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Preliminary Virological and Immunologica l  Studies of the Salivary Gland Tumor  of C3H/He Mouse 

A b o u t  5 years  ago we isolated a t u m o r  h is togenet ica l ly  
or iginat ing f rom the  submaxi l l a ry  gland ill a C3H/He ~ 
mouse  of our breeding.  

I t  p roved  possible  to  t r ans fe r  th is  t u m o r  in to  isogeneic 
animals  by  means  of cellular t r a n s p l a n t s  ~, and this  has  
now been done 112 t imes.  Dur ing  th is  t ime,  t he  charac-  
ter is t ics  of progression of th is  t u m o r  remained  unchanged  
and,  if examined  compara t ive ly  to the  submaxi l l a ry  gland,  
i t  r epresen ts  an excel lent  model  for a s t u d y  of the  al tera-  
t ions  occurr ing af ter  t he  neoplas t ic  t r ans fo rmat ion .  

Ill previous works  the  morpho logy  a and  the  metabol ic  
proper t ies  4 of the  t u m o r  have  been  repor ted .  In  th is  note  
we will descr ibe the  p re l iminary  resul ts  ob ta ined  in a 
series of expe r imen t s  carr ied ou t  wi th  the  purpose  of dis- 
cover ing whe the r  a virus  is t h e  original  cause of t he  neo- 
plast ic  t r ans fo rmat ion .  

The f irs t  po in t  was to  establ ish whe the r  it  was possible 
to  isolate an agent  ident ical  or s imilar  to the  po lyoma  
virus f rom tumora l  cells af ter  several  t r ansp l an t a t i ons  in 
vivo. In  th is  connec t ion  i t  is well known  t h a t  mos t  t umo r s  
of mouse  pa ro t id  and o ther  sal ivary glands are induced  by  
th is  virus.  For  th is  purpose,  mouse  embryo  cell cul tures  of 
C57BL/6 were used, be ing considered t h e  m o s t  sensi t ive 
to the  specific cy topa th i c  effect  of po lyoma  virus 5 and  
giving at  t he  same t ime  early evidence of a h igh  hemagglu-  
t ina t ing  (HA) t i t re6,L E x p e r i m e n t s  were carr ied out  by  
adding  the  cellular suspension and  the  cell-free t u m o r  
ex t r ac t  to mouse  embryo  cell cultures.  Dur ing  a per iod of 
35 days,  ti le cul ture  liquids, r emoved  once a week, were  
t e s t ed  for the i r  H A  t i t re  in compar i son  wi th  guinea-pig 
red blood cells a t  4 ~ for 60 min,  and  compara t ive  exa- 
mina t ions  were carried out  on the  cy topa th i c  effect  (CPE) 
specifically induced  by  po lyoma virus. Culture l iquids 
were  added  to  cul tures  of C57BL/6 mouse  embryo  ceils or 
were inocula ted  in to  new-born  mice of Swiss strain.  

I t  is in te res t ing  to  po in t  ou t  tha~ we have  been  unable  
to observe any  cy topa th i c  effect  a f ter  addi t ion  of cellular 
suspensions  or cell-free t u m o r  ext rac ts .  In  addi t ion,  t he  
H A  t i t re  of cul ture  l iquids never  exceeded the  value of 
1:4 and no complement - f ix ing  (CF) ac t iv i ty  was found.  
As shown b y  the  da t a  repor ted  in Table I, none of t he  new- 
born  animals  inocula ted  wi th  cul ture  l iquids developed 
t um or s  in spi te  of cont inuous  observa t ions  carr ied out  for 
abou t  a year.  The cell-free ex t rac t s  of t u m o r  grown in vivo 
behaved  similar ly and a ve ry  low H A  and a nega t ive  CF 
ac t iv i ty  were observed.  

