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Significance of Schistosomal Granuloma Modulation
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Hepatic Schistosoma mansoperiovular granulomas undergo changes in size, cellular composi-
tion and appearance with time. This phenomenom, known as “immunological modulation”, has been
thought to reflect hostimmunological status. However, as modulation has not been observed outside the
liver, participation of local factors, hitherto little considered, seems crucial. Components of the extra-
cellular matrix of periovular granulomas of the mouse were particularly studied in three different or-
gans (liver, lung and intestine) and during three periods of infection time (acute, intermediate and chronic)
by means of histological, biochemical and imunofluorescence techniques, while quantitative data were
evaluated by computerized morphometry, in order to investigate participation of local factors in granu-
loma modulation. Results confirmed modulation as a exclusively hepatic phenomenom, since pulmo-
nary and intestinal granulomas, formed around mature eggs, did not change size and appearance with
time. The matricial components which were investigated (Type I, lll and IV collagens, fibronectin, laminin,
proteoglycans and elastin) were found in all granulomas and in all organs examined. However, their
presence was much more prominent in the liver. Elastin was only found in hepatic granulomas of chronic
infection. The large amount of extracellular matrix components found in hepatic granulomas was the
main change responsible for the morphological aspects of modulation. Therefore, the peculiar environ-
ment of the liver ultimately determines the changes identified in schistosomal granuloma as “modula-
tion”.
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Hepatic granulomas formed around matur¢éhe same morphology regardless the time of infec-
eggs ofSchistosoma mansonindergo changes in tion (Vidal et al. 1992, Eltoum et al. 1995). Such
size, appearance and cellular constitution with timdindings suggest that the so-called “immunologi-
This has been interpreted as a mechanism of hastl modulation” of periovular granulomas in schis-
protection, with the host reactions becoming mortosomiasis is mainly influenced by local factors.
economical and efficient during chronic infectionlf this is so, the current interpretation of the im-
(Andrade & Warren 1964). The immunologicalmunological modulation concept needs to be re-
counterpart has been thoroughly investigated, bothsed.
in vivo (Colley 1981, Chensue et al. 1993, Bogen To further investigate this possibility, a com-
et al. 1995) anah vitro (Doughty & Phillips 1982, parative study of size, appearance and matrix com-
Parra et al. 1991), including its cytokine patternposition of granulomas formed in three different
(Wynn & Cheever 1995, McKerrow 1997). How- organs of mice (liver, intestine and lung), during
ever, there are data indicating that granulomahree different periods of infection (early, interme-
outside the liver may behave differently. Granulodiate and late), was undertaken. Methods of histo-
mas in the intestine were observed to be alreaghathology, immunofluorescence, biochemistry and
modulated in the ileum from the very beginningmorphometry were applied in an attempt to under-
although modulation was said to occur in the costand the real significance of the so-called “immu-
lon and ileal Peyer’s patch (Weinstock & Borosological modulation” of schistosomal granuloma.
1981, 1983). In the lungs granulomas presented MATERIALS AND METHODS

Thrity-one albino Swiss mice of both sexes,
weighing 18-23 g, maintained with free access to
a commercial balanced diet and water, were used.
s red by P 2 (Fi ) and P Animals were submitted to transcutaneous infec-

upported by Fapes 2 (Flocruz) and Fronex. ion with 50 recently eliminate8. mansonicer-
+ i . HE .
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weeks following cercarial exposure; second grougaline only and sections treated with an irrelevant
(intermediate phase), animals sacrificed at the 168erum (normal rat serum).

week after exposition; and third group (chronic Hydroxyproline measuremem$-ragments of
phase), animals sacrificed at the 22nd weeks tfe liver were weighed and then submitted to bio-
infection. chemical determination of hydroxyproline content

To augment the chances of finding pulmonarypy the colorimetric method B of Bergman and
granulomas, an extra group of mice was infectddoxley (1963). Samples weighing from 100 to 250
with 100 cercariae. Five animals were included img were used. Hydroxyproline levels were cor-
the acute phase group, and another five in the inected for intensity of infection by dividing total
termediate group. No animals infected with 10thepatic hydroxyproline (without correction for
cercariae survived to be included in the chronibydroxyproline levels in uninfected mice) by the
group. number ofS. mansonéggs in the liver.

