
15.5.1973 Specialia 597 

and  Haas  strains.  A t  least  12 mice  in each s t ra in  were 
examined.  All of t he  mice  of t he  var ious  genet ic  s t ra ins  
were m a i n t a i n e d  and  fed under  t he  same condi t ions  of 
h u s b a n d r y ;  and  the  ge rmf ree  mice were free of fungi,  
protozoa ,  bacter ia ,  and  mycoplasma .  Leukemia  virus  has  
been  repor ted  in all s t ra ins  of mice 7, and  mice  of t he  Haas  
s t ra in  are pe r s i s t en t ly  infec ted  wi th  l ymphocy t i c  chorio- 
meningi t i s  vi rus  s. 

I t  was  of significance t h a t  among  the  above no ted  
mouse  s trains,  only  mice of t he  A K R  s t ra in  develop a 
s ignif icant  incidence of spon taneous  l y m p h a t i c  leukemia.  
Addi t iona l  conven t iona l  s t ra in  A K R  mice were ob ta ined  
f rom Dr. J. TRENTIN of Baylor  Medical  College, f rom 
w h o m  the  original  mouse  s tocks h a d  been  ob ta ined  7 
years  previous ly ;  and  t h e y  too had  mul t inuc lea ted  acinar  
cells in the i r  pancreases .  In  an addi t iona l  mouse  s t ra in  
(C58) which  also develops  leukemia  spon taneous ly  ~, 
s imilar  mul t inuc lea ted  acinar  cells have  been  observed  in 
the i r  pancreases .  The average  n u m b e r  of nuclei  pe r  
mu l t inuc l ea t ed  C58 cell was 5, whereas  in A K R  mice the  
average  n u m b e r  of nuclei  was 10 per  cell. The  C58 and  
the  A K R  mouse  s t ra ins  differ in the i r  origins 10, bu t  t h e y  
are closely re la ted  in H-2 his to  compa t ib i l i t y  p a t t e r n s  n.  
However ,  o the r  mouse  s t ra ins  which  show a re la t ionship  
to  C58 and  A K R  by  the  la t t e r  cr i ter ion have  a low 
incidence of spon taneous  leukemia.  

The appearance  of these  unusual  mul t inuc lea ted  cells 
in t he  pancreases  of A K R  and  of C58 mice  m a y  be no 
more  t h a n  coincidenta l  and  unre la ted  to  the i r  leukemic  
p ropens i ty .  They  m a y  be the  po lyka ryon  effect  of an 
unrecognized virus,  or a genet ica l ly- re la ted  anomaly .  
The role of the  pancreas  in leukemogenesis  is unknown.  
The na tu re  of t he  unque  mul t inuc lea ted  acinar  cells is 
unknown,  b u t  the i r  pa thogen ic  potent ia l i t ies  should be 
fu r the r  inves t iga ted .  

Rdsumd. Dans  des souches de souris A K R  et C58, les 
cellules exocrines du pancr6as  on t  jusqu'A 12 n o y au x  par  
cellule. Tandis  que dans  des souches d ' au t r e s  souris, il n ' y  
y en a plus qu 'une  ou deux par  cellule. 

M. POLLARD 

Lobund Laboratory, University o/ Notre Dame. 
(Indiana 46556, USA), 27 November 7972. 

7 M. KAJIMA and M. POLLARD, Nature 218, 188 (1968). 
s V. H. HAAS, Publ. Hlth Rep., Wash. 56, 285 (1941). 
9 E. C. MAcDOwELL and M. N. RICHTER, Archs Path. 20, 709 (1935). 

lo L. GROSS, Oncogenic Viruses (Pergamon Press, New York, USA 
(1961). 

