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Schistosoma japonicum-infected C57BL/6 mice show similar dynamics of hepatic granulomatous inflamma-
tion and delayed hypersensitivity elicited by soluble egg antigens (SEA) which reach peak levels at 9 weeks of
infection and then spontaneously regress. In an attempt to link the level of interleukin 2 (IL-2) production to
the spontaneous regression of hepatic granulomatous inflammation, the study determined the dynamics of IL-2
production by SEA-challenged isolated hepatic granulomas (HG) and cells isolated enzymatically from the HG.
The production of IL-2 by SEA-stimulated HG or HG cells reached its peak when these preparations from
9-week-infected mice were stimulated and fell thereafter. Some possible mechanisms that might explain the
IL-2 deficiency were examined. This deficiency is not due to the in vitro binding of IL-2 by the HG cells of
infected mice and is, therefore, due rather to underproduction of IL-2. The deficiency was also not explained
by reduced numbers of antigen-presenting cells (macrophages or B cells) or of L3T4+ T lymphocytes. In vitro
SEA-induced IL-2 production by HG cells from acutely infected mice was suppressed consistently by Lyt-2+ T
cells from the spleens and in the majority of our experiments by Lyt-2+ T cells from the HG of mice infected
for 10 weeks. These findings are consistent with the main features of our working hypothesis, but it remains
to be proven that in vivo deficiency of lymphokine(s) such as IL-2 is responsible for the spontaneous decrease
in granulomatous inflammation and that this lymphokine deficiency is a result of suppression.

C57BL/6 mice infected with Schistosoma japonicum de-
velop hepatic granulomatous inflammation (HGI) (14) and
delayed hypersensitivity (DH) (2) as cellular immune re-
sponses to soluble egg antigens (SEA) released by parasite
eggs trapped in the hepatic sinusoids. The resultant obstruc-
tion to the portal circulation causes a rise in portal pressure.
Between 9 and 15 weeks of infection, there is a dramatic
spontaneous regression in hepatic granuloma (HG) size (13),
portal pressure (13), and DH to SEA (2). Adoptive transfer
experiments implicate Lyt-2+ T cells in the initial modula-
tion of HGI (14) at 10 weeks. In vitro experiments also point
to a role for suppressor cells in the reduced SEA-induced
proliferative response which occurs at 7 to 8 weeks of
infection (23).

In searching for a common denominator for these events,
it was proposed (21) that the spontaneous regression of HGI
was due to (i) the down regulation of the TH1 subset of
helper cells, which upon antigenic challenge produce lym-
phokines such as interleukin-2 (IL-2) (12), and (ii) the down
regulation of this subset by suppressor T cells in the HG (23).
In the initial test of this hypothesis, it was found that the in
vitro production of IL-2 by SEA-challenged spleen cells (SC)
reached its peak when cells from 7-week-infected mice were
cultured and that production fell at about the same time as
the HGI and DH responses (22). There was evidence that
this IL-2 deficiency was caused by underproduction rather
than hyperutilization of IL-2 and not by a deficiency of
antigen-presenting cells (APC) or of L3T4+ cells, which are
required for cellular immune responses (22). There was also
evidence that the deficiency might be caused by suppression
of IL-2 production by Lyt-2+ T cells from the spleens of
10-week-infected mice (22).

* Corresponding author.

Although the deficiency in SEA-induced IL-2 production
by SC was temporally almost coincident with the drop in
SEA-evoked HGI and DH, the relevance of this deficiency
of in vitro IL-2 production to in vivo HGI remains to be
established. Therefore, the present study examined IL-2
production upon SEA challenge and culture of both intact
HGs and isolated HG cells as a function of the duration of
infection. A deficiency in SEA-induced IL-2 production was
observed in these cultures, and the dynamics of this defi-
ciency corresponded temporally to the spontaneous modu-
lation of HGI and DH in vivo. This IL-2 deficiency was not
due to the in vitro binding of IL-2 by HGs or isolated HG
cells, nor was the deficiency due to reduced numbers ofAPC
or of L3T4+ T lymphocytes or to suppression of IL-2
production by macrophages (M@). SEA-stimulated IL-2
production by HG cells from acutely infected mice was
inhibited by the coculture of Lyt-2+ T cells isolated from the
spleens or HGs of 10-week-infected mice.

