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The authors present morphogenetic and biomechanical approaches on the conceficbfdte
soma mansorgranulomas, considering them as organoid structures that depend on cellular adhesion
and sorting, forming rearrangement into hierarchical concentric layers, creating tension-dependent
structures, aiming to acquire round form, since this is the minimal energy form, in which opposing
forces pull in equally from all directions and are in balance. From the morphogenetic point of view, the
granulomas function as little organs, presenting maturative and involutional stages in their develop-
ment with final disappearance (pre-granulomatous stages, subdivided in: weakly and/or initial reactive
and exudative; granulomatous stages: exudative-productive, productive and involutional). A model for
the development of granulomas was suggested, according to the following stages: encapsulating, foca
histolysis, fiber production, orientation and compacting and involution and desintegration. The authors
concluded that schistosomal granuloma is not a tangled web of individual cells and fibers, but an orga-
nized structure composed by host and parasite components, which is not formed to attack the miracidia,
but functions as an hybrid interface between two different phylogenetic beings.

Key words:Schistosoma mansongranuloma - biomechanics - fibrosis - extracellular matrix - laser confocal
microscopy

There are various definitions for the term granuer the differences in terms of the relative number
loma, creating a nosological chaos, which comef the new macrophages entering the granuloma
bines etiologic, mechanistic and anatomical apdow and high turnover granulomas), or the par-
proaches (Epstein 1983). Some of these definitiongipation or not of tissue injury. Although the con-
as well as the classification and pathogenesis oépt of the granuloma has been dogged by many
granulomas, have been discussed in reviews lopnfusions, there are some universal accepted
Adams (1976, 1983), Warren (1976), Epsteirmonvergences, or diagnostic criteria such as: (i)
(1977), Boros (1978), Williams and Williams granuloma is a focal chronic inflammatory reac-
(1983), Hirsh and Johnson (1984), De Britto andion; (ii) it is characterized by the collection of cells
Franco (1994) and Mariano (1995). Most of thenof the “mononuclear phagocyte series”, with or
stress the etiology, or the main cellular componentyithout the addition of other cell types (Turk 1992);
or the participation or not of the immune system(iii) the collection of mononuclear cells is com-
pact and organized (Adams 1983); and (iv) epi-
thelioid cells define the typical granulomatous le-
sion (Mariano 1995).

In this study we are presenting a morphoge-
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tures, aiming to acquire round form, since this isive stages (Figs 2, 12, 13) do not fit to the funda-
the minimal energy form, in which opposing forcesnental requirement of the granuloma concept: they
pull in equally from all directions and are in bal-are not chronic inflammatory reaction; they do not
ance (Ingber 1993). From the morphogenetic poirtonstitute compact or organized collection of
of view, the granulomas function as little organsgnonocyte/macrophage. It should be emphasized
presenting maturative and involutional stages ithat epithelioid cells, which are secretory modi-
their development, with final disappearance. Théed macrophages with large areas of Golgi, a rich
dynamism of the granulomatous process dependssplay of rough endoplasmic reticulum, and little
on the characteristic of the etiologic agent, whicler no phagocytic potential, is not an absolute re-
could be intracellular, intra and extracellular orquirement to the diagnosis of schistosomal granu-
extracellular (Lenzi et al. 1991). Schistosomaloma. Actually this type of granuloma, according
granuloma is the best example of the late categoty the Hirsh and Johnson (1984) concept, is not a

and is the subject of this paper. pure epithelioid, but a mixed type of granuloma-
PHASES OFSCHISTOSOMA MANSONIGRANULOMA  tous inflammation, where the epithelioid cells can
DEVELOPMENT or can not be present.

