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We have repor ted  elsewhere (1) 1 tha t  normal  h u m a n  eosinophils  adhere  to schis- 
tosomula  of  Schistosoma mansoni, in the presence of  hea t - inac t iva ted  sera from pat ients  
with schistosomiasis,  to a much  greater  extent  than  do neutrophi ls .  This  f inding was 
surprising,  because neut rophi ls  are general ly  considered to bea r  more Fc receptors 
(FcR) for b o u n d  IgG than  do eosinophils  (2-5). O n  fur ther  s tudy,  it became appa ren t  
that  the in i t ia t ion  of  adherence  by bo th  cell types was a t empe ra tu r e - i ndependen t  
react ion involving the cells' FcR,  and  tha t  the eosinophil ,  bu t  not  the neut rophi l ,  
then underwent  a further,  t empe ra tu r e -dependen t  step which rendered  its b ind ing  
progressive and  irreversible, 1 

We considered that  this preferent ia l  b ind ing  of  eosinophils  to an t ibody-coa ted  
schistosomula might ,  in par t ,  account  for the selective d a m a g i n g  effect of  the 
eosinophil ,  in compar ison  wi th  the  neu t rophi l  (1), and  that  it was therefore impor t an t  
to s tudy the mechanism of  the irreversible step in more  detail .  Ear l ier  work by 
ourselves (6-8) and  others (9, 10) had  shown that  d a m a g e  induced  by  eosinophils  was 
associated with  cell a t t achmen t ,  followed by  degranu la t ion  and  the  release of  granule  
contents  onto  the surface of  the organism.  This  d a m a g e  was a t t r ibu tab le ,  at least in 
par t ,  to the release of  one major  componen t  of  the eosinophil  granule ,  the ma jo r  basic 
pro te in  (MBP) 2 (1 1, 12), onto  the surface o f  the  organism (13). In  contrast ,  adheren t  
neut rophi l s  showed no signs of  deg ranu la t ion  de tec tab le  at the electron microscopical  
level: instead,  these cells formed fusions wi th  the outer  b i layer  of  the schis tosomulum 
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membrane ,  resul t ing in the e l imina t ion  of  a m e m b r a n e  layer  (14). 3 
It  seemed reasonable  to pos tu la te  tha t  the  irreversible na tu re  o f  eosinophi l  adher-  

ence was also associated with  degranu la t ion ,  and  tha t  the  released granule  contents ,  
in pa r t i cu l a r  MBP,  might  serve as a l igand,  b ind ing  together  the two negat ively  
charged  surfaces. This  ma te r i a l  would  bo th  pro long  the adherence  of  cells tha t  are 
a l r eady  a t t ached  and  enhance  the adherence  of  new cells coming  into the  site of  the 
reaction,  thereby p romot ing  a cascade effect. 

In this paper ,  we describe a t t empt s  to test this hypothesis ,  in pa r t i cu la r  by  the  use 
of  concanava l in  A (Con A) ins tead of  a n t i b o d y  as a l igand to med ia te  eosinophil  or 
neut rophi l  adherence.  W e  have found tha t  eosinophils  b o u n d  via Con A fail to 
degranula te ,  and  that  this is associated with  a lack of  d a m a g e  to the  paras i te  and  a 
comple te  reversibi l i ty  of  adherence  with  an a p p r o p r i a t e  compe t ing  agent.  However ,  
if  degranu la t ion  of  Con A - b o u n d  eosinophils  is induced  with  the ca lc ium ionophore  
A23187, such cells now d a m a g e  the schis tosomulum,  and  their  adherence  is no longer 
reversible by  a compe t ing  agent .  These  f indings suppor t  our  conten t ion  that  both  
eos inophi l -media ted  d a m a g e  and  the irreversible na tu re  of  eosinophi l  adherence  are 
dependen t  on degranula t ion .  

M a t e r i a l s  a n d  M e t h o d s  

Media and Reagents. The following media were used in these experiments: Eagle's minimal 
essential medium (MEM) (Grand Island Biological Co., Grand Island, N.Y.), buffered with 25 
mM Hepes and containing penicillin, 100 u/ml,  and streptomycin, 100/~g/ml; MEM/fetal  calf 
serum (FCS), MEM supplemented with 10% FCS (Flow Laboratories, Inc., Rockville, Md.) 
heat-inactivated at 56°C for 1 h; Earle's balanced salt solution with 0.5% lactalbumin 
hydrolysate (E/LAC) (Grand Island Biological Co.), supplemented with 10% heat-inactivated 
FCS and antibiotics as above; phosphate-buffered saline (PBS), pH 7.4; and Hanks' balanced 
salt solution (HBSS). 

Con A (type IV: Sigma Chemical Co., St. Louis, Mo.) was prepared as a stock solution of 2 
mg/ml in PBS and was stored in aliquots at -20°C.  Appropriate dilutions were made in 
MEM/FCS immediately before use. A23187 was kindly donated by Lilly Research laboratories 
to Dr. E. Martz, and was dissolved in dimethylsulphoxide at 10 mg/ml. Aliquots were stored 
in light-proof vessels, and were diluted in MEM/FCS immediately before use. Alpha-methyl- 
mannoside (Sigma Chemical Co.) was freshly prepared in MEM/FCS to yield a final concen- 
tration of 10- M. Protamine (free base, Sigma Chemical Co.) and n-ethylmaleimide (Sigma 
Chemical Co.) were freshly dissolved and diluted in MEM to yield the final concentration 
shown in the experiments. 

Guinea pig eosinophil MBP was prepared as described in detail by Gleich et al. (11, 12, 15, 
16), and was stabilized by alkylation of the two free sulphydryl groups (13). The alkylated 
material was dialysed against 0.1 M NH4HCO3, and lyophilized. Immediately before use, the 
MBP was dissolved in MEM. 

Schistosoma mansoni Life Cycle and Preparation of Schistosomula. A Puerto Rican strain of S. 
mansoni is routinely maintained in this laboratory, and schistosomula were prepared by allowing 
infective cercariae to penetrate rat skin in vitro (17, 18). Such schistosomula were stored 
overnight at 4°C in E/LAC/FCS,  and were washed in MEM/FCS immediately before use (1). 