At the time of sacrifice the animals were anes- Morphometry- Histological sections either
thetized with ether, the abdomen was opened asthined with hematoxylin and eosin or sirius-red
the aorta severed. The liver was removed andere analyzed by automatic morphometry using a
weighed. The counting of worms was performed.eica Q500MC Image Processing and Analysis
by examining the mesenteric veins and by smasBystem (Leica Cambridge, Cambridge, England).
ing the liver between two slides. In this last casdsor morphometric measurements a total sectional
several fragments to be submitted to other teckarea of 17.01 xX0un? per case was evaluated
nigues were previously saved. A lobe of the lungCoutinho et al. 1997).
was fixed by intra-tracheal injection of 10% for-  Statistical analysis Numerical values obtained
malin. Fragments of the liver, small intestine androm egg counting, hydroxyproline measurement
lung were used for the following purposes: and morophometric data were analyzed using para-

Histology- Tissues were fixed in either pH 7.2metric tests. Analysis of variance with one or two
phosphate buffered 10% formalin in PBS or irfactors (Anova) was used for identification of sig-
Bouin’s fluid. The 5p-thick paraffin sections ob-nificance. Student-Newman-Keuls and the Student-
tained were stained with the following methodst tests were applied for group differences. Results
hematoxylin and eosin, sirius-red for collagenrevealing p<0.05 were considered significant.

Gomori’ s silver impregnation for reticulum and RESULTS
Alcian-blue staining under two different pHs (2 ) .
and 7). An average of five worm pairs per mouse was

Counting of eggs Fragments of the liver and recovered, and that decreased to three during the

intestines were weighted and digested overnigmtermediatg and chronic phasgs of infection. When
in 4% potassium hydroxide and the eggs countelO cercariae were used, twice as many worms
according to Cheever’'s method (1970). Result¢ere counted. The number of eggs per gram of
were expressed as concentration of eggs per graigsue was greater in the liver (14,713) than in the
of tissue. intestines (8,451), this difference being statistically

ImmunofluorescenceFragments of liver, in- significant (p<0,05). However, when morphomet-
testines and lung were placed in small carton box&§ measurements for numerical density were con-
filled with Tissue-Tek (Miles, USA) and immedi- sidered, the values for the intestine were greater
ately frozen in liquid nitrogen for 5 min. Blocks than those for the liver (Table I). Morphometry also
were then kept in air-thight plastic bottles at -80°showed that the volume of the granulomas, con-
until sectioned in a criostat at -20°C. The sectiong/dered as being spherical, decreased significantly
were collected on clean glass slides and immedn the liver, especially when those from the acute
ately washed in iced saline and treated with eithé@hase were compared with the chronic phase. No
one of the following anti-sera: anti-collagen I, anti-significant differences in granuloma volume were
collagen I11, anti-collagen IV, anti-fibronectin, anti- noted for those formed in the intestine or lung
laminin, and anti-desmin. All anti-sera were kindly(Table II). Regarding volume density, which means
supplied by Dr Jean-Alexis Grimaud. The anti-serthe total volume occupied by the granulomas within
were derived from human material and were prea given unit of volume, the values for the liver were
pared in rabbits. Their dilution at the moment ofreater during the acute phase, decreasing thereaf-
use varied from 1:50 and 1:100. Details about the{er- Such decrease did not occur for the intestine or
preparation and specificity can be found elsewhefgng. During the acute phase, granuloma volume
(Andrade & Grimaud 1986). The secondary antidensity for the liver was greater than for the intes-
body was a fluoresceinated anti-rabbit Ig@ine and lung, but during the intermediate and
(Sigma), diluted at 1:40 in a weak solution of Evanghronic phases such difference lacked statistical
blue. Controls consisted of sections treated witdignificance (Table I1I).
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TABLE |

Values for numerical density (Nn) of granulomas in different organs of mice infected withlosoma
mansonicercariae during three periods of time, seven animals in each group

Organs Time of infection (Nn x [#n

8 weeks 16 weeks 22 weeks
Lungs 1,36 +1,78 3,29 £ 4,35 5,38 £5,77
Liver 12,24 + 2,09 14,89 + 2,89 18,53 + 4229
Intestines 15,59 + 2,96 16,48 + 2,42 21,93 + l7,21

a: P< 0,05 (Student-Newman Keuls) as compared to 8 whels),05(Student-Newman Keuls) as compared to 8
and 16 weeks.