The evolution of the host response to schisto- In murine S. mansongranulomas, the giant
P ells are of two types: one appears randomly, usu-

some eggs in experimental animals has been :
vided in various stages, according to the authorﬁ'"y located far from the eggs, showing cytoplasm

. S0 . . ch in schistosomal pigment (pigmented giant
florid and cicatricial stages (Grimaud 1986); Cel.'cells); the second type of giant cells are dominant

lular, productive and regressive stages (Junquei :
et al. 1986); nonreactive or weakly reactive, exu'IZ{il|d lay on the top of the egg shells or are egg scav

: , : s X engers, appearing more in the productive and in-

gﬁtclivaegi[\)/g)ndclvje?V?\’agrgs(,j)u;ﬁgein(\s/gIbLgiI(\)”r?a(\aldsltg essrly olutional stages of the granulomas (foreign- body-

Hsii et al 1972? 9 pe giant cells and, rarely, Langhans’ giant cells).
In at.ients tHe ranuloma stages were divid sually epithelioid and giant cells in hepatic, in-

P ’ 9 9 stinal and pancreatic granulomas first appear

by Coelho (1955) in three stages: first, Ch"’Ir""ctet[-iround 45 to 55 days being more constant from 80

ized by focal histolysis and cellular exudatlon;{0 100 days after infection.

second, productive or encysted histiocytic reac- Th ; :

> , . X L e pre-granulomatous exudative stage (Figs
tion, and third, repair or healing, with fibrous sub-z, 12, 13?) is%ery important in the pathoge%esfis %f
siﬁutrl?]n,n?rgmg an%ogagel:in?uslgggule.no% ﬂr“?he schistosomal infection, causing histolysis and
other hand, Raso a ogliolo ( ) conside e|‘#1icrothrombosis, specially in the liver, and taking

tsr::?\i;?(lnlgg)v&]naglj Sr?r?jlzégéhr?ei;/gtliléfgxnug;tir\]/lémeirb-art in the “metastatic capability” of tle mansoni
9 ’ ' liéggs to cross the vessels, allowing them to settle in

dative, productive and cure by fibrosis. We pros, > " ; ;
pose here a little modification of the Li-Hsi et al the justa-vascular tissues (Lenzi et al. 1991). It also

e Lo . articipates in the parasite host co-evolution, op-

fr%\?ﬂzzu clr?slsﬁtlcatlon, fdmdrliggsthni rgattil(artlvne ?ncgrating upon parasite transmission, favoring the

olutional stages of munns. mansongranu- o4 rejease to the feces (Lenzi et al. 1987, 1997).
loma in the following stages:

I. Pre-granulomatous stages To better study the early phase of cellular influx
' o . . to the eggs we have used the air pouch model in
I.A. weakly'and/or |n'|t|al reactive (IR) (Fig. 1) Swiss Webster mice, prepared as described by
" g?ér?a(lg?na;t\giszs)tg:g 2) Edwards et al. (1981) with modifications (Pacheco
A exudative-or dg tive (EP) (Fig. 3 & Lenzi, unpub. data). After injection 8 mansoni
e ve-produc ive (EP) (Fig. 3) purified eggs in endotoxin-free saline, in the air
II.B. productive (P) (with early and advanced ), 1, “the'cells were collected at 4, 6, 8, 12, 24, 36,
" Coi:lckcj):‘l?ttilgn('ajl%')zl)s Sg;i? dSeEjPiE) the follow 48, 72 and 96 hr and were countgd in Neubaqer and
: .in subtvpes: ' Fuchs-Rosenthal chambers and in cyto-centrifuged
I gC a W?{E diésociation (and disinte ration)S"des' After stimulus, the absolute number of neu-
e .of the collagen fibers (Fi 5%’ trophils, monocytes/macrophages, eosinophils and
IL.C.b. with thick c%llagen la erg(-Fig 6) lymphocytes predominated, in that order, and
||.C'C- with thin collagen la gr (Fi '7) reached higher values at 6-8 hr, decreasing steadily
e 9 Yer (F19. 1) \ith normalization after 36-48 hr. We showed that
I.C.d. %‘;Jme“md macrophagic type (Fig. \F.5 ' |cAM-1 and CD18 took part in this pro-
The modification of Li-Hsi et al. (1972) c|assiﬁ-f;?sémh'ﬁgnﬂ;gr‘ﬂﬂnbee Sonsidered as an Inflamma