Human Sera. Sera from patients with S. mansoni infection were used as a source of antibody. 
These anti-schistosomular sera were heat-inactivated at 56°C, and showed no direct toxicity to 

3 Caulfield, J. C., G. Korman, A. E. Butterworth, M. Hogan, and J. R. David. The adherence of 
neutrophils, eoslnophils and erythrocytes to schistosomula: evidence for membrane fiasion between cells 
and a parasite. Submitted for publication. 
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schistosomula. Dilutions were chosen which gave high levels of eosinophil-mediated adherence 
and damage (1). 

Preparation of Human Leukocytes. Eosinophils and neutrophils were purified from normal 
human peripheral blood by centrifugation of leukocyte-rich suspensions over discontinuous 
metrizamide gradients, as described elsewhere (1). Preparations containing >90% eosinophils 
or neutrophils were routinely obtained, and differentials are given in the figures and tables for 
each preparation tested. Cells recovered from the gradients were washed twice in MEM/FCS 
and resuspended at concentrations ranging in different experiments from 1 to 8 × l0 s cells/ml. 

Microscopical Assay for Cell Adherence to Schistosomula. Cell adherence to schistosomula was 
determined after incubation at 37°C of various combinations of schistosomula, cells, antiserum, 
or Con A, and additional reagents (1). Aliquots of 50/~1 of each component of the reaction were 
mixed in 7 × 38-mm plastic tubes. After varying periods of time, usually 2 h, the contents of 
each tube were transferred to a slide previously coated with 0.1% toluidine blue in methyl 
alcohol, and each organism in each of two or three replicate preparations was examined for cell 
adherence at a magnification of × 100. For each test condition in each experiment, cumulative 
plots were prepared of the percentage of organisms bearing 3 or more, 5 or more, 10 or more, 
or 20 or more tightly adherent cells (example given in Fig. 2). In some experiments, it was 
necessary to choose one or two criteria for clarity of presentation of the data, but the results 
were consistent whichever criterion was chosen. 

Microscopical Assay of Cell-mediated Damage to Schistosomula. Preparations containing sehisto- 
somula, cells, and other reagents as above were incubated for 1 or 2 d at 37°C in humidified 
plastic boxes. At the end of the incubation period, the contents of each tube were resuspended 
and transferred to slides coated with toluidine blue, as described above. Organisms were scored 
as damaged if they were immotile, misshapen, and had taken up toluidine blue in an intense 
and granular fashion (1). 

Radioimmunoassay for Released MBP. The release of MBP into the supernates of cultures 
containing eosinophils, as a marker for eosinophil degranulation, was detected by a radioim- 
munoassay described in detail elsewhere (13, 16). The amount of MBP released into each 
supernate was calculated by interpolation in a standard curve, and is expressed as nanograms 
MBP per milliliter supernate. 

Analysis of Results. For experiments involving cell adherence or cell-mediated damage, mean 
values of two or three replicate tubes were compared by Student's t test. 

Resu l t s  

Adherence of Eosinophils and Neutrophils to Intact or Modified Schistosomula. The differ- 

ences previously observed in the an t ibody-dependent  adherence of eosinophils and 
neutrophils  (1) 1 reflected the abil i ty of these cells to interact with living schistosomula. 
When  preparat ions of schistosomula conta ined an unusual ly  high proport ion of 
spontaneously dead organisms, the an t ibody-dependen t  adherence of eosinophils to 
live and  dead organisms respectively was comparable  (Table I), a l though there was 
a greater degree of an t ibody- independen t  adherence to dead organisms. For neutro- 
phils, both the an t ibody- independen t  and,  more strikingly, the an t ibody-dependent  
adherence was markedly greater to dead than  to live schistosomula. Comparab le  
observations were made when the surfaces of schistosomula were artificially modified 
by n-ethylmaleimide (NEM). Pre t reatment  of schistosomula with varying concentra-  
tions of NEM was associated with a marked increase in the an t ibody-dependen t  
adherence of neutrophils  in a dose-dependent fashion (64 ± 12%, 29 + 12%, and  11 
+ 1% adherence to organisms treated with 10 -3, 10 -4, and  10 -5 M NEM, respectively, 
in contrast to 2 ± 2% adherence to control organisms). Eosinophils showed a slight 
but  less marked increase in an t ibody-dependent  adherence to NEM-trea ted  organisms 
(40 ± 14%, 47 ± 19%, 36 ± 16%, and  13 ± 13% adherence to schistosomula treated 
with 10 -3, 10 -4, or 10 -s M NEM, respectively, or with control buffer). 
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TABLE I 

Adherence of Eosinophils and Neutrophils to Living or to Spontaneously Dead Schistosomula 

Percentage of schistosomula bear- 

ing Percentage of 
Antise- Schistosom- dead schisto- 

Cells* rum~: ula§ 5+ 10+ 20+ somula§ 

adherent cellsll 

Eosinophils 

Neutrophils 

+ Live 88 • 5¶ 76 + 5 51 ± 14 24 + 4 
Dead 100 :lz 0 94:1:6 69 +- 30 

- Live 2 ± 2 0 0 28 ± 3 
Dead 54 + 25 23 :l: 13 3 ± 3 

+ Live 40± l0 1 3 ± 3  3 +  1 2 2 ± 4  
Dead 97 ± 4 97 + 4 97 __. 4 

- Live 0 0 0 23 zt: 8 
Dead 78 ± 10 47 + 26 14 ± 12 

* Eosinophils (96% eosinophils, 4% neutrophils) or neutrophils (92% neutrophils, 3% eosino- 
phils, 5% mononuclears) were tested at an effector to target ratio of 1,000:1. 

:[: Heat-inactivated human antischistosomular serum (+) or medium as control (-). 
§ A preparation of schistosomula which contained -25% dead organisms at the time of 

testing (preparations normally contain 5-10% dead organisms). 
I] Schistosomula were incubated with or without antiserum and with either eosinophils or 

neutrophils for 2 h at 37°C. The percentages of living and of dead schistosomula bearing 
5 or more, 10 or more, or 20 or more adherent cells were then scored. 

¶ Mean ± SD for three replicate tubes. 

S u b s e q u e n t  e x p e r i m e n t s  were  des igned  to test t he  hypothes i s  tha t  the  progress ive  

a n d  i r revers ib le  a d h e r e n c e  to l iv ing  s ch i s to somula  o f  eos inophi ls ,  in con t ras t  to 

neu t roph i l s ,  was assoc ia ted  w i t h  d e g r a n u l a t i o n .  First ,  a t t e m p t s  to m i m i c  the  effect o f  

eos inoph i l  d e g r a n u l a t i o n  by  i n c u b a t i o n  o f  s ch i s to somula  w i t h  po lyca t i ons  led to an  

e n h a n c e d  a d h e r e n c e  o f  eos inophi l s  and ,  to a m u c h  g rea t e r  ex ten t ,  o f  neu t roph i l s .  

