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HUMAN monocytes, co-incubated for 7 days in culture with
GM-CSF or IL-3 but not with IFN-T, exerted a variable
schistosotnulicidal effect on Schistosoma mansoni para-
sites when grown in 96-well round-bottomed plates but
not in flat-bottomed plates. Addition of LPS or IFN-’{ or
both, for the last 48 h did not enhance the cidal effect.
Addition of LPS but not IFN-T to the pre-incubated cells
with GM-CSF or IL-3 markedly stimulated TNF- produc-
tion by the cells but not their cidal activity. The variable
cidal effects obtained with the monocytes/macrophages
from different donors suggest that these effects may be
genetically predetermined and are possibly linked to
blood group markers or to MHC class I or II antigens.
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Introduction

Macrophages from schistosome-infected mice
have been shown to constitute efficient cytotoxic
agents against freshly prepared schistosomula of
Schistosoma mansoni. 1," However, since the human
immune response to this parasite may not necessarily
be identical to that of mice, several investigations
have studied the cytotoxic potential of human
monocytes/macrophages in systems devoid of, or
replete with, stimulants or specific antibodies.4-v

James et al. assessed the enhanced cytotoxic effect
of human monocytes/macrophages following their
stimulation with human recombinant CSF-1, human
recombinant IFN-, or a combination of both.
The present work likewise deals with a similar inter-
action (albeit with different stimulators) between
normal human monocytes or monocyte-derived
macrophages and S. mansoni schistosomula, this
following stimulation of the cells by known
monocyte modulators--namely, granulocyte-
macrophage colony-stimulating factor (GM-CSF),
interleukin 3 (IL-3), or human recombinant inter-

feron-T (IFN-T) and/or subsequently added bacterial
lipopolysaccharide (LPS) or IFN-T.

Materials and Methods

Reagents: Human recombinant GM-CSF and IL-3
(courtesy of Behringwerke, Marburg, Germany) were
used at concentrations of 1000 U/ml each, after first
establishing that this was the optimal concentration
for stimulation of the cells. Human recombinant IFN-
T (courtesy of Drs M. Rubinstein and D. Novik,
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Weizmann Institute of Science, Rehovot, Israel) was
added to the cell-containing wells either for the
whole duration of the experiment or for the last 48 h
only (at 1000 U/ml), or as a combination of both. LPS
(Sigma, St. Louis, MO, USA) was added to the cell
cultures, for the last 48h, at lOl.tg/ml. Na-

monomethyl arginine (NaMMA), a competitive in-
hibitor of arginine metabolism, was added to the
appropriate wells at 0.1 mM for the last 48 h of
incubation with the cells, concurrently with the
schistosomula.

Cells: Mononuclear cells were obtained from normal
human blood donors after Ficoll-Hypaque separation
of the PBS-suspended buffy coats. For later introduc-
tion into wells of fiat-bottomed plates, the cells were
kept overnight in RPMI 1640 + 10% NBS at 4C,
following which the platelet-rich supernatant was
decanted and the sediment suspended in RPMI
1640 + 2% FBS. Viability of the cells was assessed by
trypan blue exclusion, then their concentration was
adjusted to 3 x lOV/ml and 0.1 ml aliquots of the cell
suspensions were introduced into wells of fiat-bot-
tom microtitre plates. After 1 h incubation at 37C in
air containing 7.5% CO,., the wells were gently rinsed
three times with warm (37C) Earle’s BSS, then
overlayed with RPMI 1640 medium containing 5%
FBS to which 300 lttg/ml glutamine, 20 mM HEPES
and antibiotics (200 U/ml penicillin and 200 l.tg/ml
streptomycin) were added. With a plating efficiency
of about 15%, this resulted in approximately 4.5 x 105
adherent cells/well. In initial experiments, some
wells were checked for monocyte content by
esterase activity, and more than 90% of them proved
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to be esterase positive.
For introduction into round-bottomed wells of

