987).
Laminin and type IV collagen were conspicuous
only in new vessels in the periphery of the granu-
loma (Parise et al., 1985).

Examination of the various collagen types wi-
thin the lesions revealed organ differences as well
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as changes that occurred with the progress of the
disease. A gradual increase in the amount of
deposited collagen was observed within hepatic
granulomas between 8-20 weeks (Grimaud et al.,
1987a). According to them, at the early stage of
the granulomatous response (8 weeks) type 111 col-
lagen predominated within the large granulomas.
With the onset of immunomodulation (10 weeks
and onward), type I collagen became increasingly
prominent. By the late chronic stage of the infec-
tion (16-20 weeks) type I and IIl collagens were
present in equal amounts within the small granu-
lomas. Type 111 collagen deposites in its precursor
form, type 111 procollagen (Rojkind & Kershenob-
ish, 1981), and according to Wu et al. (1982), type
II1 collagen is the predominant collagen in ad-
vanced murine schistosomiasis.

Olds et al. (1985) studied the dynamic of hepatic
collagen biosynthesis and degradation in mice in-
fected with S. japonicum. Early in infection, type
[ collagen was the predominant biosynthetic
product, whereas late in infection type III colla-
gen became the dominant isotype. A similar switch
was seen in the substrate specificity of the constit-
utive collagenolytic activity, with decreasing type
[ activity and increasing type 111 activity as the dis-
ease progressed from acute (10 weeks) to chronic
(30 weeks).

Type 1II collagen, fibronectin and a non-
collagenous glycoprotein are the principal compo-
nents of reticulin fibers (Unsworth et al., 1982)
which are densely deposited around S. mansoni
granuloma.

There is controversial with respect to the quan-
tities and types of glycosaminoglycans found in
different types of granulomas (Silva et al., 1989).
Nishimura et al. (1985) found that quantities of
hyaluronic acid, chondroitin-4-sulfate (and/or der-
matan sulfate), chondroitin-6-sulfate in the isolat-
ed egg lesions significantly increased concomitantly
with an extensive deposition of fibronectin and
heparan sulfate proteoglycan. In the later stage,
when granulomatous inflammation diminished
leaving an empty egg shell, fibronectin and hepa-
ran sulfate proteoglycan disappear, and
glycosaminoglycan contents decrease. In contrast,
Junqueira et al. (1986) reporied that dermatan sul-
fate was the only glycosaminoglycan detected in the
granulomas and that its concentration increased
during the evolution of the disease (50 to 100 days
after infection), Olds et al. (1986) have shown that
glycosaminoglycan synthesis increased considera-
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bly in granulomas of acute infection with 8.
japonicum, and it decreased subsequently in the
chronic phase of the infection. They have pointed
out that glycosaminoglycan accumulation precedes
the maximal collagen deposition by 4 to 6 weeks.
Silva et al. (1989) showed that, as opposed to col-
lagen, neither quantitative, nor qualitative differ-
ences could be observed between glycosaminogly-
cans obtained from granulomas in the acute and
chronic phase of the disease. The major
glycosaminoglycan isolated from both types of
granulomas was dermatan sulfate; approximately
35-40% of total glycosaminoglycans was identified
as heparan sulfate. Extracellular matrix of schisto-
some egg granuloma contains other components,
including fibrin (Izaki et al., 1979) and complement
(Andrade et al., 1961) that show an affinity of plas-
ma fibronectin (Mosher, 1976; Bing et al., 1982).

Connective tissue cell population involved in
peri-ovular fibrosis are probably of two distinct ori-
gins: locally activated fibroblasts (Grimaud & Boro-
jevic, 1977, 1986), and smooth muscle cells (Voss
et al., 1982; Borojevic et al., 1985). Myofibroblasts
present in the granuloma probably result from
dedifferentiated smooth cells as evidenced by their
desmin and «-actin smooth muscle content. Inside
the granttloma, fibroblasts and myofibroblasts are
in close association to inflammatory cells while
around the granuloma they delineate the limiting
cellular plate with the parenchyma (Grimaud,
1987).