MATERIALS AND METHODS

Mice. C57BL/6 mice were obtained from the Jackson
Laboratory, Bar Harbor, Maine, and infected at Lowell
University, Lowell, Mass., with 25 cercariae of a Philippine
strain of S. japonicum (16) (Public Health Service supply
contract Al 052590 from the National Institute of Allergy and
Infectious Diseases). These mice consistently develop an
infection in which DH (1) and HGI (13) reach a peak at 9
weeks and then spontaneously diminish to basal levels h 15
weeks.

Preparation of granulomas and granuloma cells. The N
containing HGs were homogenized for 20 s at low spec I in a
commercial Waring blender. The granulomas were colivct-d
and washed free of cells and parenchyma over a 50-nics;h
steel sieve. The granulomas were pelleted in a 50-ml pl-| -ic
centrifuge tube and then suspended in 4 volumes of a sLvrile
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medium containing RPMI 1640, 5% fetal calf serum (Hy-
clone Laboratories, Logan, Utah), 2,000 U of type II colla-
genase per ml and 20,ug of DNase I per ml (both from Sigma
Chemical Co., St. Louis, Mo.), penicillin, and streptomycin.
The cells were then suspended in complete medium (RPMI
1640, 10% fetal calf serum, glutamine, sodium pyruvate,
arginine, folic acid, 2-mercaptoethanol, HEPES [N-2-hy-
droxyethylpiperazine-N'-2-ethanesulfonic acid] buffer, pen-
icillin, and streptomycin). After this procedure, about 90%
of the cells were viable as judged by the fluorescein diacetate
method (18). To determine whether this digestion regimen
alters the surface of lymphocytes, one sample of SC from
infected mice was digested and another sample was retained
as a control. After digestion, the enzyme-treated cell sus-
pension was indistinguishable from the untreated sample
with respect to total cell number and by flow cytometry with
regard to the percentages of Thy-1+, L3T4+, Lyt-1+, Lyt-
2+, and immunoglobulin-positive lymphocytes.

Introduction of IL-2 production. Fifty isolated HGs or 2.5
x 106 isolated HG cells per ml were cultured in the complete
RPMI 1640 medium with 1 or 5 ,ug of SEA for 24 h, at which
time the supernatant was collected for IL-2 assay. Twenty-
four hours was found to be the time of peak IL-2 production
when either isolated HGs or HG cells from acutely infected
mice were challenged with antigen. At least 1 Rg of SEA was
required for consistent induction of IL-2 production.

Production of rat and mouse factors. SC were prepared
from 250-g Sprague-Dawley rats or C57BL/6 mice. A crude
IL-2 preparation was made from concanavalin A (ConA)-
stimulated rat or mouse SC by adding 1 ,ug of ConA to 106
cells in complete RPMI 1640 medium for 48 h. The crude rat
factor was used for the routine maintenance of CTLL-20
cells and as a positive control in the IL-2 assay. ConA-
stimulated mouse SC provided a rich source of mouse IL-2,
which was used in the IL-2 uptake experiments.

IL-2 assay. IL-2 activity in SC supernatants was assayed in
triplicate by the capacity of these fluids to promote the
proliferation of CTLL-20 (3). CTLL-20 is an IL-2-depen-
dent, cloned murine cytotoxic T-cell line. This line was
propagated in Dulbecco modified Eagle medium (GIBCO
Laboratories, Grand Island, N.Y.) fortified with 2% fetal calf
serum (Hyclone), glutamine, sodium pyruvate, arginine,
folic acid, 2-mercaptoethanol, 50% rat factor, penicillin, and
streptomycin. For the assay, CTLL cells (104) were incu-
bated with 100 RI of serial doubling dilutions of the samples
in flat-bottom wells for 18 h and then pulsed for 6 h with 0.5
,uCi of [3H]thymidine per well (Dupont, NEN Research
Products, Boston, Mass.). The cells were then harvested,
and the samples were subjected to liquid scintillation count-
ing. In each set of assays, standard human IL-2 (Jurkat)
obtained from the Biological Response Modifiers Program,
Biological Resources Branch, National Cancer Institute Fred-
erick Cancer Research Center, Frederick, Md., was assayed
at levels of 1, 5, 10, and 50 U/ml to permit probit analysis (6)
of the data and the determination of the number of units of
IL-2 generated. Each assay was done in triplicate.