microplates, monocytes were first freed of other cells
by inducing them to adhere to the bottoms of plastic
tissue culture flasks and washing off the non-adher-
ent cells; to this end, 5 x 106/ml of the cell suspen-
sions were incubated for lh at 37C in RPMI
1640 + 2% FBS, following which the adherent cells
were washed three times with warm Earle’s BSS,
thereby discarding practically all non-adherent cells.
The adherent cells were then incubated overnight at
37C and 7.5% COs, in RPMI 1640 + 10% FBS. This
procedure, modified from Treves et al., as well as
repeated rinsing with cold Earle’s BSS, caused de-
tachment of most of these cells. Detached cells were
collected, washed twice, counted and checked for
viability, and adjusted to 3 x 106/ml. Samples of cell
suspensions were sedimented onto microscope glass
slides through centrifugation, then stained with
Wright’s stain for assessment of cell composition.
Differential counting of the detached cells revealed
that more than 90% of them constituted large and
10% small monocyte cells. Volumes of 0.1 ml of the
suspensions in RPMI 1640+ 5% FBS containing
3-3.5 x 105 cells were introduced into the wells and
supplemented with 0.1 ml of medium or medium
containing the various stimulants.

Schistosomula: Schistosomula of S. mansoni of Egyp-
tian origin which was routinely passaged through
Puerto Rican Biomphalaria glabrata snails, were
produced by mechanical transformation of cercariae,
according to Lazdins et aL1 Briefly, shed cercariae
were collected and concentrated, and their tails
sheared off by vortexing. The cercarial bodies were
now separated from the tails by centrifugation on
70% percoll (Pharmacia, Uppsala, Sweden) and incu-
bated in Earle’s BSS for 3 h at 37C. Forty to 50 such
schistosomula were then introduced into each of the
test wells.

Cytotoxicity assay. The cells were usually incubated
for 7 days, rarely up to 14 days, and once for 21 days,
with or without GM-CSF, IL-3 or IFN-7. After the
preincubation period, 100 ILtl/well were supplanted
by 100btl of 5% FBS-supplemented RPMI 1640
medium containing the initial concentrations of
GM-CSF, IL-3 or IFN-, and 40 to 50 3 h-old, mechani-
cally transformed schistosomula,1 and further incu-
bated for 48 h. Where appropriate, IFN-3, or LPS were
added to the cultures. In the fiat-bottomed wells,
therefore, the cell to schistosomula ratio was slightly
below 104: 1, whereas for the round-bottomed well
plates, the ratio of monocytes to schistosomula was
approximately 6 -7 x 103:1.

Cytotoxicity of the macrophages was assessed by
determining the percent dead schistosomula and
subtracting from it the percent dead schistosomula in
wells containing growth medium only (control
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wells). Counts of schistosomula were performed in
duplicate wells, and their death was assessed by
immobility, overall granular appearance and inactiv-
ity of their flame cells.

In addition to calculated averages, the readings
were also graded as follows: negative (less than 5%
schistosomulicidal activity), weakly positive (5-20%
cidal activity), moderately positive (20-35% cidal
activity) or strongly positive (with over 35% killing of
the schistosomula). Stimulators/modulators at the
highest concentration employed in the experiments
were added in parallel to wells containing
schistosomula but no cells. These wells served as
controls for the possible direct deleterious effect of
the materials on the schistosomula.

Determination of tumour necrosis factor-or concen-
tration: TNF-0t concentration was determined in the
supernatants of wells of the cytotoxicity assays in
order to detect a possible correlation between this
concentration and the rate of anti-schistosomular
toxicity. It was measured in a bioassay based on
destruction of cells belonging to the L-929 line of
mouse fibroma origin in proportion to its concentra-
tion. The extent of the cell destruction was read in
a microplate spectrophotometer (EL309, Bio-Tek in-
struments, Winowski, VT, USA) as O.D. units, after
staining the cells by Hemacolor and extracting the
dye.1 TNF-0 concentrations (ng/ml) in the wells
were ultimately determined by comparison with
readings of known concentrations of human
recombinant TNF-z (kindly supplied by
Behringwerke).

