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Summary. T r y p s i n - l i k e  p r o t e a s e  w i t h  w i d e  s p e c t r u m  of  e n z y m a t i c  a c t i v i t i e s  h a v e  b e e n  i s o l a t e d  f r o m  cei l - f ree  m e d i u m  
f r o m  in  v i t r o  c u l t u r e d  h u m a n  m a m m a r y  c a r c i n o m a  cells,  a n d  f r o m  p e r i p h e r a l  b l o o d  l y m p h o c y t e  s of  p a t i e n t s  w i t h  
m a m m a r y  c a r c i n o m a  c u l t u r e d  in  p r e s e n c e  of c e l l - m e m b r a n e  c a r c i n o m a - a s s o c i a t e d  g l y c o p r o t e i n .  

S e v e r a l  s t u d i e s  h a v e  s u g g e s t e d  t h a t  p I a s m a  m e m b r a n e s  
o f  c a n c e r  a n d  i n f l a m m a t o r y  cel ls  e x h i b i t  a b n o r m a l  
' p e r m e a b i l i t y '  p r e f e r e n t i a l l y  r e l e a s i n g  l y s o s o m a l  e n z y m e s .  
C a t h e p s i n  D h a s  b e e n  f o u n d  to  be  r a i s e d  in  h o m o g e n a t e s  
of  v a r i o u s  o r g a n s  of  p a t i e n t s  w i t h  m a l i g n a n t  d i s e a s e  ~ a. 
-When  c u l t u r e d  in  v i t r o ,  m a n y  t u m o r s  r e l e a se  b i o l o g i c a l l y  
a c t i v e  m e d i a t o r s .  H e L a  ceils ,  s e v e r e  t u m o r i g e n i c  h a m s t e r  
cel l  l i nes  * a n d  cei ls  t r a n s f o r m e d  b y  D N A  a n d  R N A  t u m o r  
v i r u s e s ,  a n d  s e v e r a l  h u m a n  t u m o r  cell  l i nes  a r e l e a se  a n  
i n h i b i t o r  of  m a c r o p h a g e  m i g r a t i o n .  A p o s s i b l e  role  for  
t h i s  i n h i b i t o r  is to  m o d i f y  t h e  s u r f a c e  p r o p e r t i e s  of  t u m o r  
cells ,  a n d  to  a l t e r  c e l l - m e d i a t e d  i m m u n e  r e s p o n s e s  d i r e c t -  
ed  a g a i n s t  t h e  n e o p l a s t i c  cel ls6,  7. T h e  p r e s e n t  s t u d i e s  
r e p o r t  t h e  r e l e a se  of  a p r o t e a s e  w i t h  w i d e  s p e c t r u m  of  
a c t i v i t i e s  f r o m  h u m a n  m a m m a r y  c a r c i n o m a  i n t o  t h e  
m e d i u m .  

H u m a n  m a m m a r y  t u m o r  cel ls  we re  d e r i v e d  f r o m  d u c t a f  
m a l i g n a n t  b r e a s t  c a r c i n o m a s  w h i c h  w e r e  c o n f i r m e d  b y  
h i s t o l o g i c a l  e x a m i n a t i o n .  T h e  ceiIs w e r e  c u l t u r e d  in  
E a g l e ' s  m i n i m u m  e s s e n t i a l  m e d i u m  (MEM) s u p p l e m e n t e d  
w i t h  2 0 %  h e a t  i n a c t i v a t e d  f e t a l  ca l f  s e r u m ,  2 m M -  
g t u t a m i n e ,  100 U p e n i c i l l i n / n i l  a n d  100 btg s t r e p t o m y c i n /  
m l  of  m e d i u m .  I n  t h i s  m e d i u m ,  in  24 h t h e  cel ls  a d h e r e d  
to  t h e  g l a s s ,  a n d  g r o w t h  a t t a i n e d  a p l a t e a u  w i t h i n  93 to  
120 h.  A t  c o n c e n t r a t i o n s  of  5 - 2  b~g/ml, i n s u l i n  a c c e l e r a t e d  
t h e  g r o w t h  a n d  d e l a y e d  p l a t e a u  f o r m a t i o n  to  l o n g e r  t h a n  
260 h .  S i m i l a r  e f f ec t s  we re  o b t a i n e d  w i t h  e i t h e r  p a n c r e a t i c  
o r  s o y b e a n  t r y p s i n  i n h i b i t o r s .  A t  t h e  p e r i o d  of  t h e  p la -  
t e a u ,  t h e  ce i l - f ree  m e d i u m  w a s  c a r e f u l l y  w i t h d r a w n  a n d  
f r e s h  m e d i u m  w a s  a d d e d  t o  t h e  cells .  T h e  ce l l - f ree  
m e d i u m  w a s  p a s s e d  t h r o u g h  a se r i e s  o f  A m i c o n  D ia f l o  
u l t r a f i l t r a t i o n  m e m b r a n e s  ( U N  2, P M  10, P M  30, X M  50, 