Second ,  t he  a d h e r e n c e  o f  eos inophi l s  v ia  C o n  A was shown  to be  i n d e p e n d e n t  o f  

d e g r a n u l a t i o n  a n d  ful ly revers ib le ,  b u t  i n d u c t i o n  o f  d e g r a n u l a t i o n  in C o n  A - b o u n d  

eos inophi l s  c o n v e r t e d  the  r eac t ion  in to  one  w h i c h  was no l onge r  revers ible .  

Enhancement of Antibody-dependent Adherence of Eosinophils and Neutrophils by 
Polycations. A d d i t i o n  o f s u b t o x i c  c o n c e n t r a t i o n s  o f  p r o t a m i n e  to s ch i s to somula  led to 

an  inc reased  a n t i b o d y - d e p e n d e n t  a d h e r e n c e  b o t h  o f  n e u t r o p h i l s  a n d  o f  eosinophi ls ,  

w i t h  a sma l l e r  effect on a n t i b o d y - i n d e p e n d e n t  a d h e r e n c e  ( T a b l e  II). A c o m p a r a b l e ,  

a l t h o u g h  less m a r k e d ,  increase  in a d h e r e n c e  o f  u n p u r i f i e d  leukocytes  a n d  o f  pur i f i ed  

eos inophi l s  a n d  n e u t r o p h i l s  was obse rved  in t he  p resence  o f  g u i n e a  p ig  M B P .  

Con A-mediated Adherence to Schistosomula of Eosinophils and Neutrophils. A d d i t i o n  o f  

C o n  A to sch i s tosomula  i nduced ,  in a d o s e - d e p e n d e n t  fashion,  a m a r k e d  a n d  com-  

p a r a b l e  a d h e r e n c e  o f  b o t h  eos inophi l s  a n d  n e u t r o p h i l s  (Fig. 1). S i m i l a r  resul ts  were  

o b t a i n e d  in two  fu r the r  t i t ra t ions .  W h e n  sch i s tosomula  were  p r e i n c u b a t e d  w i t h  C o n  

A for 1 h a n d  t h e n  washed ,  t he  s u b s e q u e n t  a d h e r e n c e  o f  eos inophi l s  a n d  of  n e u t r o p h i l s  

was r e d u c e d  by  c o m p a r i s o n  w i t h  the  u n w a s h e d  p repa ra t i ons ,  sugges t ing  tha t  t he  C o n  

A e lu t ed  r ap id ly  f rom the  sur face  o f  t he  o r g a n i s m  (da ta  no t  shown) .  In  subsequen t  

expe r imen t s ,  therefore ,  the  C o n  A was a l l owed  to r e m a i n  present  t h r o u g h o u t  the  

reac t ion .  

A l t h o u g h  the  C o n  A - i n d u c e d  a d h e r e n c e  o f  b o t h  n e u t r o p h i l s  a n d  eos inophi l s  was as 

good  as or  b e t t e r  t h a n  tha t  seen in t he  p resence  o f  an t i - s ch i s to somula r  se rum,  b o t h  at  
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TABLE II 

Enhancement of Eosinophil and Neutrophil Adherence by Polycations 

Percent adherence* 

Exp. Cells:~ Reagent ~g/ml Antiserum* + 

5+* 10+* 5+ 10+ 

1 Eosinophils Protamine 0 42 + 8§ 20 + 5 1 + 1 0 
5 3 8 + 3  15-1-11 6 ± 0  1 ± 1  
50 86±811 58±811 15±8 2 ± 2  
500¶ 51 ± 11 11 ± 7 1 ± 1 2 0 ± 2  

Neutrophils Protamine 0 6 ± 0 1 ± 1 0 0 
5 34 ± 6t 13 ± 7 0 0 
50 56 ± 211 32 ± 4 8 ± 31[ 0 
500¶ 73 + 811 52 ± 1 22 ± 311 9 ± 12 

2 Eosinophils Protamine 0 15 ± 3 8 ± 2 4 ± 5 0 
5 23-t-4 1 5 ± 4  0 0 
50 60 ± 1911 27 ± 211 5 ± 3  0 

Neutrophils Protamine 0 30 ± 3 20 ± 1 2 ± 3 2 ± 2 
5 53 ± 611 2 9 ± 5  5 ±  1 0 
50 67 ± 111 44 ± 111 6 ±  7 4 ± 6  

3 Mixed MBP 0 l0 ± 2 NM** 2 ± 2 NM 
10 31 ± 311 NM 3 ± 1 NM 

4 Mixed MBP 0 5 5 ±  7 4 2 ±  13 11 ± 5  11 ± 5  
25 72 ± 51] 57 ± 7 28 + 51] 19 ± 3 

5 Eosinophils MBP 0 89 ± 5 51 ± 7 0 0 
16 9 8 ± 2  82 ± 111 0 0 

Neutrophils MBP 0 15 ± 9 3 ± 2 0 0 
16 3 1 ± 5  11 ± 211 0 0 

* Schistosomula were incubated in the presence (+) or absence ( - )  of human anti- 
schistosomular serum, and with either mixed leukocytes or eosinophil-rich or neutrophil- 
rich cell preparations at a ratio of 1,000:1. In each case, the schistosomula were preincu- 
bated for 5 min with varying concentrations of protamine or of eosinophil MBP before 
addition of the cells. Adherence was scored after 2 h of incubation as the percentage of 
organisms bearing 5 or more (5+) or 10 or more (10+) adherent cells. 
Eosinophils: exp. 1, 98% eosinophils, 2% neutrophils; exp. 2, 94% eosinophils, 6% neutro- 
phils; exp. 5, 94% eosinophils, 6% neutrophils. Neutrophils: exp. 1, 96% neutrophils, 3% 
eosinophils, l% mononuclears; exp. 2, 97% neutrophils, 3% mononuclears; exp~ 5, 98% 
neutrophils, 1% eosinophils, 1% mononuclears. Mixed: exp. 3, 5% eosinophils, 61% 
neutrophils, 34% mononuclears: exp. 4, 7% eosinophils, 72% neutrophils, 21% mononu- 
clears. 