Preparation of T-cell subsets. Lyt-1.2+ T cells were lysed
with a 1/400 dilution of monoclonal antibody (NEI-017; New
England Nuclear Corp., Boston, Mass.) and Cedarlane
Low-Tox rabbit complement incubated for 60 min at 37°C.
The Lyt-2.2+ cells were similarly depleted with a monoclo-
nal antibody (TIB 150 hybridoma obtained from American
Type Culture Collection, Rockville, Md.) and complement.
This hybridoma was originally produced by Gottlieb et al.
(4). In some experiments, the desired populations were
prepared by panning with monoclonal rat immunoglobulin

G2a (IgG2a) antibodies to Lyt-1+ and Lyt-2+ cells produced
by hybridomas obtained from American Type Culture Col-
lection (TIB 104 and 105, respectively), as previously de-
scribed (23). These antibodies were affinity purified and
screened for cytotoxicity before use. These hybridomas
were originally produced by Ledbetter and Herzenberg (10).
Briefly, the plates were coated with 50 ,ug of affinity-purified
rabbit antibody to rat IgG2a. T cells prepared on nylon
columns were suspended in L-15 medium (no fetal calf
serum), anti-Lyt-1.2 or anti-Lyt-2.2 (1 pug/106 cells) was
added, and the mixture was incubated on ice. The cells were
then washed and suspended in L-15-5% fetal calf serum.
Upon analysis by flow cytometry, these preparations con-
tained about 95% Lyt-1+ and 96% Lyt-2+ cells, whether
prepared by antibody-complement lysis or by panning.
Removal ofM4 by adherence. M4X were removed from HG

preparations by adherence to the bottom of 2.5-ml wells in
plastic plates for 2 h at 37°C in the RPMI 1640 medium in 5%
C02-95% air and a humidified atmosphere. The number of
remaining MX in the nonadherent cell population was deter-
mined by phagocytosis of fluorescein-labeled microspheres.

Analysis of cell populations by flow cytometry. The follow-
ing reagents were utilized for flow cytometry of cell popula-
tions from the spleens of uninfected mice and mice infected
for different lengths of time. For direct analysis, phycoeryth-
rin-labeled rat IgG2b antibody to L3T4 (GK 1.5 clone) and
fluorescein-labeled rat IgG2b antibody to Thy-1.2 (30-H12
clone) were obtained from Becton Dickinson Labware,
Mountainview, Calif. The percentages of Lyt-1+ and Lyt-2+
cells were determined by treating the cells with monoclonal
antibodies (TIB 104 and 105, respectively) and then with
fluorescein-conjugated antibody to rat IgG (H+L+) (Caltag
Laboratories, South San Francisco, Calif.). For analysis of
B cells, a fluorescein-conjugated affinity-purified goat anti-
body to mouse IgG and IgM (Kierkegaard and Perry, Gaith-
ersburg, Md.) was used. That this fluoresceinated antibody
to mouse IgG did not react with MX bearing cytophilic
immunoglobulin was shown by its failure to stain peritoneal
MX from infected mice or MX isolated from the spleens or
granulomas of infected animals by adherence to plastic.
Erythrocytes were lysed with NH4Cl-Tris before analysis.
Gating for lymphocytes utilized thymocytes as controls.
Fluorescence was measured on an ORTHO 112 flow cytom-
eter interfaced to the ORTHO 2151 data acquisition system.
Dead cells were gated out after treatment of the preparations
with propidium iodide. A total of 20,000 cells were analyzed.

Early detection of infection. Although all of the mice were
originally infected with cercariae, an occasional mouse was
found not to be infected; neither adult worms nor granulo-
mas could be found by 6 to 10 weeks after infection.
Therefore, to distinguish infected from noninfected mice
during the early weeks before granulomas, adult worms, or
antibodies to SEA were detectable, advantage was taken of
our previous observation of the early development of imme-
diate hypersensitivity and DH responses to SEA (2). Fifty
micrograms of SEA in 0.05 ml of phosphate-buffered saline
was injected into the left hind footpads, and 50 ,ug of bovine
serum albumin was injected into the right hind footpads of
infected mice. The immediate hypersensitivity and DH re-
sponses were measured 1 and 24 h later, respectively, by
measuring the thickness of each hind footpad with vernier
calipers. The DH response typically consisted almost exclu-
sively of a mononuclear cell infiltrate. Net footpad swelling
was the difference in thickness between the pad that re-
ceived the SEA and that which was injected with albumin.
Significant differences in both immediate hypersensitivity
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TABLE 1. Failure of supernatants from SEA-challenged HGs or
HG cells from 10-week-infected mice to inhibit the IL-2 assay'