X M  50, X M  100 a n d  X M  300) a p r o c e d u r e  t h a t  e x c l u d e d  
d i f f e r e n t i a l l y  t h e  v a r i o u s  c o m p o u n d s  a c c o r d i n g  t o  t h e i r  
m o l e c u l a r  w e i g h t ,  a n d  c o n c e n t r a t e d  t h e  s a m p l e s  10- to  
12-fo ld .  F r a c t i o n s  o b t a i n e d  t h r o u g h  t h e  m e m b r a n e  X M  50 
i n h i b i t e d  m i g r a t i o n  of  p e r i t o n e a l  m a c r o p h a g e s  as  a s s e s s e d  
b y  t h e  c a p i l l a r y  t u b e  t e c h n i q u e  r e p o r t e d  ea r l i e r  s. A l i q u o t s  
of  t h i s  f r a c t i o n  w e r e  d i a l y z e d  a g a i n s t  d i s t i l l ed  w a t e r  a n d  
t h e n  l y o p h i l i z e d .  T h e  d r y  p o w d e r  w a s  r e c o n s t i t u t e d  in 
2 m l  o f  0.15 M NaC1-0 ,01  M Tris HC1 bu f f e r ,  p H  8.4 a n d  
a p p l i e d  o n t o  a 1.6 • 100 c m  S e p h a d e x  G-100  c o l u m n .  T h e  
c o l u m n  w a s  p r e c a l i b r a t e d  w i t h  m o l e c u l a r  w e i g h t  m a r k e r s ,  
b o v i n e  s e r u m  a l b u m i n  ( M W  67,000) ,  s a l t - f r e e  c h y m o t r y p -  
s i n o g e n  ( M W  25,000) a n d  l y s o e y m e  ( M W  17,000) .  F r a c -  
t i o n s  w h i c h  e l u t e d  f r o m  t h e  c o l u m n  w i t h  t h e  c h y m o t r y p -  
s i n o g e n  m a r k e r  i n h i b i t e d  m a c r o p h a g e  m i g r a t i o n .  "When 
e x a m i n e d  o n  p o l y a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s ,  t h i s  
f r a c t i o n  s h o w e d  1 s ing le  b a n d .  T h i s  f r a c t i o n  h y d r o l y z e d  
b e n z o y l - l - a r g i n i n e  e t h y l  e s te r ,  t o s y l - l - a r g i n i n e  m e t h y l  
e s t e r ,  l y s i n e  m e t h y I  e s t e r ,  a c e t y g l y c y l - i - l y s i n e  m e t h y l  
e s t e r ,  z - g l y - p r o l - g l y - g l y - p r o l - a l a - O H ,  B Z - p r o l - l e u - g l y - g l y -  

i T. SCnERSTEN and B. WAHLQUIST, Cancer 27, 278 (1971). 
2 T. SCHERSTEN and R. LUNDHOLM, Cancer 30, 1246 (1972). 
3 j.  R. STARLING, G. F. MURRAY and B. R. ~VILLOX, Surg. Forum 

26, 180 (1975). 
a p. S. PAPAaEORGIOUS, W, L. HEMLEu and P. R. GLADE, J. Immun.  

