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prol-D-arg-OH, hemoglobin ,  casein and ca ta lyzed  the  
convers ion  of h u m a n  p lasminogen to  p lasmin  (Table I). 

M a m m a r y  carc inoma cells were allowed to grow in the  
Eagle ' s  essent ia l  m e d i u m  alone (Figure A), and  in the  
medium,  to  which  was added  10 ~xg of the  puri f ied pro-  
tease  per  ml (Figure B), and g rowth  was examined  a t  
48 h intervals .  Clusters of round  ceils p r e d o m i n a t e  in 
Figure A, while fus i form cells p r edomina t e  in Figure B. 

An ant igenic  g lycoprote in  was p repa red  and puri f ied 
f rom the  cell surface of the  carc inoma cu l tured  cells 
descr ibed earlier 9. W h e n  added  to cul tured per iphera l  
blood l ymphocy te s  of pa t i en t s  wi th  m a m m a r y  carc inoma 
the  g lycoprote in  released a pro tease  which also inhib i ted  
migra t ion  of guinea-pig per i toneal  macrophages ,  while it  
had  no effect  on per iphera l  blood l ymphocy te s  of normal  
donors .  The d a t a  summar ized  in Table I indica te  simi- 
lari t ies be tween  the  pro tease  act ivi t ies  of the  2 cell-free 
media.  In  the  expe r imen t s  p resen ted  in Table  II ,  t he  
l y m p h o c y t e s  were first  incuba ted  a t  37~ for 120~ in 
Eagle ' s  essent ia l  m ed ium conta in ing  10 ~xg of the  carcino- 
ma  associa ted glycoprotein ,  washed  3 t imes  wi th  the  
fresh medium,  and then  cul tured  for 120 h. The ceil-free 
media  were ha rves t ed  and  the  protease  was separa ted .  
The series of pro tease  inh.ibitors l isted in Table I I  b locked 
the  migra t ion  inhibi t ion of per i tonea l  macrophages  caused 
by  the  2 proteases .  A t  concen t ra t ions  of 5 to 25 ~xg/ml, 
insulin inhib i ted  the  pro teo ly t ic  ac t iv i ty  of the  pro teases  
in the  2 types  of cell-free media.  

Discussion. There is accumula t ing  evidence for cell- 
med ia ted  im m une  react ions  agains t  an t igens  associa ted 
wi th  b reas t  cancer.  These react ions  are revealed by  react i -  
v i t y  of l ymphocy te s  f rom breas t  cancer  pa t i en t s  agains t  

t issue cul ture  cells der ived f rom breas t  cancer  in the  micro- 
cy to tox ic i ty  assay10, ~, inhibi t ion of the  migra t ion  of 
autologous leukocytes  wi th  crude ex t rac t s  of b reas t  
cancers,  and s t imula t ion  of autologous lymphocyfes  of 
b reas t  cancer  pa t i en t s  wi th  t u m o r  ce l l -membrane  
ex t rac t s  9, 12-~7. Combined  wi th  the  da t a  presented,  these  
observa t ions  are in s t rong ag reemen t  wi th  the  release of 
biologically act ive subs tances  dur ing  s t imula t ion  of 
sensi t ized lymphoid  cells e i ther  wi th  non-specific mi to-  
gens, or wi th  the  specific sensi t izing ant igen.  The resul ts  
r epor ted  iden t i fy  the  macrophage  migra t ion  inhibi t ion 
factor  w i th  a wide spec t rum of enzymat i c  activi t ies,  
which expla in  several  observa t ions :  The des t ruc t ive  
proper t ies  of tumors ,  the  decreased mutua l  adhesiveness  
of cells and a va r i e ty  of local and sys temic  pathological  
reac t ions  in cancer  and  i n f l a m m a t o r y  diseases. 
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Summary .  Sera f rom guinea-pigs infected wi th  the  pro tozoan  paras i te  Leishmania enriettii showed higher  hemag-  
g lu t ina t ion  (HA) t i t res  for neuramin idase  t r ea t ed  h u m a n  e ry th rocy tes  t h a n  those  of normal  guinea-pig sera. This 
H A  ac t iv i ty  was associa ted mos t ly  wi th  the  19S f rac t ion of the  i m m u n e  serum and  could be absorbed out  wi th  an 
ant igenic  f ract ion of the  paras i te  membrane .  Ant igenic  d e t e r m i n a n t s  involved in th is  H A  react ion consis ted of, a t  
least,  fi-D-galactosyl or lactosyl  residues.  