On the  basis  of such resul ts  we can re ject  the  hypo thes i s  
t h a t  the  po lyoma  virus or a polyoma-l ike  agent  is to be 
considered responsible  for the  neoplast ic  t r ans fo rma t ion  
of submaxi l l a ry  gland cells. A fur ther  conf i rmat ion  has  
been  ob ta ined  by  eva lua t ing  the  t i t re  of hemagglu t ina -  
t ion- inh ib i t ion  (HAI) ant ibodies  ill animals  before, dur ing  
and  af ter  the  g rowth  of the  t r a n s p l a n t e d  tumor .  In  108 
subjec ts  which were examined ,  t he  ant ibodies  t i t re  re- 
ma ined  at  a cons t an t l y  low level (below 1:40), t h o u g h  
the  observat ions  were carr ied out  f rom 20 days  af ter  t he  
t r a n s p l a n t a t i o n  to a m o m e n t  before the  death .  

In  ano the r  series of exper iments  we s tudied  whe the r  t he  
p reven t ive  inocula t ion of po lyoma  virus into animals ,  
p ro t ec t ed  t h e m  f rom a successive challenge by  whole  
tumora l  cells. 0.2 ml  p o l y o ma  virus suspension,  corres-  
pond ing  to  160 H A  units,  were in jec ted  into 6 groups of 
C3H/He adul t  mice wi th  a H A I  t i t re  below 1:40. Af te r  
24 days  whole  t umora l  ceils were  inoculated.  30 days  af ter  
t he  inoculat ion a 100% pos i t iv i ty  was found  and  the  
character is t ics  of t u m o r  deve lopmen t  appeared  exac t ly  
ident ical  to  those  grown in the  animals  of the  contro l  
group. In  the  t umor -bea r ing  an imals  an  average  H A I  
t i t re  of 1 : 640 was found.  

The t u m o r  g rowth  in the  animals  inocula ted  wi th  
po lyoma  virus was ma in t a ined  by  means  of a series of 
passages in vivo t h ro u g h  successive subcu taneous  t rans -  
plants ,  and a new t u m o r  cell line, fu r the r  called C3H/Py,  
was derived.  As shown by  da t a  of Table  II ,  in the  adul t  
C3H/He  mice in jec ted  wi th  homogenized  C 3 H / P y  t u m o r  
cells the  resul t ing H A I  t i t re  was  1 : 80 before chal lenging 
wi th  whole ceils der ived f rom the  2 di f ferent  t u m o r  lines. 

1 This strain is derived from the original colony of Dr. STaO~, later 
sent to the Netherland Cancer Institute, to Gif at 22nd inbred 
generation in 1956, to ARSAL at 19th inbred generation in 1963, 
to Regina Elena in 1964. F: 22+19+3+1 at time of isolation of 
the tumor. 
A. CAPUTO, 49th I.A.D.R. Meeting, San Francisco 1968. 

3 A. CAPUTO and L. ORCI, Z. Krebsforsch. 7.?,, 46 (1969). 
4 A. CAPUTO and A. FLOt~IDI, Cancer Res. 28, 2545 (1968). 
5 A. ~{. JEIVlOLO and L. CASTELLI, Rend. I.S.S. 26, 81 (1963). 
6 L. CASTELLI and A. M. JEMOLO, Onco1ogia 78, 21 (1964). 

L. CASTELLI, A. M. JEMOLO and G. A. ARANOlO-RUIz, Ann. Ist. 
Super. Sanit5 3, 697 (1967). 

Table I. Attempts to recover polyoma virus in adenocarcinoma 
tumor cells by evaluation of CPE, HA and CF 

Day of 
inocu- 
lation 

C57BL/6 mouse embryo cell cultures, inoculated with: 
Homogenized tumor Cell-free tumor extracts 
cells 
CPE HA titre CF titre CPE HAtitre CF titre 

7 �9 0 <1 :4  <1 :2  0 <1 :4  <1 :2  
14 �9 0 <1 :4  < 1 : 2  0 <1 :4  <1 :2  
21 ~ 0 <1 :4  <1 :2  0 1:4 ~ <1 :2  
28 ~ 0 <1 :4  �9 <1 :2  0 <1 :4  ~ <1 :2  
35 �9 0 <1 :4  �9 <1 :2  0 <1 :4  ~ <1 :2  

0.1 ml of the culture liquids were inoculated into new-born Swiss 
strain (total of 14 litters: 119 animals). After 285 days nolle of the 
surviving animals showed tumor growth (0/109). 

