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Extramedullary Hematopoiesis in Murine Schistosomiasis
Mansoni
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During Schistosoma mansoni infection, there is morphological evidence of involvement of various
hematopoietic growth factors, which cause eosinophil, neutrophil, megakarvocytic and ervthroid
extramedullary foci in the liver, [ymph nodes and omental and mesenteric milky spots. While the eosi-
nophil metaplasia in the peripherv of hepatic granulomas roughly reproduced the intensity of the med-
ullary eosinopoiesis, the neutrophil metaplasia, on the contrary, was more intense during the period of
neutrophil depression in the bone marrow. This fact suggests that extramedullary hematopoietic foci
are locally regulated, and amplify and'or compensate the systemic hematopoicetic response during the
infection.
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scnistosoma mansoni infection in mice and
humans, duc to deposition of eggs in host tissues
and systcmic and local rclcase of antigens. causes
a very complex sequence of events, changing the
behavior of eosinophil, neutrophil. monocytic.
megakaryocytic, lymphocytic and crythroid scrics
inside the bone marrow (Lenzi et al. 1987, Lenzi
1991). However, in mice and hamsters infccted
with 5. mansoni or S. japonicum, extramedullary
islands of eosinophil precursors regularly occur in
the liver, colonic mesenteries, and mesenteric lvm-
ph nodes (Byram ¢t al. 1978, Borojevic et al. 1981).
In this study we showed the time of occurence and
the different places where extramedullary hemato-
poiesis were detected during schistosome infec-
tions. Wc also related the intensity of hepatic peri-
granulomatous mycloid metaplasia with the med-
ullary myelopoicsis.

Swiss Webster mice of both sexes were studied
on days 15, 20, 25, 306, 35. 40. 45, 50, 55, 60_ 70,
80, 90, 100, 110, 120 and 160 aftcr infection. The
amimals were infected when they werc five days
old by percutaneous cxposure to 70 ccrcariae of
the Belo Horizonte strain of S. mansoni. Six ani-
mals were sacrificed each day, together with the
same number of matched controls. Femoral bone
marrow cells were 1solated by a modification of
the method described by van Furth and Cohn
(1968). cytocentrifuged and stained with Giemsa-
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Glycine (Lenzi 1991). Absolute eosinophil and
total nucleated cells counts were carried out using
Discomb’s fluid in Fuchs-Rosenthal and Turk’s
fluid 1n Neubauer chambers. respectively. The to-
tal number of medullary neutrophils was figured
out bascd on the percentage of each lineage in the
cvtocentrifuged shdes. and the total cell counting
1n the Neubauer chamber. Samples were taken from
the liver, intestines, pancreas, lungs. spleen, lymph
nodes and mesentery, fixed 1n Millonig formalin,
and embedded 1n paraffin. Sections were stained
with hematoxilin and cosin. Lennert’s Giemsa and
Gomort’s silver reticulin stains. To quantify the
number ol hepatic granulomas presenting mveloid
metaplasia foci. ten of them, staincd with Lennert’s
Gicmsa, were studicd. For electron microscopic
examination, liver sections were fixed in 2.5 %
glutaraldevde buffered with 0,1 M cacodylate and
postfixed 1n 1% osmium tetroxide. dchydrated in
gradcd acetone serigs and embedded in epoxy resin.
Ultra-thin scctions were statned with uranyl ac-
ctate and lead citratc and observed by an EMS 10
B Zciss electron microscope.

The most precocious finding was an increasc
In splenic cosinopoiesis, erythropoicsis, mega-
karvopoiesis and neutropoicsis that was verified
on the 25th day of infection. Foci of extragranu-
lomatous metaplasia characterized by immaturc
myeloid cclis in portal space (Fig. 3-C), sinusoids
(Fig. 3-A) and close to the capsule were detected
between 30 and 35 days after infection. Extra-
medullary eosinophilic granulocytopoiesis oc-
curred in the periphery of hepatic schistosomal
granulomas from the 40th day on, attaining maxi-
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Fig. 1: comparison between cosinophil (A} and neutrophil (B) metaplasia in the liver and cosinopoiesis and neutropotesis in the bone

marrow during Schisiosorma mansoni infection.

muim intensity on the 80th day after infection, per-
sisting until the ¢nd of the experiment (Fig. 1-A).
Peri-granulomatous ncutrophil meltaplasia also
appeared [rom the 40th day onward, but 1t was morc
intense on the 55th day of infection. While the
cosinophil metaplasia roughly reproduced the 1n-
tensity of the medullary ¢cosinopoiesis. the neutro-
phil metaplasia, on the contrary, was morc intense
during the period of ncutrophil depression in the
bone marrow (Fig. 1-B). The myeloid foci were
composed by promyclocytes, myelocytes, meta-
myclocytes and more mature cosinophil or neu-
trophil granulocytes (Figs 2. 3. 6-A.B). The my-
eloid foct or nests were localized in the periphery
of the granulomas (cxternal zone) and the cells
were in direct contact with hepatocvies and inter-
mixcd with or surrounded by rcticular and type I11
collagen fibers (Fig. 4). With the advancing of the
infection, the metaplasic foci exhibited a predomi-
nance of mature cells over blast cells. Macroph-
ages rich 1n schistosome pigment were often found
in the middle of perigranulomatous ccllular
metaplasia (Fig. 3-D). Omental and mesenteric
milky spots and lymph nodes mainly from me-
sentery and renal hilus presented. very often.