11 G. D. SNELL and J. H. STIMPFLING, Biology o/the Laboratory Mouse 
(McGraw-Hill Book Co., New York, USA 1966). 

I n d u c t i o n  of  A c t i v e  I m m u n e  S t a t e  b y  M u l t i n u c l e a t e  T u m o u r  C e l l s  in  M i c e  

Express ion  of t u m o u r  specific t r a n s p l a n t a t i o n  an t igens  
(TSTA's)  is general ly  weak w h e n  t u m o u r  cells are in jec ted  
in to  syngeneic  hos ts  1. I m m u n o g e n i c i t y  of TSTA ' s  could 
be enhanced  by  t u m o u r  cells whose surfaces had  been  
a l tered in some way,  such as by  in t roduc ing  foreign 
ant igenic  mater ia l s  on to  t h e m  1-5. The s tudies  to  be 
r epo r t ed  here  include the  induc t ion  of ac t ive  i m m u n i t y  to  
t u m o u r  by  Sendal  v i rus-fused mul t inuc lea te  cells in 
syngeneic  mice. I m m u n o g e n i c i t y  was ind ica ted  by  incre- 
ased res is tance  of t he  t r e a t ed  rec ipients  to  subsequen t  
chal lenges w i th  viable  t u m o u r  ceils. 

Materials and methods. A / J a x  male  mice  (Jackson 
Memoria l  Labora to ry ,  Bar  Harbor ,  Maine) were used for 
all s tudies.  The pr inc ipa l  t u m o u r  used was original ly 
induced  wi th  m e t h y l - c h o l a n t h r e n e  (MC) and  had  been 
carr ied in i ts  indigenous  hos t  for 10 years.  The MC tu rnou t  
was  his tological ly charac te r ized  as a sarcoma.  The MC 
cells regular ly  p roduced  100% tumour s  w i t h  as few as 
600 cells and  r ema ined  specific to  A / J a x  mice wi th  regard  
to  t r a n s p l a n t a b i l i t y  t h r o u g h o u t  the  exper iment .  

Two o the r  tumours ,  des igna ted  as SP 1 and SP  2 were  
used in some contro l  exper iments .  These tu rnouts  arose 
spon taneous ly  on t h e  neck area of 2 A / J a x  male  mice and  
b o t h  were classified as pa ro t id  sa l ivary  gland myoep i the -  
l ioma f rom the i r  ear ly  histological  appearance .  SP  1 and  
SP  2 were  t r an sp l an t ab l e  in A / J a x  mice. 

The r econs t i t u t ed  Sendai  seed virus  was passaged  a t  a 
di lut ion of 1 : 10, 000 in 10-day-old fert i l ized hen  eggs by  the  
al lantoic route .  The virus  p repa ra t ion  conta in ing  2500 
hemagg lu t ina t ing  uni ts  (HAU) per  ml  was inac t iva t ed  by  
UV-l igh t  before cell fusion. 

Fus ion  was carr ied out  essent ia l ly  as descr ibed by  
HARt~IS et  ah ~. Af te r  fusion, t he  g ian t  mul t inuc lea te  cells 
were concen t ra t ed -by  use of d i scont inuous  Ficoll  g rad ien t s  

, r anged  1.0500-1.1100 g/ml  in Ca ++ free P B S  according to  
SYKES et  ah ~. Af te r  cen t r i fuga t ion  for 15 rain a t  8000 g in 
a Spinco Model L2, two  major  bands  were observed.  The 
upper  b a n d  con ta ined  main ly  single mononuc lea te  cells 
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Table I. Frequency distribution of multinucleate MC cells following treatment with UV-irradiated Sendai virus 

Number of nuclei in fused cells 

No. 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 >20 

% 53.8 24.6 10.9 4.1 2.6 1.0 1.3 0.7 0.8 0.2 0.3 0.1 0.1 0.1 0.2 0.1 0.4 
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while t he  lower one consis ted p r e d o m i n a n t l y  of mul t i -  
nucleate  ceils. The layers were suff icient ly far apar t ,  bu t  it  
was no t  possible to  remove  the  lower b a n d  w i thou t  some 
con t amina t i on  wi th  mononuc lea te  cells. 

Results and discussion. I m m u n i z a t i o n  and  tes t s  for 
immunogenic i ty .  Af te r  cell fusion by  Sendai  virus and  
separa t ion  by  Ficoll  gradients ,  the  mononuc lea te  cells 
con t amina t i ng  the  ' fused cells'  w e r e  less t h a n  20%. 
Scored f rom the  s ta ined  prepara t ions ,  t he  mul t inuc lea te  
cells were p r e d o m i n a n t l y  b inucleate  (Table I). A mill ion 
nuclei  h/0.1 ml  in t he  fused cell p repa ra t ion  were used for 
t he  immuniz ing  dose, and  in jec ted  i. m. a t  t he  h ind  leg. 