T r e a t m e n t  of h u m a n  e ry th rocy te s  and l ymphocy te s  
wi th  Vibrio cholera neuramin idase  (VCN) removes  cell 
surface sialic acids and  exposes h idden  ant igenic  deter-  
m inan t s  (Thomsen or T-antigens) which  have  been  shown 
to reac t  wi th  normal  h u m a n  and var ious  an imal  sera as 
well as wi th  p l an t  lectins ~-9. Al though  the  earlier 
workers  ~-~ used the  t e r m  Thomsen  or T-agglut in ins  to  
refer to these act ivi t ies  in normal  sera, more  recent ly  
these  are shown to  be due to the  presence  of na tu ra l ly  
occurr ing ant ibodies  of IgM class 6,7. The mechan i sm for 
the  p roduc t ion  of such ant ibodies  and  the i r  funct ional  
significance still remains  to be discovered,  t hough  several  
possibili t ies exis t  ~~ In  the  p resen t  communica t ion ,  
d i rect  expe r imen ta l  evidence has been  p resen ted  to show 
t h a t  these  ant ibodies  can be p roduced  due to an i m m u n e  
response  agains t  a discrete  set  of ant igenic  d e t e r m i n a n t s  
p re sen t  on the  surface of a microorganism.  The sys t em 
descr ibed here  is the  infect ion of guinea-pig wi th  t he  
p ro tozoan  paras i te  Leishmania enriettii and  agglu t ina t ion  
of VCN- t r ea t ed  h u m a n  e ry th rocy te s  by  normal  (NGPS) 
and  i m m u n e  (IGPS) sera. 

1 Major part of this work was done at the W. H. O. Iminunoglobulin 
Lab., Lausanne, and the author acknowledges the award of a 
W. H. O. Research Training grant for the period 1973-74. The 
author is grateful to Dr. D. S. Rowe for laboratory facilities and 
encouragement. 
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Table 1. Hemagglutination titres of some normal and Leishmanict 
enriettii immune guinea-pig sera using untreated and neuraminidase- 
treated human erythroeytes (0 Rh +) 

Serum tested Fluorescence Hemaggiutination titre~ 
antibody titre~ (reciprocal) 
(reciprocal) 

Untreated Neuraminidase 
erythro- treated 
cytes erythrocytes 

NGPS(1) -- -- 
NGPS(2) 4 -- --  
NGPS(3) 8 2 
NGPS(4) 8 --  4 
NGPS(5) 32 2 4 
NGPS(6) 16 8 
NGPS(7) 16 -- 16 
NGPS(8) 32 2 32 

IGPS(1) 64 --  32 
IGPS(2) 128 --  32 
IGPS(3) 256 2 32 
IGPS(4) 512 -- 32 
IGPS(5) 128 -- 64 
IGPS(6) 51.2 -- 64 
IGPS(7) 1536 4 64 
IGPS(8) 256 --  128 
IGPS(9) 512 2 128 
IGPS(10} 512 -- 128 
IGPS(ll)  1024 2 128 
IGPS(12} 2048 -- 128 
IGPS(13) 512 -- 256 
IGPS(14) 1024 4 256 
IGPS(15) 1536 --  256 
IGPS(16) 1024 2 512 

�9 Variations within the FAT and HA titres of immune guinea-pig 
sera may  be attributed to the differelmes in bleeding time during 
the course of infection as well as to the individual variations in anti- 
body response. 