Table II. Protective action of homogenized tumor cells after the 
addition of polyoma virus ~ 

50 (3-month-old) C3H/He mice inoculated with homogenized cells of 
C3I-t/Py 5 tumor (0.5 ml 20% w/v) 

Alter 45 days 
(HAI titre for polyoma virus in inoculated mice serum 1 : 80) 
Challenge of 25 animals with 
salivary gland tumor cells 
(400,000 cells) b 

After 18 days 
Tumor takes 22/23 (95.6%) 

After 30 days 
Tumor takes 23/23 (100%) 

Challenge of 25 animals with 
C3H/Py s tumor cells 
(400,000 cells) b 

Tumor takes 12/24 (50%) 

Tumor takes 20/24 (83.3%) 

Polyoma virus strain 210-877/4 from Dr. B. EDDY. "a The dose of 
4 • 105 cells was chosen assuming that the value at 4 • 104 gives 100% 
of tumor takes, evaluated at the 30th day after inoculation. 
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A t e m p o r a r y  a n d  mi ld  p r o t e c t i v e  ac t ion  was on ly  ob-  
se rved  a f t e r  cha l leng ing  w i t h  whole  t u m o r  cells ca r ry ing  
p o l y o m a  virus .  The  s l ight  p r o t e c t i o n  decreased  progres-  
s ively as a f unc t i on  of t he  t ime,  a n d  a f t e r  45 days  t h e  per-  
cen tage  of t u m o r  t akes  was essen t ia l ly  t h e  same  for b o t h  
t h e  a n i m a l  groups.  

I n  a n o t h e r  series of i nves t iga t ions  i t  was  d e t e r m i n e d  if 
t h e  t u m o r  was ab le  to  p roduce  a n  apprec iab le  i m m u n o -  
logical response  in isogeneic hosts .  3 d i f fe ren t  types  of 
e x p e r i m e n t s  were car r ied  ou t :  1) 4 •  t r yps in i zed  
t u m o r  cells were inocu la ted  in to  a d u l t  C 3 H / H e  mice  a t  
t h e  dorsa l  surface  of t he  car t i l age  p l a t e  t o w a r d  t h e  d i s ta l  
edge of t he  ear  or t h e  e x t r e m i t y  of t h e  tail .  As soon as t he  
t u m o r  r eached  a n  a d e q u a t e  d e v e l o p m e n t  and  before  i t  
could  cause  in f i l t r a t ion  in to  n e i g h b o u r i n g  tissues,  a rad ica l  
exciss ion was car r ied  ou t  a n d  a cha l lenge  was  m a d e  w i t h  
isogeneic cells. 2) A d u l t  C 3 H / H e  mice  were  inocu la t ed  
w i t h  homogen ized  t u m o r  cells and  30 days  a f t e r  a chal-  
lenge w i t h  whole  cells was  car r ied  out .  3) A d u l t  C 3 H e B /  
F e J  mice, b o r n  f rom fos t e r -nu r s ing  C 3 H / H e  suckled b y  

C57BL/6  and  the re fore  ' t heo re t i ca l ly '  free f rom B i t t n e r  
virus,  were incou la t ed  w i t h  homogen ized  cells a n d  30 days  
a f t e r  a chal lenge w i t h  whole  t u m o r  ceils was  car r ied  out .  

As shown  b y  d a t a  of Tab le  I I I ,  pos i t ive  t akes  were  ob- 
t a i n e d  in all cases, t h u s  i nd i ca t i ng  t h a t  i t  is imposs ib le  to  
induce  a n y  p r o t e c t i o n  in t he  isogeneic host ,  a t  leas t  w i t h  
t h e  m e t h o d s  employed.  

