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Abstract: BALB/c, C57BL./6, G3H/He and ddY mice were injected i.v. with 10,000 eggs of Schistosoma
Japonicum to induce pulmonary granuloma formation. All mice were sacrificed two weeks later. The
size of granulomas in the lungs and the cytokines secreted from the spleen cells of the four strains of
mice were compared. IL-3, 11.-4 and 11.-6 were detected in the supernatants from 8-day cultured
spleen cells in all strains of mice. The spleen cells restimulated with the soluble egg antigen of §.
Jjaponicum produced significantly higher levels of the above three cytokines than unstimulated cells.
C3H/He was the highest, while BALB/c was the lowest responder to the eggs. 1L-2, IFN-yand TNF-a
were undetectable in all strains of mice. The size of pulmonary granulomas was similar among the
four strains. This suggested that the Th2 (T helper type 2) response could be induced to the eggs of

S. japonicum in the four strains of mice.
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INTRODUCTION

Murine CD4* T helper (Th) cells are divided
into Th1 and Th2 subclasses based on their pat-
terns of cytokine secretion. Thl cells secrete IL-
2, IFN-yand TNF-¢; while Th2 cells secrete 114,
IL-6 and IL-10. Differentiation into Th1 and
Th2 subsets occurs through ThO stage, where
both Thl and Th2 cytokines are released from
the same cellV.

In schistosome-infected animals, marked
granulomatous reaction occurs around the eggs
trapped in the intrahepatic and intestinal
venules, and ultimately may lead to fibrosis.
This is the main pathogenesis of schistosome
infection?. In schistosomiasis mansoni, a great
deal of research has been carried out on the
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mechanism and regulation of granuloma forma-
tion, which has been characterized as a CD4* T
cell-dependent delayed-type hypersensitivity
reaction, with Th2 responses playing a domi-

%49 However, less is

nant role in the process
known about schistosomiasis japonica, especial-
ly which Th subset is responsible for the granu-
loma formation induced by the eggs of S. japon-
icum.

Mice are permissive hosts for schistosomes
and provide an important model for defining
the immunopathogenesis of the disease and,
furthermore, a system for assessing the impact
of modulating the host.immune response”. A
model of synchronous pulmonary granuloma
formation in response to the eggs of schisto-
somes was developed by von Lichtenberg” and
has served as a useful in vivo model for studying

the regulation of T helper subsets and their
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associated cytokines on granuloma
formation™. It was previously reported that the
size of granuloma induced by the eggs of S.
Jjaponicum differed according to the strains of
mice?. In this paper, with the use of a pul-
monary granuloma formation model, a compar-
ative study was carried out on pulmonary granu-
loma formation and Th pattern among

BALB/c, C57BL/6, C3H/He and ddY mice.
MATERIALS AND METHODS

Animals

Female 8-wk-old BALB/c, C57BL/6, C3H/He
and ddY mice were purchased from Japan SLC
Co., Ltd. (Hamamatsu, Japan), with 5 mice per

strain.

Eggs and antigen preparation

Eggs were extracted from the intestines and
livers of ddY mice which were experimentally
infected with cercariae of S. japonicum (Kofu
strain) for two months as described”. Soluble
egg antigen (SEA) was prepared as described in

the preceding report'”.

Induction of pulmonary granuloma

The induction of synchronous egg-induced
granulomas was performed as described by von
Lichtenberg®. Each mouse was injected with
10,000 eggs of S. japonicum in PBS via the tail
vein. Two weeks later, all mice were sacrificed
under ether anaesthesia. Their left lungs were
fixed with Bouin-Hollande fixative and
processed for histological examination with
H&E staining. The areas of granulomas contain-
ing a single egg were measured with Leica
Quantimet 500 Image Analyzing System (Leica
Cambridge Ltd., UK). For every mouse, three to
five sections were read, twenty granulomas were

measured and the mean area calculated.

Spleen cell preparation and cytokine assay

The spleen of each mouse was aseptically
removed. Single cell suspensions were prepared
by forcing minced spleen through a fine wire
mesh, lysing erythrocytes with lysing buffer
(0.15> M NH.CIl, 10 mM KHCOs;, 0.1 mM
Na,EDTA, pH 7.4), and washing with PBS. The
spleen cells were suspended in RPMI-1640
medium supplemented with 10 % heat-inacti-
vated FCS (Life Technologies, Inc., NY, U.S.A.),
2 mM glutamine, 1 X 107* M 2-ME, and
100 pg/m! kanamycin. Cells (1.5 X 107 in 10 m!
medium) were cultured in petri dishes without
or with SEA (10 pug/mi) of S. japonicum at 37°C
in 5% COg in a humidified atmosphere for
three days. The supernatants were collected and
stored at —80°C until use.

