
CLIN. EXPL. METASTASIS, 1987, VOL. 5, NO. 2, 1 4 7 - 1 5 6  

Prevention of metastatic  spread by postoperative 
immunotherapy  with virally modif ied 
autologous tumor cells.  
II. Establishment of specific systemic  anti-tumor immuni ty  

V O L K E R  S C H I R R M A C H E R  and R U D I G E R  H E I C A P P E L L  

Institut ffir Immunologie und Genetik, Deutsches 
Krebsforschungs-zentrum, D-6900 Heidelberg, F.R. Germany 

(Received 20 July 1986; accepted 8 December 1986) 

The successful application of a non-oncogenic virus, Newcastle disease virus 
(NDV), which can be used to modify a highly metastatic tumor to become more 
immunogenic is reported. Such NDV modified tumor cells were found to be 
effective as tumor vaccine for anti-metastatic therapy in combination with 
surgical removal of the primary tumor. The  protection in the animals seen after 
this treatment is paralleled by an establishment of specific systemic anti- tumor 
immunity. This  protective immunity depended on recognition of a distinct tumor 
antigen. The therapy protocol also worked in animals bearing the plastic adhesive 
variant ESb-MP.  It did not work, however, when using an immune escape 
variant not expressing a specific tumor antigen. 

Introduct ion  
W e  have  r ecen t ly  r e p o r t e d  an effect ive a n t i -me t a s t a t i c  t h e r a p y  p ro toco l  in a 

m o u s e  t u m o r  m o d e l  c o m b i n i n g  su rge ry  wi th  pos tope ra t i ve  i m m u n o t h e r a p y  us ing  
v i r u s - m o d i f i e d  au to logous  t u m o r  cells [9]. N o  t h e r a p e u t i c  effect was o b s e r v e d  when  
we used  for  i m m u n o t h e r a p y  the  n o n - m o d i f i e d  au to logous  t u m o r  E S b  which  is on ly  
weak ly  i m m u n o g e n i c  and  h igh ly  me ta s t a t i c  [14]. T h e  ra t iona le  for  us ing  v i rus -  
m o d i f i e d  t u m o r  cel ls  for vacc ina t ion  was tha t  we i n t e n d e d  to ac t ivate  and  d i rec t  such 
i m m u n e  responses  t o w a r d s  t u m o r  cells wh ich  have been  success fu l ly  se lec ted  
t h r o u g h  evo lu t ion  for  p r o t e c t i o n  aga ins t  in fec t ious  vi ra l  diseases.  T h e  viral  
mod i f i ca t i on  of  the  t u m o r  cel ls  was ach ieved  by  infec t ing  the t u m o r s  wi th  an 
av i ru l en t  s t ra in  of  N e w c a s t l e  d isease  v i rus  ( N D V ) ,  t h e r e b y  xenogen iz ing  the  t u m o r  
cell  and  inc reas ing  its i m m u n o g e n i c i t y  and an t igen ic i ty  [9]. N D V  has  been  se lec ted  
also because  it is a ve ry  good  in t e r f e ron  ac t iva tor  [10], has ve ry  low p a t h o g e n i c i t y  and 
n e u r o t r o p i s m  in h u m a n s  and  has  been  used  a l r eady  as an an t i -neop l a s t i c  agent  [5-7] .  

In  a p r e v i o u s  r e p o r t  [9] p a r a m e t e r s  for  o p t i m a l  t h e r a p e u t i c  effects were  
desc r ibed .  T h e s e  p a r a m e t e r s  were  the  t ime  of  o p e r a t i o n  of  the  p r i m a r y  t u m o r  and  
the  dose  of  v i rus  a d m i x e d  to a s t a n d a r d  dose  of  i r r ad i a t ed  t u m o r  cells.  T h e r e  was a 
low dose  o p t i m u m  of  N D V  at abou t  160 h e m a g g l u t i n a t i n g  un i t s  pe r  25 mi l l ion  
t u m o r  cells.  

In  this  r e p o r t  we subs t an t i a t e  these  f ind ings  and  show the  effects of  this  t h e r a p y  
a p p r o a c h  when  app l i ed  to severa l  we l l -de f ined  var ian t s  of  the  E S b  t u m o r  line. T h e  
E S b - M P  is a p l a s t i c - adhes ive  va r ian t  [8] wh ich  has r e duc e d  m a l i g n a n c y  in vivo b u t  
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expresses a similar tumor-associated transplantation antigen (TATA)  as ESb cells. 
Another variant is an immune escape variant from ESb which does not express this 
T A T A  to be recognizable by cytotoxic T lymphocytes [3]. We will show with this 
tumor variant that postoperative immunotherapy with virally modified autologous 
tumor cells depends on the recognition of a specific tumor antigen. 

