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e v i d e n t  a t  t h e  48 th ,  7 2 n d  a n d  9 6 t h  h a f t e r  t h e  i n j e c t i o n  
o f  t h e  c y t o s t a t i c  d r u g ,  r e s p e c t i v e l y  a t  t h e  72rid, 9 6 t h  a n d  
1 2 0 t h  h a f t e r  t h e  a d m i n i s t r a t i o n  of  t r y p a n  b lue .  (2) G i a n t  
h i s t i o c y t e s  p r e s e n t  b o t h  n u c l e u s  a n d  c y t o p l a s m  of  in-  
c r e a s e d  d i a m e t e r ;  t h e i r  s ize  is twice ,  t h r e e  o r  m o r e  t i m e s  
l a r g e r  t h a n  t h a t  of  n o r m a l  h i s t i o c y t e s .  10, 15 a n d  1 6 %  of  
t h e  h i s t i o c y t e s  s h o w e d ,  48, 72 a n d  96 h r e s p e c t i v e l y  a f t e r  
t h e  a d m i n i s t r a t i o n  of  c y c l o p h o s p h a m i d e ,  a n u c l e a r  d ia -  
m e t e r  l a rge r  t h a n  20 ~. 2 %  of  t h e m  s h o w e d  a n u c l e a r  
d i a m e t e r  l a r g e r  t h a n  30 ~. A c c o r d i n g  t o  o u r  o b s e r v a t i o n s  
t h e  m e a n  n u c l e a r  d i a m e t e r  of  t h e  n o r m a l  h i s t i o c y t e s  of  t h e  
b o n e  m a r r o w  is 8 . 5 •  a l a rge .  (3) T h e  h i s t i o c y t e s  so 
t r a n s f o r m e d  s h o w  st i l l  i n c o r p o r a t e d  p a r t i c l e s  in t h e i r  
c y t o p l a s m .  

T h e s e  f i n d i n g s  s u p p o r t  t h e  a s s u m p t i o n  t h a t  h i s t i o c y t e s  
o f  t h e  b o n e  m a r r o w  c a n  u n d e r g o  g i a n t  ce l lu l a r  p a t t e r n s  
a f t e r  t r e a t m e n t  w i t h  a n t i m i t o t i c  d r u g s ,  l i kewi se  i t  h a s  
b e e n  o b s e r v e d  b y  BASERGA a n d  MARINONlg I for  m y e l o i d  
cel ls  ( m e g a m y e l o i d  cells).  

S ince  i t  i s  k n o w n  t h a t  t h e  r e t i c u l o e n d o t h e l i a l  s y s t e m  
is s h a r i n g  in  t h e  i m m u n o l o g i c a l  r e s p o n s e  12-~, i t  is  c o n -  
c e i v a b l e  t h a t  t h e  a n t i m i t o t i c  d r u g s  m a y  b r i n g  a b o u t  a n  
i m m u n o s u p p r e s s i v e  e f f ec t  b y  d a m a g i n g  t h e  h i s t i o c y t e s  
too .  

Riassunto.  Nel  m i d o l l o  osseo  di  t o p i  i n t o s s i c a t i  c o n  d o s i  
e l e v a t e  di  c i c l o t o s f a m i d e  c o m p a i o n o  e l e m e n t i  g i g a n t i ,  che ,  
p e r  la  c a p a c i t ~  f a g o c i t a r i a  d i  cu i  s o n o  d o t a t i ,  a p p a i o n o  
a p p a r t e n e r e  al s i s t e m a  i s t i o c i t a r i o  ( i s t ioc i t i  g i g a n t i ) .  
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A giant histioeyte (lower, on the left) COlnt)ared with a meganlyeloid 
cell (upper, on the left) and with a normal histiocyte. I{(me marrow. 
May-Griinwald-(iiemsa stain, x 1200. 
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E n h a n c e m e n t  of  H a e m a g g l u t i n i n  P r o d u c t i o n  in P o l y o m a  V i r u s - I n f e c t e d  C a n d i d a  b y  a D e f i n e d  
M e d i u m  and U r e t h a n  