II Values in italics differ from the appropriate medium only ("0") control at P < 0.05 or less. 
¶ In preparations containing 500 /Lg/ml protamine, the schistosomula were motile but 

markedly damaged. 
** NM, not measured. 

2 h o f  i n c u b a t i o n  a n d  a l so  a f t e r  24 o r  48 h o f  i n c u b a t i o n ,  t h e r e  w a s  n o  e v i d e n c e  o f  

d a m a g e  to  s c h i s t o s o m u l a  w i t h  e i t h e r  cel l  t y p e  a f t e r  24 o r  48 h o f  i n c u b a t i o n  ( T a b l e  

I I I ) .  I n  t h e  s a m e  e x p e r i m e n t s ,  it  w a s  o b s e r v e d  t h a t  t h e  e o s i n o p h i l s ,  b u t  n o t  t h e  

n e u t r o p h i l s ,  e x e r t e d  a m a r k e d  e f fec t  in  t h e  p r e s e n c e  o f  a n t i - s c h i s t o s o m u l a r  s e r u m .  I n  

t h r e e  o f  t h e s e  e x p e r i m e n t s  (1, 2, a n d  4) it  w a s  o b s e r v e d  t h a t  e o s i n o p h i l s  b o u n d  v ia  

C o n  A f a i l ed  to  r e l e a s e  M B P  i n t o  t h e  c u l t u r e  s u p e r n a t e ,  s h o w i n g  t h a t  t h e y  h a d  f a i l ed  

to  d e g r a n u l a t e .  T h e s e  r e su l t s  a r e  d e s c r i b e d  in  g r e a t e r  d e t a i l  b e l o w  ( T a b l e  I V ) .  

Reversibility o f  Con A-mediated Eosinophil and Neutrophil  Adherence by Alpha-methylmanno- 

side. B e c a u s e  e o s i n o p h i l s  w h i c h  h a d  b e e n  b o u n d  to  s c h i s t o s o m u l a  v i a  C o n  A n e i t h e r  
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Fro. 1. Adherence of eosinophils and neutrophils to schistosomula in the presence of varying 
concentrations of Con A. Schistosomula were incubated with Con A and with cell preparations 
containing 95% eosinophils and 5% neutrophils ( I )  or 99% neutrophils and 1% eosinophils (O) at 
a ratio of 2,000:1. Adherence was scored after 2 h of incubation as the percentage of organisms 
bearing 10 or more adherent cells. Identical concentrations of Con A were used for eosinophils and 
neutrophils, respectively: values are slightly displaced to reveal the mean =1= 1 SD for three replicate 
tubes. 

degranu la ted ,  as ind ica ted  by  a lack of  M B P  release, nor  d a m a g e d  the target  
schistosomula,  it was p red ic ted  tha t  their  adherence  to such schis tosomula  should  be 
fully reversible by  an a p p r o p r i a t e  compe t ing  agent .  To  test this predic t ion ,  schisto- 
somula  were incuba ted  with  Con  A and  with  e i ther  eosinophils  or  neut rophi l s  for 1 h, 
and  the level of  adherence  was scored (Fig. 2). A l p h a - m e t h y l m a n n o s i d e  (10 -1 M),  or 
m e d i u m  as control ,  was then a d d e d  to separa te  groups of  tubes,  which were incuba ted  
for a fur ther  1 h before adherence  was scored. Both for neut rophi l s  a n d  for eosinophils,  
the adherence  tha t  was observed after  1 h of  incuba t ion  was reduced  to backg round  
levels by  add i t i on  of  a l p h a - m e t h y l m a n n o s i d e  and  incuba t ion  for a fur ther  1 h. This  
f inding for eosinophils  is in marked  contras t  to the  results for a n t i b o d y - d e p e n d e n t  
adherence  descr ibed elsewhere, 1 in which eosinophil  adherence  was not  reversible 
after  1 h of  incuba t ion  by  add i t i on  of Staphylococcus aureus prote in  A, whereas  neut rophi l  
adherence  was fully reversible. 

A similar ,  comple te  reversal of  eosinophil  adherence  by a l p h a - m e t h y l m a n n o s i d e  
was observed in three fur ther  exper iments  carr ied  out  under  ident ical  condi t ions  (da ta  
not shown). It was also found that ,  as would  be expected,  the  in i t ia t ion  of  Con A- 
med ia t ed  adherence  by  bo th  eosinophils  and  neut rophi l s  was comple te ly  inhib i ted  
(0% adherence  in two experiments)  by  add i t i on  of  10 -1 M a l p h a - m e t h y l m a n n o s i d e  at  
the beg inn ing  of  the incuba t ion  period.  In  add i t ion ,  it was noted  that  a lpha -methy l -  
mannos ide  failed to reverse the a n t i b o d y - d e p e n d e n t  adherence  of  neutrophi ls .  In  an 
exper iment  in which Con A-dependen t  adherence  was reduced  from 81 + 15% after 
1 h of  incuba t ion  to 9 + 1% adherence  after  incuba t ion  with  10 -1 M a lpha-  
me thy lmannos ide  for a fur ther  hour,  a n t i b o d y - d e p e n d e n t  adherence  under  the same 
condi t ions  rose from 49 + 18% after  1 h to 80 + 1% after  incuba t ion  with  a lpha-  
me thy lmannos ide  for a fur ther  hour. This  f inding ind ica ted  that  the effect of  a lpha-  
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TABLE III 

Failure of Eosinophils and Neutrophils to Induce Damage when Bound to Schistosomula Via 

Con A 

Exp. Ligand* Ratio* 

Percent dead schistosomula*' 

Eosinophils Neutro- Medium 
§ phils[[ 

1 ConA 1 5 + 1  16-1-4 1 6 ± 1  
medium 2,500:1 18-1-4 10__.5 I1 + 2  

2 ConA 124- l 14:t:5 7 +  1 
medium 1,000:1 9 + 9  1 5 + 2  134- 1 
antiserum 27 :!: 2¶ 14 4- 1 11 + 6 

3 ConA 6 + 2  74-4  3-4-3 
medium 2,000:1 4 4- 2 3 + 1 7 + 1 

antiserum 78 4- 6¶ 8 4- 4 6 4- 3 
4 ConA 13_+7 7 +  1 7 ± 3  

medium 4,000:1 14 -t- 5 5 4- 4 7 4- 1 
antiserum 95 "4" 1¶ 11 4- 3 6 4- 2 

5 Con A 14 4- 4 NT** 15 4- 3 
medium 2,500:1 12 4- 4 NT 13 4- 1 
antiserum 27 ± 5¶ NT l 1 4- 4 
Con A + antiserum 37 + 1¶ NT 10 -t- 2 

* Schistosomula were incubated with Con A (40/~g/ml), anti-schistosomular serum (anti- 
serum) or medium and with either eosinophil-rich or neutrophil-rich cell preparations at 
varying effector to target ratios. Damage was scored after 1 d (exp. 2) or 2 d (exps. 1, 3, 
4, 5) of incubation, and are shown as mean + I SD for two (exps. 2, 3, 5) or three (exps. 
1, 4) replicate tubes. 