The i m m u n i t y  induced  by  3 separa te  in jec t ions  of fused 
MC cells, over  20 days,  was t e s t ed  by  challenge wi th  un- 
t r ea t ed  MC t u m o u r  cells. 12 groups  of such expe r imen t s  
were per formed.  E a c h  group consis ted  of 5, 6 or 10 mice. 
15 days  af ter  t he  last  immuniz ing  dose was given, each 
animal  was chal lenged by  1 • u n t r e a t e d  MC ceils. 
2 contro l  normal  mice were innocula ted  a t  t he  same t ime  
wi th  the  same dose of the  t u m o u r  ceils. The resul ts  are 

Table II. Transplantation resistance to MC cells induced in A/Jax 
mice by virus fused tumour cells 

Experiment No. of No. of animals not developing tumour 

No. animals 1st 2ud 3rd 
tested Challenge Challenge Challenge 

1 5 5 4 4 
2 10 9 9 9 
3 10 7 6 6 
4 6 5 4 3 
5 10 8 8 8 
6 10 8 7 7 
7 10 9 9 9 
8 10 10 10 6 
9 10 9 7 7 

10 6 6 5 5 
11 10 8 6 6 
12 10 8 8 7 

107 92 (86.0%) 83 (77.6%) 77 (71.9%) 

Table III. Effects of single unfused MC cells on the growth of trans- 
planted turnout in recipient mice 

Prgtreatment Immunization Tumour 
challenge 

of cells 1st 2nd 3rd 1st 2nd 

10,000 cells 
single unfused ceils 5/5 a (43.6) b . . . .  
untreated ceils 5/5 (30.0) . . . .  
1,000 ceils 
single unfused cells 0/5 2/5 (51.6) 3.3 - - 
untreated cells 5/5 2/2 ~ (32.5) - - - 
100 ceils 
single unfused ceils 0/5 0/5 0/5 2/5 3/3 
untreated cells 0/5 0/5 0/5 5/5 - 

summar ized  in Table  II.  T r e a t m e n t  wi th  vi rus-fused MC 
cells increased the  immunogen ic i t y  to  MC ceils as indica ted  
by  the  ou tcome of the  f i rs t  chal lenge:  86% (92/107) of the  
mice failed to  develop tumours  w i th in  a mon th ,  while 
control  mice had  100% t u m o u r  takes  and  died in approx-  
ima te ly  1 mon th .  The res i s t an t  animals  were subsequen t ly  
given a second and  a t h i rd  chal lenge of 1 • 105 live MC 
cells a t  m o n t h l y  in tervals  and  the  percentages  of res i s t an t  
animals  were 77.6 (83/107) and  71.9 (77/107), respect ively .  
Control  mice  a t  each t es t  level died wi th  tumours .  I t  is 
concluded t h a t  Sendai  v i rus-fused mul t inuc lea te  MC cells 
lost the i r  t r an s p l an t ab i l i t y  and  s t imula ted  an immuno-  
p ro tec t ive  reac t ion  in the  rec ip ient  mice. 

A group of mice which  were rendered  i mmu n e  to MC 
cells were t e s t ed  aga ins t  o ther  t u m o u r  cells 15 days  follow- 
i n g t h e  last  challenge. The immunized  and  un t r ea t ed  con- 
t rol  mice were in jec ted  e i ther  w i th  SP1, SP~ ceils or un- 
t r ea t ed  MC ceils. All control  animals  died wi th  t u mo u r  
af ter  in jec t ion  of 105 u n t r e a t e d  t u m o u r  cells. I m m u n i z e d  
mice were found res i s t an t  to MC cells, bu t  died a t  the  same 
ra te  as controls  when  chal lenged wi th  SP  1 or SPe cells. 
Thus,  t he  i m m u n i t y  to  MC cells was specific. 