cation was founded on conceptual basis, i.e. ”?3 - . :
o . : 1e gs induced early inflammatory reactions that
weakly/initial reactive (Figs 1, 9-11) and exuda'preceeded the granuloma formation. This pre-granu-
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Fig. 1: egg in a portal vein surrounded by a eosinophil and monocyte cushion, which touches and focally invade the vein wall
(Gomori’s reticulin, bar = 26m). Fig. 2: exudative granuloma rich in eosinophils and monocytes (these cells were characterized by

Giemsa stain), surrounded by a layer of necrotic hepatocytes (Gomori's reticulin stain, ban} Bfy. 3: exudative-productive
granuloma showing dark spots in the peripheral zone that correspond to small aggregates of endothelial cells labeHlfttoith anti
Vlll-related antigen. The slide was counterstained with Mayer’s hematoxylin (PAP, bam) 2Big. 4: productive-fibrotic granu-
loma showing concentric disposition of collagen fibers in the paracentral layer, stained with phosphomolibdic acid-madsirius
read by confocal laser scanning microscopy. The external and internal layers almost disappeareditbpar = 25

lomatous phase is not very well studied and proliwo calcium binding proteins: migration inhibitory
ably takes part in the definition of the infection outfactor-related proteins 8 and 14 (MRP-8 and MRP-
come. It represents an antique memory resulted frobd), which belong to the S-100 family of proteins
millenary experience betwee&h mansonand the (Kligman & Hilt 1988). These proteins are also
hosts, that preceded the beginning of the lymphoieixpressed by neutrophils and they are linked with
system (Lenzi et al. 1997). paracrine mechanisms of growth inhibition, anti-
In recent years, a growing body of evidencéacterial activity, leukocyte migration, and a role
shows that neutrophils, eosinophils, and not onlin the pathogenesis of inflammation (Hessian et
monocytes/macrophages can synthesize and @- 1993). It has recently been demonstrated that
lease a range of immunoregulatory cytokines. BMRP-14, secreted by epithelioid cells from mouse
yond the classical cytokines, like IL-1, TNF andforeign-body granuloma, deactivates activated
others, monocyte/macrophage lineage expressemcrophageis vitro (Aguiar-Passeti 1998). Based
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Fig. 5: involutional granuloma with dissociation and disintegration of the collagen fibers, mainly in the right side afithe pic
(phosphomolibdic acid-picrosirius, confocal laser scanning microscopy, bamm2%ig. 6: two involutional granulomas with

thick collagen layer, surrounding internal zone composed by pigmented macrophages (the macrophages are not seen in this stain)
(phosphomolibdic acid-picrosirius, confocal laser scanning microscopy, barmm)25ig. 7: three involutional granulomas, with

thin collagen layer in the periphery. Residual egg shell is seen in the central granuloma (phosphomolibdic acid-picrdstrius, co

cal laser scanning microscopy, bar =%0). Fig. 8: two involutional pigmented macrophagic granulomas showing only fragments

of residual collagen fibers in the periphery (phosphomolibdic acid-picrosirius, confocal laser scanning microscopynygr = 25