cextramedullary hematopoiesis. expressing ¢osino-
phtl, and. eventually, ncutrophil, megakanocytic
and cryvthroid cells (Figs 3. 6-C). Mveloid meta-
plasia was not found 1n control mice and in the
intestinal and pancreatic granulomas of the 1n-
fected group. Only in a singlc casc. with 160 days
of infcction, one pulmonary granuloma showed
cosinophil metaplasia.

The organ dependency can be due to local ca-
pacity to produce hemopotetic growth factors and
reproduce hemopoictic inductive microenviron-
ment (Jenkins et al. 1972). Though a widce varicty
of murine cell types have been shown to produce
specific hemopoietic growth factor mRNAs and
bioactivitics in vitro (Nicola 1989). little 1s known
about the sites of their production in vive (Troutt
& Lee 1989). Granulocvte-macrophage (GM) and
Granulocyte (G) colony stimulating factors (CSF)
activities have been partially characterized in a
varicty of mouse tissues. However, definitive evi-
dence at the molecular level for their in vivo pro-
duction 1n these tissucs has been lacking (Troutt
& Lee 1989). For example, Chan ¢t al. (1986) have
shown no cvidence of GM-CSF mRNA produc-
tion 1n any of 37 human tissuc samples tested. In
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contrast. M-CSF mRNA has been found in all
murtne tissucs tested except for intestine
(Rajavashusth et al. 1987). Thus fact can explain
the lack of hemopoietic foct 1 intestinal granulo-
mas. suggcsting that induced transcription of he-
mopoictic growth factor genes is involved in vivo
in the host responsc to infection, and that the pro-

?ﬁ% %;m‘ |

duction of some ol these factors may be compart-
mentalized in the organism (Troutt & Lee 1989).

Probably, during schistosomal infection there
ts supply of bonc marrow-derived cells to various
tissues. The finding of immature mveloid cells
within the hepatic sinusoids (Fig. 3-A) before the
occurrence of penigranulomatous cosinophil meta-

g

Fig, 2: pengranulomatous myceloid metaplasia toa in hepatic granulomas. in diflerent stages of maturation ( A-D), showing promyelocyies,
mvelocyies, metamyelocytes and mature cosinophuls. (Tennert’s Giiemsa. X 1000)
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plasia. suggests the exogenous onigin of the cosi-  cvies i S, mansoni-infected mice. The relative
nophil precursors. as was also obscrved by Bo-  contributions of these two sources to the mono-
rojevic ctal. (1981). Clark ctal. (1988) proposed  ¢vte supply are subject to change as the vigorous
that granuloma macrophages arc supplicd by both  granulomatous responsc undergocs immunologic
bone marrow-derived and focally produced mono-  down modulation [t has been shown that cells

Fig. 3ontrasinusodal (A) and perigranulomatous (3) neutrophil metaplasia. and portal cosinophil metaplasta close to biliary duct (C).
Macrophages with sctustosomal prigment and plasmocyies and perigranulomatous eostnophil metaplasic focus (D). (A: Lennert’s Gi-
emsa. N A0 (55 davs of imlection), B: Lennert's Giemsa, X 400 (70 days of infection). C: H&E. X 500 (30 days of infection). D:
| ennert’s Griemsa, X 500 (80 davs ollindection).



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 90(2}, mar./apr. 19385 173

capable of division and differentiation do circu-  parent or closcly related homologous strain ani-
late normally in peripheral mice blood. Goodman  mals to promoic survival and to give rise to lym-
and Hodgson (1962) showed clearly that normal  phopoicsis. granulopoicsis and erythropoiesis of
periphecral leukocytes from F1 hybrid mice canbe  donnor type. Butterfield et al. (1982) demonstrated
transplanted and proliferate in lethally irradiated  that cosinophil colonics developed mainly from

Fig. 4: reticular fibers in the peripheric zone of hepatic granulomas, forming a delicate stromal mesh in myeloid metaplastic areas (A, B).
[ntrasinusoidal and pengranulomatous myeloid metaplasic foct, surrounded by reticular fibers (C). Myeloid metaplastic {oci in the
interface between granuloma stroma and hepatocytes (D). (Gomeori’s reticulum. X 400 A, B - 60 days of infection. C, I - 55 days of
infection).
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nonrosetting, null cell population. Eosinophil-Co-
lony Forming Cell (Eo-CFC) lacked the human T-
cell marker Leu I, but demonstrated the human
B-cell marker, HLA-DR. Eo-CFC was also present
1n peripheral blood and posscssed properties simi-
lar to thosc in the bonc marrow. These fact may

explain the hemopoietic cells seeding in tissues of
hemopoietic potential. such as lymph nodes, milky
spots and liver granulomas.