Results

Well configuration: The importance of well configu-
ration became evident when the number of positive
tests out of the total performed was counted. Thus,
in fiat-bottomed plates, where 4-7 repetitions were
performed for each of 0, 4, 7 and 14-day cell
preincubations prior to addition of the schistosomula
to the wells, only in one experiment, involving 7-day
preincubation groups, was there toxicity to the cul-
tured young worms: high cidal activity (57%) in one
of six preincubations with IL-3 and moderate cidal
activity (20%) in one of six preincubations with
GM-CSF. For the round-bottomed well plates, aver-
age results are shown in Table 1. It may be seen from
the table, based both on averages and on cytotoxicity
ranges, that IL-3 exerted a somewhat stronger cidal
effect than did GM-CSF. This effect, though visually
detectable, was statistically non-significant, as evi-
denced by Student’s t-test.

LPS and IFN-g: The means and standard error of
means for the test groups with and without addi-
tional LPS are shown in Table 1. As seen from the
table, addition of LPS produced some decrease of the



Human anti-schistosomular macrophages

Table 1. Influence of various stimulators on the schistosomulicidal
activity of human monocytes/macrophages

LPS added
following
preincubation

Schistosomulicidal activity
with co-incubating stimulant (%)

GM-CSF IL-3

15.0 + 7.0 19.0 + 5.3
+ 10.4 + 3.4 15.9 + 5.2

Subdivision of schistosomulicidal activity

Cytotoxicity LPS added GM-CSF IL-3
(%) following

preincubation

Negative 12/17 6/17
+ 10/17 7/17

5-20 2/17 4/17
+ 5/17 5/17

20-35 3/17 5117
+ 1/17 4/17

> 35 0 2/17
+ 1/17 1/17

Human monocytes at 3 x 10S/well, in 200 !1RPMI 1640 + 5% FBS,
were preincubated for the specified times at 37C and in presence
of 7.5% CO2, then LPS at 10 lg/ml was either added or not to the
wells, together with 50 schistosomula of S. mansoni and incubated
under identical conditions for an additional 48h. Death of
schistosomula was judged by non-motility of the organisms and
their flame cells. Seventeen repetitions were made of the
preincubations. Values are given as means + S.E.M.

toxic effect of the cells preincubated with either
GM-CSF or IL-3, which was statistically non-signifi-
cant. Neither did addition of LPS to cell cultures not
preincubated with GM-CSF or IL-3 essentially alter
the schistosomulicidal activity of the cells.

IFN-3,, which was co-incubated with the cells at
1000 U/ml and/or was added to the
cell + schistosomula cultures for the last 48 h at the
same concentration, produced a very weak cidal
effect (7.8% +_ 4.9) in only two out of twelve experi-
ments (involving preincubation and additional 48 h
incubation). Neither did it enhance the toxicity of the
cells preincubated with IL-3 or with GM-CSF.
Table 2 again shows that LPS did not enhance

schistosomulicidal activity of the cells, and seemingly

even suppressed it (as already indicated from Table
1). TNF-c was produced at highly enhanced levels
upon incubation of the cells with LPS, but apparently
these high levels had, in several cases, only a slight
effect on the killing of the schistosomula (upon
addition of both IFN-7 and LPS), and in other cases
seemed to suppress cytotoxicity and schistosomular
death. It should be pointed out that these variable
findings pertained only to cells preincubated with IL-
3 or GM-CSF, while IFN-7, either preincubated with
the cells, added later or combined, exerted no such
cytotoxic effect.

IWMMA: NaMMA did not alter the comparatively rare
cidal effects that the macrophages exerted on the
3-h schistosomula introduced into the IL-3, GM-CSF
or IFN-7 containing wells, with or without the addi-
tional presence in the culture wells of LPS, IFN or
both, for the last 48 h of incubation.