on this finding, it was hypothesized that, by deaawhich recent evidence has suggested collaborative
tivating activated cells which migrate to the lesionfoles for eosinophils: (i) eosinophils as cytokine
MRP-14 could contribute to the persistence of th&'eokine”)-producing cells (IL-&, IL-3, IL-5, IL-
lesion. Neutrophils can also produce interleuki, IL-8, GM-CSF, TGFa, TGFb, TNF-a, MIP-a
1b (IL-1b), tumor necrosis factoa (TNF-a), (review by Hammann 1995); and (ii) eosinophils
granulocyte-macrophage colony-stimulating facas antigen-presenting cells. Functional antigen pre-
tor (GM-CSF), macrophage colony-stimulatingsentation by eosinophils has been demonstrated for
factor (M-CSF), interleukin 6 (IL-6), interleukin 8 both murine and human cells. Blood eosinophils
(IL-8) and interleukin 1 receptor antagonist (IL-1cultured with GM-CSF to induce HLA-DR and
ra) (review by Lloyd & Oppenheim 1992). then exposed to tetanus toxoid antigen stimulated
Otherwise, there are two principal areas improliferation of autologous lymphocytes (Weller
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Fig. 9: egg trapped in a portal vein, partially involved by intravascular cells, which permeate the vascular wall, caasgtgpdiss

of collagen fibers and forming a perivascular sheath (Gomori's reticulin stain, barms)2bigs 10, 11: same situation exempli-

fied in Fig. 9, showing a large number of eosinophils in initial exudative periovular reaction. In Fig. 10 appears a tfosettaus c

the egg (Sirius Red pH=10.2, confocal laser scanning microscopy, barem)25ig. 12: initial exudative pre-granulomatous

lesion showing the periphery in contact with intrasinusoidal rows of cells (centripetal direction) (Gomori’s reticulimstaizg b

mm). Fig. 13: large exudative pre-granulomatous lesion presenting the internal or intravascular and the large peripheral layers
intermediated by incipient paracentral layer, originated in the involved intragranulomatous vascular segment. The colagen depo
sition presents a centrifugal direction, beginning under the original endothelial layer (Gomori’s reticulin, bany Biy. 14:
exudative-productive granuloma with the three layers very well defined, showing paracentral layer with concentric disposition
(centrifugal decrescent gradient) and peripheral layer with arrangement in mesh (Gomori's reticulin stainnpay. = 25
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et al. 1991). These aspects provide strong suppagnter of such a sinusoid, to the center of the im-
for the participation of acute cellular componentsnediately adjacent hepatic cells. Thus a mass of
within T-cell networks during inflammation, and hepatic tissue is delimited whose radius consists
may be relevant to inflammatory-cell interactionsof a sinusoid with half of a hepatic cell on every
in the granuloma process. side of the vessel. The length of the unit is a cylin-
A summary about semi-quantitative participa-der. The volume of such a unit in mice is approxi-
tion of some cellular and extracellular matrix commately 158,200r%. The unit may, at its origin, be
ponents, during maturation and involution of Sjoined by an arterio-sinus twig, the terminal por-
Webster hepatic schistosomal granulomas are prgen of the hepatic arterial system. Bloch et al.

sented in the Table. (1972) observed that the eggs used to lodge in ter-
HISTOARCHITECTURE OF THE SCHISTOSOMAL minal segments of interlobular portal venules, and
GRANULOMA each egg was able to obstruct the blood flow of 10

and/or adjacent parenchyma (Figs 1, 9.'11)' Th”?ave been involved, while 176,230 and 273,600
anatomical scaffold of extracellular matrix of the

; - . ight have been involved at the 10th and 20th
involved tissue is generally completely destroyec{:,]eeks respectively. Assuming that the mouse liver