T h e  t r a n s f e r  of  p o l y o m a  v i r u s  (P yV)  to  B. subtilis w i t h  
t h e  i n f e c t i o u s  D N A  w a s  d e s c r i b e d  b y  BAYREUTHER et  al. 1. 
W e  we re  n o t  o n l y  a b l e  to  v e r i f y  t h e i r  f i n d i n g s  ~-4 b u t  to  
p r o p a g a t e  E M C  v i r ionS ,  * a n d  P y V  ~, as  wel l  as  v i r a l -  
R N A  5 a n d  v i r a l - D N A  4, in  i n t a c t  y e a s t s  a n d  T e t r a -  
h y m e n a .  D u r i n g  t h e s e  a s s a y s  t h e  s t i m u l a t i o n  of v i r u s  p ro -  
d u c t i o n  b y  U r e t h a n  w a s  o b s e r v e d  3, s. T h i s  e f f ec t  c a n  be  
s u b s t a n t i a l l y  i n c r e a s e d  w i t h  f u r t h e r  t e c h n i c a l  r e f i n e m e n t ,  
s u c h  as  t h e  u se  o f  t h e  d e f i n e d  m e d i u m  of  HEALY et  a lP .  
T h e  g r e a t  i n c r e a s e  in  P y V  h e m a g g l u t i n i n s  is d e s c r i b e d  in  
t h i s  c o m m u n i c a t i o n .  M o r e  d e t a i l s  wil l  b e  p u b l i s h e d  
s e p a r a t e l y  8. 

Materials  and methods. C. albicans w a s  i s o l a t e d  f r o m  a 

p a t i e n t  a n d  c a r r i e d  a x e n i c a l l y  in  a n a t u r a l  m e d i u m  ~ ,  5 a t  
2 8 ~  P y V  w a s  t h e  l a rge  p l a q u e  v a r i a n t  p r o p a g a t e d  in  
m o u s e  e m b r y o  cel ls  4, 7 a n d  i t  w e n t  t h r o u g h  30 p a s s a g e s  in  
y e a s t  b e f o r e  b e i n g  u s e d  as  i n o c u l u m .  0.2 m l  cell  h o m o -  
g e n a t e  ~ c o n t a i n i n g  2048 H A U  ( a p p r o x i m a t e l y  10 a 
P F U )  w a s  a d d e d  to  0.3 m l  log p h a s e  y e a s t  c u l t u r e  (10 ~ 
cells)  1. h a d s o r p t i o n  w a s  a l l o w e d  a t  27 o r  37 ~ u n d e r  con -  

