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Host Immune Rejection of TA3 Ascites Carcinoma Cells Following-Administration of a Water 
Soluble~Carbodiimide 

T. S. TENrOR:OE, R. A. FAWWAZ and R. A. GROSSMAN 3 

Lawrence Berkeley Laboratory, Biology and Medicine Division, Building 74, University of California, Berkeley (Califor- 
nia 94720, USA), 27 August 7975. 

Summary. Regress ion of TA3 ascites ca rc inoma tumors  occurred following i.p. in ject ion of l -ethyl-3-(3'-dimethylamino- 
propyl )carbodi imide  - HC1. An immunologica l  mechan i sm of drug act ion was indica ted  by  the  fact  t h a t  no s ignif icant  
a n t i t u m o r  ac t iv i ty  was demons t rab le  in mice t h a t  hacl previous ly  received an immunosuppress ive  700 rad dose of 
60Co radiat ion.  

Several  reagents  t h a t  chemical ly  al ter  the  cellular 
surface have  been d e m o n s t r a t e d  to enhance  t u m o r  
immunogenic i ty ,  wi th  a r e su l t an t  hos t  re ject ion of t he  
modif ied  cells S. Effec t ive  me thods  for increasing t u m o r  
immunogen ic i ty  include enzymat i c  cleavage of sialic acid 
residues f rom the  cell surface ~-~, and  chemical  b lockade of 
m e m b r a n e  sulfhydryI~, s and  amino 9 funct ional  groups. 
In  a r ecen t  communica t ion ,  the  wa te r  soluble carbodi imide  
sa l t  1-ethyl-  3- (3 ' -d imethy laminopropy l )  carbodi imide 
HC1 (EDCI . tIC1), w h i c h  is h igh ly  reac t ive  wi th  electri-  
cally charged  groups 10 and  ant igenic  s t ruc tures  n a t  the  
cell surface, was  d e m o n s t r a t e d  to  p romote  the  lysis of 
cu l tured  neu rob la s toma  C1300 and carc inoma TA3 cells 
by  humera l  an t ibodies  le. Based on tes t s  of t he  re la t ive  
chem othe rapeu t i c  effect iveness of th is  compound  in 
i m m u n o c o m p e t e n t  and immunosuppres sed  tumor -bea r -  
ing mice, ev idence  is now presen ted  t h a t  admin i s t r a t ion  of 
EDCI  �9 HC1 resul ts  in hos t  immune  re jec t ion  of TA3 
asci tes t u m o r  cells. 

Methods. The TA3 adenocarc inoma ascites t u m o r  used in 
these  s tudies  is a hypo t e t r ap lo id  subline of t he  TA3 / H a  
t u m o r  la-15. Tumors  were ma in t a ined  b y  the  weekly  i .p.  
in jec t ion  of 105 cells in to  recipient  isogeneic LAF1/J  mice 
(The Jackson  Laborator ies ,  Bar  Harbor ,  Ma ine )  
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Days following 5000 TA3 cell cha l l enge  

Growth kinetics of TA3 ascites tumors in LAF1/J hosts following 
i.p. injection of 60 ms/ks EDCI �9 HC1 or 0.9% NaC1 soIution. Tmnor 
growth is shown for non-irradiated LAFt/J hosts (panel A), and for 
hosts that have received an immunosuppressive 700 rad whole-body 
dose of *~ radiation (pane ! B). Each point of a TA3 tumor cell 
growth curve was determined as the mean :t: standard error of the 
cell numbers measured in the peritoneal cavities of 5 mice. 

Growth  kinet ics  of TA3 ascites t umors  were  measured  
by  de te rmin ing  the  to ta l  n u m b e r  of ceils in the  per i tonea l  
cavit ies  of LAF1/J  mice as a func t ion  of t ime  af ter  t u m o r  
t r ansp lan ta t ion .  The to ta l  popu la t ion  of TA3 cells per  
mouse  was de t e rmined  f rom the  p roduc t  of per i tonea l  
vo lume and  ascites t u m o r  cell concent ra t ion .  Volume was 
measured  by  the  isotope di lut ion t echn ique  16 using an  
i. p. in jec t ion  of lalI- labeled h u m a n  se rum a lbumin  
(Mallinkrodt,  St. Louis, Me. : 0.5 mCi/cma). Cell concen-  
t r a t i on  was measured  wi th  a Model  B Coulter  Counte r  
(Coulter Electronics ,  Hialeah,  Florida).  