:~ In preparations containing Con A, it was observed that there were high levels of adherence 
of both neutrophils and eosinophils after 24 or 48 h of incubation, even though the 
organisms were not detectably damaged. 

§ Exp. 1, 94% eosinophils, 6% neutrophils: exp. 2, 94% eosinophils, 5% neutrophils, 1% 
mononuclears: exp. 3, 96% eosinophils, 4% neutrophils: exp. 4, 92% eosinophils, 8% 
neutrophils: exp. 5, 96% eosinophils, 4% neutrophils. 

II Exp. I, 67% neutrophils, 12% eosinophils, 21% mononuelears: exp. 2, 99% neutrophils, 1% 
eosinophils: exp. 3, 83% neutrophils, 12% eosinophils, 5% mononuclears: exp. 4, 99'7~ 
neutrophils, 1% eosinophils: exp. 5, 97% neutrophils, 3% mononuclears. 

¶ Values in italics differ from the medium (no cells) controls at P < 0.05 or less. 
**  NT, not tested. 

m e t h y l m a n n o s i d e  o n  C o n  A - d e p e n d e n t  a d h e r e n c e  was  no t  s i m p l y  a t t r i b u t a b l e  to a 

toxic  effect  o f  t h e  h y p e r t o n i c  s u g a r  s o l u t i o n  o n  t h e  cells, w h i c h  r e n d e r e d  t h e m  u n a b l e  

to  a d h e r e .  

Effects o f A 2 3 1 8 7  on Con A-mediated Adherence of  Eosinophils and Neutrophils. A f u r t h e r  

p r e d i c t i o n  f rom t h e  h y p o t h e s i s  o u t l i n e d  a b o v e  w o u l d  b e  t h a t ,  i f  e o s i n o p h i l s  b o u n d  to 

s c h i s t o s o m u l a  v ia  C o n  A c o u l d  b e  i n d u c e d  to d e g r a n u l a t e ,  t h e y  s h o u l d  n o w  n o  l o n g e r  

show a reversa l  o f  a d h e r e n c e  in t h e  p r e s e n c e  o f  a l p h a - m e t h y l m a n n o s i d e ,  a n d  t h e y  

s h o u l d  i n s t e a d  go o n  to d a m a g e  t h e  t a r g e t  s c h i s t o s o m u l a .  

T h e  m o s t  s a t i s f ac to ry  o f  severa l  m e t h o d s  t e s t ed  to i n d u c e d  d e g r a n u l a t i o n ,  as 

i n d i c a t e d  b y  t h e  re lease  o f  M B P  in to  t h e  s u p e r n a t e ,  was  t h e  use  o f  t h e  c a l c i u m  

i o n o p h o r e  A23187 .  T w o  types  o f  e x p e r i m e n t s  we re  c a r r i e d  o u t  to test  t h e  effect  o f  th is  

a g e n t  o n  t h e  r eve r s ib i l i t y  o f  a d h e r e n c e  i n d u c e d  b y  C o n  A. In  t h e  first (Fig. 3), 

s c h i s t o s o m u l a  we re  i n c u b a t e d  in t h e  p r e s e n c e  or  a b s e n c e  o f  C o n  A for  1 h,  t o g e t h e r  

w i t h  e i t h e r  e o s i n o p h i l - r i c h  or  n e u t r o p h i l - r i c h  cell p r e p a r a t i o n s .  A p o i n t  t h a t  is no t  
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TABLE I V  

A23187 Induces Eosinophil Degranulation and Converts the Con A-mediated Adherence of  Eosinophils into 

a Lethal Reaction 

Percent dead schistosomula* 
MBP release from 

Reagents 
Eosinophils Neutrophils Medium eosinophils 

ng/ml 

C o n A  1 3 ± 7  7 ±  1 7 ± 3  16.7±0.1 
Con A + 
A23187 0.04/~g/ml 34 ± 3~. 9 ± 3 8 ± 3 25.4 ± 0.3§ 
Con A + 
A23187 0.1/zg/ml 54 ± 7:~ 14 ± 2~. 9 ± 2  47.1 rt: 8.6§ 
Medium 14 ± 5 5 ± 4 7 ± 1 23.6 ± 0.6 
Medium + 
A23187 0.04/.tg/ml 11 ± 7 9 ± 3 8 ± 1 20.0 ± 0.6 
Medium + 
A23187 0.1/tg/ml 33 ± 10"4 9 4- 6 9 ± 2 38.0 ± 1.1§ 
Antiserum 95 ± 1~ 11 ± 2 6 ± 2 30.4 + 1. l§ 

* Schistosomula were incubated with Con A (40/xg/ml), anti-schistosomular serum (antiserum) or medium, 
and with either eosinophil-rich (92% eosinophils, 8% neutrophils) or neutrophil-rich (99% neutrophils, 1% 
eosinophils) cell preparations at a ratio of 4,000:1, or with medium as control. After incubation for 1 h to 
permit Con A-mediated adherence, A23187 was added to some groups of tubes. After incubation for a 
further 18 h, an aliquot of the supernate of each tube was withdrawn for estimation of MBP release. 
Samples from each of three tubes were pooled, and the values shown represent mean + 1 SD for 
duplicate measurements. Values in the neutrophil and medium groups were less than 2 ng/ml, except 
that the antiserum control groups gave a value of 6 ng/ml (see reference 14). Schistosomula were then 
incubated for a further 24 h: damage was scored microscopically, and is recorded as mean :!: 1 SD for 
three replicate tubes. 

:~ Values in italics differ from the appropriate no ionophore or no cells controls at P < 0.05 or less. 
§ Values in italics differ from the appropriate Con A or Medium controls at P < 0.05 or less. 