s t a n t  a g i t a t i o n  in  a D u b n o f f  w a t e r - b a t h  a t  90 r p m .  T o  
r e m o v e  t h e  u n a d s o r b e d  P y V ,  5 w a s h i n g s  we re  m a d e  w i t h  
2 mI  P B S  e a c h ,  fo l lowed  b y  c e n t r i f u g a t i o n .  A f t e r  1 h i n t e r -  
a c t i o n  t h e  s y s t e m  w a s  b r o u g h t  t o  50 nfl  w i t h  n a t u r a l  ~o o r  
d e f i n e d  m e d i u m  9, t h e  l a t t e r  c o n t a i n i n g  0.15 M suc rose .  
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R e s u l t s .  P r e l i m i n a r y  a s s a y s  d e m o n s t r a t e d  the  e n h a n c -  
ing  effect  of e l eva ted  t e m p e r a t u r e s ,  t h u s  37~ was  
genera l ly  used.  H i g h e r  h e m a g g l u t i n i n  yield r e su l t ed  w h e n  
U r e t h a n  was  i nco rpo ra t ed  in to  def ined m e d i u m  as illus- 
t r a t e d  in Tab le  I, p a r t  a. D u r i n g  these  4-h e x p e r i m e n t s  
the re  was  26% dif ference  in H A U  be tween  t h e  2 s y s t e m s .  
T h e  inc rease  in m o r t a l i t y  a n d  t h e  decrease  in b u d d i n g  
r a t e s  d u r i n g  sh o r t  i n c u b a t i o n  was  a b o u t  t h e  s a m e  in b o t h ;  
however ,  m o re  cel l -associa ted h e m a g g l u t i n i n s  were found  
w i t h  def ined  m e d i u m .  T h e  p r o g e n y  was  ident i f ied  as P y V  
b y  H I  t e s t  car r ied  ou t  w i t h  r a b b i t  a n t i s e r u m .  Longe r  ex- 
p e r i m e n t s  gave  m ore  e m p h a s i s  to t he  above  f ind ings  
(Table I, p a r t  b). The re  was  a p p r o x i m a t e l y  2.8-fold rise in 
t he  m o r t a l i t y  r a t e  of t he  in fec ted  popu la t ion ,  b u t  no 
s ign i f i can t  d i f ference in b u d d i n g  as  c o m p a r e d  w i t h  t h a t  
of t h e  control .  T h e  level  of t hese  p a r a m e t e r s  is a l m o s t  
equa l  in t h e  e x p e r i m e n t a l  s y s t e m  ind i ca t i ng  a s t i l l s t and  of 
t he  p o p u l a t i o n  g rowth .  The  con t ro l  wh ich  rece ived  in- 
a c t i v a t e d  i n s t ead  of l ive PyV,  exh ib i t ed  a b o u t  3 t i m e s  
h ighe r  cell m u l t i p l i c a t i o n  t h a n  dea th - r a t e ,  T h e  yie ld  in 
v i ra l  h e m a g g l u t i n i n s  was  19 t i m e s  t he  i n p u t  a n d  21 t i m e s  
t he  ad so rb ed  inoeu lum.  H I  was  s t r ong ly  posi t ive .  U r e t h a n  
did  n o t  b r ing  m u c h  c h a n g e  in t he  cell biological  and  popu-  
la t ion  d a t a  as i l l u s t r a t ed  in Tab l e  I, p a r t  c. The  f inal  dif- 
ference in cell c o u n t s  b e t w e e n  infec ted  a n d  con t ro l  was  
18%. Th i s  was  s l igh t ly  less t h a n  t he  s y s t e m  lack ing  
U r e t h a n .  However ,  t he  H A U  were  a l m o s t  doub led  as com-  
pa r ed  w i th  t h e  para l le l  cu l tu re  w i t h o u t  the  ca rc inogen  a nd  
t he  p r o g e n y  was  ident i f ied  w i t h  P y - a n t i s e r u m .  T h e  

sea rch  for t he  cause  of t h i s  p h e n o m e n o n  is i l l u s t r a t ed  in 
Table  I I  r eco rd ing  p r e l i m i n a r y  f ind ings  in P o l y o m a - D N A  
infec ted  C .  a l b i c a n s .  T h e  s y s t e m s  w i t h o u t  U r e t h a n  did  no t  
e x h i b i t  s ign i f i can t  cell p o p u l a t i o n  changes ,  b u t  a rela- 
t i ve ly  good H A U  yield,  m a i n l y  cel l -associated,  be ing  
ident i f ied  b y  H I  as PyV.  T h e  increase  in H A  w a s  625-fold 
a n d  th i s  was  a l m o s t  doub led  w h e n  def ined  m e d i u m  was  
used.  U r e t h a n  d id  no t  cause  a n y  H A U  increase,  b u t  t he  
b u d d i n g  increased ,  re la t ive  to  in fec ted  1. I n  U r e t h a n -  
M e d i u m  1415 assays ,  t he re  was  a b o u t  10% h ighe r  H A U  
yield t h a n  w i th  comple t e  n u t r i e n t  alone.  T h e  b u d d i n g  
ra t e  dec l ined  s l igh t ly  re la t ive  to in fec ted  3. T h e  H A  was  
v i rus  specific,  be ing  inh ib i t ed  b y  P y V - a n t i s e r u m .  