Reversibility of hepatic injury after treatment
with specific chemotherapy has been previously
reported in murine schistosomiasis (Cameron &
Ganguly, 1964; Schiller & Haese, 1973;: Morcos et
al., 1985; Andrade & Grimaud, 1986). Curative

treatment of schistosomiasis does not induce some-
thing qualitatively new to the fibrous tissue in peri-

ovular granulomas. During the spontaneous evo-
lution of the granulomas in the liver, it passes
through phases of inflammation, increased fibro-
genests, death of the miracidium, and total or par-
tial resorption of fibrosis. Chemotherapy turns
these changes synchronized to all granulomas (An-
drade, 1989). Soon after curative treatment, hepatic
periovular granulomas start to involute, present-
Ing an ultrastructural composite picture of fibrob-
last hyperplasia plus extracellular collagen break-
down and internalization or phagocytosis of col-
lagen fragments by macrophages, fibroblasts, and
myofibroblasts (Andrade & Grimaud, 1986). Af-
ter four and half weeks following chemotherapy,
collagen in the remaining involuting granulomas

shows different patterns of degradation, which sug-
gests that after a period of acute changes, degra-
dation of collagen proceeds at a slow rate. There
are two main focal changes seen at ultrastructural
level in densely packed collagen fibers: dissolution
of groups of fibers leaving empty spaces or holes
(Iytic changes) and the transformation of the fibers
into a finely granular or fibrilar electron dense
material (electron-dense changes) (Andrade &
Grimaud, 1988; Andrade, 1989).

Schiltz et al. (1988) demonstrated that liver
granulomas induced by 8. mansoni eggs synthe-
size collagens and glycosaminoglycans for about
4-6 weeks following parasitological cure. The sub-
sequent resolution of granulomas proceeds first by
a reduction in glycosaminoglycan biosynthesis fol-
lowed 4-8 weeks later by decreased collagen bi-
osynthesis, followed by accelerated resolution of
both collagen and glycosaminoglycans. The
decrease in collagen deposition was not observed
when treatment (Praziquantel) was given 12 or 20
weeks postinfection, At this stage of infection
granulomas were more fibrous, with an increase
in the total collagen content (12 to 16 weeks postin-
fection), mainly of type I collagen as indicated by
a decrease in the ratio of type II1/1I collagen (El-
Badrawy et al., 1988).

During schistosomiasis, the fibrosis is not res-
tricted to the eggs, but there are also portal

(periportal), perivascular and lobular fibrosis
(Bogliolo, 1957; Andrade, 1965; Grimaud, 1987).

Zwingenberger et al. (1988) have demonstrated
that procollagen-I11-peptide (P-1I1-P) is sensitive
marker for hepatic involvement in human
schistosomiasis due to S. mansoni. Circulating P-
I11-P reflects a net increase in collagen metabolism
and may be associated with both synthesis and
degradation, since the propeptide is partly retained
.and integrated into tissue collagen in precipitated
fibrogenesis. In murine infections of S. manso-
ni, dense deposits of collagen type 11l precursor
were demonstrated in granuloma (Parise et al.,
1985). Serum P-III-P concentrations rose signifi-
cantly after treatment with praziquantel in Zairean
patients with hepatomegaly caused by 8. manso-
nt, suggesting release of propeptide previously in-
corporated without cleavage into tissue collagen
(Zwingenberger et al., 1988a).

Bolarin et al. (1985) observed, during the active
fibrotic stage of the development of murine hepatic
schistosomiasis mansoni infection (weeks 7 to 10),
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dramatic changes in the serum and hepatic tissue
galactosylhydroxylysyl glucosyltransferase (S-
GGT), tissue polyl hydroxylase and tissue hydrox-
ylysyl galactosyltransferase acticities, which reflect
the increased rate of collagen synthesis. The
changes observed in S-GGT are significantly cor-
related with changes in liver.