The carbodi imide  der iva t ive  E D C I  �9 HC1 (Ott  Chemical  
Co., Muskegon, Michigan) was admin i s t e red  as a single 60 
m s / k s  i. p. dose in an in jec t ion  volume of 0.2 ml  of 0.9% 
NaC1 solution. This  dose level did no t  produce  weigh t  loss 
or mor t a l i t y  in e i ther  no rma l  or TA3 tumor :bea r ing  
LAF1/J  mice. Control  t umor -bea r ing  mice received an 
i. p. in ject ion of 0.2 ml  of 0.9% NaC1 solut ion.  The chemi-  
cal proper t ies  of EDCI  �9 HC11~, and  the  po ten t i a l  role of 
s t ruc tura l  fea tures  of th is  drug in achieving cell surface 
modif ica t ion and  an a n t i t u m o r  effect  ls, have  previous ly  
been  discussed. 

I m m u n o s u p p r e s s i o n  of LAF1/J  mice was  carried ou t  b y  
adminis te r ing  a single 700 rad  who le -body  dose of s~ 
rad ia t ion  a t  an exposure  dose ra te  of 18 R/min .  

Results. As summar ized  in t he  Table,  when  a single 
60 mg/kg  i. p. dose of E D C I  �9 HC1 was admin is te red  to 
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Survival of TA3 tumor-bearing mice following injection of EDCI - HC1 

EXPERIENTIA 32/2 

Tumor inoeulum �9 Injected compound b Host irradiation" No. of mice No. of cures a Mean survival time 
(No. Cells) (rad dose) (days 4- SD) 

5000 0.9% NaC1 0 35 0 11.5 4- 1.7 
5000 60 mg/kg EDCI �9 HC1 0 65 8 33.5 4- 12.9 e 
5000 0.9% NaC1 700 35 0 11.1 4- 0.8 
5000 60 mg/kg EDCI �9 HC1 700 35 0 14.1 4- 3.5 

�9 TA3 cells injected i.p. on Day 0. bI.p. injections were made on Day 4. oTumor hosts were irradiated 2 days before Day 0. amice surviving 
on Day 60 were considered cured, eThe difference in mean survival time of drug-treated and control non-irradiated mice was statistically 
significant at the level p < 0.001. 

L A F 1 / J  mice on t he  4 th  d a y  fol lowing cha l lenge  w i t h  
5000 TA3 asci tes  cells, a 3-fold increase  was obse rved  in 
t he  m e a n  su rv iva l  t i m e  of d r u g - t r e a t e d  mice re la t ive  to  
0 .9% NaC1 so lu t ion- in jec ted  con t ro l  mice. Comple te  
t u m o r  regress ion and  indef in i te  hos t  su rv iva l  occur red  in  
12% of t he  t u m o r - b e a r i n g  mice  in jec ted  w i t h  E D C I  �9 HC1. 
W h e n  th i s  c o m p o u n d  was a d m i n i s t e r e d  to  mice t h a t  h a d  
received an  i m m u n o s u p p r e s s i v e  700 r ad  w h o l e - b o d y  dose 
of 6~ r a d i a t i o n  2 days  pr io r  to  in j ec t ion  of a 5000 TA3 
cell cha l lenge  (6 days  pr io r  to  d rug  in jec t ion) ,  no  sig- 
n i f i can t  increase  in m e a n  su rv iva l  t i m e  of t he  i r r ad ia t ed ,  
d r u g - t r e a t e d  mice was obse rved  re l a t ive  to  t h a t  of con t ro l  
mice. 