Amt of IL-2 (U) assayed in presence of:
Amt of IL-2b
(U) added Control HG-SEA HG cell-SEA

supernatant supernatant

1 0.5 0.5 0.5
10 4.5 5.0 4.5
50 24.0 25.0 24.0

a 1I0 ,UI of control supernatant (medium alone), HG plus 1 ,ug of SEA, or
HG cells plus 1 pug of SEA was added to the 100 ,ul of IL-2 containing the
designated number of units of IL-2. Therefore, the IL-2 concentration was
diluted 1:2.

b Jurkat IL-2.

8-9 10 11 12 13 14
WEEKS OF HFECTKON

FIG. 1. Dynamics of induction of IL-2 production upon addition
of SEA to isolated HGs (_) or isolated HG cells (LI1) from
CS7BL/6 mice infected with 25 cercariae of S. japonicum for
different lengths of time. SEA (1 ,ug/ml) was added to 50 isolated
HGs or 5 x 106 isolated HG cells for 24 h. IL-2 assays were

performed in triplicate, and the values shown are the means of the
highest values at each time point. The numbers at the top of each
column indicate the number of experiments done at each time point;
usually livers from two infected mice were utilized to prepare HGs
and then to isolate cells from the HGs. Standard errors of the mean
are not indicated because this value was always less than 10% of the
mean value. Upon application of the Student t test, the following
conclusions were reached. There were significant increases in the
production of IL-2 from 6 to 7 and 8 to 9 weeks of infection and
significant decreases in this production from 8 to 9 and 10 to 14
weeks of infection.

and DH were observed as early as 3 to 4 weeks after
infection.

RESULTS

Background IL-2 activity. Before the dynamics of the
SEA-induced IL-2 activity in HGs and granuloma cell cul-
tures from infected mice were determined, a large number of
IL-2 assays were performed on supernatants of cultures of
50 granulomas and 5 x 106 granuloma cells from mice
infected for 6 to 20 weeks. In all instances, these superna-
tants contained less than 1 U of IL-2.
Dynamics of induction of IL-2 activity upon addition of SEA

to HGs and HG cells from mice infected for different lengths of
time. Egg laying begins during week 4 of infection. HGs are
first seen during week 6. The HGs attain peak size during
week 9 of infection and are then spontaneously down mod-
ulated during the next 6 weeks (13). Assayable IL-2 activity
was found upon addition of SEA to isolated HGs and HG
cells from mice infected for 6 to 7 weeks. Therefore, the
experiments on SEA-induced IL-2 activity employed intact
HGs and isolated HG cells from mice infected for 6 to 7, 8 to
9, 10, 11, 12, 13, and 14 weeks of infection.

Figure 1 presents the results of these experiments. The
activity rose significantly to a peak (P < 0.05 by the Student
t test) by 8 to 9 weeks of infection, dropped significantly by
10 weeks of infection, and remained low for the remainder of
the time frame which was examined. Significantly more IL-2
activity was generated by the HGs than by the HG cells at all
of the time points up to 10 weeks.

It was conceivable that the lowered IL-2 activity by 10
weeks was due to altered kinetics of IL-2 production or

altered antigen concentration requirements for maximal in-
duction. However, increasing the SEA concentration to 25
,ug/ml and lengthening the time of incubation of HGs or HG
cells with antigen to 48 and 72 h did not increase the amount
of generated IL-2 activity (data not shown).