Table II. Hemagglutination inhibition of neuraminidase-treated 
human  erythrocytes (0 Rh +) with normal and immune guinea-pig 
sera by various sugars 

Sugar Helnagglutination titre 
(0.2 M final concentration) (reciprocal) 

NGPS(7) IGPS(6) IGPS(14) 

Without  sugar 16 64 256 
Glucose 8 32 128 
GMactose 4 8 16 
Lactose 2 4 8 
Melibiose 8 16 128 
Mannose 16 64 128 
c~-~eth yl-D-matmoside 8 64 128 
NAc-D -glucosamine 8 32 64 
NAc-D-galactosamine 8 32 128 

12 H. G. KUNKEL in The Plasma Proteins (Ed. F. W. PUTNAM; 
Acadeluic Press, New York 1960), vol. 1, p. 279. 

la R. J. WINZLER, in Red Cell Membrane, Structure and Function 
(Eds. G. A. JAMIESON and T. J. GREENWALT; J. B. Lippincott Co., 
Pennsylvania 1969), p. 157. 

Methods .  H u m a n  r ed  cel ls  (0 R h  +) were  w a s h e d  3 t i m e s  
with s a l i ne  a n d  w e r e  s u s p e n d e d  in  0.01 M N a A c - s a l i n e  
b u f f e r  c o n t a i n i n g  10 -4 M CaC12, p H  5.8. To  5 m l  of  a 
2 %  (by  v o l u m e )  e r y t h r o c y t e  s u s p e n s i o n  0.5 m l  (250 IU )  
of  n e u r a m i n i d a s e  (V ib r io  cholera, B e h r i n g w e r k e  AG,  
BIRD) s o l u t i o n  w a s  a d d e d  a n d  t h e  m i x t u r e  w a s  i n c u b a t e d  
a t  37 ~ for  1 h.  N e x t ,  t h e  t r e a t e d  cel ls  we re  w a s h e d  3 
t i m e s  w i t h  s a l ine  a n d ,  f i na l ly ,  s u s p e n d e d  in  p h o s p h a t e -  
b u f f e r e d  s a l i ne  ( P B S )  t o  a 20/o (by  v o l u m e )  s u s p e n s i o n .  
O u t b r e d  g u i n e a - p i g s  we re  i n f e c t e d  i n t r a d e r m a l l y  in  t h e  
n o s e  w i t h  t h e  p r o t o z o a n  p a r a s i t e  L e i s h m a n i a  e~rie l t i i  
(106 a m a s t i g o t e s )  a n d  i m m u n e  s e r a  were  co l l e c t ed  
d u r i n g  v a r i o u s  s t a g e s  of  i n f e c t i o n  (2 -10  w e e k s  a f t e r  
i n i t i a l  i n n o c u l a t i o n )  as  wel l  as  a f t e r  t h e  h e a l i n g  of t h e  
les ion.  N o r m a l  g u i n e a - p i g  s e r a  we re  o b t a i n e d  f r o m  y o u n g  
g u i n e a - p i g s .  Al l  s e r a  were  d e c o m p l e m e n t e d  b y  h e a t i n g  
a t  5 6 ~  for 30 m i n .  7S a n d  19S a n t i b o d i e s  of  g u i n e a - p i g  
s e r u m  were  s e p a r a t e d  b y  s u c r o s e  d e n s i t y  g r a d i e n t  u l t r a -  
c e n t r i f u g a t i o n  m e t h o d  1~. H e m a g g l u t i n a t i o n  (HA)  ex -  
p e r i m e n t s  we re  d o n e  in  m i c r o t i t r e  p l a t e s  ( T a k a t s y )  w i t h  
se r i a l  d i l u t i o n  of  s e r a  in  P B S .  F i n a l  v o l u m e  of  e a c h  
a g g l u t i n a t i n g  m i x t u r e  w a s  100 ij.1. I n h i b i t i o n  e x p e r i m e n t s  
we re  c a r r i e d  o u t  b y ,  f i r s t ,  i n c u b a t i n g  g u i n e a - p i g  s e r a  of  
v a r i o u s  d i l u t i o n s  w i t h  a p p r o p r i a t e  s u g a r s  a n d  b y  t h e  
s u b s e q u e n t  a d d i t i o n  of  V C N  t r e a t e d  e r y t h r o c y t e s .  
A n t i b o d y  t i t r e s  o f  n o r m a l  a n d  i m m u n e  g u i n e a - p i g  se ra  
to  L.  e*zriett~i were  d e t e r m i n e d  b y  f l u o r e s c e n c e  a n t i b o d y  
t e c h n i q u e  (FAT)  u s i n g  L.  enr ie t t i i  p r o m a s t i g o t e s  as  
a n t i g e n .  