,oo  I 
60 , 
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2 0 "  

I I I I J t E I 
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NUMBER OF ADHERING CELLS 

FIo. 2. Reversal of Con A-mediated adherence of eosinophil (A) and neutrophils (B) by alpha- 
methylmannoside. Schistosomula were incubated under different test conditions with eosinophils 
(95% eosinophils, 5% neutrophils) or with neutrophils (99% neutrophils, 1% eosinophils) at a ratio 
of 2,000:1. Adherence was scored in three replicate tubes in each group as the percentage of 
organisms bearing 3 or more (3+), 5 or more (5+), 10 or more (10+), or 20 or more (20+) 
adherent cells. 0 ,  incubated with Con A, 40 gg/ml; adherence scored at 1 h. &, incubated with Con 
A, 40 /~g/ml; adherence scored at 2 h. (3, incubated with medium; adherence scored at 2 h. f-I, 
incubated with Con A, 40/zg/ml, for 1 h, then with alpha-methyl-mannoside (10 -I M) for a further 
l h; adherence scored at the end of the 2nd h. 
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Fxo. 3. Induction of degranulation with A23187 inhibits the spontaneous reversal of Con A- 
mediated eosinophil adherence that occurs after washing and incubation. Schistosomula were 
incubated with Con A (40 ~g/ml) or with medium, and with either eosinophils (91% eosinophils, 9% 
neutrophils) or neutrophils (99% neutrophils, 1% eosinophils) at an effector to target ratio of 
2,000: l for 1 h at 37°C. A23187 was then added at the concentrations shown, and the preparations 
were incubated for a further 1/~ h. Schistosomula were then washed by four sedimentations at 1 g to 
remove the unbound cells, the excess Con A, and the ionophore. Preparations were then incubated 
for a further 18 h, and adherence was scored as the percentage of organisms bearing five or more 
adherent cells (mean + 1 SD for two replicate tubes). At the end of the 1st h of incubation, before 
addition of the ionophore, individual aliquots were examined for adherence. Marked adherence was 
observed both with eosinophils and with neutrophils. 

shown in Fig. 3 is tha t  this p rocedure ,  as usual ,  i n d u c e d  a h igh  level  o f  a d h e r e n c e  o f  

b o t h  cell types. A23187 was t h e n  a d d e d  to d i f fe ren t  g roups  o f  tubes  in v a r y i n g  

concen t ra t ions ,  a n d  the  p r e p a r a t i o n s  were  i n c u b a t e d  for a fu r the r  1/2 h. T h e  schisto- 

s o m u l a  were  t h e n  w a s h e d  by  four  cycles o f  s e d i m e n t a t i o n  for 3 m i n  at  1 g, a p r o c e d u r e  

wh ich  served to r e m o v e  the  i onophore ,  t he  excess ( ]on  A, a n d  the  u n b o u n d  cells. All  

tubes  were  then  i n c u b a t e d  for a fu r the r  18 h, be fore  scor ing  for adhe rence .  T h e  

neu t roph i l s ,  as usual ,  showed  a reversal  o f  adhe rence ,  i r respec t ive  o f  w h e t h e r  A23187 

h a d  or  h a d  not  been  present .  In  cont ras t ,  A23187 p r e v e n t e d ,  in a d o s e - d e p e n d e n t  

fashion,  the  s p o n t a n e o u s  reversal  o f  eos inoph i l  a d h e r e n c e  tha t  o c c u r r e d  af te r  o v e r n i g h t  

i n c u b a t i o n  in con t ro l  p r e p a r a t i o n s  wh ich  h a d  no t  been  t r e a t ed  w i t h  t he  ionophore .  

In  the  second type  o f  e x p e r i m e n t ,  the  ab i l i ty  o f  A23187 to p r e v e n t  the  a c u t e  reversal  

o f  a d h e r e n c e  i n d u c e d  by a l p h a - m e t h y l m a n n o s i d e  was tes ted (Fig. 4). Sch i s t o somula  

were  i n c u b a t e d  in the  p resence  o f  C o n  A w i t h  e i the r  eos inoph i l - r i ch  or  neu t roph i l -  

r ich cell  p r e p a r a t i o n s  for 1 h. A23187,  or  m e d i u m  as cont ro l ,  was then  a d d e d ,  a n d  the  

con ten t s  o f  each  t u b e  were  gen t ly  r e suspended  a n d  a l lowed  to i n c u b a t e  for a fu r the r  

1 h. A l p h a - m e t h y l m a n n o s i d e ,  or  m e d i u m  as cont ro l ,  was t h e n  a d d e d ,  a n d  the  con ten t s  

o f  each  t u b e  were  aga in  r e suspended  a n d  i n c u b a t e d  for a fu r the r  1 h. A d h e r e n c e  was 

then  scored in all  p repa ra t ions .  In  the  case o f  neu t roph i l s ,  the  a d h e r e n c e  i n d u c e d  by 

C o n  A was pa r t i a l ly  reversed  s imply  by  the  p resence  o f  A23187,  a n d  the re  was no 
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FIG. 4. Induction of degranulation with A23187 prevents the reversal'of Con A-mediated eosino- 
phil adherence induced by alpha-methylmannoside. Schistosomula were incubated either with or 
without Con A (40/.tg/ml) and with either eosinophil-rich (83% eosinophils, 17% neutrophils) or 
neutrophil-rich (96% neutrophils, 4% mononuclears) cell preparations at a ratio of 2,000:1. After 1 
h of incubation, A23187 was added to some groups of tubes at a final concentration of 3.7/tg/ml: 
medium was added to the remaining groups as controls. These preparations were then incubated 
for a further 1 h. Alpha-methylmannoside (10 -1 M) was then added to some groups, with medium 
as control to the remainder, and the preparations were incubated for a final 1 h. Adherence was 
scored in duplicate tubes as the percentage of organisms bearing five or more adherent cells: mean 
± 1 SD is shown. 

inhibi t ion of  reversal by a lpha-methylmannos ide .  In contrast,  the comple te  reversal 

of  eosinophil  adherence  that  could be induced by a lpha -methy lmannos ide  was 

significantly prevented  if the preparat ions  had been treated with A23187. 