IL-2, IL-3, IL4 and IL-6 were assayed by using
CTLL-2, FDC-P2, CT4S, and 7TD1, cytokine-
dependent cell lines respectively; IFN-y and
TNF-a were assayed by WEHI-279 and LP-3,
cytokine-sensitive cell lines respectively. The
growth of the cells except LP3 was measured by
the MTT method'”. LP3 cells (for TNF-¢t) were
stained with crystal violet as described'®. The
cytokines were quantitated by reference to the
standard curves derived from known concentra-
tions of recombinant cytokines. If the result was
positive, specific monoclonal antibody (mAb)
was used to confirm the specificity. These were
11B11 for IL-4, 6B4 for IL-6, and MP2-8F8 for
1L-3.

In vitro depletion of T cell subsets

To determine the T lymphocyte subsets
responsible for the production of the Th2 type
of cytokine (IL-4), the depletion of total T cell
(CD3" cells), CD4% cells, or CD8" cells were
performed. Briefly, spleen cells pooled from the
egg-injected C3H/He mice were suspended in
RPMI 1640 medium. Monoclonal antibodies to
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mouse CD3, CD4, CD8a (Life Technologies) or
normal rat IgG (as a control) were added to the
cell suspension, with the addition of 10 %
guinea pig serum (Denka Seiken Co., Japan) as
a source of complement. The suspension was
incubated at 37°C for 30 min, and then washed
twice times with the medium. The treated
spleen cells were cultured with SEA stimulation,
and the supernatants were collected for

cytokine assay as above.

Proliferation assay

Spleen cells (5 X 10° in 0.2 m/) were incubat-
ed for 72 hr in 96-well microtiterplates, stimulat-
ed with SEA (10 pg/ml), or ConA (2 ug/ml,
Sigma Chemical Co., MO, U.S.A.), or without
stimulation at 37°C in 5 % COs in a humidified
atmosphere. During the last 6 hr, 0.5 uCi of
[’H]-thymidine (DuPont NEC Products, MA,
U.S.A.) was added to each well, and cells were

harvested onto glass wool filters. [*H]-thymidine

incorporation into DNA was assayed by Liquid
Scintillation Counter(Aloka Co., Ltd., Japan).

Statistics
Significance was analyzed by Student’s t test

and was determined as p value < 0.05.
REesulTs

Size of granuloma

A representative granuloma induced by the
injected egg in the lungs is shown in Fig. 1.
Among BALB/c, C3H/He, C57BL/6 and ddY
mice, the mean areas of granuloma were
(mean £ SD, um?): 4926.6 £ 613.8, 4843.5 £
473.3, 5478.2 = 303.7 and 5026.9 = 430.5
respectively. There was no significant difference

among the four groups (p > 0.05).

Cytokine secretion

In the supernatants of cultured spleen cells,

A representative microscopic figure of pulmonary granuloma from C3H/He. A schis-
tosome egg surrounded by granuloma composed chiefly of mononuclear cells and
focally by granulocytes. H&E X 400.
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IL-3, L4 and IL-6 were detected in all strains of
mice. The spleen cells restimulated with SEA in
vitro produced significantly higher levels of the
above three cytokines than unstimulated cells
(p <0.01). C3H/He was the highest, while
BALB/c was the lowest responder to the eggs
(Fig. 2). IL-2, IFN-y and TNF-0. were unde-

tectable in all strains of mice.
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Fig. 2. Production of I1.-3 (A), .4 (B) and 11
6 (C) by spleen cells. The spleen cells
from BALB/c, Ch7BL./6, C3H/He or
ddY mice were cultured with (SEA-+)
or without (SEA—) SEA respectively,
and the supernatants were collected for
cytokine bioassay (see materials and
methods). The results are expressed as
mean £ SD of 5 mice per group. Statis-
tical significance: p <0.01 compared
with: BALB/c (%), C57BL/6 (#), ddY
(+).