but scarce residual fibers remain, which are mainly,niains approximately 4.5 x 4functional units,
of vascular origin. The murine peri-ovular reacyy the 20th week of the infection the maximum ef-
tion may occur |.nS|de or outside the vessels, as WAt that would have been produced solely by eggs
also observed in human cases (Raso & Bogliolgqyg have involved about 6% (273,600) of the
1970), and in th€alomys callosusnodel (Lenzi - 4ta] number of units. These authors observed that
JAetal. 1995). As infection goes on, little by “ttlegligation of the hepatic artery stopped blood flow
arandom reticular scaffold or mesh (see Table, Figy the vessels of the granuloma and adjacent sinu-
15) intermingled with the cells begins to appeakgigs, within 1 to 2 sec, and also in interlobular
which later on intensifies, presenting treIIis—Iike,porta| venules and in central and sublobular
or storiform (Fig. 16), or concentric (Figs 14, 17yenyles. This predominance of arterial supply in
18), or sometimes radial arrangements, definingyers that suffer schistosomal embolization was
clear zones inside the exu'datlve-prqductlve anglso showed by Andrade and Cheever (1971). They
productive granulomas: inner or internal ofsydied the post-vital vascular system in human liv-
paucifibrillar zone, which consists of macrophagesys infected witts. mansonand found a marked
with or without epithelioid transformation and oc-jncrease in the number and size of the intrahepatic
casionally giant cells; the middle or paracentrajyterial branches, which was more pronounced in
zone, rich in fibroblasts (and myofibroblasts?) withhose areas in the liver where the portal branches
or without mast cells and the outmost or externg{ere obliterated.
zone, which, depending on the time of infection, However, there is an intriguing question: why
presents exuberant extramedullary hematopoiesigiring the pre-granulomatous exudative phase of
(Fig. 18) and, in the more chronic phase of the inhe periovular region, which is characterized by
fection, is rich in lymphocytes (T and B) andmicro-abscess formation, with frequent vascular
plasma cells. The perigranulomatous hematopoigestruction, there is no hemorrhage inside the pe-
sis is a property of liver granulomas, appearingiovular reaction? One possible explanation for this
rarely in pulmonary granulomas, being absent igvent is the production of local Thromboxane A2
other places (spleen, intestines, pancreas, etc.) afltkA2) by the periovular cells, as observed by
varies in intensity depending on the mouse straifTripp et al. (1988). The TxA2 is a potent vasocon-
HEMODYNAMIC REPERCUSSIONS OF THE  Strictor, which may contribute to decrease of the
GRANULOMA IN LIVER PARENCHYMA granuloma vascularization, resulting in confine-
ment of the egg antigens. Another explanation can
= R AT S/ . / %e the occurrence of endothelial cell aggregation,
study living liver in mice infected witB. mansoni by unknown mechanisms, in sinusoid ends, that

defined the functional unit of the liver, i.e., the. . ch o1 are nearby the periovular reaction, as
smallest mass of tissue which contains all the StrUGHown by Lenzi et al. (1988) (Fig. 3).

tures that participate in the functions of the organ.

The unit, which is not the liver lobule, consists of!OMECHANICAL ASPECTS OF THE SCHISTO-

a mass of tissue whose axis is the center of aﬁ&?MAL GRANULOMA

sinusoid that joins an interlobular portal venule and The collagen network of the granulomas might
a central or sublobular venule. The volume of thdevelop in two main patterns. It might develop first
unit is delimited by a radius extending from theat random and then reoriented following the direc-