In the second part the analysis of the protective immunity induced in operated 
animals by using virus-modified tumor cells is reported. It is demonstrated that 
animals which survive due to this therapy protocol developed long-lasting systemic 
anti- tumor immunity.  They  resisted challenge inocula of life autologous tumor cells 
without virus. The specificity of the protective immunity will be demonstrated. 

M a t e r i a l s  a n d  m e t h o d s  

Animals 
Female DBA/2 mice, 6 12 weeks old, were obtained from Charles River W I G A ,  

Sulzfeld (F.R.G.). 

Tumor cell lines 
ESb is a spontaneous high metastatic variant of the chemically induced T cell 

lymphoma LS178YE (Eb) [14]. Our standard line ESb 289 is characterized by a 
tumor-associated transplantation antigen (TATA)  which can induce weak protec- 
tive immunity and cytotoxic T cells in vitro [4, 15]. ESb 816 variant cells represent 
immune escape variants which are considered as T A T A -  variants which cannot be 
recognized by cytotoxic T lymphocytes [3]. E S b - M P  cells are a plastic adhesive 
variant of ESb 289 cells which differ in overall malignancy in vivo [8]. M D A Y - D 2  
tumor cells [11] were obtained from Dr R. Kerbel (Toronto,  Canada) and have been 
characterized in his group as a high metastatic tumor line expressing a distinct tumor 
antigen. SL2 is a spontaneous T cell lymphoma of DBA/2 origin [18]. All tumor lines 
were grown in R P M I  1640 medium (Gibco Ltd,  Paisley, U.K.) supplemented with 
fetal calf serum and 5 x 10-5M 2-mercaptoethanol. 

Newcastle disease virus 
A stock of N D V  of the avirulent strain Ulster was kindly provided by Dr  Peter J. 

Russell (Royal Veterinary College, London,  U.K.) [13]. Virus propagation in 
embryonated chicken eggs and purification were done as described previously [9]. 
Virions were finally suspended in phosphate-buffered saline to give a standard batch 
with a hemagglutination titer of 1 : 2000. The  virus was stored prior to use at -- 70°C. 

Postoperative immunotherapy protocol 
Details of this protocol have been described [9]. Briefly, animals were inoculated 

intradermally in the flank region with 5 x 104 ascites-grown tumor cells. The  
primary tumor was removed surgically under anesthesia when it was 5 to 7 mm 
diameter. Directly after surgery, animals received one dose of 2'5 × 107 tumor cells 
previously irradiated with 10 000 rad and suspended in 1 ml of live N D V  containing 
160 hemagglutinating units. This was distributed s.c. and i.m. at four different sites 
surrounding the operation wound. 
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R e s u l t s  

Postoperative immunotherapy with virus-modified tumor cells: therapeutic effects in 
animals with metastases of ESb or E S b - M P  cells 

W e  have  r e p o r t e d  be fore  [8] tha t  we cou ld  isolate  f rom the h igh ly  m a l i g n a n t  
me ta s t a t i c  t u m o r  l ine E S b  a p las t ic  adhes ive  va r i an t  w h i c h  has lower  m a l i g n a n c y  
in vivo. W e  have r ecen t ly  cha rac t e r i zed  in deta i l  one  pa r t i c u l a r  p las t ic  adhes ive  
var ian t ,  E S b - M P ,  wh ich  has  a lower  m a l i g n a n c y  in vivo b u t  can stil l  me tas ta s i ze  to 
in te rna l  o rgans .  In  f igure 1 (a), (b), we have  c o m p a r e d  the  resul t s  of  an i m m u n o -  
t h e r a p y  e x p e r i m e n t  in wh ich  we used  an imals  wh ich  ca r r i ed  e i the r  the  E S b  t u m o r  or  
the  E S b - M P  t u m o r  for  t h e r a p y  wi th  the  c o m b i n a t i o n  of  surgical  r emova l  of  the  
p r i m a r y  t u m o r  fo l lowed  by  i m m u n i z a t i o n  wi th  v i r u s - m o d i f i e d  t u m o r  cells.  In  b o t h  
g r o u p s  the  p r i m a r y  t u m o r s  were  r e m o v e d  when  they  had  reached  a size of  a b o u t  5 to 
7 m m  d iame te r s .  T h e  f igures show the  m o r t a l i t y  curves  of  g r o u p s  of  an imals  
(10 /g roup)  wh ich  were  e i the r  no t  t r ea ted  (g roups  I and  I I  as con t ro l  g roups ) ,  
o p e r a t e d  on on ly  (g roups  I I I  or  IV) or  o p e r a t e d  on and  i m m u n i z e d  wi th  N D V -  
mod i f i ed  E S b  t u m o r  cells (g roups  V and  VI) .  In  f igure 1 (a) it can be seen tha t  in 
g r o u p  V m o r e  than  50 pe r  cent  of  the  an ima l s  were  l o n g - t e r m  su rv ivor s  whi le  in the  
o the r  g roups  the  m a j o r i t y  of  an imals  were  dead  af ter  abou t  one m o n t h .  T h e s e  resul t s  
wh ich  are s ta t i s t i ca l ly  s igni f icant  conf i rm our  da ta  r e p o r t e d  p r e v ious ly  [9]. 