TA3 asci tes  t u m o r  g r o w t h  kinet ics ,  a n d  t he  response  to 
E D C I  �9 HC1 in jec t ion ,  were also s tud ied  in n o n - i r r a d i a t e d  
a n d  i r r ad i a t ed  L A F 1 / J  mice. W h e n  E D C I  �9 HC1 was 
a d m i n i s t e r e d  as a single 60 m g / k g  i. p. dose to  non -  
i r r ad i a t ed  mice on  t he  4 th  d a y  a f t e r  a 5000 T-A3 cell 
chal lenge,  t u m o r  g r o w t h  k ine t ics  d e m o n s t r a t e d  a d i s t i nc t  
3-phase  response  (Figure A) : a) Fo r  6 days  fol lowing d rug  
in jec t ion ,  t u m o r s  u n d e r w e n t  n e t  g rowth ,  a l t h o u g h  t he  
ave rage  g r o w t h  r a t e  was  r educed  re l a t ive  to t h a t  of 
t u m o r s  in  0.9 % NaC1 solut ion- inj  ec ted con t ro l  mice. b) The  
t u m o r s  t h e n  regressed in ave rage  size b y  a p p r o x i m a t e l y  
a n  order  of m a g n i t u d e  d u r i n g  t he  n e x t  6 d a y  period.  
c) A slow, b u t  progress ive,  ne t  t u m o r  g r o w t h  ensued  
d u r i n g  t i le  fol lowing 2 to  3 weeks, a t  w h i c h  p o i n t  the  
drug- in j  ec ted  mice exp i red  excep t  for a p p r o x i m a t e l y  10 % 
whose  t u m o r s  e x h i b i t e d  comple te  regression.  

As s h o w n  b y  TA3 g r o w t h  k ine t ics  p l o t t e d  in F igure  
t3, a d m i n i s t r a t i o n  of a single 60 m g / k g  dose of E D C I  �9 HC1 
in to  i r r a d i a t e d  mice led to  a r educed  r a t e  of t u m o r  g r o w t h  
for  a pe r iod  of 4 days  pos t - in jec t ion .  T u m o r  g r o w t h  t h e n  
r e sumed  a t  a r a t e  iden t i ca l  to  t h a t  of con t ro l  t umors .  
I r r a d i a t e d  mice rece iv ing  E D C I  �9 HC1 expired,  on  t he  
average ,  on ly  3 to  5 days  l a t e r  t h a n  con t ro l  mice. 

Discussion. D a t a  p r e sen t ed  here  d e m o n s t r a t e  t h a t  
i n j ec t ion  of t he  ca rbod i imide  d e r i v a t i v e  E D C I  �9 HC1 leads 
to  regress ion of TA3 t u m o r s  in i m m u n o c o m p e t e n t ,  b u t  
n o t  in  r a d i a t i o n  i m m u n o s u p p r e s s e d  LAF1/ J  mice. S imi lar  
resu l t s  h a v e  p rev ious ly  been  descr ibed  w i t h  TA3 t u m o r s  
fol lowing in v ivo  a d m i n i s t r a t i o n  of neu ramin idase ,  an  
e n z y m e  t h a t  c leaves  O-glycosidical ly l inked  sialic acid 
res idues  f rom t h e  cel lular  surface  4,19,~~ T he  molecu la r  
m e c h a n i s m s  i n v o l v e d  in E D C I  �9 HC1 ac t ion  are n o t  
de f ined  b y  t h e  p r e s e n t  e x p e r i m e n t a l  resu l t s ;  however ,  
t h e  poss ib i l i ty  c an  be  ru led  ou t  t h a t  r eac t ion  of th i s  
c o m p o u n d  w i t h  cell surface  c o m p o n e n t s  p r o m o t e s  t he  
cy to tox ic  a c t i v i t y  of h o s t  i m m u n e  agen t s  p r e s en t  a t  t he  
t i m e  of d r u g  in jec t ion .  T he  e x p e r i m e n t a l  bas is  for  th i s  
�9 conc lus ion  is t h e  fac t  t h a t  no  h u m o r a l  or ce l l -bound 
an t ibod ie s  d i rec ted  a ga i n s t  t he  TA3 t u m o r  can  be  de t ec t ed  
in  isogelleic L A F ~ / J  mice a t  4 days  fol lowing a 5000 TA3 
cell chal lenge,  i .e. a t  t he  t i m e  of E D C I  . HC1 inject ion~K 