Resul t s .  A l t o g e t h e r  20 n o r m a l  a n d  30 i m m u n e  g u i n e a -  
p ig  s e r a  f r o m  d i f f e r e n t  a n i m a l s  w e r e  i n c l u d e d  in  t h i s  s t u d y .  
T a b l e  i s h o w s  s o m e  of t h e  h e m a g g l u t i n a t i o n  r e s u l t s  
o b t a i n e d  w i t h  u n t r e a t e d  a n d  V C N - t r e a t e d  h u m a n  e r y t h r o -  
c y t e s  u s i n g  n o r m a l  a n d  i m m u n e  g u i n e a - p i g  se ra .  F o r  
c o m p a r i s o n ,  F A T  t i t r e s  of  t h e s e  s e r a  to  L .  e s r ie t t i i  a re  
a lso  p r e s e n t e d .  I t  c a n  be  s e e n  t h a t  t h e s e  s e r a  d id  n o t  
g e n e r a l l y  e x h i b i t  a n y  H A  t i t r e  w i t h  u n t r e a t e d  e r y t h r o -  
c y t e s ,  w h e r e a s  m o s t  n o r m a l  a n d  al l  i m n m n e  s e r a  d id  
a g g l u t i n a t e  V C N - t r e a t e d  cells.  H A  t i t r e s  of  n o r m a l  s e r a  
v a r i e d  b e t w e e n  0 t o  1:32,  w h e r e a s  for  i m m u n e  s e r a  t h e s e  
r a n g e d  b e t w e e n  1 : 32 to  1 : 512. A d e f i n i n i t e  c o r r e l a t i o n  
is l a c k i n g  b e t w e e n  t h e  F A T  a n d  H A  t i t r e s ,  a l t h o u g h  
b o t h  of  t h e s e  we re  r i s i n g  in  t h e  f i r s t  f ew w e e k s  of i n f e c t i o n .  
H e m a g g l u t i n a t i o n  t i t r e s  w i t h  V C N - t r e a t e d  g r o u p  0 r e d  
cells  we re  a f ew fo ld  h i g h e r  t h a n  t h o s e  o b t a i n e d  w i t h  
g r o u p  A or  B cells.  M o r e o v e r ,  n o r m a l  a n d  i m m u n e  g u i n e a -  
p ig  s e r a  e x h i b i t e d  o n l y  v e r y  w e a k  h e m a g g l u t i n a t i o n  
a c t i v i t i e s  w i t h  p r o n a s e -  o r  t r y p s i n - t r e a t e d  g r o u p  0 cells.  