The sclective stimulation of cosinophils, neu-
trophils and, maybe, monocytic scrics in the pe-
riphery of hepatic granulomas could be achieved

Fig. 5: eosinophil metaplasia in medullary cords of renal hylus lvimph nodes (A), sometimes associated with a megakaryopoiesis (C, 1J).
Pengranulomatous eosinophil metaplasia, with macrophages. plasmocytes and megakarvoceyte. (A: H&E. X 500 (40 days of infection).
B: Lennert’s Giemsa. X 310 (70 days of infection). C: H&E. X 400 (70 days of infection). D: H&E. X 500 (120 days of infection).
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either by progenitor sclection or through specific
stimulation of less differentiated stem cells
(Borgjevic et al. 1981). Schistosomal granulomas
are composcd by cells that arc potential producers
of hemopoictic growth factors. such as lympho-
cytes, macrophages, fibroblasts, mast cells and
endothchal cells ( Broudy ct al. 1986, Clark et al.
1988, Zsebo ¢t al. 1988, Nicola 1989). Borojevic
et al. (1981) considered thec Kupffer cell stimula-
tion and hiperplasia responsible for this extrame-
dullary granulocytopoicsis. Borojevic ¢t al. (1985)
obscrved that intrapcritoneal glass implants in
mice with chronic N. mansoni infection inducce
intense local mycloid reactions involving essen-
tially mycloid granulocytes. An association of
myclopoiesis with differentiatcd macrophages

mobilized on glass implants and with dense ame-
boid cells located inside myeloid foci was detected.
A macrophage-dependent induction of this cosi-
nophil reaction was postulated. An augmentation
of the mutual interaction of T cells and macroph-
ages by GM-CSF is onc of the important mecha-
nisms of eosinophil-rich granuloma formation in
S. japonicum (Owhashi et al. 1987).

The simultaneous occurrcnce of hemopoictic
foci in different organs suggests that, during mu-
rinc schistosomal infection, stimulating common
factors are acting systematically in various sites
at the same time. or they are locally produced by
similar simulants. Actually. the levels of bone-
marrow and perigranulomatous eosinopoiesis
showed here followed the same kinetics of splenic

40— EOSINOPHIL METAPLASIA (LIVER - LYMPH NODE - MILKY SPOTSHINITIAL)
-~ -- NEUTROPHILIC METAPLASIA (LIVER - LYMPH NODES)INITIAL)
g ----- BLASTIC METAPLASIA (LIVER)
= 45— BONE MARROW - LIKE TRANSFORMATION (MILKY SPOTS)
5 EOSINOPHIL METAPLASIA (LIVERKMORE INTENSE)
50— NEUTROPHIL METAPLASIA (LIWER)(MORE INTENSE)
=
§ 55— BLASTIC METAPLASIA (LIVER){MORE INTENSE)
=
= {
100 ——

190°— MEGACARYOCYTIC METAPLASIA (LYMPH NODE)
ERYTHROID METAPLASIA (LYMPH NODE) C

Fig. 6 A, B: eosmophil peri-granulomatous metaplasia in the liver. Eostnophil promyelocyte in contact with monocyte (A): eosinophil
promyelocyte and myelocyte with nng-shaped nucleus (B): (A 7000 X B 5500 X). (C): extramedullary hematopoiesis during Schistosoma
mansoni ifection. Time of appearance and sites of metaplasic tog.
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lymphocyte interleukin-5 response (Th2 depen-
dent) descnibed by Grzychet al. (1991) in the same
infection.

Homing of progenitor cclls can be conceived
as a two-step phenomenon: first. progenitor cells
arriving from bone marrow must be rccognized
by and interact with the luminal surface of endot-
helium; second. the progenitor cclls must be rec-
ognized by and bind to lincage-specific stromal
cells that support their proliferation and matura-
tion. Extracellular matrix components can take
part in this phenomenon. For instance. it has been
shown that one class of proteoglycans, heparan
sulfate, can selectively extract and bind hemato-
poietic growth factors. presumably presenting
thcm to progenitor cells (Roberts et al. 1988).
Another fairly well-defined protein called hae-
monectin has been shown to be involved in the
lincage specific binding of granulocytic precur-
sors during both postnatal and fetal devclopment
(Campbell et al. 1987). Junqueira ¢t al. (1986)
demonstrated that glycosaminoglycan content was
increasced 1n schistosome granulomas. and we ob-
served a topographical rclationship between the
connective tissue and the perigranulomatous cosi-
nophil foci (Fig. 4).

Our findings indicate that, during schistosome
infection. there is morphological cvidence of invol-
vement of various hematopoietic growth factors,
which act in different sitcs, specially around the
hepatic granulomas, and in lymph nodes and milky
spots, causing cxtramedullary hematopoicsis. The
hematopoictic foci appeared to be locally regula-
tcd. and amplify and/or compensate the systcmic
or bone marrow hematopoietic response causcd
by a huge antigen release by the parasites during
the infection.
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