It was also possible that the supernatants generated by the
culture of HGs or HG cells from mice infected for 10 weeks
or longer reduced the response of the CTLL-20 assay cells to
IL-2. This possibility was addressed by adding 100 A1. of
supernatants from SEA-challenged HGs or HG cells from
10-week-infected mice to the assay of cells in the presence
and absence of 1, 10, and 50 U of IL-2 (Jurkat). The assay
results were identical in the presence of these supernatants
(Table 1).
Uptake of IL-2 by HGs and HG cells from mice infected for

different lengths of time. The deficiency in IL-2 production
shown in Fig. 1 might be caused by hyperutilization of IL-2,
including greater uptake of IL-2 by HGs or HG cells of mice
infected for 10+ weeks, or by underproduction of IL-2 or
both. Therefore, the uptake of IL-2 was examined under the
same conditions under which the deficiency in IL-2 produc-
tion was found. Compared with that of the control CTLL
cells, little or no uptake of IL-2 could be demonstrated with
HG cells or intact HGs from mice infected for different
lengths of time (Table 2).
Flow cytometric analysis and enumeration of cell popula-

tions and phagocytic cells in livers and granulomas of mice
infected for different lengths of time. Attention was turned
next to the consideration of possible mechanisms of under-
production of IL-2 by HGs or HG cells of infected mice. One

TABLE 2. In vitro uptake of IL-2 by HGs and by isolated
HG cells from mice infected for different lengths

of time with S. japonicuma
Amt of IL-2 (U) in supernatant

after incubation withc:
No. of Amt of

Expt cel mouse Intact HGs HG cellscells I2b CTLL 8-9 11 6-7 8-9 10 11
wk wk wk wk wk wk

1 1 X 107 20 1 15 16 16 17 17 18
2 2 x 106 5 ND ND ND 4.5 4 4.5 4.5

" In each experiment, the cells from one mouse were used at each time
interval.

b Mouse IL-2 was the ConA-induced supernatant from spleen cells of this
species.

' CTLL is an IL-2-dependent cell line (see Materials and Methods). The
standard error of the mean was less than 10% of the indicated values for all
determinations.
ND, Not done.
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TABLE 3. Cell populations in livers of uninfected mice and in HGs of mice infected with S. japonicuma

Wk of Total cells % of each cell population" (no. of mice)
infection' (no. of mice) Thy-1.2 L3T4+ Lyt-1.2+ Lyt-2.2+ Ig+ Phagocytic

0 2.1 (3) 4.5 (3) 0 (3) 2.7 (3) 0 (3) 0 (3) 7.5 (3)
4-5 3.2 (3) 12.7 (3) 6 (3) 10 (3) 0 (3) 0 (3) 17 (4)
6-7 4.0 (4) 51 (3) 35 (4) 14 (4) 11.8 (4) 1.5 (4) 24 (4)
8-9 4.2 (4) 43 (4) 24 (3) 18.6 (3) 11 (3) 32 (3) 25 (3)
10 3.7 (3) 43 (3) 20 (3) 21 (3) 15 (3) 28 (3) 24.5 (4)
11 2.3 (3) 50 (3) 21.6 (3) 21 (3) 12 (3) 15 (3) 29 (4)
14 1.8 (3) 54 (3) 24 (4) 19.8 (4) 4.5 (3) 13 (4) 20 (4)
a The standard error of the mean was less than 10% of the indicated values for all determinations.
bAt week 0, liver cells were prepared by collagenase digestion of livers from uninfected mice. Mice were infected by the criterion of positive immediate and

delayed footpad reactions to locally injected SEA (see Materials and Methods). At weeks 4 to 5, liver cells were isolated by collagenase digestion. At later time
points, cells were prepared by collagenase digestion of isolated HGs.

Phagocytic cells were determined by the phagocytosis of fluorescein-labeled microspheres. The other cell populations were assayed by flow cytometry. Ig+,
Immunoglobulin-positive cells.

possibility was a numerical deficiency of one or more of the
cell populations required for this response. The deficiency
might be due to the actual destruction of cells by autoanti-
bodies (7) or to the emigration of cells from the HGs. The
cell populations required for the induction of cellular im-
mune responses in general and granulomatous inflammation
in particular include APC, such as MP and B cells expressing
surface class II major histocompatibility complex molecules,
and L3T4+ T cells, which actually produce IL-2 and appear

to be required for the expression of granulomatous inflam-
mation (11). There was interest in the total numbers of T
(Thy-1+) and B (immunoglobulin-positive) cells as well as in
the relative numbers of Lyt-1.1+ and Lyt-2.2+ T cells
because of our demonstration that Lyt-2+ T cells could
suppress SEA-induced SC proliferation (2) and IL-2 produc-
tion (22) in vitro and SEA-elicited granulomatous inflamma-
tion in vivo (14). Finally, the total numbers ofHG cells were
determined.

