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Autoantibodies in Canine Neoplasms .  I. Reactivity of Autologous 7 S 7-Globul ins  with Tumor  Cells 

M a n y  inves t iga to r s  h a v e  obse rved  t h a t  n o t  on ly  do 
t u m o r  cells lack c e r t a i n  an t igens  p r e s e n t  in t h e i r  n o r m a l  
c o u n t e r p a r t s  b u t  also h a v e  found  n u m e r o u s  cancer-  
specific ant igens1.  I n  m a n y  ins tances ,  t h e  t u m o r - b e a r i n g  
h o s t  r e sponds  to  these  an t igens  b y  e l ic i t ing a cel lular  
a n d / o r  h u m o r a l  i m m u n e  response  2,8. 

BLAKEMORE a n d  MCKENNA 4 d e m o n s t r a t e d  b y  pass ive  
h e m a g g l u t i n a t i o n  t h e  presence  of an t ibod ie s  in  t h e  sera  
of p a t i e n t s  w i t h  m a l i g n a n t  m e l a n o m a s  a n d  a rise in  t i t e r  
of an t ibod ie s  w h e n  these  p a t i e n t s  were in jec ted  w i t h  
e x t r a c t s  of t i ssues  f rom h u m a n s  who  were s imi la r ly  
affl icted.  BURTIN et  a l )  d e m o n s t r a t e d  r e a c t i v i t y  to  
au to logous  t u m o r  cells in t h e  sera  of h u m a n s  w i t h  cancers  
of t h e  s tomach ,  b r e a s t  a n d  large in tes t ine .  Th i s  an t igen ic  
a c t i v i t y  appea red  to be  assoc ia ted  w i t h  t he  m i c r o s o m a l  
f r ac t ion  of t h e  t u m o r  cells. Us ing  t he  an t i g lobu l i n  con-  
s u m p t i o n  test ,  ANTHONY a n d  PARSONS 6 h a v e  shown  t h e  
p resence  of a 7 S y-globul in  on  cancer  cells. A l t h o u g h  t h e  
role of these  tumor-spec i f i c  a u t o a n t i b o d i e s  in  t h e  hos t  
is n o t  k n o w n ;  m a n y  cl inic ians  m a i n t a i n  t h a t s o m e  
p a t i e n t s  do show clinical  ev idence  of r es i s t ance  to  t h e i r  
t u m o r s L  Recen t ly ,  t h r ee  dogs in t he  t o t a l  of 40 t u m o r o u s  
can ines  s tud ied  to  da t e  were found  to lack t u m o r  au to-  
an t ibodies .  