Sendal  virus  has been shown to exh ib i t  neuramin idase  
ac t iv i ty  s. The immunogen ic i ty  of Sendai  virus-fused cells 
m a y  have  been  due to  a viral  neuramin idase  effect  on the  
t u m o u r  cells 9. This  seemed unl ikely for the  following 
reasons:  The p H  of Sendal  virus  suspension ha rves t ed  
f rom al lantoic  fluid of hen  eggs ranged  f rom 7.6 to  7.8. 
Af te r  s torage in the  cold (4 ~ for 2 to 3 weeks, the  p H  of 
the  suspens ion  rose to  8.0 to  8.2. The op t ima l  p H  for 
neuramin idase  of egg-grown Sendai  virus was shown to  be 
5.0 to  5.5 and  very  low ac t iv i ty  could be found when  the  
p H  was at  or above  7.01~ In  our cell fusion process p H  of 
virus suspension was a lways h igher  t h a n  7.4. 

Controlled experiments. I t  is possible  t h a t  single cells 
exposed to  Sendai  virus  (but no t  fused), or in ter feron 
induced  by  Sendai  virus m a y  have  been responsib le  for 
inducing immuni ty .  To t es t  these  possibili t ies,  the  follow- 
ing expe r imen t s  were des igned:  1. Single unfesed cells 
were separa ted  f rom fused cells a f ter  t r e a t m e n t  w i th  
Sendai  virus  in usual  fusion and  separa t ion  procedures .  
Dosages of 100, 1000 and 10,000 ceils were separa te ly  
in jec ted  in to  groups of animals .  E a c h  group consis ted of 
5 mice. 2. T u mo u r  ceils and  Sendai  virus,  which  had  been 
mixed  b u t  w i t h o u t  al lowing t ime  for fusion to  t ake  place, 
were  in jec ted  in to  10 mice  in a dose of 1 • 106 cells. 3. 
Turnout  cells (1 • 106) were in jec ted  in to  one leg and  Sendal  
virus  (552 t t A U )  in the  o the r  leg a t  the  same t ime.  10 mice  
were used in th is  exper iment .  

The resul ts  of t he  f i rs t  e x p e r i m e n t  are summar i zed  in 
Table  I I I .  I n  no ins tance  was i m m u n i t y  induced.  At  the  
h igher  dose levels, t u mo u r s  ac tua l ly  developed f rom the  
' immuniz ing '  inject ions.  This  occurred a t  the  f i rs t  injec- 
t ion  of 10,000 cells and later  t r e a t m e n t  w i th  1,000 cells. 
No t u m o u r  resul ted  f rom 3 in jec t ions  of 100 ceils, w h e t h e r  
virus t r e a t ed  or not .  However ,  none  of these  t r e a t m e n t s  
induced i m m u n i t y  to  more  t h a n  one chal lenge wi th  1 • 105 
cells. 

In  t he  o the r  2 exper iments ,  t he  f i rs t  immuniz ing  
in jec t ions  invar iab ly  p roduced  t u mo u r s  a t though  the  
l a t en t  per iod for appea rance  of pa lpab le  t u mo u r s  was 
s ignif icant ly  increased when  compared  wi th  controls  
(p < 0.001). The survival  t imes  of t he  mice for b o t h  
exper imen ta l  groups were, however ,  no t  s ta t i s t ica l ly  

'Untreated cells' indicate dispersed MC Tumour cells not treated 
with Sendal virus. ~ No. of mice developing tumour/No, of mice 
tested, b Figure in the parenthesis represents the mean of survival 
time (days). o Two untreated control mice were used only for the 
second challenge experiment as controls in the indicated group. 
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di f ferent  f rom those  for t he  contro l  groups.  I t  appears ,  
therefore ,  t h a t  vi rus  exposed  mononuc lea t e  cells or the  
in te r fe ron  induced  b y  Sendai  virus canno t  be the  explan-  
a t ion  for t he  d e m o n s t r a t e d  immunogen ic i t y  of fused cells. 

The  poss ib i l i ty  of d i rect  viral  oncolyt ic  effect  ~,~-14 on t h e  
t u m o u r  ceils could be excluded in the  i m m u n e  reac t ion  
el ici ted by  the  fused cells, as t he  virus  used had  previous ly  
been  UV- inac t iva ted .  