Table 3 summarizes the data obtained in these experi-
ments. By 4 to 5 weeks of infection, when egg laying begins,
there is an increase in Thy-1+, L3T4+, and Lyt-2+ T cells in
the liver as well as an increase in the number of phagocytic
cells. These cell populations increased further by 6 to 7
weeks, when the cell contents of the granulomas per se were

examined for the first time. By this time, a few immunoglob-
ulin-positive cells and many Lyt-2+ cells were also demon-
strable. However, there were no significant differences in the
percentages of L3T4+, Lyt-1+, and Lyt-2+ T cells and in the
percentages of immunoglobulin-positive cells between the
granulomas examined at 8 to 9 weeks (when peak IL-2
production was observed) and those examined subsequently
when IL-2 production was depressed. An exception was the
dramatic drop in Lyt-2+ cells at 14 weeks.

Role ofM+ in the deficiency of SEA-induced IL-2. The flow
cytometric studies indicated that the livers and HGs of
infected mice did not have reduced numbers of B lympho-
cytes or Thy-1+, L3T4+, Lyt-1.2+, and Lyt-2.2+ lympho-
cytes. However, there was an increased number of phago-
cytic cells, predominantly MP. In view of reports that M, or
MX products such as prostaglandin E2 (25) could suppress

antigen-induced cell proliferation or IL-2 production, this
possibility was studied with respect to schistosomiasis
japonica.

Table 4 shows the typical results in three of the six
experiments which were done. Even when the MP were

reduced to 6% of the total cell numbers, there was no effect
on IL-2 production.

Suppression of SEA-induced granuloma cell IL-2 produc-
tion by Lyt-2+ T cells from spleens and granulomas of
chronically infected mice. We previously obtained evidence
for the participation of suppressor T cells in regulation of
cellular immune responses to SEA both in vitro and in vivo
in schistosomiasis japonica. Lyt-2+ splenic T cells from
chronically infected mice inhibited the SEA-induced prolif-
eration response of SC from acutely infected animals (23). It
was then observed that the adoptive transfer of Lyt-2+
splenic T cells from 10-week-infected mice into acutely
infected animals resulted in significant diminution of granu-
lomatous inflammation in the recipients (14). In the most
recent study, Lyt-2+ splenic T cells from 10-week-infected
mice inhibited SEA-induced IL-2 production by SC from
acutely infected animals (22).
Twelve experiments have been done to determine whether

IL-2 production was suppressed by Lyt-2+ T cells from the
HGs of 10-week-infected mice. In eight of them, significant
suppression was observed. Table 5 shows the results of one
of the experiments in which significant suppression oc-
curred. IL-2 production was suppressed when 6-week-in-
fected HG cells were cocultured with Lyt-2+ T cells isolated
from HGs or from SC of 10-week-infected animals but not
when the 6-week-infected HG cells were cocultured with
unfractionated T cells from HGs of 10-week-infected animals
or with Lyt-2+ T cells from the spleens of uninfected mice.
The remaining experiments showed very similar results.

TABLE 4. Effects of removal of M4 on SEA-induced production
of IL-2 by HG cells from mice infected with S. japonicuma

Amt of IL-2 (U) produced upon incubation of:

HG cells

Expt HG cellsb + SEA (,ug) depleted of % M4 % MXMO)" + SEA depletion %M
(p.g)

0 1 5 0 1 5

1 0.5 0.5 0.4 0.6 0.5 0.6 50 12
2 0.8 0.8 0.7 0.8 0.9 0.8 20 20
3 0.5 0.5 0.5 0.5 0.4 0.5 70 6

" All cells were from 12-week-infected mice. The standard error of the mean
was less than 10% of the indicated values for all determinations.

b X 106 HG cells plus the indicated SEA concentrations.
" 5 x 106 HG cells after depletion of M4 as assayed by phagocytosis of

fluorescein-conjugated microspheres. Values were not significantly different
from control values (P > 0.1).
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TABLE 5. Suppression of SEA-induced IL-2 production by Lyt-2+ T cells from spleens and HGs of 10-week-infected micea