D i s c u s s i o n .  T h e  f ind ings  are novel ,  r eproduc ib le  a n d  
the i r  biological  s igni f icance  m a y  be mani fo ld .  T h e  s t i m u -  
la t ion  of t he  oncogenic  P y V  b y  U r e t h a n  m a y  h a v e  some  
bea r ings  on t h e  genes is  of e x p e r i m e n t a l  t u m o r s .  The  
C a n d i d a  pa r a s i t i z i ng  o rgans  of h igh  cancer  inc idence  m a y  
c a r ry  a n d  t r a n s m i t  t u m o r  v i ruses  or  v i ra l  nucleic  acids.  
T h e  assoc ia t ion  of ca rc inogens  w i t h  oncogenic  v i ru s  or 
v i ra l  g e n o m e  m a y  be an  e ve r -p r e se n t  possibi l i ty .  Expe r i -  
m e n t s  w i th  U r e t h a n  a n d  P y V  or o the r  v i ruses  were 
carr ied ou t  m a i n l y  in v ivo  11,12 revea l ing  a v i r u s - a c t i v a t i n g  

it K. E. K. ROWSON, F. J. C. RoE, J. K. BALL and M. H. SALAMAN, 
Nature I91, 893 (1961). 

12 S. WAGNER and E. BENNDORF, Arch. exp. VetMed. 79, 953 (1965). 

Table I. Hemagglutinin production of C. albicans inoculated with PyV 

Cells, counts Inoculum Mortality Budding Final titer Serolog. tests 
Incubation, 37 ~ HAU/System % %0 Distribution Increase a 

Part  a PyV, 0.2 ml 6,29 6.82 71.800 H A  U HI : posit. (1 : 128) 
Injected 1: 2048 M: 67% 5.7 • 
2.28 • 10 s eells/ml 50 mg Urethan C: 33% 
4 h, complete M 

Injected 2: Same 6.94 8.48 75.640 HI : posit. (1 : 256) 
2.6 • 105 cells/ml M : 51% 7.6 • 
4 h, defined M C: 49% 

Part  b PyV, 0.2 ml 8.90 9.11 34.137 HI: posit. (1:1024) 
In/ected 3: 2048 M: 24% 19 z (21 x ) 
1.18 • 10 ~ cells/ml No Urethan C: 76% 
24 h, defined IV[ 

Control: Inactivated 3.20 9.40 nil nil 
1.44 • 107 eells/ml PyV, 0.2 ml 
24 h, defined M No HA 
Difference in counts I/Co: 19% 

Part  c PyV, 0.2 ml 9.21 9.41 73.000 HI: posit. (1:2048) 
Injected 4: 2048 M: 28% 35 • (38 • ) 
1.40 • 10 ~ cells/nil 50 mg Urethan C: 72% 
24 h, defined M 

Control: Inactivated 3.25 10.15 nil nil 
1.50 • l0 T cells/ml PyV, 0.2 ml 
24 h, defined M 50 mg Urethan 
Difference in counts I/Co: 18% 

Part  a. Exp. 73-A: Parallel systems with Urethan for comparison of the 2 media. The average of 10 cytometer cell counts is tabulated; the 
viability was measured by dye exclusion test with Trypan Blue (6). Adsorption was 1 h at 27 ~ Hemagglutination was carried out with freshly 
washed guinea-pig RBC, overnight at 4~ Total HAU per system and % distribution between medium (M) and cells (C) is recorded. 
Part  b. Exp. 7 l-A: Defined medium 1415 ~ with 0.15 M sucrose in long incubation, without Urethan. Control had a token inoculum with heat 
inactivated PyV. Par t  c. Exp. 72: Effect of Urethan when incorporated into the defined medium s. ~ Increase over input inoculum (over 
'ecelipsed', in brackets). Abbreviations: HA, hemagglutination ; HAU, hemagglutinating units; HI, inhibition of HA; I, infected; Co, control. 
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Table II. Hemagglutinin production by C. albicans infected with DNA of PyV 
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Cells, counts Inoculunl/System Mortality Budding Final titcr Serolog. tests 
Incubation, 37 ~ % % Distribution Increase 