108, 494 (1972). 
5 G. POSTe, Cancer Res. 35, 2558 (1975). 
6 M. E. HAM~IOND and H. F. DVORAK, J. exp. Med. 156, 1518 (1972). 

M. E. HA~I~mND, R. O. ROBIN, A. M. DVORAK, S. S. SELVAG6IO, 
P. H. BLACK and H. F. DVORAK, Science 185, 955 (1974). 

s A. A. HAKIM, Experientia 29, 865 (1973). 

Table I. Action of cell-free medium from cultures of the mammary  carcinoma or of peripheral blood lymphocytes of normal or cancer patients 
with and without the carcinoma associated glycoprotein (CAA) 

Substrate Mammary Peripheral blood lymphocytes Trypsin 
carcinoma 

Normal Donors Cancer patients 

With CAA Without  CAA With CAA Without  
CAA 

N-Benzoyl-l-arginine ethyl ester (BAEE) 625 ~ 24 14 ~ 2 --  
N-Tosyl-l-arginine methyl ester (TAME) 413 ~ 21 8 ~ 2 --  
N-AeetyI-l-tyrosine ethyl ester (ATEE) 25 ~ 8 
Lysine methyl ester (LME) 645 -k 7 27 :~ 3 
Hemoglobin 323 ~ 14 9 :t- 2 -- 
Human  Fibrinogen" 75 :t= 6 --  
Human  Plasininogen b 1609 • 41 --  --  
z-gly-prol-gly-gly-prol-ala-OH o 264 ::U 12 --  
pz-Prol-leu-gly-prol-gly-arg-Ott 864 ~ 32 --  --  

4 2 5 j :  72 2 7 •  3067 ~: 60 
5 3 2 ~  63 4 1 •  1.25x10 s ~ 3 5 4  

-- 8 • 2 
976 ~ 81 56 -j- 9 2153 L- 21 
394=t= 44 --  3663 • 43 
9 8 •  19 --  1265 • 23 

1.765:t_ 93 5 2 i 8  6473 i 68 
1538-1- 84 41=1=6 23 -c: 8 
2165j_108 7 6 - c 8  178 • 34 

The above results are expressed as units per ing protein in the cell-free mediuin. 1 unit of tosyl-l-argiuine methyl ester, or N-benzoI-l-arginiue 
ethyl ester is equivalent to I b~M ester liberated per mg protein. 
~The results are expressed ii1 ixg of peptides solubilized from 500 nag of fibrinogen per mg protein, bThe results are expressed in units of N- 
tosyl-l-arginiue methyI ester per mg  of protein. ~ results are expressed in ~g of the peptide split per rain per mg of protein. 
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Table  I I .  Effect  of enzyine inh ib i tor  on the migra t ion  inhibi t ion agent{s) in cell-free med ium enzyme from in v i t ro  cul tures  

In v i t ro  t r ea tmen t  of migra t ion  inhib i t ion  agent(s) Migrat ion inhib i t ion  ac t iv i ty  (%) 

Lymphocy tes  from 

Normal  donors Cancer pa t ien ts  

)!Iainnlary earcinonla  

Unt rea ted  
Peps ta t in  (20 ~zg/miI) 
Human-~t-ant i - t rypsin  (0.5 mg/ml)  
Soybean t ryps in  inhib i tor  (0.5 mg]ml) 
Pancrea t ic  t ryps in  inhib i tor  (0.5 mg/ml)  
p -Aminobenzamidine  (2 • 10 ~ M) 
Ovomucoid  (0.5 mg/ml)  

Enzyme  subs t ra tes  

TLCMK (5 • 10 -4 M) 
N-Tosyl - l -Arg in ine  me thy l  ester  (2 • 10 -~ M) 
N-Benzoyl - l -Argin ine  Amide (2 • 10-4 M) 
N-Acety l - l -Tyros ine  e thyl  ester  (1 • 10 -~ M) 
N-Benzoyl - l -Argin ine  e thyl  ester  (2 • 10 a M) 
T P E C M K  (1 • 10 4 M) 
N-Ace ty l - l -Tyros ine  e thy l  ester  (2 • 10 e M) 
Z-gly-prol-gly-gly-proI-ala-OH 
PZ-proI-leu-gly-gly-prol-D- arg- OH ~ 