I t  is diff icult  to  fully expla in  t he  mechan i sm of ac t ion  
of t he  fused cells. However ,  i t  appears  clear t h a t  dur ing  
t u m o u r  cell fusion by  Sendai  virus  the  coat  componen t s  of 
the  virus  would become incorpora ted  in to  t he  cell mem-  
b rane  and  al ter  the  s t ruc tu re  of t he  cell pe r iphe ry  n.  
A l though  the  modi f ica t ion  of cell surface in t he  t e r m s  of 
molecular  conf igura t ion  has still  no t  been  unders tood,  t he  
v i r a l  l ipopro te ins  m i g h t  well be bound  to  t he  TSTA ' s  in 
some way  wi th in  t he  cell membrane .  The modi f ied  fused 
cells are mere ly  a t t enua ted ,  in the  sense t h a t  the i r  
g rowth  ra te  is s lowed down and  t h e y  lose the i r  t r ans -  
p lan tab i l i ty ,  and /or  r ender  themse lves  more  immunogen ic  
in isogenic hosts .  This  pr inciple  was recent ly  discussed by  
MITCHISON 1,15. 

Rdsumd. Une immuni t6  act ive  au sarcome, p rodu i t  pa r  
le cholanthr~ne  de m6thyle ,  a 6t6 ob tenue  en u t i l i sant  des 
cellules tumora les  multinuc166es, associges au virus  de 
Sendal  ; les r~act ions on t  6t6 sp6cifiques 5~ la t umeur .  A la 
sui te  de ces inject ions,  plus de 70% des souris fu ren t  
r~sis tantes  aux trois  inoculat ions,  avec 10 s cellules v ivan tes  
tumorales .  
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Metabolism of Dimethylnitrosamine by Amphibians and Fish in vitro 

Nit rosamines  have  a toxic  and  carcinogenic effect  in a 
wide range of an imal  species~, 2, including p r ima te s  a, 4 
and  f ish 5-7. There  is m u c h  evidence to show t h a t  n i t ros-  
amines  are no t  themse lves  act ive  b u t  t h a t  a chemical  
reac t ion  occurr ing dur ing the i r  decompos i t ion  causes 
cellular in jury  and  t umour s  2, s. 

A l though  d i m e t h y l n i t r o s a m i n e  (DMN) induces  t umo u r s  
of t he  l iver  in r a inbow troutS,  KROGER et  al." found  no 
evidence of m e t h y l a t i o n  of nucleic acids or p ro te ins  of 
the  l iver  in vivo.  These f indings  suggest  t h a t  t r o u t  l iver 
lacks t he  capac i ty  to  metabol i se  DMN and  indica te  t h a t  
in t r o u t  the  carcinogenic  effect  is no t  re la ted  to  the  alkyla-  
t ion  of cellular cons t i tuen ts .  

I t  was decided to  inves t iga te  t u r the r  the  capac i ty  of 
var ious  a m p h i b i a n s  and  f ish to  metabol ize  DMN. In  a 
series of exper iments ,  l iver  slices of r a inbow t rou t ,  gold 
f ish and  3 species of amph ib i ans  (Triturus heIveticus, 
Triturus cristatus and  Ambystoma mexicanum) were 

incuba ted  wi th  (14 C)-DMN and  the  p roduc t ion  of labelled 
CO 2 was measured.  

The Table  shows the  ra tes  of p roduc t ion  of labelled 
carbon  dioxide.  The h ighes t  ac t iv i ty  was observed in 
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Fig. 1. Ion-exchange chromatography of nucleic acids of trout liver incubated with (14C):DMN in vitro, conditions of incubations as in 
the Table. Nucleic acids (DNA and RNA) were extracted from pooled slices by the SC}INEIDER procedure 17, followed by hydrolysis in 
1N HC1 at 100~ for 1 h and ion-exchange chromatography on Dowex 50 (xl2,  H form) with exponential I ~ M  HCI gradient 
solution, 3.6 ml fraction volume. Q, A260; O, radioactivity; PYR, pyrimidine nucleotides; G, guanine; 7-MEG, 7-methylguanine; A, 
adenine. Carrier 7-methyl-guanine was added to the hydrolysate. 