TABLE Il

Average values for granuloma volume in different organs and at different periods of time in mice infected with 50
Schistosoma mansooercariae, seven animals in each group

Organs Time of infection (x fQun?)

8 weeks 16 weeks 22 weeks
Lungs 17,62 + 27,62 44,28 + 43,23 32,56 + 39,19
Liver 481,53 £161,51 252,98 + 227,66 84,32 + 26,22
Intestines 22,96 + 15,13 46,71 £17,13 16,96 + 4,49

a: p<0,05(Student-Newman Keuls) as compared to 8 and 16 weeks.

TABLE Il

Values for volume density (Vv) of periovular granulomas in different organs and at different periods of time in
mice infected with 5&chistosoma mansocércariae, seven animals in each group

Organs Time of infection

8 weeks 16 weeks 22 weeks
Lungs 0,00 £ 0,00 0,01 £0,01 0,01 £0,02
Liver 0,18 + 0,05 0,012 £ 0,05 0,07 + 092
Intestines 0,04 £ 0,02 0,09 £ 0,03a 0,04 £ 0,03

a: p<0.05(Student-Newman Keuls).

Histological evaluation was concerned onlybranes in small blood vessels situated at the granu-
with periovular granulomas having a well pre-loma periphery (Fig. 7D). A pale, diffuse Alcian
served central miracidium. Old, involuting granu-blue staining marked all granulomas. This stain-
lomas were not considered. Granulomas weriag was similarly observed with either acidic and
abundant in sections from the liver. During theneutral pH. Within the structures of the miracidia,
acute stage they appeared as predominantely exiie Alcian blue staining became more accentuated,
dative, frequently exhibiting a central halo of neespecially when a neutral pH was employed.
crosis and a sprinkling of polymorphonuclear eosi- During the intermediate phase hepatic granu-
nophils (Fig. 1). Collagen fibers were thin andomas differed from those of the acute phase in
loosely arranged in a concentric disposition. Unshowing a tendency to confluence and in being
der immunofluorescence microscopy, Type lll colsmaller and with the cells and collagen fibers be-
lagen appeared more abundant than type I, thideming more packed. Eosinophils were less nu-
latter being represented by fibers that seemeaderous while macrophages and fibroblasts became
thicker and straight, rather than wavy, when conmore prominent.
pared with Type Ill collagen (Fig. 7A, B). At the chronic stage periovular granulomas
Fibronectin formed a prominent network of finewere especially characterized by being smaller,
fibrils all over the granuloma area (Fig. 7C). Typawvell delimited and more fibrotic than before (Fig.
IV collagen and laminin were absent from perio2). Collagen fibers were thicker, concentrically
vular granulomas, revealing only basement mengistributed, and strongly fluorescent when tested
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Fig 1: acute phase periovular granuloma in the liver. A large and irregular inflammatory area appears around a centna@eschistos
egg. Central necrosis is present, although scanty. H & E, 64X.

Fig 2: chronic phase periovular granuloma. Reaction around the egg is composed of macrophages and fibroblasts, with a few
eosinophils. Central necrosis is absent. H & E, 200X.
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for the presence of type | and type Il collagens. DISCUSSION

The staining for fibronectin was less intense than Present findings confirm and extend previous
that obtained for the acute phase. Orcein-positive, ., \yhich are suggestive that the so-called “immu-
elastic fibers, conspicously absent in acute and ifio)gical modulation” of schistosomal periovular
termediate phase granulomas, appeared in a f anuloma is a morphological phenomenom pecu-
gfaf“ﬁ'omas o_f the chronic p_hase (Fig. 3). Desml iar to the liver (Grimaud et al. 1987, Vidal et al.
positive cells increased their numbers proportloriggz)_ Granulomas formed around eggs injected
ally from acute to chronic phase. directly into the lungs (Lichtenberg 1962) or liver

