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In  tr aperi toneal injection of the large-sized 
( > 7 0 ~ ~ )  yeast Cryptococcus neofonnans into 
rabbits and guinea pigs is followed by mi- 
gration of polymorphonuclear (PMN) cells 
(1, 2);  the PMN form rings around the 
yeast cells and are later replaced by rings of 
monocytes (MN) . This phenomenon can also 
be reproduced in vitro by adding C. ne- 
oformans to PMN or M N  cultures. It is 
assumed that the ring formation, which takes 
place when organisms too large to be 
in.gested are involved, is a process analogous 
to that of phagocytosis of small-sized bodies. 
Hirsch and Cohn have shown that phagocyto- 
sis is followed by release of lysosomal acid 
hydrolases and antibacterial substances into 
the cytoplasm (3 ) .  Therefore, the possibility 
of an enzyme release from the ring cells into 
the encircled yeast was examined in the 
present system. Preliminary results (4) 
showed that enzymes of leukocytic origin 
were indeed present in the surrounded yeast. 
It seemed important to ascertain whether en- 
zyme release is accompanied by destruction 
of the leukocytes, or that the cells remain 
intact and functional. This question was in- 
vestigated by using the histochemical reac- 
tion for acid phosphatase as a marker for 
enzymic activity in both phagocyte and yeast 
cell; and phagocytosis of bacteria as an indi- 
cator for the functional activity of the PMN 
and MN. 

MateriaZs and Methods. Our experiments 
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were conducted in Leighton tubes containing 
cover-slips, and employed rabbit or guinea 
pig phagocytes. PMN or MN were collected 
after an ip injection of saline, either 18 or 72 
hr before harvesting. 5 x lo5 of either PMN 
or MN were mixed with lo4 yeast cells and 
were allowed to settle in tubes containing 
Tyrode's medium and 40% isologous serum. 
The C .  neoformans was heated for 10 min at  
90°, to abolish its own enzymic activity, prior 
to its addition to the system. 

PMN or M N  rings are generally formed 
within 2 hr of implantation. At this stage, as 
well as a few hours later, histochemical reac- 
tions and the capability of phagocytosis were 
tested as follows: 

a. Some cover slips were fixed in 2% glu- 
taraldehyde for 5 min, then acid phosphatase 
activity was demonstrated by the procedure 
of Burstone ( 5 )  or by a modification of the 
Gomori method ( 6 ) .  

b. Phagocytic ability was tested by adding 
lo7 E .  coli, S. albus or B .  subtilis into the 
Leighton tubes. The histochemical staining 
for acid phosphatase was done as described in 

In addition, the behavior of ring phago- 
cytes in vitro was followed by observation of 
the cells in a perfusion chamber, under a 
phase contrast microscope enclosed in a 37' 
incubator. 

Results and Discussion. Observation under 
phase contrast revealed that the ring cells 
displayed considerable pseudopodial activity 
throughout and after the formation of the 
ring, indicating the viability of the cells dur- 
in,g the process (Fig. 1). In  Giemsa-stained 
preparations, the ring cells ingested bacteria 
as much as did the free phagocytes (Fig. 2) .  
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FIG. 1. A “mixcd” ring (PMS and M S )  rnclosinc :I C. neuforwmzr cell (a r row) .  S o t e  signs of 
dustruction of t h e  cncirclcd  east ; ;inti p$eutlopodi:i oi t hc.  lcukocy tes pcnet rating the yeast capsulc. 
Epon embeddine. l p  section; X 1000. 

Tn both T’NS and AlS rings all the enclosed 
cryptococci showed considerable acid phos- 
phatase staining. whereas free cryptococci 
were entirely negative or onlj. slightly posi- 
tive (Fig.  3 ) .  (’onsidering that enzymic ac- 
tivities in the yeast cells were previously abo- 
lished by heat. the source of the acid phos- 
phatase observed in the yeast is presumably 

Fr(;. 2 .  Phngocytosis of bacteria (;irron.s) by 
PAWS cells in ;L ring ivhich \vas iormctl  carlier 
around a c‘. izflo,/oriuuiz> cell. S o t e  ior  comparison 
the  phagocytosis in irce PMS cclls. Gicmsa s ta in;  
X 600. 

the surrounding leukocytes. The  same results 
were obtained in the experiment in which 
ring formation was followed by phagocytosis 
of bacteria; again there was a release of en- 
zymes from phagocj.tic cells into the encir- 
cled crjTptococci. 

-4 (1 (1 it i o n a1 exp e r i men t s were con d LI c t ed to 
validate the use of this histochemical reaction 
in the present system. 

1. Short incubation times (2-5 min), re- 
sulted in the reaction product appearing sim- 
ultaneously in the surrounding cells as well 
a s  in the enclosed cryptococci, thus reducing 
the possibility of its diffusion from the cells 
into the encircled yeast. 

2 .  Heat-inactivated cryptococci incubated 
with acid phosphatase (Sigma) added to the 
nnediuni. also resulted in the appearance of 
reaction product in the yeast, which shows 
that free enzyme may penetrate into the 
yeast cells. 

3. Addition of N a F  0.1 m to the reaction 
mixture caused a complete inhibition of the 
1 h o s p h a t a se act i vi t y . 

The main point which emerges from the 
present study is that  the phagocytic cells in 
the rings may release hydrolytic enzymes into 
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FIG. 3. Acid phosphatase release by ring PMN into the surrounded yeast ceI1. Note the granuIar 
appearance 'of the reaction product and the dense precipitate in the enclsosed cryptococcus (arrow) ; 
x1000. 

the encircled cryptococci and yet remain via- 
ble and functional. Recent results (unpub- 
lished) have shown that the ring cells are 
able to destroy the encircled yeast, and it is 
plausible that this effect is mediated by the 
release of lysosomal enzymes from the phago- 
cytes. 

Such extracellular enzyme release associ- 
ated with phagocytosis has been reported by 
several investigators (7-10). Crowder et al. 
(9) reported the extracellular release of 
histamine and lysosomal enzymes by human 
leukocytes during phagocytosis of staphylo- 
cocci; trypan blue exclusion being the crit- 
erion for intactness of the blood cells. I t  is 
interesting that a suicidal cell like the PMN 
( 11) is capable of lysosomal enzyme release 
without getting destroyed in the process. The 
significance and the mechanism of the ex- 
tracellular release of enzymes and other sub- 
stances from leukocytes is unknown. Howev- 
er, in the case of C. neoformans, such a 
release might be interpreted as constituting 
part of a defense mechanism of the phago- 
cytic system agailnst a large parasite, and as 
pointing to the similarity between the ring 
structure and normal phagQcytosis. 

Summary. Cryptococcus neoformans is a 
parasite, too large (>70 p )  to be phagocy- 
tosed by leukocytes. Under suitable condi- 
tions polymorphonuclear and/or mononuclear 
cells surround the yeast cells, forming a 
ringlike structure. I t  was found that acid 
phosphatase, originating from the leukocytes 
within the ring, penetrated the enclosed 
yeast. The enzyme release was not accolmpa- 
nied by destruction of the leukocytes, which 
remained active and capable of phagocytos- 
ing bacteria. 
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