In vitro depletion of T cell subsets

As shown in Fig. 3, depletion of CD3" cells
from the spleen cells of egg-injected C3H/He
mice abrogated almost all the IL-4 response;
depletion of CD4" cells abrogated most IL-4
production; while, the removal of CD8* cells

had no such effect.

Proliferation response

The proliferation assay of spleen cells to SEA
or ConA from egg-injected C3H/He mice was
carried out (Fig. 4). The spleen cells proliferat-
ed modestly to SEA, with cpm about two folds
higher than background. The spleen cells from

naive mice also weakly responded to SEA.
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Fig. 3. IL.4 production by pooled spleen cells
from C3H/He mice before depletion
(CN) and after CD3*, CD4*, or CD8 *
cell depletion. The results are the
means of duplicate assays.
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Fig. 4. Proliferation response of spleen cells

from naive or egg-injected C3H/He
mice without stimulation, or with SEA
or ConA stimulation. The results are
the means of triplicate assays from one
representative experiment. Statistical
significance: * p < 0.05; # p < 0.01 as
compared with naive mice.
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DiscuUssION

In the present study, we compared granuloma
formation and cytokine secretion following the
injection of the eggs of §. japonicum among
BALB/c, C3H/He, C57BL/6 and ddY mice.
The results showed that spleen cells from
C3H/He and ddY mice produced a higher level
of IL-3 and I1L-4 than BALB/c and C57BL/6. IL-
6 was the highest in the supernatants of cul-
tured spleen cells from C3H/He mice. The
spleen cells produced much lower levels of IL-3,
IL-4 and IL-6 when cultured without SEA res-
timulation, indicating that persistent stimula-
tion with SEA in vitro was necessary for the pro-
duction of the cytokines. IL-2, IFN-yand TNF-«
were undetectable in all the supernatants. By
depletion of T cell subsets in vitro, it was demon-
strated that CD4"% T cells were responsible for
the production of IL-4, one of the main Th2
cytokines. Besides cytokine secretion, spleen
cells also proliferated modestly upon SEA stimu-
lation. We previously reported that IL-5, one of
Th2 cytokines could be detected at mRNA level
by RT-PCR in the lungs of mice after injection
of S. japonicum eggs, while Thl cytokine IFN-y
and IL-12 were undetectable'. In our experi-
mental infection model with S. japonicum in
C3H/He mice (up to 20 weeks after infection),
we found that at 3 weeks after infection, the
cytokine secretion from spleen cells was similar
to that of normal mice; at 5 weeks after infec-
tion, Thl cytokines (IL-2, IFN-y and TNF-a)
were depressed and even became undetectable
at 7 weeks after infection. Regarding Th2
cytokines, IL-4 reached to a peak in 7 weeks
after infection, then gradually decreased but
remained at much higher level than in normal
mice (unpublished data). From these results, we
can conclude that the Th response to the eggs

of S. japonicum was Th2 dominant both in the

pulmonary granuloma formation model and
the experimental infection model. Our findings
are consistent with the observation by Xu et al.
in that Th2 cytokine production, characterized
by IL-4 and IL-5, represented the major
response after the eggs of S. japonicum laying
began, while the Thl function of IFN-yand IL-2
production was greatly depressed'®. In schisto-
somiasis mansoni, Cheever reported that granu-
loma formation, particularly in its growth and
maintenance phase was largely associated with
the increased level of Th2 cytokines after egg
laying begins; while the Th1l résponse was down
regulated'”.

In Leishmania major infection in mice, Th
response differs according to the strains of
mice. BALB/c is Th2 dominant and susceptible
to the infection. While, C57BL/6 is Thl domi-
nant and is resistant to the infection'®'”. From
our results, Th response to the eggs of S. japon-
icum was Th2 dominant both in BALB/c and
C57BL/6 mice, suggesting that murine Th
response may differ according to the parasites
infected. Although the development of granulo-
ma is associated with vigorous Th2 response and
suppressed Thl response, the complex interre-
lation between Thl and Th2 cytokine response
to the induction and regulation of granuloma
formation remains unclear.

In summary, it was suggested that the Th2
pattern of response could be induced to the
eggs of S. japonicum in BALB/c, C3H/He,
C57BL/6 and ddY mice.