H A  a c t i v i t i e s  of  n o r m a l  a n d  i m m u n e  g u i n e a - p i g  s e r a  for  
V C N - t r e a t e d  r ed  cel ls  we re  f o u n d  to  be  a s s o c i a t e d  m o s t l y  
w i t h  t h e  19S f r a c t i o n ,  a n d  no  s i g n i f i c a n t  c h a n g e  o f  t h i s  
a c t i v i t y  f r o m  19S t o  7S f r a c t i o n  w a s  o b s e r v a b l e  d u r i n g  t h e  
c o u r s e  of  i n f e c t i o n .  A n  a n t i g e n i c a l l y  a c t i v e  m a t e r i a l  w a s  
i s o l a t e d  f r o m  t h e  m e m b r a n e  of  L.  esr ie t t i i  p r o m a s t i g o t e s  
(A.C. GHOSX e t  al . ,  u n d e r  p r e p a r a t i o n )  a n d  t h i s  m a t e r i a l  
s h o w e d  t h e  a b i l i t y  to  a b s o r b  o u t  H A  a c t i v i t i e s  f r o m  n o r m a l  
a n d  i m m u n e  g u i n e a - p i g  sera .  T h e  spec i f i c i t i e s  of  t h e  
h e m a g g l u t i n a t i o n  r e a c t i o n s  w e r e  d e t e r m i n e d  b y  H A  
i n h i b i t i o n  s t u d i e s  u s i n g  v a r i o u s  s u g a r s  (Tab le  I I ) .  I t  c a n  
be  s e e n  t h a t  a m o n g  t h e  d i f f e r e n t  s u g a r s  u s e d  o n l y  
g a l a c t o s e  a n d  l a c t o s e  e x h i b i t e d  s i g n i f i c a n t  i n h i b i t o r y  
c a p a c i t i e s .  I n  f ac t ,  t h e  i n h i b i t o r y  c a p a c i t y  o f  l a c t o s e  w a s  
e v e n  h i g h e r  t h a n  ~hat of g a l a c t o s e .  

D i s c u s s i o n .  M o s t  of  t h e  s ia l ic  a c i d s  of  e r y t h r o c y t e  a re  
loca l i zed  in  t h e  f o r m  of  c l u s t e r s  of  n e g a t i v e  c h a r g e s  on  
t h e  cell  s u r f a c e  lK N e u r a m i n i d a s e  t r e a t m e n t  of  r ed  cel ls  
r e m o v e s  t e r m i n a l  s ia l ic  ac ids ,  t h u s  e x p o s i n g  h i d d e n  
s a c c h a r i d e  r e s i d u e s  o f  t h e  p o l y s a c c h a r i d e  c h a i n s .  I n -  
h i b i t i o n  d a t a  ( T a b l e  I I )  s u g g e s t  t h a t  a t  l e a s t  # - D - g a l a c t o -  
sy l  or  l a c t o s y l ( g a l  /3 1 - 4  Glc) - l ike  r e s i d u e s  a re  e x p o s e d  o n  
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s u c h  t r e a t m e n t .  These  resu l t s  are in a g r e e m e n t  w i th  
earl ier  r e su l t s  w i th  V C N - t r e a t e d  h u m a n  e r y t h r o c y t e s  a nd  
l y m p h o c y t e s ,  u s ing  va r ious  h o m o l o g o u s  and  he te ro-  
logous  sera  as well as p l a n t  lectins4, 9, 10. The  presence  of 
n a t u r a l l y  occur r ing  an t ibod ies  in h u m a n  a n d  va r ious  
a n i m a l  sera  w i th  specif ici t ies for f i -n-ga lac tosyl  or 
lae tosyl  d e t e r m i n a n t s  raises  an  i m p o r t a n t  ques t i on  
r ega rd ing  the i r  f u nc t i ona l  s igni f icance  ~~ R e s u l t s  pre-  
s en t ed  here  d e m o n s t r a t e  t h a t  t hese  an t ibod ies  could be 
t he  p r o d u c t  of an  i m m u n e  re sponse  to a d iscre te  set  
of an t igen ic  d e t e r m i n a n t s  p r e s e n t  on t he  sur face  of some  
mic roo rgan i sms .  Low t i t r e s  of such  an t ibod ies  in n o r m a l  
sera  m a y  reflect  a res idua l  a c t i v i t y  of a p rev ious  i m m u n e  
response ,  or mere  c o n t a c t  of the  hos t  w i th  the  micro-  
o rgan i sm.  I t  is of i n t e r e s t  to no te  t h a t  f i-D-galactosyl  
d e t e r m i n a n t  is p r e s e n t  on t he  sur face  of pneumococcus 
t ype  X I V  po lysaccha r ide  1,, while  lactose  is the  i m m u n o -  
d o m i n a n t  su g a r  of Streptococcus/aecalis 15 