I n  th i s  s tudy ,  t he  immuno log i ca l  response  in 8 spon-  
t a n e o u s  can ine  neop lasms  was i nves t i ga t ed  b y  b o t h  
i m m u n o f l u o r e s c e n t  a n d  an t i g lobu l i n  c o n s u m p t i o n  tech-  
niques.  T u m o r s  s tud ied  were 3 f ib rosarcomas ,  2 m a s t  
cell sa rcomas ,  1 l e iomyosarcoma,  and  2 mixed  m a m m a r y  
carc inomas .  Dogs  were b led  pr io r  to  surgery.  T h e i r  
m a l i g n a n t  t i ssues  a n d  n o r m a l  c o u n t e r p a r t s  were quick-  
f rozen u p o n  surgical  r e m o v a l  a n d  s tored  a t  - -20  ~ Fo r  
t he  i m m u n o f l u o r e s c e n t  tests ,  each  dog 's  n o r m a l  a n d  
m a l i g n a n t  t i ssues  were cu t  in  4 ~ serial  sect ions  on  a 
c r y o s t a t  u n i t  a n d  were air  dried.  E a c h  se rum was frac- 
t i o n a t e d  on  a G-100 a n d  G-200 series of S e p h a d e x  gel 
co lumns ,  and  t he  f rac t ions  were c o n j u g a t e d  to  f luorescein  
i s o t h i o c y a n a t e  (FITC) b y  t he  m e t h o d  of NAIRN s. The  
c o n j u g a t e d  g lobul ins  were pur i f ied  on a G-25 S e p h a d e x  
gel c o l u m n  and  adso rbed  w i t h  mouse  l iver  p o w d e r  to  
reduce  nonspeci f ic  f luorescence.  G o a t  an t i -7  S can ine  
g lobul in  and  an t i -19  S can ine  g lobul in  were also labeled.  
N o r m a l  a n d  m a l i g n a n t  t i ssue  sect ions  were r eac ted  w i t h  
au to logous  19 S a n d  7 S labe led  can ine  g lobul ins  as well  
as w i t h  labe led  an t i -19  S a n d  ant i -7  S can ine  globul ins .  
S t a in ing  reac t ions  were car r ied  ou t  in mo i s t  c h a m b e r s  
a t  37 ~ followed b y  two  10 m i n  wash ings  in p h o s p h a t e  
buf fe red  sal ine (PBS),  p H  7.2. L i s samine  r h o d a m i n e  
t3 200 dye  c o n j u g a t e d  to b o v i n e  s e rum a l b u m i n  was used 
as a c o u n t e r s t a i n  to  aid in t he  p r e v e n t i o n  of nonspeci f ic  
s ta in ing .  Contro ls  inc luded  F I T C - t a g g e d  pooled n o r m a l  
dog sera  c o n c e n t r a t e d  3 t i m e s  a n d  reac ted  w i t h  b o t h  
n o r m a l  a n d  m a l i g n a n t  t i ssue  sections.  B lock ing  reac t ions  
in  wh ich  each  un l abe l ed  s e rum was  a d d e d  to a ser ial  
sec t ion  pr io r  to  t he  a d d i t i o n  of t he  iden t ica l  l abe led  se rum 
were also run.  No r eac t ion  was cons idered  specific unless  
i t  could  be  b locked  b y  th i s  t echn ique .  Sect ions  m o u n t e d  
in a m e d i u m  cons i s t ing  of 9 p a r t s  PBS,  p H  7.4, a n d  1 
p a r t  r e agen t  g rade  glycerol  were e x a m i n e d  b y  darkf ie ld  
f luorescen t  mic roscopy  us ing  a Re i che r t  B ioze t  Microscope 
w i t h  exc i te r  f i l ters  B G  12 a n d  U G  1 a n d  w i t h  a W r a t t e n  
2 A (Kodak)  ba r r i e r  f i l ter .  A few slides were obse rved  
w i t h  a Lei tz  R o u t i n e  L a b o r a t o r y  Phase -F luo rescence  
Microscope Model  SM-M for s i m u l t a n e o u s  p h a s e  c o n t r a s t  
a n d  f luorescen t  v iewing.  Serial  sect ions  of t he  n o r m a l  
a n d  t u m o r  t i ssues  were s t a ined  w i t h  h e m a t o x y l i n  a n d  
eosin a n d  were c o m p a r e d  w i t h  t he  f luorescen t  s t a ined  
sect ions  for  cel lular  o r i en ta t ion .  

Fo r  t h e  an t i g l o b u l i n  c o n s u m p t i o n  test ,  a 25% suspen-  
sion of t issue, e i the r  n o r m a l  or m a l i g n a n t ,  was  m a d e  in 
an t i - c an i n e  g lobul in  of a 1 :64  di lu t ion.  I n c u b a t i o n  w i t h  
occas ional  s t i r r ing  was car r ied  o u t  a t  room t e m p e r a t u r e  
for 15 min.  The  m i x t u r e  was cen t r i fuged  for 30 sec in a n  
A d a m ' s  Sero-fuge an d  t h e  s u p e r n a t a n t  f lu id  s e p a r a t e d  
f rom t h e  t i ssue  residue.  The  res idue  was w a s h e d  5 t i m e s  
in PBS,  p H  7.2, i n c u b a t e d  in 0.4 ml  of PBS,  p i t  7.2, a t  
56 ~ for 45 m i n  w i t h  occas ional  s t i r r ing,  an d  cen t r i fuged  
for 5 m i n  in an  A d a m ' s  Sero-fuge. T h e  s u p e r n a t a n t  f luids 
f rom b o t h  t h e  a b s o r p t i o n  an d  e lu t ion  p rocedures  were 
t i t r a t e d  aga ins t  a sens i t ized  s y s t e m  cons i s t ing  of a 3% 
suspens ion  of A'  can ine  e r y t h r o c y t e s  in  au to logous  serum.  
These  e r y t h r o c y t e s  h a d  been  i n c u b a t e d  for 30 m i n  a t  
37 ~ w i t h  a 1 :5  d i lu t ion  of can ine  a n t i - A  serum,  cen t r i -  
fuged a t  1000 r p m  in a cl inical  cen t r i fuge  a n d  w a s h e d  
4 t imes  in 2 ml  q u a n t i t i e s  of PBS ,  p H  7.2. 