I n  conclusion,  f rom the  d a t a  col lected un t i l  now a n d  
br ie f ly  descr ibed  here,  2 po in t s  m u s t  be  emphas ized .  
Fi rs t ly ,  t h e  absence  of v i rus  par t ic les  a n d  t he  specific 
c y t o p a t h i c  effect  c lear ly  ind ica tes  t h a t  mouse  sa l iva ry  
g land  t u m o r  does no t  ca r ry  p o l y o m a  or p o l y o m a q i k e  
viruses.  I n  addi t ion ,  w h e n  p o l y o m a  v i rus  is ar t i f ic ia l ly  in- 
t r o d u c e d  in to  t he  s y s t e m  a s l ight  decrease  of t u m o r  t akes  
was ob ta ined ,  f u r t h e r  conf i rming  t h a t  t h e  e t io logy of t h i s  
t u m o r  c a n n o t  he  r e s t r i c t ed  to p o l y o m a  virus .  Secondly,  i t  
seems a p p a r e n t  t h a t  d u r i n g  i ts  d e v e l o p m e n t  t he  s a l iva ry  
g land  t u m o r  is u n a b l e  to  i nduce  a n  apprec i ab le  i m m u n o -  
logical  response.  

Table III. Evaluation of immunological response in relation to the 
growth of the salivary gland adenocarcinoma in isogeneic hosts 

No. of Sites of Growth Days of Tumor takes 
animals inoculation challenge 30 days after 

the challenge 

23 C3H/He Ear cartilage 100% 12~ 100% 
20 C3H/He Tail 100% 12~ 100% 
30 C3H/He Neck, s.c. - 30 b 100% 
23 C3HeB/FeJ Neck, s.c. - 30 b 100% 

From the removal of primary tumor. "o From the inoculation of 
homogenized cells. 

Riassunto. Dai  da t i  r i fer i t i  si m e t t o n o  in  ev idenza  due  
p u n t i :  il p r i m o  d i m o s t r a  nel  t u m o r e  in esame l ' a s senza  di  
par t ice l le  v i ra l i  e di  e f fe t to  c i topa t i co  specifico pe r  il v i rus  
pol ioma.  I no l t r e  non  si m e t t o n o  in ev idenza  an t i co rp i  fis- 
san t i  il c o m p l e m e n t o  o e m o a g g l u t i n o i n b e n t i  pe r  il v i rus  
po l ioma  negl i  an imal i  p o r t a t o r i  di  t umor i .  I1 secondo p u n -  
to  d i m o s t r a  che d u r a n t e  il suo sv i luppo  il t u m o r e  del la  
gh i ando la  sa l iva te  6 incapace  di i ndu r r e  u n a  r i spos ta  
i m m u n o l o g i c a  apprezzabi le .  

L. CASTELLI and  A. CAPUTO 

Regina Elena Institute/or Cancer Research, 
Roma (Italy), and the 
University o[ Alabama Medical Center, 
Birmingham (Alabama, USA), 75 January 7970. 

Histone-Induced Macrophage Disappearance Reaction in Normal Guinea-Pigs 

The  complex  s t a t e  of de layed  t y p e  h y p e r s e n s i t i v i t y  is 
r ep re sen t ed  b y  d i f fe ren t  types  of specific r eac t ions :  The  
m a c r o p h a g e  d i s a p p e a r a n c e  r eac t ion  (MDR) I-~,la a n d  t he  
release f rom cells of t h e  l y m p h  node  p e r m e a b i l i t y  f ac to r  
(LNPF)  7,s shou ld  be  c i ted  as examples .  A comple t e  func-  
t i o n a l  i d e n t i t y  of h i s tones  I ronl  d i f fe ren t  sources and  
L N P F  has  been  d e m o n s t r a t e d  p rev ious ly  9,1~ I t  was  of 
i n t e r e s t  to  e x a m i n e  w h e t h e r  or no t  a M D R  could also be  
induced  w h e n  inocu la t i ng  n o r m a l  gu inea-p igs  w i t h  calf  
t h y m u s  h i s tone ,  in s t ead  of t r e a t i n g  i m m u n i z e d  an ima l s  
(which e x h i b i t  d e l a y e d - t y p e  hype r sens i t i v i t y )  w i t h  t he  
co r r e spond ing  an t igen .  