InJected~: Py-DNA 3.52 7.44 625 HA U HI: posit. (1:8) 
2.19 • 106 eells/ml 0.5 ml M: 60% 625 • 
4 h, complete IV[ C: 40% 

In[ectedb: Same 4.53 7.39 1075 HA U HI : posit. (1 : 16) 
2.69 • 106 eells/ml M: 58% 1075 • 
4 h, defined M C: 42% 

Injected ~: Same + 3.03 8.91 590 HA U HI: posit. (1 : 16) 
2.66 • 10 e eells/ml 50 mg Urethan M: 59% 590 • 
4 h, complete .'VI C: 41~ 

In/ecteda: Same+ 3.41 8.00 7135 HA U H1 : posit. (1 : 32) 
2.19 • 10 e eells/ml 50 mg Urethan M: 55% 1135 • 
4 h, defined M C: 45% 

Exp. 74-A: 0.5 nil PyV-DNA + 0.3 ml yeast, approximately l0 s cells, 6 min interaction at 2 ~ then reincubated with 50 ml growth medium 
for 4 h at 37 ~ Further processing like Table I. b Similar to above, but with medium 14159+ 0.15M sucrose, o Exp. 74: Similar to 74-A ~ 
but 50 nag Urethan in the growth medium or Sin medium 1415 + 0.15M sucrose. Polyoma DNA was extracted with hot phenol and 1 M NaCI., 
ether and N 2 and did not give HA and HI reaction before the inoculation of Candida (OD~ 0 was 0.026[0.3 ml and was infectious to mouse 
embryo cells). 

effect  of t he  ca rc inogen .  I n v e s t i g a t i o n s  in v i t r o  are  scarce  
or  i r r e l e v a n t  TM ~4, a l t h o u g h  a v i rus  a c t i v a t i o n  t h e o r y  w a s  
p u t  f o r w a r d  to  exp l a i n  U r e t h a n  ca rc inogenes i s  a~. I t s  
effect  on  t h e  nucleic  acid m e t a b o l i s m  of t h e  hos t ,  in  agree-  
m e n t  w i t h  others1% is d o u b t f u l .  T h e  s l igh t  v i r u s  p r o d u c -  
t i on  b y  U r e t h a n  in C a n d i d a - P y - D N A  a s s a y s  m a y  n o t  be  
s ign i f ican t .  T h e  t u m o r i g e n i c  ac t ion  of U r e t h a n  w a s  
t h o u g h t  to  be c o n n e c t e d  w i th  i ts  s low e v a c u a t i o n  a n d  in- 
suf f ic ien t  m e t a b o l i s m  in y o u n g  mice  17. T h e  dose  w a s  
chosen  on  bas i s  of in v ivo  d a t a  ~5, a6. I n  o u r  a s s a y s  U r e t h a n  
s t i m u l a t i o n  w a s  o b s e r v e d  on ly  in def ined  m e d i u m  9 a n d  
sucrose ,  l ack ing  m a c r o m o l e c u l e s .  T h e  h i g h  a m i n o  acid, 
v i t a m i n  a n d  c a r b o h y d r a t e  c o n t e n t  of  th i s  m i x t u r e  m a y  be  
the  e n h a n c i n g  f a c t o r  in v i rus  p r o d u c t i o n  of P r o t i s t a  3, 
f u r t h e r  inc reased  b y  U r e t h a n  t h r o u g h  s o m e  u n k n o w n  
m e c h a n i s m .  T h e  a lka l i n i t y  c a n n o t  be  a cause,  s ince  
a d j u s t i n g  c o m p l e t e  m e d i u m  to  p H  7.6 h a d  no  s im i l a r  
effect  8. H A  t e s t  w a s  used  for  t he  q u a n t i t a t i o n  of P y V .  
Th i s  was  n o t  t a k e n  as s y n o n i m o u s  w i t h  infec t ion ,  al-  
t h o u g h  a good  c o r r e l a t i o n  w a s  d e m o n s t r a t e d  b e t w e e n  H A  
a n d  in fec t iv i ty  a,5,7. Serologic  f ind ings  u n d e r l i n e  t he se  
resu l t s ,  espec ia l ly  w i t h  P y - D N A ,  w h i c h  gave  n e g a t i v e  
r eac t ions  be fore  inocu la t ion ,  b u t  a f t e r  i n c u b a t i o n .  H A  
a n d  H I  t e s t s  b e c a m e  pos i t ive ,  s u g g e s t i n g  t h e  p r o d u c t i o n  
of P y - v i r i o n  a, 4. 