Discussion

Schistosomulicidal assays have heretofore been
performed either in fiat-bottomed 24-well plates for
adherent monocytes/macrophages,4,12 in fiat-bot-
tomed 96-well plates, or in adherence-preventing
polypropylene tubes.6-12 Maturation of the
monocytes to macrophages was performed in fiat-
bottomed, adherence-promoting polystyrene dishes
or in adherence-preventing polypropylene tubes or
bags.5,6 In the present study, the toxicity assays as
well as the cell preincubation with the various mate-
rials were performed in either fiat-bottomed 96-well
plates for adherent cells, or in round-bottomed
96-well plates, which because of sloping of the
well bottom, yielded, after several days of culturing,
both adherent and non-adherent monocytes/
macrophages. Taking the 7 d preincubations as the
basis for comparison, only in one of twelve experi-
ments performed in fiat-bottomed well plates was
there a schistosomulicidal effect, whereas in the
round-bottomed well plates, 7/17 and 5/17 experi-

Table 2. Correlation between TNF-x production and schistosomulicidal activity of human monocytes/macrophages

Stimulator added* Cidal activity and TNF- production** for preincubation of cells for 7 d with stimulatory compounds

Experiment No. Experiment No. 2

Medium GM-CSF L-3 Medium GM-CSF L-3 FN-7

None 0 (1.1) 0 (1.5) 10.1 (1.2)
LPS 0 (2.7) 2.9 (17.7) 11.1 (9.3)
IFN-7 0 (N.D.) 8.1 (9.4) 2.6 (2.7)
LPS + IFN-7 0 (14.7) 18.4 (41.1) 8.6 (18.5)

0 (0.2) 83,3 (0) 85.1 (0.1) 0 (N.D.)
0 (1.2) 50,0 (36.3) 5.8 (65.0) 0 (N.D.)
0 (N.D.) 81,0 (0.2) 69.6 (0) 0 (0)
0 (1.0) 22,8 (41.7) 8.0 (17.2) 0 (0)

The human monocytes in these experiments originated from two different donors. They were incubated in round-bottomed well of microtitre
plates at 3 x 10S/well, in 200 1 RPMI 1640 + 5% FBS, at 37C and in 7.5% CO2 in air. Following incubation with the indicated materials
for either 4 d or 7 d, LPS, IFN-7 or both were introduced into the wells, together with 50 schistosomula and incubated for another 48 h. Cell
to parasite ratio was 6 x 10 1. Death of schistosomula was judged as in footnote for Table 1. Levels of TNF-(x were assessed in a bioassay.
Added to culture after preincubation and co-incubated with the cells for the last 48 h of the experiment.
Values in parentheses are TNF-cx concentrations (ng/ml). Other values are the percent death of schistosomula.
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ments yielded toxic effects upon GM-CSF
preincubation with or without respective additional
LPS, and correspondingly 10/17 and 11/17 for the
equivalent IL-3 preincubations. These results
strongly suggest that the non-adherent portion of the
macrophages (non-adherent, purely due to the well
configuration, which enabled the adherence of only
a small proportion of these cells) sedimenting and
concentrating in large mass in a small area of the
well, is more contributory to the cidal effect than is
the adherent portion, which may partly explain the
negative results obtained by Remold et al. and the
moderate toxicity obtained by Ellner and Mahmoud.
We must take into account, however, that these
groups made their readings after 24 h of co-incuba-
tion with the schistosomula and this, too, may have
contributed to the low or negative cytotoxicity, be-
cause apparently 40 h of co-incubation are necessary
for maximal expression of schistosomulicidal activ-
ity, albeit Cottrell et al. found that at cell to parasite
ratios exceeding 5 x 10: 1, a very high death rate of
the schistosomula (81%) occurred after 24 h co-incu-
bation. In accord with the two last mentioned works,
no schistosomula-directed cytotoxicity of freshly iso-
lated human monocytes was detected in our experi-
ments. However, unlike the findings of James et al.
and our own, Cottrell et al. found that non-stimu-
lated maturation of the monocytes by itself produced
high cytotoxicity after 5 days of cultivation, a process
accelerated by inclusion in the growth medium
of high concentrations (104 U/ml) of human
recombinant IFN-7. As already mentioned, in the
present study human recombinant IFN-7, regardless
of whether preincubated with the cells ab initio,
added to the wells for the last 48 h, or used in a
combination of both protocols, essentially did not
alter the negative cytotoxicity of the cells cultured
without the additivies. The same was tree also for
preincubations containing IFN-, with either GM-CSF
or IL-3, which is contrary to the results obtained by
James et aL in similar combinations involving human
recombinant IFN-g and CSF-1. From the results
shown in Table 2 and from a previous study,1 it is
clear that the cells’ potential to react to stimulation
(here via LPS), as expressed by TNF- production, is
dependent on co-incubation with the cytokines
GM-CSF or IL-3, but not with IFN-7.
One of the unknowns in human monocyte/