T o t a l  h i s t one  f rom calf t h y m u s  nucle i  was  e x t r a c t e d  
w i t h  su lphur ic  acid (pH 0.7) 11,13. T he  p r e p a r a t i o n  was 
d issolved in  saline,  sh i f t ing  t he  p H  va lue  to  7.0-7.2 a n d  
was in jec ted  s.c. or i.p. in to  e i t he r  n o r m a l  or BCG- 
sens i t ized  guinea-pigs  (P i rbr igh t ,  400-600 g). H i s t o n e  
so lu t ions  were s ter i l ized b y  f i l t r a t i on  pr io r  to  use. Per i -  
t onea l  e x u d a t e  was i nduced  b y  g lycogen (Schucha rd t ) .  
4 days  l a t e r  t he  p e r i t o n e a l  cells were h a r v e s t e d  a n d  t he  
n u m b e r  of free f loa t ing  m a c r o p h a g e s  in t h e  p e r i t o n e a l  
e x u d a t e s  was assayed  b y  t o t a l  a n d  d i f fe ren t i a l  cell counts .  
All  these  me thods ,  i.e. i n d u c t i o n  a n d  h a r v e s t i n g  of peri-  
t o n e a l  e x u d a t e s  as well  as d i f f e r en t i a t i ng  macrophages ,  

were accompl i shed  in exac t ly  t he  s ame  m a n n e r  as de- 
sc r ibed  b y  NELSON et  al. ~,13. 

P i lo t  e x p e r i m e n t s  i nd i ca t ed  t h a t  t he  ave rage  va lue  of 
t he  t o t a l  cell c o u n t  showed m u c h  d a y - t o - d a y  v a r i a t i o n  in 
n o r m a l  animals ,  as p rev ious ly  descr ibed  b y  o the r s  2,6. 
However ,  a re l iable  e v a l u a t i o n  of t h e  d i s a p p e a r a n c e  of 
free f loa t ing  m a c r o p h a g e s  was ach ieved  w h e n  us ing  t he  
r e l a t ive  va lues  of m a c r o p h a g e s  in d i f fe ren t i a l  cell coun t s  
only.  Guinea-p igs  were i m m u n i z e d  s.c. b y  in j ec t ing  3 m g  
of BCG ill 0.5 ml  sal ine pe r  an imal .  3 or 4 weeks later ,  t h e  
an ima l s  were sub jec ted  to f u r t h e r  expe r imen t s .  A pur i f ied  
p ro t e in  d e r i v a t i v e  of t ube rc l e  baci l l i  (GT, Hoechs t )  was  
used as tube rcu l in .  

I n t r a p e r i t o n e a l  i n j ec t ion  of t u b e r c u l i n  (GT) in to  BCG- 
sens i t ized  guinea-pigs  2 h before  cell h a r v e s t i n g  resu l ted  
in qu ick  d i s a p p e a r a n c e  of m o s t  of t h e  free f loa t ing  macro-  
phages .  W i t h  n o n - i m m u n i z e d  a n i m a l s  t h i s  was  no t  ob- 
served.  These  resul t s  are in  a g r e e m e n t  w i t h  t h e  observa-  
t ions  of NELSON et  a l )  -~, ~3. W h e n  h i s t one  was in jec ted  b y  
th i s  route ,  a m a r k e d  d i s a p p e a r a n c e  of m a c r o p h a g e s  was 
observed ,  even  w i t h  a dose of on ly  50 ng  (see Tab le  I). 

W i t h i n  2 h a f t e r  s.c. i n j ec t ion  of a h ighe r  dose of 4 m g  
h i s tone -N  pe r  an imal ,  d i s a p p e a r a n c e  of m a c r o p h a g e s  in 
t he  pe r i t onea l  e x u d a t e  was no t  observed ,  b u t  a m a r k e d  