GRANULOMA AND EXTRAMEDULLARY
HEMATOPOIESIS

Hepatic schistosomal granulomas can build up
a matricial edifice which works like bone-marrow
stroma, facilitating extramedullary hematopoiesis.
Hepatic eosinophil granulocytopoiesis or metapl-
sia was described by Goennert (1955), Grimaud &
Borojevic (1972), Byran et al. (1978) and Boro)ev-
ic et al. (1981). It occurrs in the periphery of hepatic
granulomas from 40th day on, showing a trimo-
dal pattern, that roughly reproduces the eosinophil
curve in bone marrow, attaining maximum inten-
sity on 80th day after infection (Lenzi et al., 1987a;
Lenzi & Lenzi, 1990). The selective stimulation of
eosinophilopoiesis and, more rare, of the neu-
trophil lineage, could be achieved either by progen-
itor selection or through specific stimulation of less
differentiated stem cells (Borojevic et al., 1981).
One possible hypothesis is that Granulocyte-
Macrophage Colony Stimulating Factor (GM-CSF)
is bound to glycosaminoglycans in the supporting
stroma of the hepatic granulomas, and is then
released in hepatic microenvironment, where 1t acts
on nearby progenitors.

CELL INTERACTIONS WITH ECM

Little is known about the interactions of differ-
ent types of cells and extracellular matrix compo-
nents inside the granulomas and granulation tis-
sue caused by infectious and parasitic organisms.
Wyler et al. (1987) suggests that strain-specific, au-
toommune T-cell reactivity directed against host
matrix proteins might also contribute to
granulomatous hypersensitivity. T cells from infect-
ed C57B1/6, but not from CBA or BALB/c mice,
proliferate in vitro in response to denaturated col-
lagen. These observations indicate that anti-
collagen responses develop spontaneously In
schistosome-infected mice and suggest that such
reactivity might play a secondary role in granulo-
ma formation and the pathogenesis of hepatic
fibrosis. Preliminary results indicate that collagen-
specific T cells from 8. mansoni-infected mice se-
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crete fibrogenic molecules in vitro (Wyler, unpub-
lished observations cited in Wyler et al., 1987).

Besides monocuclear phagocytes, neutrophils,
eosinophils, T and B lymphocytes, plasma cells,
mast cells, fibroblasts and myofibroblasts can be
detected in the granulomas and granulation tissue.
There are several examples of extracellular matrix
components modulating lymphocyte behav.or other
than attachment to fibronectin, laminin, and col-
lagen (Arencibia & Sundqvist, 1989). For example,
T cells from rheumatoid subjects were stimulated
to proliferate (Ofosu-Appiah et al., 1989) and syn-
thesize 1F-v in response to collagens, and this [F-+y
response was enhanced by fibronectin (Ofosu-
Appiah et al., 1989a). Migration of lymphocytes
through or on collagen matrices has also been noted
(Schor et al., 1983; Haston et al., 1982), and solu-
ble collagen appeared to enhance lymphocyte mo-
tility (Arencibia & Sundqvist, 1989). In each of
these cases, a potential role for integrins 1s implied
but not demonstrated. More recently, two distinct
receptors used by T lymphocytes and other cells for
binding to distinct fibronectin sites have been iden-
tified (Wayner et al., 1989). Fibronectin and/or col-
lagen altered gene expression or production of in-
flammatory mediators such as TNF-«, CSF, PGE2
and [L-1 in monocytes (Thorens et al., 1987; Eler-
man et al., 1989; Dayer et al., 1986). Both colla-
gen and fibronectin are also chemotactic for hu-
man monocytes (Postlethwaite & Kang, 1976; Nor-
ris et al., 1982). Together, these findings suggest
that basement membrane matrix components and
newly deposited fibronectin present at inflamma-
tory sites can modulate monocyte/macrophage
differentiation, and activation (Hemler, 1990). The
presence of a large amount of VLA-6, and moder-
ate VLA-4 and VLA-5 on monocytes 1s consistent
with the substancial capability of the cells to at-
tach to laminin-coated surfaces and their moder-
ate ability to attach to fibronectin (Tobias et al.,
1987). Monocytes also bind very well to elastin, a
matrix comporent not yet found to be a ligand for
any integrin-type receptor (Tobias et al., 1987). It
remains to be determined if interactions of cells
with matrix provides a signal transduced through
integrin-type receptors directly, or if integrin recep-
tors simply anchor cells in the proper tissue loca-
tion, with a topological orientation that optimizes
their response to other signals (Hemler, 1990).