Two a l t e r n a t i v e  m e c h a n i s m s  of E D C I  �9 HC1 ac t ion  are  
sugges ted  b y  TA3 g r o w t h  kinet ics ,  wh ich  d e m o n s t r a t e  
t u m o r  regress ion does n o t  occur  un t i l  6 days  fol lowing 
d rug  i n j ec t i on  (Figure  A). The  f i rs t  of these  m e c h a n i s m s  
is a non-specif ic  s t i m u l a t i o n  of t h e  hos t  r e t i cu loendo-  
the l ia l  s y s t e m  b y  E D C I  �9 H C 1 ,  w i t h  a r e s u l t a n t  he igh t -  
en ing  of i m m u n e  defenses  aga in s t  t he  TA3 t u m o r .  In  th i s  
con tex t ,  i t  has  been  r epo r t ed  t h a t  t r e a t m e n t  of spleen 
cells w i t h  bac te r i a l  e n d o t o x i n  in v ivo  or in  v i t ro  elicits a 
cy to tox ic  r eac t ion  aga ins t  T A 3 / H a  t u m o r s  21, ~2. A 
c o m p a r a b l e  m e c h a n i s m  of E D C I  �9 HC1 a n t i t u m o r  ac t ion  
does n o t  a p p e a r  to  be  opera t ive ,  however ,  s ince pre l imi-  
n a r y  in v i t ro  s tudies  in  our  l a b o r a t o r y  h a v e  i nd i ca t ed  t h a t  
i n c u b a t i o n  of spleen cells w i t h  E D C I  �9 HC1 does n o t  r e n d e r  
t h e m  cy to tox ic  to  TA3 cells. 

A second possible  m e c h a n i s m  of E D C I  - HC1 ac t ion  t h a t  
is c o m p a t i b l e  w i t h  the  obse rved  TA3 g r o w t h  k ine t ics  in 
drug- inj  ec ted mice is an  increase  of t u m o r  i m m u n o g e n i c i t y  
r e su l t i ng  f rom the  r eac t ion  of E D C I  - t tCI  w i t h  cell surface  
componen t s ,  t h e r e b y  lead ing  to  hos t  i m m u n e  recogni t ion  
of t he  ca rbod i imide -modi f i ed  cells a n d  a s u b s e q u e n t  
p r o d u c t i o n  of cy to tox ic  an t ibod ies .  An  increase  in t u m o r  
i m m u n o g e n i c i t y  fol lowing reac t ion  w i t h  E D C I  �9 HC1 could 
r e su l t  f rom the  exposure  of t i ssue  an t igens  or t u m o r  
neoan t i gens  t h a t  are n o r m a l l y  n o t  expressed  a t  t h e  TA3 
cell surface.  A l t e rna t ive ly ,  complexes  fo rmed  b y  c o v a l e n t  
l inkage  of E D C I  �9 FIC1 w i t h  TA3 cel lular  surface  g roups  
m a y  serve as h a p t e n i c  a n t i g e n  d e t e r m i n a n t s ,  in  response  
to  wh ich  t he  hos t  p roduces  soluble  or  ce l l -bound  an t i -  
bodies  t h a t  are cy to tox ic  to  t he  ca rbod i imide -modi f i ed  
cells. I n  o rder  to  c lear ly  def ine t h e  m e c h a n i s m  b y  which  
E D C I  �9 HC1 increases  t u m o r  immunogen i c i t y ,  a de ter -  
m i n a t i o n  m u s t  be  m a d e  of t he  specif ic i ty  of an t ibod ie s  
p roduced  in response  to cha l lenge  w i t h  ca rbod i imide -  
modif ied  cells. 

19 B. H. SANFO~D and J. F. CODINGTON, Tissue Antigens 1, 153 
(1971). 

s0 L. S. KELLY, Proe. Am. Ass. Cancer Res. 72, 63 (1971). 
21 .~. GROHSMAN and A. NOWO*NY, J. Immun. /09, 1090 (1972). 
22 C. XSAIffG and A. NowoxNY, Infect. Immun. 9, 95 (1974). 