Amt of IL-2 (U) produced upon culture of HG cellsb plus:
Amt of
SEA (1g) Nothing Nothing' 10-wk 10-wk 10-wk Lyt-1+ 10-wk Lyt-2+ 10-wk Lyt-1+ 10-wk Lyt-2+ Normal SC Normal SC

HG HGT HGT HGT SCT SCT Lyt-1- T Lyt-2- T

0 0 0 0 0 0 0d0 0 0 0
1 1.4 od 1.oe 1.oe 1.2e 0.4d 1.2e od 1.2e 1.2e

a Two livers from 6- and 10-week-infected mice, two spleens from 10-week-infected animals, and two spleens from uninfected mice were utilized to prepare
cell populations.

b 2.5 x 106 cells of each population were cultured. Except where indicated, all HG cells were from 6-week-infected mice. HG, Cells prepared from HGs by
collagenase digestion (see Materials and Methods); HGT, T cells prepared from HG cells on nylon columns; SCT, T cells prepared from spleens. The Lyt-l+ and
Lyt-2+ T cells were prepared from HG cells or infected or normal spleen cells by panning (see Materials and Methods).

c In this control, 10-week-infected HG cells were used.
d Significantly different (P < 0.05) from 6-week-infected HG cells by the Student t test.
e Not significantly different (P > 0.1) from 6-week-infected HG cells by the Student t test.

DISCUSSION
Consideration of the dynamics of SEA-induced IL-2 pro-

duction by HGs and HG cells from S. japonicum-infected
mice was a logical next step in our studies of regulation of
granulomatous inflammation in schistosomiasis japonica.
Our previous study (22) showed reduced IL-2 activity upon
culture of SC from 7-week-infected mice. This IL-2 defi-
ciency was not due to excessive binding of IL-2, numerical
deficiencies of APC or IL-2 producing cells, or suppression
by M( or M4 factors (22). Thus, this IL-2 deficiency was
caused by underproduction. This deficiency could be repro-
duced by the coculture of SC from acutely infected animals
and Lyt-2+ T cells from the spleens of 10-week-infected
mice. Thus, this deficiency coincided temporally with the
down regulation of granulomatous inflammation. The aim of
the present study was to extend these findings with SC to the
HG, the arena in which this type of inflammation actually
occurs.
Examination of the percentages of potential APC and of

L3T4+ T cells did not reveal a numerical deficiency; indeed,
there were more than twice as many MX in the HGs of
chronically infected animals as in acutely infected animals
(Table 3). However, there are no markers to distinguish the
L3T4+ THi subset, which produces IL-2 and presumably
mediates cell-mediated immune responses such as HGI,
from the L3T4+ TH2 subset, which produces IL-4 and
enhances IgE and IgGl antibody production (12). Therefore,
it has not been determined whether there are alterations in
the relative or absolute numbers of these two different T-cell
subsets in the course of this disease. The fact that both
immediate hypersensitivity (2) and IgGl antibody formation
(9) to SEA occur in schistosomiasisjaponica indicates that at
least the TH2 subset is functional. It has also not been
determined whether in the course of this disease a reduced
frequency of SEA-reactive IL-2-producing cells supervenes.
The possibility of functional defects rather than numerical
deficiencies in one or another cell population remains. Fi-
nally, the induction of a nonresponsive state in IL-2-pro-
ducing T helper cells as found for helper T-lymphocyte clones
stimulated with carbodiimide-treated APC (5) is also possible.
The data in Table 5 indicate that in vitro underproduction

of IL-2 by HG cells can be caused by suppression of Lyt-2+
HG T cells. It is not known why this type of suppression was
not observed in all experiments. The Lyt-2+ splenic T cells
consistently inhibited IL-2 production by HG cells, so the
latter population is susceptible to suppression. The Lyt-2+
HG T-cell preparations were essentially indistinguishable in
these 12 experiments on the basis of all of their properties
which were examined, i.e., viability and cell surface markers
of various T- and B-cell populations. However, the most

likely explanation of the inconsistency in suppression is that
our digestion regimen does not consistently yield uniformly
biologically active cells. Therefore, additional criteria of cell
function and alternative methods or modifications of present
methods for cell preparation from HGs are being developed.
The finding of suppression of SEA-induced IL-2 produc-

tion by Lyt-2+ T cells isolated from HGs is in keeping with
our previous findings of suppression of the in vitro SEA-
induced proliferative response (23), the in vitro SEA-evoked
IL-2 production by SC (22), and the suppression of HGI in
vivo (14). These observations are also in keeping with
reports of suppression of SEA-stimulated MO inhibitory
factor production by splenic suppressor cells in schistoso-
miasis mansoni (19), of inhibition of antigen-induced IL-2
production in granuloma-bearing mice (8), and of inhibition
of mitogen-induced IL-2 production in mice infected with
Trypanosoma brucei (20).