A23187 Induces Killing of Schistosomula by Con A-Bound Eosinophils. Finally,  it was 

found that  induct ion of  degranula t ion  of  Con A-bound  eosinophils was indeed 

associated with damage  to the target  schistosomula. Three  exper iments  were carried 

out, with comparab le  results, and findings from one are shown in Tab le  IV: this 

exper iment  was the same as 4 in Tab le  III. Schistosomula were incuba ted  ei ther  with 

or wi thout  Con A, and with ei ther eosinophil-r ich or neutrophi l - r ich cell preparat ions,  

or with medium,  for 1 h. A23187 was then added  in low concentrat ions,  and was 

al lowed to remain  present th roughout  the ensuing 18 h of  incubat ion.  Aliquots  of  the 

supernates of  each tube were then wi thdrawn for the es t imat ion of  release of  MBP,  

and the preparat ions  were incubated  for a fur ther  24 h. At the end of  this period, the 

numbers  of  dead schistosomula in each tube were scored microscopically.  Addi t ional  

tubes, conta in ing  anti-schistosomular  serum instead of  Con A and A23187, were 

included as a posit ive control.  

As usual, Con A by itself did not media te  damage  by ei ther  cell type, and failed to 

induce the release of  M B P  into the supernate.  In contrast ,  the presence of  anti- 

schistosomular serum permi t ted  a high level o f  eos inophi l -media ted  damage ,  wi thout  

evidence ei ther of  direct toxicity or of  neu t roph i l -media ted  damage.  Detec table  levels 

of  M B P  were found in the supernates of  preparat ions  conta in ing  eosinophils and anti- 
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schistosomular serum. Addition of A23187 induced degranulation of Con A-bound 
eosinophils, as reflected by the release of MBP in a dose-dependent fashion, and 
allowed these cells to damage the schistosomula. Damage was more marked in the 
presence of Con A, but was also observed at the higher concentration of ionophore in 
the absence of Con A. This was attributable to the formation of clumps of degranu- 
lating eosinophils: in some of these clumps, schistosomula were trapped and killed. 
The ionophore was not detectably toxic to the schistosomula at the concentrations 
tested, and failed to induce significant neutrophil-mediated damage, either with or 
without Con A. 

Discussion 

We have reported elsewhere (1) 1 that normal human eosinophils bind to schistosom- 
ula, in the presence of anti-schistosomular serum, much better than do neutrophils 
from the same individual. This unexpected finding was attr ibutable to a two-stage 
reaction by the eosinophil. The first stage was a weak, temperature-independent 
interaction via the Fc receptor of the eosinophil, whereas the second stage, which was 
temperature-dependent,  rendered this interaction stable and irreversible. 

We now report that the differences observed in the ability of eosinophils and 
neutrophils respectively to adhere to schistosomula depend on the integrity of the 
target organism. When dead schistosomula were present in higher than usual numbers 
in the starting preparation, it was possible to compare, within a single sample, the 
adherence of cells to live and to dead organisms, and it was observed that neutrophils 
showed a greatly enhanced capacity to adhere to dead organisms. Comparable  
observations were made when schistosomula were damaged artificially by treatment 
with low concentrations of n-ethylmaleimide. Adherence of neutrophils to damaged 
schistosomula occurred in the absence of anti-schistosomular serum, but was much 
more marked when the antiserum was present. In such preparations, the neutrophils 
formed large sheaths of multiple layers of cells around the dead organisms. Similar 
events occur when schistosomula are damaged by cell preparations containing both 
eosinophils and neutrophils. Eosinophils are required for the induction of damage, 
because none is observed when eosinophil-depleted neutrophil preparations are tested 
(1): but once the organisms have been damaged, the neutrophils present in the cell 
mixtures may then interact with the organism. These findings imply that the 
neutrophil can interact with damaged schistosomula in the same way as it would 
with other foreign surfaces, this effect being enhanced by the presence of antischisto- 
somular antibodies. However, when the organism is alive, the interaction of the 
neutrophil is much less marked, and the levels of established adherence can be 
markedly reduced (reversed) by the addition of agents which block the interaction 
between the Fc receptors and the Fc piece of IgG, such as Staphylococcus aureus protein 
A or aggregated gamma globulin) 

These observations may account for some of the discrepancies in the literature 
regarding the ability of the neutrophil to mediate primary damage to schistosomula. 
We have recently reported (1) 4 t h a t  although both normal human neutrophils and 
eosinophils can induce release of 51chromium from prelabeled schistosomula in the 

4 David, J. R., M. A. Vadas, A. E. Butterworth, P. Azevedo de Brito, J. Bina, E. Cavalho, and Z. 
Andrade. Manuscript in preparation. 
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presence of antiserum, only in the case of the eosinophil is there evidence of gross 
damage detectable morphologically after 24 or 48 h of culture. In contrast, Anwar et 
al. (19) have reported that both human  eosinophils and human neutrophils can 
induce microscopically-detectable antibody-dependent damage, and that only when 
complement is present is the effect of eosinophils more marked. The main difference 
in the techniques used is the method of preparation of the schistosomula: we have 
continued to use the most natural technique, namely to allow cercariae to penetrate 
an isolated skin preparation in vitro (17, 18), whereas Anwar et al. (19), as well as 
other workers (20), have used schistosomula prepared by mechanical avulsion of the 
cercarial tails, followed by incubation. Although these organisms are comparable in 
many  morphological and other aspects to those prepared by skin penetration, it is 
clear that they differ in their ability to survive in culture (21) and to fix and to be 
damaged by complement (22). It may be speculated that their surfaces differ from 
those prepared by skin penetration, and that this may render them susceptible to 
persistent neutrophil adherence. This in turn may mean that an initial and transient 
effect, reflected in skin-prepared schistosomula by the release of 5achromium, may 
now progress to microscopically detectable damage. 

The selective ability of human eosinophils, in comparison with neutrophils, to exert 
progressive, microscopically detectable antibody-dependent damage to skin-prepared 
schistosomula is attributable, at least in part,  to degranulation and release of granule 
contents, in particular the characteristic eosinophil MBP, onto the surface of the 
organism (13). MBP, in low concentrations, is toxic to schistosomula, and can be 
demonstrated to be released during an eosinophil-mediated reaction, both directly 
onto the surface of the organism and free in small amounts into the culture supernate. 
However, the effect of MBP itself is nonspecific, in that it can also induce damage, at 
comparable concentrations, to other targets (13). It was therefore of  interest to 
examine the mechanisms whereby eosinophils may selectively adhere to antibody- 
coated schistosomula in a stable and irreversible fashion, in that such a selective 
capacity could provide a system for the delivery of the eosinophil and its contents to 
the relevant target. In these studies, we tested the hypothesis that selective adherence 
might also be attributable to degranulation, with release of granule contents onto the 
surface of the schistosomulum. These released granule contents might then serve as a 
ligand, maintaining the adherence of cells that are already attached and promoting 
the adherence of further cells. Two types of experiment supported this hypothesis. 