Bloch et al. (1972), using video-microscopy t



TABLE

Sequencial composition of murine hepatic granulomas d@ehistosoma mansoinifection

Time of infection (days) 25 30 35 40

45 50 55 60 70 80 90 100 110 120 160

Type of periovular reaction IR E E/ EP EP EP EP EP/ EP/ EP/ EP/ EP/ EP/ EP/

EPt P P PF/I PF PF PF/I PF/
Macrophages - ++ +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ ++
Epithelioid cells - - - - +/- + + + + + + + + + +
Giant cells - - - +/- +/- +/- +/- +/- +- +/- + + + + ++ N
Neutrphils - - - +/- +/- + ++ + + + + + +/- + ++ rsi
Eosinophils - ++ +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ ++ %
Mast cells - - - + + ++ + +/- +/- ++ + + + + + %
“Fibroblasts” - - - + + + + + + ++ ++ +++ ++ ++ ++ %\~
Lymphocytes - - - + + + + + + + + + + + + \g
Plasma cells - - - + + + ++ + ++ ++ ++ ++ ++ ++ ++ §
Reticular fibers - - - +M  +MCo +CoM +CoM +CoM  +Co +Co +Co +Co +Co +Co +Co E
PAS - - - + + +/- +/- +/- +/- ++ - + +/- + + %
Alcian blue pH 1.0 - - - ++ + + + + + ++ ++ ++ + + ++ ‘2;
Alcian blue pH 2.5 - - - + +/- + + ++ ++ +++ +++ ++ ++ ++ +/- ©
Pigment - - - +D +D +Pe +Pe +Pe ++Pe +Pe ++Pe  ++Pe  ++Pe  ++Pe +P§:

IR: initial reactive; E: exudative; EP: exudative-productive; P: productive; PF: productive-fibrotic; I: involutional; fiotmahdM: mesh disposition; Co: concentric dlsposmon