The research reported herein was performed
in accordance with the Guidelines for Animal

Experiments, Yamanashi Medical University.
ACKNOWLEDGMENTS

We are grateful to Dr. H. Fujiwara, Osaka Uni-
versity Medical School for providing CTLL-2,



88

JQ. Yang et al.

7TD1 and WEHI-279 cell lines, and Ms. Y.

Ohnuma for her secretarial work.

2)

3)

REFERENCES

Mosmann TR, Coffman RL: Thl and Th2: Differ-
ent patterns of lymphokine secretion lead to dif-
ferent functional properties. Ann Rev Immunol,
7: 145-173, 1989.

Hirata M, Kage M, Takushima M, Fukuma T: Dif-
ferent courses of granulomatous reactions
around Schistosoma japonicum eggs in three
strains of mice. ] Parasitol, 79: 266-273, 1993.
Warren KS, Domingo ES, Cowan RBT: Granulo-
ma formation around schistosome eggs as a man-
ifestation of delayed hypersensitivity. Am ]
Pathol, 51: 735~756, 1967.

Grzych J-M, Pearce E, Cheever A, Caulada ZA,
Caspar P et al: Egg deposition is the major stimu-
lus for the production of Th2 cytokines in
murine schistosomiasis mansoni. J Immunol,
146: 1322-1327, 1991,

Wahl SM, Frazier-Jessen M, Jin WW, Kopp B,
Sher A et al.: Cytokine regulation of schistosome-
induced granuloma and fibrosis. Kidney Int, 51:
13°70-1375, 1997.

von Lichtenberg FC: Host response to eggs of
Schistosoma mansoni. 1. Granuloma formation in
the unsensitized laboratory mouse. Am | Pathol,
41: 711-781, 1962.

Lukacs NW, Chensue SW, Strieter RM, Warming-
tont K, Kunkel SL: Inflammatory granuloma for-
mation is mediated by TNF-a-inducible intracel-
lular adhesion molecule-1. J Immunol, 152:
5883-5889, 1994.

Subramanian G, Kazura JW, Perlman E, Jia X,
Malhotra I, King ClL.: B7-2 requirement for
helminth-induced granuloma formation and
CD4 type 2 T helper cell cytokine expression. |
Immunol, 158: 5914-5920, 1997.

9)

10)

11)

12)

13)

15)

16)

Cock CM, von Lichtenburg F: A revised method
of isolation of Schistosoma mansoni eggs for bio-
logical experimentation. Proc Soc Exp Biol Med,
92: 780782, 1956.

Yang JQ, Chuang CK, Nakajima Y, Minai M:
Detection of antibodies to Schistosoma japonicum
ova in schistosomiasis patients by gelatin aggluti-
nation test. Jpn | Parasitol, 43: 280-287, 1994,
Mosmann T: Rapid colorimetric assay for cellular
growth and survival: application to proliferation
and cytotoxicity assays. ] Immunol Meth, 65:
55-63, 1983.

Sakihama T, Iwamoto M, Akasu F, Takahashi S,
Nakajima Y, Tasaka K: Monoclonal 1gGs from an
autoimmune MRL/Mp-pr/lpr mouse induce an
interleukin-3-dependent myeloid cell line to pro-
duce tumor necrosis factor a and interleukin-6.
Cell Immunol, 132: 1-9, 1991.

Yang [Q, Tasaka K, Yoshikawa H, Chuang CK,
Minai M, Nakajima Y: Effect of I1.-12 on granulo-
ma formation induced by injected Schistosoma

Japonicum eggs. Int J Parasitol, 27: 861-864. 1997.

Xu Y, Macedonia J, Sher A, Pearce E, Cheever
AW: Dynamic analysis of splenic Thl and Th2
lymphocyte functions in mice infected with Sehis-
tosoma japonica. Infect Immun, 59: 2934-2940,
1991.

Cheever AW: Schistosomiasis: infection versus
disease and hypersensitivity versus immunity. Am

J Pathol, 142: 699-702, 1993.

Scott P. Natovitz P, Coffman Rl., Pearce E, Sher
A: Immunoregulation of cutaneous leishmania-
sis: T cell line that transfer protective immunity
or exacerbation belong to different T helper
subsets and respond to distinet parasite antigens.
] Exp Med, 168: 16751684, 1988.

17) éhankar AH, Titus RG: T cell and non-T cell com-

partments can independently determine resis-
tance to Leishmania major. | Exp Med, 181:
845-855, 1995,