First, it was found that addition of eosinophil MBP (or of protamine, a more 
readily available cation) enhanced the adherence of eosinophils and, to a much 
greater extent, of neutrophils. This effect would be predicted from the postulate that 
the release of MBP from eosinophil granules promotes and maintains the adherence 
of the eosinophil, but the observation was relatively indirect. A more direct test of the 
hypothesis stemmed from the observation that, although Con A would mediate high 
levels of adherence by both neutrophils and eosinophils, this adherence did not lead 
to damage with either cell type after 24 or 48 h of incubation. This unexpected 
finding provided us with a useful tool with which to distinguish lethal from nonlethal 
eosinophil adherence reactions. Because we had proposed (13) that antibody-depend- 
ent eosinophil-mediated damage was associated with degranulation and release of 
MBP onto the surface of the organism, an obvious first prediction was that eosinophils 
bound via Con A do not degranulate. In support of this, we found that such cells did 
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not release detectable MBP into the culture supernate, this now needs further 
confirmation by electron microscopy. A further prediction was that, if degranulation 
did not occur, then Con A-mediated eosinophil adherence should be readily reversible. 
This was indeed the case, and could be achieved either by washing the organisms free 
of excess cells and allowing them to incubate overnight, or more rapidly by competi- 
tion with alpha-methylmannoside. 

It was then predicted that, if Con A-bound eosinophils could now be induced to 
degranulate, then their adherence should no longer be readily reversible by washing 
and incubation or by alpha-methylmannoside, and should instead now be associated 
with damage to the schistosomulum. Experiments in which the calcium ionophore 
A23187 was used to induce degranulation confirmed this prediction, thus supporting 
our hypothesis that both eosinophil-mediated damage and stable eosinophil adherence 
are indeed dependent on degranulation. It should be emphasized that the mechanism 
whereby A23187 induced degranulation was not studied in these experiments: in 
other systems, degranulation induced by this agent is associated with a rapid influx 
of calcium (23-26). The actual mechanism, however, was irrelevant to the argument,  
because it was sufficient for the purposes of this study simply to show that degranu- 
lation had occurred. This was achieved by demonstrating an increased level of release 
of major basic protein into the culture supernatant (Table IV). It may also be noted 
that neutrophils still had no effect, even when Con A-bound cells were treated with 
A23187. Although we have no formal evidence that degranulation of these neutrophils 
had occurred, this finding would suggest that, even if neutrophils could be induced to 
degranulate on the surface of the schistosomulum, they would still be unable to 
damage the target. 

Several other aspects have not been studied in these particular experiments. It will 
eventually be of interest to compare the antibody-dependent and the Con A-depend- 
ent reactions in terms of other known functions of the eosinophil, including hydrogen 
peroxide and superoxide production, in an at tempt  to determine whether other 
mechanisms, acting in concert with MBP, may play a part in mediating eosinophil 
damage to schistosomula. Along different lines, we have not yet examined in detail 
the adherence of eosinophils and neutrophils via complement instead of antibody, 
although preliminary data suggest that differences in adherence will be found which 
are comparable to those observed with anti-schistosomular sera. Finally, it will be 
important to compare the properties of eosinophils recovered from eosinophilic and 
noneosinophilic individuals. In this context, we have recently found (27) 4 that 
eosinophils from patients with eosinophilia are more active in mediating both 
51chromium release and microscopically detectable damage to schistosomula than are 
eosinophils from noneosinophilic subjects: and it may be speculated that this enhanced 
activity depends in part on a greater propensity of such cells to degranulate upon 
contact with an appropriate substrate. 

For the moment,  however, we may now assert that we are better able to understand 
the mode of action of the eosinophil in the simplest system, namely the reaction 
between normal eosinophils and schistosomula in the presence of anti-schistosomular 
serum. It would now appear  that two factors contribute to the selective effect of the 
eosinophil in this situation: first, a preferential ability to adhere to the organism, and 
second, a preferential ability to induce damage. It would also appear  that both of 
these factors are associated, either directly or indirectly, with eosinophil degranulation 
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and with the release of granule components, in particular the characteristic MBP, 
onto the surface of the organism. In this respect, the eosinophil may now be regarded 
as a highly specialized cell, one of whose major properties may be to interact with and 
damage large, nonphagocytosable particles such as tissue-stage helminths. 

S u m m a r y  

Previous work (1) 1 has shown that normal human eosinophils show a preferential 
capacity, in comparison with neutrophils, to bind to antibody-coated schistosomula 
of Schistosoma rnansoni. This effect is at tr ibutable to a temperature-dependent function 
of the eosinophil which renders its binding stable and irreversible by aggregated 
gamma  globulin or Staphylococcus aureus protein A. In contrast, the binding of neutro- 
phils is readily reversible by these agents. 

It has now been shown that the differences observed between eosinophils and 
neutrophils is a property of their interaction with living schistosomula. When dead or 
artificially damaged schistosomula were tested, neutrophils showed a markedly en- 
hanced capacity to adhere, in both the presence and absence of anti-schistosomular 
serum. 

Subsequent experiments were designed to test the hypothesis that the strong, stable 
binding of eosinophils was attributable to degranulation, with release of granule 
contents which would then serve as ligands to bind the cell to the organism. First, an 
enhanced adherence both of eosinophils and of neutrophils could be demonstrated in 
the presence of eosinophil major basic protein (MBP) or of protamine, a high 
molecular weight cation. Second, the binding ofeosinophils induced by concanavalin 
A (Con A) was found to differ markedly from that induced by antischistosomular 
serum. Con A-mediated binding of eosinophils was fully reversible by alpha-methyl- 
mannoside, was not associated with damage to the organism, and did not lead to 
degranulation of the cell, as estimated by measuring the release of MBP into the 
culture supernate. However, induction of degranulation of concanavalin A-bound 
eosinophils, but not of neutrophils, with the calcium ionophore A23187 converted the 
reaction into one which was no longer reversible by alpha-methylmannoside and in 
which damage to the organism now did occur. 

These findings support the hypothesis that the stable binding of eosinophils is 
associated with degranulation, a process which may contribute to the preferential 
capacity of this cell to mediate antibody-dependent damage to schistosomula. 
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stages of the study. We thank D. A. Loegering for his capable technical assistance. 
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