Granulomas formed around mature eggs in th : . : .
intestine and lung showed a mixture of proliferativ‘%%dungb.0 la &_Schlller|19_79)ld|ffer ac:c:orr]dlnhgly W't;‘
and exudative features, but they tended to mainta"ﬂe previous immunological state of the host, that
the same morphologic aspect when examined at dif: whether the recipient anlr_na_ll IS _alresdynansom

ferent times of infection (Figs 4, 5). All componentémcec'[ed or not. Howevgr, injections of eggs into
of extracellular matrix revealed by immunofluores1ormal animals or even into those already infected

cence microscopy in the liver were also present #P°omingo & Warren 1968), create an artificial and
granulomas of intestine and lung, although alway<OMPIex situation, with some peculiar features that
in smaller amount (Fig. 7E, F). iffer from those of a cercarial infection, as has

Hydroxyproline content was evaluated only for?€€n discussed by Cheever et al. (1998).
the liver. Data expressed as pmol of hydroxypro-. \Weinstock and Boros (1981, 1983) observed

line per gram of tissue versus number of eggs péffferences in size and cellular composition of
gram of liver are depicted in Fig. 6A, B, C. Posigranulomas formed at different intestinal segments.

tive correlation occurred at the acute phase onlffrobably these differences were small. Present data
However, the concentration of hydroxyproline inefer to the. intestines as alwhole, and no eyldences
the liver increased progressively with time of in-0f modulation were noted in that organ during dif-
fection. The average numbers were: normal liveferent periods of infection. _

3.42 umol; acute phase 6.90 pmol, intermediate Quantitative data about granuloma size and
phase 7.84 pmol and chronic phase 8.77 pmol. volume were subjected to morphometric evalua-

Fig. 3: a well delimited inflammatory reaction around a schistosome egg formed during the chronic phase of infection, exhibits
fine, concentric, black, orcein-positive elastic fibers. Orcein method for elastic fibers, 200X.
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Fig 4: a mixture of exudative and proliferative features characterizes periovular granulomas formed within the pulmorzary alveol
tissue. Intermediate phase of infection. H & E, 200X.

Fig 5: a small granuloma formed around a maBgaieistosoma mansoegg in the intestinal submucosa, during the acute period of
infection. H & E, 200X.
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tion, and the nature of granulomatous extracellu-
lar matrix was analyzed by immunofluorescent
microscopy. Results indicated that changes, or lack
of it, regarding size, appearance and cellular com-
position of granulomas located at different organs
and at different times would mostly depend on lo-
cal factors. The influence of general factors, such
as immune cells, cytokine patterns and so on, is
certainly important. However, more attention
should be paid to the peculiar cellular population
of the liver and the extracellular matrix it can pro-
duce and degrade. The matricial components which
were investigated (Type I, Ill and IV collagens,
fibronectin, laminin and proteoglycans) were also
found in all granulomas and in all organs exam-
ined. However, their presence was much more
prominent in the liver. As a matter of fact, elastic
fibers (elastin) were found only in hepatic granu-
lomas, and exclusively during the chronic stage of
infection, but that finding was the only one which
was qualitatively different from the granulomas
formed elsewhere. Although elastic fibers were
abundant in portal space fibrosis due to schistoso-
miasis in man, periovular granulomas were said to
be devoid of such fibers (Junqueira et al. 1986,
Andrade & Freitas 1991). Anyway, quantitatively,
the large amount of extracellular matrix found in
hepatic granulomas was the main change respon-
sible for the morphologic aspects of modulation.
Probably, the presence of special cellular elements,
such as, hepatocytes, Ito cells and Kupffer cells,
which are known to coordinately play an impor-
tant role in formation and degradation of extracel-
lular matrix in the liver (Blomhoff & Wake 1991,
Casu et al. 1994, Gressner & Bachem 1994, Enzan
et al. 1995) accounts for the peculiar way periovu-
lar granulomas are modulated in that organ.
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