CONCLUSION

Because of their strategic location, molecules of
the extracellular matrix undoubtedly play an im-
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portant role in determining certain fundamental
features that happen during host-parasite relation-
ship. They can take part in crucial events of many
infections, favouring the adherence of infectious
organisms to different cells, and the penetration
Into the host. They also act as a mechanical barri-
er and have important trophic (permeability, filtra-
tion, 1on exchange, etc.) and morphogenetic func-
tions during the inflammatory reactions. Extracel-
lular matrix on which the cells and infectious or-
ganisms sit 1s an extension of the cells and an ac-
tive participant in the regulation of cellular func-
tion; i.e. the ECM is an ‘‘informational®’ entity in
the sense that 1t receives, imparts and integrates
structural and functional signals (Bissel & Barcellos-
Hoff, 1987). Bissel et al. (1982) proposed that the
minimum unit of function is the cell plus its ECM.
Therefore, the ECM matrix has, during the inflam-
matory process, important biological function by
modulating cell migration, growth and differenti-
ation. Influence of ECM is communicated through
organization of the cytoskeleton (itself with con-
nections to the nuclear matrix), possibly mediated
by cell shape changes, which results in regulation
of gene expression at all levels: transcription,
mRNA processing, translation, post-translational
modifications, secretion and extracellular organi-
zation (Bissel & Barcellos-Hoff, 1987). During the
granuloma and granulation tissue formation there
1s a metabolic turnover of ECM proteins, which
is the result of two simultaneous but opposite
processes: biosynthesis and degradation. Little is
known about the direct influence of the parasites
and infectious organisms on these events. Much
work 1s needed to define exactly the disturbed regu-
lation of connective tissue production in fibrosis.
Certain parasites can induce fibroplasia and acti-
vate fibroblasts to produce and lay down excessive
amount of connective tissue, as in liver fibrosis
caused by S. mansoni and in cardiac fibrosis due
to T. cruzi infection (Andrade et al., 1989). Tuder
et al. (19895), studying lungs from patients with
paracoccidioidomycosis, found a intense fibrosis,
and they suggested the possibility that the fungus
1itself might induce an active reticulin proliferation
and that the collagen deposition could be evoked
by a macrophage-fibroblast interaction. Fascio-
la hepatica may chemically induce an increase in
collagen synthesis through the release of proline
(Modawv: & Isseroff, 1984).

The fibrosis around the chronic inflammatory
lesions produces a capsular structure which can act
as a barrier to antigen diffusion and, at the same
time, can avoid the penetration of drugs. This
aspect, together with the independent or au-

tochtonous fibrotic mechanism, would explain the
progressive cicatricial ch.aracter of some parasitic
lesions even without, or in spite of, therapy (Tuder
et al., 1985; Restrepo et al., 1980).

Still is unknown the role of the antibodies direct-
ed against ECM components reported in a variety
of infectious diseases (Zabriskie, 1971; Nagle et al.,
1974; Szarfman et al., 1982). It is possible that an
immunological cross-reaction exists between cer-
tain protein of pathogenic organisms and compo-
nents of ECM. Distinct types of ECM components
may at some point participate in a humoral and/or
cellular immune response which may perpetuate
some pathological conditions.

Independently of the etiological agent, the
inflammatory-reparative process, due to parasitic
or infectious agents, follows a sequence similar to
the morphogenesis of an organ or tissue. The dura-
bility of the lesions depends on the life span and
local reproductiveness of the parasitic and infec-
tious organisms, which can be altered by the in-
flammatory and immune response of the host.

ECM components can sometimes be important
to the parasite survival. For instance, the presence
of glycosaminoglycans (or proteoglycans) which
covers the surface of superficial epithelial cells of
opossum odoriferous gland may in some way be
Involved in providing a facilitating environment for
T. cruzi division and, due to their dense negative
charge, may restrict the approach of the parasite
to the epithelial cells (Lenzi et al., 1984).
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