In our previous study (22), SEA-induced IL-2 production
by 6-week-infected SC was inhibited by unfractionated T
cells prepared from the spleens of 10-week-infected mice.
This observation was reminiscent of our demonstration of
the inhibition of the SEA-induced proliferative response of
SC from acutely infected mice upon coculture with unfrac-
tionated T cells from the spleens of 10-week-infected animals
(23). However, SEA-evoked IL-2 production by HG cells
from 6-week-infected mice was not inhibited upon coculture
with unfractionated HG T cells from 10-week-infected ani-
mals (Table 5). This discrepancy is not understood. It was
demonstrated (Table 3) that the spleen and HG contained T
cells of both the helper (Lyt-1+) and suppressor (Lyt-2+)
phenotypes. However, in both systems the Lyt-1+ T cells
from the 10-week-infected mice failed to enhance IL-2
production by the SEA-challenged HG cells from 6-week-
infected animals. Several non-mutually exclusive explana-
tions may be offered for this observation. (i) The Lyt-1+ and
Lyt-2+ preparations usually contained about 4 to 5% contam-
ination with Lyt-2+ and Lyt-1+ cells, respectively. Therefore,
enough Lyt-2+ cells may have been present in the Lyt-1+
preparation to suppress the response. (ii) The frequency of
SEA-reactive Lyt-1+ IL-2-producing T cells may have been
reduced significantly in the 10-week cellular preparations.
(iii) The SEA-reactive Lyt-1+ IL-2-producing T cells may
have been inactivated or tolerized by endogenous or exoge-
nous antigen or both. These possibilities are being examined.
Table 3 presents information on the dynamics of appear-

ance of different cell populations in the liver (before HG
formation) and in the HG, presumably as a result of granu-
lomatous inflammation in response to SEA. An increase in
the number of Lyt-2+ T cells was not observed in HGs
between 6 and 10 weeks of infection, but it must be recog-
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nized that these numbers do not reflect the numbers of
SEA-reactive T-cell populations, which conceivably may be
different at different times of infection. The frequency of
these populations will be determined.
A deficiency in an eosinophile chemotactic lymphokine in

the course of schistosomiasis japonica was shown previously
in this (2) and another (15) laboratory. Recently, BALB/c
mice infected with S. japonicum showed deficient ConA-
induced IL-2 production by their SC (26). IL-1 production
was normal. Neither suppressor M( nor prostaglandin E2
caused this deficiency. The response to exogenous IL-2 was

markedly suppressed by 4 weeks of infection. Thus, not only
is IL-2 deficient during schistosomiasis, but a number of
other cytokines involved in the cascade (1) which presum-
ably are needed for the induction of granulomatous inflam-
mation are also present in low concentrations. The defi-
ciency in IL-2 has also been observed in other infectious and
granulomatous diseases (17, 20, 24).
The temporal coincidence of the drop in SEA-induced

IL-2 production by isolated HGs and HG cells (Fig. 1) and
the spontaneous modulation of SEA-induced HGI (13) and
DH (2) after 9 weeks of infection is striking. This evidence
supports our working hypothesis (21) that lymphokine(s)
plays an important role(s) in the pathogenesis and regulation
of HGI and that regulation of lymphokine production, espe-
cially, by the TH1 subset regulates HGI. The similarities in
the numbers of cells of different types in the spleen and HG
at different times after infection (22; this study) are striking
and suggest that cells from the splenic microenvironment
home into the liver and are responsible initially for the
pathogenesis of the HG and subsequently for the regulation
of HGI. Experiments are in progress in an effort to obtain
additional evidence for the roles of these cells and mecha-
nisms in the pathogenesis and regulation of HGI in schisto-
somiasis.
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