Var ious  workers  1~ h a v e  s h o w n  t h a t  these  an t i -  
bodies  wh ich  reac t  wi th  V C N - t r e a t e d  cells are m a i n l y  of 
IgM class. R e s u l t s  p r e s e n t e d  here  agree w i th  these  
f ind ings  an d  d e m o n s t r a t e  f u r t h e r  t h a t  the  i m m u n e  

response  does no t  m a t u r e  du r ing  the  course  of infec t ion  
so far  as t he  swi tch  f rom IgM to IgG class of a n t i b o d y  
s y n t h e s i s  is concerned.  IgM s y n t h e s i s  is genera l ly  con-  
s idered as T -ce l l - i ndependen t  response ,  a nd  i t  is possible  
t h a t  some  of the  po lysaccha r ide  d e t e r m i n a n t s  of L. 
enriettii m e m b r a n e  are T-cell  i n d e p e n d e n t  in n a t u r e  ill 
gu inea-p igs .  Similar  t y p e  of IgM response  is cha rac te r i s t i c  
of severa l  o the r  po lysaccha r ide  a n t i ge ns  16 ~s. 

The  lack  of a n y  s t r ik ing  cor re la t ion  be tw e e n  t he  F A T  
a nd  H A  t i t r e s  (Table I) d e m o n s t r a t e s  the  h e t e r o g e n e i t y  of 
the  an t igen ic  d e t e r m i n a n t s  of the  s y s t e m .  Guinea-p ig  
i m m u n e  response  was  p r o b a b l y  d i rec ted  a ga in s t  a 
v a r i e t y  of d e t e r m i n a n t s  of t he  paras i te ,  on ly  a few of 
which  were be ing  p icked up  b y  the  h e m a g g l u t i n a t i o n  
a s sa y  s y s t e m  descr ibed here.  
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Elsevier Publishing Co., Amsterdam 1972), part B, p. 843. 
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Vermipodia  a N e w  Type  of Cell Process  
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Summary. A new k ind  of cell process  is descr ibed in l eukemic  cells in two cases  of h i s t iocy t ic  mal ignanc ies .  T h e y  were 
ev iden t  b o t h  w i th  l igh t  m ic ro scopy  and  s cann ing  e lect ron microscopy .  As t h e y  h a v e  a t ubu la r ,  w o r m  like appea rance ,  
t he  n a m e  v e r m i p o d i a  has  been  g iven  to t h e m .  

D u r i n g  the  course  of our  s tud ies  on two cases  of his t io-  
cyt ic  ma l ignanc ie s  we h a v e  obse rved  an  u n u s u a l  and  h i th -  
erto undesc r ibed  v a r i e t y  of cell process  in the  Ieukaemic  
cells in the  per iphera l  blood (Figures  1 3). The  mor -  
pho logy  of m a l i g n a n t  h i s t iocy tos i s  1,2 and  h i s t iocy t ic  
l y m p h o m a  a,~ h a s  been  p rev ious ly  described,  inc lud ing  
the  s c a n n i n g  electron f ea tu re s  5 b u t  cell processes  suc h  
as those  s h o w n  here  were no t  noted .  
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Fig. 1. Vermipodia as seen in a wet preparation. • 950. Fig. 2. Wright-Giemsa stained blood smear showing a leukaemie 
cell with a vermipodium. • 2,700. 