I n  all 8 cases s tudied ,  t h e  7 S g lobul in  f r ac t i on  of each  
t u m o r  dog 's  s e rum was found  to r eac t  w i t h  his  o wn  
m a l i g n a n t  cells a l t h o u g h  t h e  s e rum f rom one dog w i t h  
a m a m m a r y  c a r c i n o m a  r eac t ed  on ly  v e r y  weak ly  w i t h  
au to logous  t u m o r  cells. No r e a c t i v i t y  b e t w e e n  n o r m a l  
cells a n d  F ITC- labe led  au to logous  7 S g lobul in  was 
obse rved  nor  was t h e r e  a n y  r e a c t i v i t y  b e t w e e n  F I T C -  
labeled  19 S g lobul in  f rac t ions  an d  e i the r  n o r m a l  or 
m a l i g n a n t  t issues.  Labe led  n o r m a l  can ine  g lobul ins  did  
n o t  r eac t  w i t h  e i the r  n o r m a l  or m a l i g n a n t  t i ssue  sections.  
Mal ignan t ,  b u t  n o t  normal ,  cells also s t a ined  w i t h  t agged  
ant i -7  S can ine  g lobul ins  b u t  n o t  w i t h  an t i -19  S can ine  
globul ins  as seen in t h e  Figure.  

Typical fluorescent stain and blocking reaction. Top-mixed mammary 
tumor illustrating specific fluorescence with FITC-ACG. Bottom- 
serial section illustrating blocking of the above reaction by prior 
incubation with unlabeled ACG. • 630. 
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Resu l t s  of t he  antiglobuliI1 c o n s u m p t i o n  tes t s  pe r fo rmed  
on 6 of t he  8 sets  of dog t issues  s u b s t a n t i a t e d  t h e  i m m u n o -  
f luorescent  obse rva t ions .  All  6 m a l i g n a n t  t i ssues  were 
found  to adsorb  an t i - c an ine  g lobul in ;  i.e., comple t e ly  
r emove  i t  f rom the  s u p e r n a t a n t  f luid excep t  in  t h e  case 
of 1 m a m m a r y  t u m o r  ( the same  one wh ich  gave  t h e  weak  
f luorescen t  reac t ion)  wh ich  reduced  t h e  t i t e r  in  t he  super-  
n a t a n t  f luid f rom 32 to  8. N o r m a l  t i ssue  c o u n t e r p a r t s  
of m a l i g n a n t  t i ssues  lacked  t h e  ab i l i ty  to  adso rb  an t i -  
can ine  g lobul in ;  i.e., t h e  t i t e r  in  t he  s u p e r n a t a n t  f luids 
was e i the r  iden t i ca l  to, or w i t h i n  one d i lu t ion  of, t he  t i t e r  
of u n a d s o r b e d  an t i - c an ine  globul in .  F u r t h e r m o r e ,  n o r m a l  
t issues did  no t  release a n y  an t ig lobu l in  in  t he  e lu t ion  
p rocedure  as d id  t he  m a l i g n a n t  t issues.  

A l t h o u g h  one c a n n o t  say  w i t h  c e r t a i n t y  t h a t  t he  globu-  
l ins found  on  t he  t u m o r  cells b y  t he  ind i rec t  f luorescen t  
t e c h n i q u e  and  b y  a n t i g l o b u l i n  c o n s u m p t i o n  t e s t s  are  
specific for t u m o r  an t i gens  on  t h e  surface  of m a l i g n a n t  
cells ( they  could be  n o r m a l  g lobul ins  nonspec i f ica l ly  
associa ted w i t h  t he  cell m e m b r a n e ) ,  t h e i r  co r re l a t ion  w i t h  
t he  specific 7 S i m m u n o g l o b u l i n  in  t he  s e r a  leads one to  
be l ieve  t h a t  t h e y  are  specific. These  resul t s  are in  d i rec t  
c o n t r a s t  to  those  of STIRLING et  alY who  obse rved  no  
specific f luorescence of t u m o r  ceils f rom 24 h u m a n  b r e a s t  
ca rc inomas  w h e n  t r e a t e d  w i t h  a n  F I T C - t a g g e d  an t i -  

h u m a n  globulin.  However ,  t h e y  h a v e  been  s u b s t a n t i a t e d  
in our  l a b o r a t o r y  b y  CONGI~ON 1~ who  n o t e d  specific 
s t a in ing  in 4 m a l i g n a n t  can ine  t u m o r s  a n d  KRAMER 11 
who found  i m m u n o c h e m i c a l  differences b e t w een  t he  
p l a s m a  m e m b r a n e  f rac t ions  of can ine  t u m o r  t issues a n d  
the i r  n o r m a l  coun te rpa r t s .  