D: diffuse; Pe: peripheral; (-): negative; (+/- to +++): increasing levels of intensity.
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Figs 15, 16: exudative-productive granuloma with the fibers of the paracentral layer forming a mesh, with points of anchorage.
These points are detailed in the Fig. 16 (Fig. 15: Gomori's reticulin; Fig. 16: periodic acid methanamine silver, confocal lase
scanning microscopy, bars = &fn). Figs 17, 18: exudative-productive granulomas showing a prominent external or peripheral
layer due to myeloid metaplasia. The stroma in the metaplasic area forms a network of reticular fibers. The paracertves zone sh
accentuated concentricity of the fibers (Gomori's reticulin, barsr®5Fig. 19: large macrophages full of schistosomal pigment,
analyzed by reflected laser (He/ Ne 633 nm) (confocal laser scanning microscopy, bany=Ri§. 20: histogram of the Fig. 19,
showing the peaks that correspond to presence of the pigmented macrophages (confocal laser scanning microscopy).
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tion of the mechanical stresses. Another possibtiative/productive phase. The mesh has some or-
pattern is when the fibers develop in a preferreder in the form of a star-shape nodal points, which
direction according to the stress. The role of thmight be associated with fiber production sites
collagen structure might be the protection of théFigs 15, 16). If the granuloma would have been
sealing cellular envelope, reinforcing it against anjormed in a zone of stressed tissue, the fibers would
kind of mechanical impairment such as a suddetake, from the start, a preferred orientation parallel
rise of the internal pressure. On the other hand, its the direction of stretching of the tissue. Granu-
role might be just to hold in place the enclosindomas, in general, start to develop in non stressed
tissues of the new organoid structure. In fact, thiissues such as small venules in the liver. Radial
huge amount of extracellular matrix (ECM) pro-orientation and/or mesh-like pattern of reticular
duction by the granuloma cells, not dependent diibers are usually seen in external layer, expanded
surrounding pressure forces (data not published)y active hematopoietic metaplasia (Figs 14, 17,
emphasizes more the biological than the mechari8) where is common to see pigmented macroph-
cal role of the ECM molecules on the granulomages (Figs 19, 20). Only in few cases, radial orien-
histogenesis. tation of fibers is observed in pulmonary granulo-
We suggest a model for the development afas, which might be associated with radial stretch-
granulomas, according to the following stages: (lihg forces acting upon the granuloma. In a later
encapsulating (EN); (2) focal histolysis (FH); (3)stage of the exudative-productive phase, the fibrous
fiber production (FP); (4) orientation and compactmesh of the paracentral layer becomes more com-
ing (OC), and (5) involution and disintegrationpact, parallel and concentric, acquiring a circum-
(ID). First, during few days, the egg is trapped in &rential arrangement (OC) (Figs 4, 17, 18). In very
vein of about its size. Then, a very quick procesew cases the internal layer of the granuloma con-
occurs when many cells such as monocytes atidiues to grow against the fibrous structure of the
eosinophils, with a few lymphocytes, make a celparacentral layer, and may press from inside out-
lular cushion around the egg (EN) (Figs 1, 9-11wards, causing circumferential stretching stresses
Some cells form bridges from the egg to the enn the central layer. The collagen fibers then would
dothelium, and then penetrate through the vesdeé stretched and reoriented slowly until they would
wall, creating a small perivenular sheath (Figs Xake the concentric form around the egg. After the
9-11), and later on, the number of infiltrating cellspontaneous death of the miracidia (Reis &
increase and intensely diffuse to the perivascul#ndrade 1987), the internal layer shrinks, while
tissue (outward cellular wave of FH), and togethethe paracentral layer is then pushed inwards, due
with cells that are chemo-attracted from the sinue the pressure from the surrounding tissues. In-
soids (liver) or other adjacent vessels (inward ceflfammation subsides, maintaining almost only pig-
lular wave of FH), form a loose cluster of manymented macrophages, and degradation of extra-
exudative cells with dimensions that can reach ugellular matrix begin to predominate over ECM
to five times the size of the egg, while pushing théormation, tending to reestablish a normal or near-
wall fibers away (Figs 12, 13). These exudativ@mormal stroma/parenchyma ratio (Figs 5-8)
aggregate of cells occupies the space caused #ndrade & Grimaud 1986, 1988, Andrade 1989,
focal histolysis. Next, the paracentral layer is built1992) (ID). At the end of ID stage, the granuloma
rich in fibroblasts and myofibroblasts from thedisappears.
original vessel wall, and new collagen fibers (FP)
(Figs 13, 14). The build up of the fibrous mesh of ) DISCUSSION ) )
the paracentral layer starts usually from innermost The schistosomal granuloma is an organoid,
part of the residual vascular wall, in the interfacélynamic and hybrid structure, formed by host and
between the internal layer and the beginning of th@dg components, interacting in a synergistic pro-
paracentral layer, proceeding toward the outsideess where the function of the fully formed struc-
(centrifugal direction) (Figs 13, 14). But this is notture is literally greater than the sum of the actions
the 0n|y mode of deve|opment_ In the case of th@f its individual cells, extracellular_ matrix mate-
egg trapped in a portal space, fibers are producé@! and egg products. Probably, it represents an
over a huge area, all at about the same time agdolutionary novelty that works like an interface
faster, namely the FP process might start early dupetween living beings in search of symbiosis. The
ing EN stage. In some cases, the build up starfdorphogenesis of the granuloma is build up by
near the egg and the development is outwards. Sincient mechanisms performed namely by phago-
multaneously, scattered fibers are generated in &Mtic cells. The schistosomal granuloma, imitating
external layer. The fibers of the paracentral layef0me organogenesis process, has a maturation and
are not stretched and are oriented in all directior® involutional phase. These phases from the
at random at this stage - the early stage of the exrorphological point of view are expressed by a
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pre-granulomatous and a granulomatous stage. Tfiemed to attack the miracidia, but functions as an
former has a lytic character, which prepares thieybrid interface between two different phyloge-
space through destruction of the parenchyma to timetic beings. Indeed, findings of Reis and Andrade
establishment and organization of the later on@987) indicate that the periovular granuloma oc-
(granulomatous stage). In the granulomatous stagrirring in schistosomiasis probably serves to pro-
cellular adhesion and sorting play an important roléect the host tissues from the miracidial secretions
Various types of cells exhibit different degrees ofather than to attack and kill the miracidium as sug-
adhesion, mainly heterotypic (data not shown)gested by previous studies.
Cells, influenced by chemical and biomechanical ACKNOWLEDGEMENTS
forces, arrange themselves into specific patterns, 1o AL de Amorim, FF Cruz, ID Pedro and LFG
including the sorting out of different types of cellscaputo for their expert technical assistance.
from each other. The effects of aggregation and
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