Zusammen/assung .  D a s  o n k o g e n e  P o l y o m a v i r u s  k a n n  
s ich im Pilz C. albicans v e r m e h r e n  u n d  die V i r u s a u s b e u t e  
w i rd  d u r c h  U r e t h a n z u g a b e  e r h 6 h t  

E.  Kov~ ,cs  a n d  G. KOLOMPfi, R 18 

Department  o/ Surgery, 
Facul ty  o[ Medicine,  Universi ty  of Toronto, 
Toronto 5 (Canada), 2 J u n e  1969. 

13 R. A. C. FOSTER, F. H. JOKSON and V. K. MILLER, J. gen. Physiol. 
33, 1 (1949). 

14 S. KAWAMOTO, N. IDA, A. KIRSCHUAUM and F. TAYLOR, Cancer 
Res. 18, 725 (1958). 

15 J. ]~ERENBLUM, Acta Un. int. Cancr. 20, 893 I1964). 
le A. M. KAYE and N. TRAININ, Cancer Res. 26, 2206 (1966). 
17 S. MIRVISII, G. CIV1DALI and I. BERENBLUM, Proc. Soc. exp. Med. 

716, 265 (1965). 
is We are very grateflfl to Mr. G. M. HEALY of the CMRL, University 

of Toronto, for the generous supply of media and to Mr. B. Bwcz 
for his technical help in this work supported by a grant of the 
National Cancer Institute of Canada. 

Exper imenta l  Brain  T u m o u r s  in D o g s  

B r a i n  t u m o u r s  h a v e  been  i nduced  b y  d i f f e ren t  m e t h o d s  
in mice,  r a t s  a n d  r a b b i t s  1. B u t  e x p e r i m e n t a l  n e u r o s u r g e r y  
d e m a n d s  b r a i n  t u m o u r s  in a n i m a l s  l a rge r  t h a n  ro den t s .  
R e c e n t l y  we succeeded  in p r o d u c i n g  s u c h  n e o p l a s m s  in 
dogs  a f t e r  a d m i n i s t r a t i o n  of 1 - m e t h y l - l - n i t r o s o u r e a  
(MNU).  M N U  w a s  i n t r o d u c e d  in to  e x p e r i m e n t a l  neu r o -  
onco logy  b y  DRUCKREY et ai. ~. 

T e n  m o n g r e l  dogs,  aged  4 m o n t h s  to  3 years ,  r ece ived  
20 m g  M N U / k g  b o d y  w e i g h t  m o n t h l y  b y  i.v. i n j e c t i o n s  
of f r e sh ly  p r e p a r e d  s o l u t i o n  of M N U  in s ter i le  phys io log i c  
sa l ine  w i t h  p h o s p h a t e  b u f f e r  ( p H  4.2). 4 dogs  d e v e l o p e d  
b r a i n  t u m o u r s  (Table) .  H i s to log i c a l l y  t h e  t u m o u r s  re- 
s e m b l e  i n t r a c e r e b r a l  s a r c o m a s  or  m u l t i f o r m e  gl ioblas-  
t o m a s .  All of t h e m  s h o w  s igns  of m a l i g n a n c y :  i n f i l t r a t ive  