Zusammen/assung. D u r c h  I m m u n o f l u o r e s z e n z  wi rd  eine 
spezif ische B i n d u n g  au to loger  y-Globul ine  an  neoplas t i -  
sche Zellen des t t u n d e s  nachgewiesen .  
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Autoantibodies in Canine Neoplasms.  II. Tumor Tissue Specificity and Lack of Cross-Reactivity 
with Embryonic Antigens 

The  c ross - reac t iv i ty  of an t ibod ie s  p roduced  in response  
to t u m o r  an t igens  is var iab le .  I n  man ,  t i s sue  specific 
t u m o r  an t ibod ie s  i, sys tems-specif ic  t u m o r  an t ibod ie s  ~, 
and  un ive r sa l  t u m o r  an t ibod ie s  h a v e  been  descr ibed.  
A n t i b o d i e s  to  some t u m o r  an t igens  also r eac t  w i t h  
e m b r y o n i c  an t igens  2-4 whereas  o the r s  do no t  5. 

A n  earl ier  s t u d y  of 8 can ine  ma l ignanc ie s  showed  t h a t  
can ines  r eac t  to  t h e i r  t u m o r  t i ssues  b y  p r o d u c i n g  a 7 S 
y-globul in  specific for  t he  t u m o r  t i ssue  b u t  no t  t h e  cor- 
r e spond ing  n o r m a l  t i ssue  6. The  degree of c ross - reac t iv i ty  
of th i s  g lobul in  w i t h  o the r  can ine  t u m o r s  of the  same  
type,  w i t h  can ine  t u m o r s  of va r ious  o t h e r  types ,  a n d  
w i t h  e m b r y o n i c  can ine  t i ssues  was  e x a m i n e d  a n d  is 
r epo r t ed  here.  

Dogs were b led  pr io r  to  surgery  and  t he  g lobul in  frac- 
t ion  of t h e i r  sera  s epa ra t ed  b y  passage  t h r o u g h  a G-100 
S e p h a d e x  gel column.  M a l i g n a n t  t i ssues  and  n o r m a l  
c o u n t e r p a r t s  f rom each  a n i m a l  were quick- f rozen  imme-  
d ia t e ly  u p o n  surgical  r e m o v a l  a n d  s tored  a t  - -20~ 
T u m o r s  s tud ied  w e r e :  5 m a m m a r y  carc inomas ,  3 mas to -  

cy tomas ,  an d  2 s q u a m o u s  cell ca rc inomas .  E m b r y o s  in 
t h e  second an d  t h i r d  t r i m e s t e r s  of ges t a t ion  were o b t a i n e d  
b y  Caesarean  sec t ion  a n d  l o n g i t u d i n a l  sec t ions  of t h e m  
were quick- f rozen  i m m e d i a t e l y  u p o n  del ivery.  

T h e  m e t h o d s  used to c o n j u g a t e  t h e  g lobul in  f r ac t ions  
of each  dog 's  s e rum to f luorescein  i s o t h i o c y a n a t e  (FITC),  
to  pu r i fy  t h e  con juga te ,  a n d  to t r e a t  t i ssues  w i t h  these  
immul lo f luo re scen t  s t a ins  were descr ibed  previously% 
T h e  F r T C - t a g g e d  g lobul in  f r ac t ion  of each  dog 's  s e rum 
was reac ted  w i t h  c r y o s t a t - c u t  sect ions  of t h e  dog 's  own  

1 p .  BURTIN, S. VON KLEIST, W. RAPP, F.  LOISILLIER, A. BONATTI 
and P. GRABAR, Immunopathology, IVth International Symposium 
(Sehwabe and Co. Publishers, Basel 1966), p. 91. 

2 p. GOLD and S. FREEDMAN, J. Exp1 Med. 722, 467 (1955). 
a V. KOLMYKOVA and A. EROSHKINA, Probl. Oncol. 5, 2 (1959). 
4 L. HIRSCHFELD, W. HALBER and I. ROSENBLAT, as quoted by 

V. KOLMYKOVA and A. ]~ROSHKINA, Probl. OncoI. 5, 2 (1959). 
5 j .  MCKENNA, R. SANDERSON a n d  W. BLAKEMORE, Cancer  Res. 

24, 754 (1964). 
6 L.YuRKO, N. J. BIGLEY and G.WILSON, Experientia 25,1087 (1969). 

Tumor group specificity of fluorescent reac- 
tion. Serial sections of mammary carcinoma 
M 1 stained with: (a) FITC-labeled sera from M1; 
(b) FITC-labeled sera from M2; (c) FITC-label- 
ed sera from Ms; (d) FITC-labeled sera from M4, 
(e) unlabeled serum from MI+ FITC-laheled 
serum from M 1. Note positive fluorescence 
in (a) through (d) and the lack of fluorescence 
in (e). • 400. 