macrophage toxicity towards schistosomula is the
mechanism involved. In contrast to mouse peritoneal
macrophage schistosomulicidal activity which is

arginine dependentTM and largely nitrite mediated,5

supernatants from human monocytes or
macrophages apparently are not toxic to
schistosomula. According to James et al., neither
nitrite nor H202 production can account for the
antischistosomula toxicity expressed by human
macrophages. In the same work, TNF- production
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was assessed upon IFN-, or LPS stimulation of the
cells, and it was found that LPS elevated by more
than a hundred-fold TNF-z production by fresh
monocytes as well as by macrophages which had
been cultured in the presence of IFN-, for 2 weeks.
However, in the present study, fresh monocytes
as well as 7d macrophages did not become
schistosomulicidal upon LPS stimulation despite high
levels of TNF4z produced by them.

Regrettably, James et al. did not show the possible
correlation between the TNF-ot levels produced by
their stimulated cells and either the cidal effect of the
producer cells or that of the respective TNF-con-
tained supernatants, so their results and ours are not
fully comparable. Even so, their cells produced,
under the most optimal conditions, only about
3.4 ng/ml TNF-. Taking an approximate equivalem
of 20 units per nanogram (calculated from data
shown in the most recent ’Genzyme’ company cata-
logue), this would mean slightly more than 68 units
of TNF-0t. According to James et aL, this amount of
exogenous TNF-cz added to the culture medium
yielded only background, or slightly higher levels of
schistosomulicidal activity. Hence, it is doubtful,
although not entirely impossible, that a micro-con-
centration of this material could build up and exert
a toxic effect on the schistosomula at the interface of
contact between the macrophages and the parasites,
as has been speculated by us regarding the potential
schistosomulicidal effect of macrophage-derived
lysozyme.

Finally, if the positive results obtained by Cottrell
et aL, with or without stimulation of the cells, and
by James et aL upon their stimulation, pertain to all
their blood donors and not just the positively react-
ing ones, then the present findings are contrary to
theirs in indicating that the schistosomulicidal effect
of the cells from different donors may fluctuate
widely, from completely negative to over 80% killing
in round-bottomed well plates, vs. almost complete
ineffectiveness in the flat-bottomed well plates. If the
divergent results obtained by us are not merely an
artefact of differing techniques, they could reflect
hitherto unknown inherent differences in the blood
used. They could, for instance, indicate factors linked
to primary or secondary blood group markers, or to

major MHC-class or II antigens. They might, on the
other hand, reflect the occurrence, in the small
proportion of reactive bloods, of nonspecific
prestimulation of the monocytes by unknown fac-
tors.

Relying on lack of toxic nitrites production by
human monocyte-derived macrophages and on our
own data which showed that an arginine metabolism
inhibitor did not alter the macrophage toxicity and
that high levels of TNF-z did not enhance the anti-
schistosomula toxic effect, it may be theorized that
human monocyte-derived macrophages do not par-
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ticipate in protecting against schistosome invasion,
but merely in killing the parasite’s egg-embryo within
the schistosome-induced granuloma.
The present study was intended to resolve some of

the contrasting results and conclusions regarding
human macrophage toxicity toward larval stages of
schistosomes. Our findings, however, indicate very
little such toxic reactivity, and thus far the mechanism
whereby schistosomula are killed is uncertain, even
in studies where an efficient schistosomulicidal effect
has been shown.
This is not so in the case of mouse macrophages,

where a dependency on arginine metabolism was
first confirmed in a former work,14 to be followed by
the implication of nitrites as the effector molecules. 15
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