Inhib i tors  of the serine ac t ive  center  

Di isopropylf luorophosphate  (5 • 10 a M) 
Epsi lon-Amnio Caproic Acid (5 • 10 -2 M) 

2 . 4 ~  8.3 87 @ 10.9 61 JZ 9.1 
2 . 1 •  10.7 46 ~ 9.0 49 -~ 7.8 
3.8~_ 9.6 21 ~ 8.7 59 • 11.6 
1.8 ~ 7.6 69 ~ 12.4 31 _4- 9.3 
1.5 • 6.4 73 ~. 10.6 52 • 8.1 
2.0 ~: 11.2 43 ~ 10.3 39 i 8.1 
1.2 • 8.7 88 ~ 12.7 68 • 10,5 

1.7 ~ 10.1 80 -L 11.9 58 i 11.3 
2.3 ~ 12.7 86 ~ 14.6 60 • 12.2 
2.7 ~- 11.9 81 ~ 12.7 58 ~- 10.6 
1 . 6 ~  9.3 81 ~ 13.1 71 • 12.1 
1.9 • 14.3 91 -L- 14.6 58 ~z 9,7 
2.7 • 11.9 81 ~ 12.7 58 -L 10.6 
2.7 • 15.5 89 ~ 11.7 65 ~_ 9.3 
2.2~Z 3.6 16.9~- 8 23 • 9.1 
3.8 ~_ 9.4 24.7-}- 8 3 5 . 6 i 1 1 . 6  

0.4~-  9.7 2.5 ~ 4.2 12 ~_ 8.2 
0.Szc 8.9 10.7Jc 9.7 23 ~_ 4.6 

TLCMK, N- tosy l - l - lysy lch lo romethy l  ketone;  TPECMK,  N- tosy l - l -pheny l  e t h y b e h l o r o m e t h y l  ketone.  -The  d a t a  for the sp l i t t ing  of the 
pept ide  is reported in Table  1. 

A B 

Effect  of the enzyme from cell-free med ium on in v i t ro  growth of the m a m n l a r y  carcinoma.  Mammary  carc inoma cells were allowed to grow in 
Eagle ' s  essential  med ium alone (A), and  in the medium conta in ing 10 F'g of the cell-free medium enzyme (B). Growth t a k e n  120 h af ter  seed- 
ing. 
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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. 

9 A. A. HAKIM, Immun. Comnmn. d, 251 (1975). 
1~) I. ~tELLSTROM, l~. ~IELLGTROM~ H.  SJOGREN a n d  G. WARNER, 

Int. J. Cancer 7, 1 (1971). 
11 G. FOSATTI~ S. CANEVARI~ G. DELLA PORTA, G. BALZARINI a n d  

U. VERONOSI, Int. J. Cancer 70, 391 (1972). 
12 V. ANDERSON, 13. BENDIXON and T. SCHIODT, Acts reed. scand. 

186, 101 (1969). 
13 A. J. COCHRAN, W. G. S. SPILt, R. M. MACKIE and C. E. THOMAS, 

Dr. reed. J. d, 67 (1972). 
14 j.  L. McCoY, T. DOENm and R. B. HERBERMAN, J. natn. Cancer 

Ii~st. 53, 11 (1974). 
la A. SE(~ALL, O. WEILER, J. GENIN, J. LACOUR and F. LACOUR, Int. 

J. Cancer 9, 417 (1972). 
16 p.  FICHER, F~. GOLOB, W. HOLMER a n d  E. t~UNZE-MUHL, X. 

tirebsforsch. 72, 155 (1969). 
17 H. SAVEL, Cancer 2d, 56 (1969). 

Hemagglutination of Neuraminidase-Treated Human Erythrocytes by Le i shmania  enriet t i i  Infected 
Guinea-Pig Sera 

A. C. GHOSE 

Division o/ Parasitology, School o/ Tropical Medicine, Calcutta 700012 (India), 7 December 1975. 

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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