F i g u r e  1 (b) i l lus t ra tes  the  resul ts  o b t a i n e d  in an ima l s  be a r i ng  the  E S b - M P  
t u m o r .  T h e  effect of  p o s t o p e r a t i v e  i m m u n o t h e r a p y  wi th  N D V  mod i f i ed  E S b  cells 
was less p r o n o u n c e d  b u t  the re  were  st i l l  m o r e  than  30 pe r  cent  of  the  an imals  
su rv iv ing  for longer  than  two m o n t h s ,  whi le  the  o p e r a t i o n  of  the  p r i m a r y  t u m o r  
a lone (g roup  IV)  d id  no t  s ign i f ican t ly  change  the  m o r t a l i t y  curve  of  the  t u m o r -  
bea r i ng  animals .  In  the  E S b - M P  t u m o r  m o d e l  mes tas t a ses  in in te rna l  o rgans  
deve lop  la ter ,  are m o r e  of  the  focal t ype  and  the an imals  d ie  la ter  f rom this  t u m o r  and  
its metas tases .  T h e  fact  t h a t  we can also o b t a i n  t h e r a p e u t i c  effects wi th  th is  t u m o r  
shows  tha t  the  sys t em m i g h t  have b r o a d e r  app l i cab i l i t y .  

Postoperative immunotherapy with virus-modified tumor cells : comparison of T A  T A  + 
and T A  T A -  ESb tumor variants 

F i g u r e  2 i l lus t ra tes  the  resul t s  of  an e x p e r i m e n t  in wh ich  g roups  of  an imals  were  
i nocu la t ed  e i the r  wi th  the  s t a n d a r d  T A T A  + t u m o r  l ine E S b  289 or  wi th  the  T A T A -  
va r i an t  E S b  816. A n i m a l s  in g r o u p s  I and  I I  were  inocu la t ed  wi th  5 x 1 0 4 E S b  289 
t u m o r  cells i n t r a d e r m a l l y .  One  g r o u p  (I) was not  fu r the r  t rea ted ,  the  o the r  ( I I )  was 
t r ea ted  as be fo re  by  r emova l  of  the  t u m o r  and  pos tope ra t i ve  i m m u n i z a t i o n  wi th  
N D V - m o d i f i e d  E S b  t u m o r  cells.  T h e  t h e r a p e u t i c  effect can be seen by  c o m p a r i s o n  
of  g roups  I and  I I ,  a l t h o u g h  some  an ima l s  in g r o u p  I I  had  a l r eady  d ied  before  the  
t r e a tmen t .  

Qu i t e  d i f ferent  resul t s  were  o b t a i n e d  when  an imals  were  inocu la t ed  wi th  an 
i m m u n e  escape  va r i an t  of  E S b  ( E S b  816 t u m o r  cells)  wh ich  are T A T A -  var ian t s  [3]. 
T h e s e  t u m o r  l ines were  shown  before  to be res i s tan t  to lysis  by  E Sb- spe c i f i c  
cy to tox ic  T l y m p h o c y t e s  ( C T L ) .  T h e y  sti l l  exp re s sed  the  H - 2 K  d mo lecu l e  wh ich  
func t ions  as a r e s t r i c t ing  e l e m e n t  for  the  C T L s .  T h r e e  g roups  of  an ima l s  were  
inocu la t ed  wi th  5 × 104 t u m o r  cells i n t r a d e r m a l l y .  W h e n  the  t u m o r  had  reached  a 
size of  5-7  m m  in d i ame te r ,  it  was o p e r a t e d  on (g roups  IV  and  V) and  t rea ted  wi th  
N D V - m o d i f i e d  E S b  T A T A  ÷ t u m o r  cells (g roup  IV) or  wi th  N D V - m o d i f i e d  
T A T A -  var ian t s  (g roup  V). T h e  m o r t a l i t y  curves  of  all t h ree  g roups  (g roups  I I I - V )  
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Figure  1. Postoperat ive immunotherapy  with virus-modif ied ESb  tumor  cells in animals 
bearing either (a) the tumor  ESb  289 or (b) the plastic adhesive variant E S b - M P .  All 
animals were inoculated on day 0 with 5 × 104 tumor  cells intradermally.  T h e  local 
tumors  remained (groups I and II)  or were removed (all other  groups) when they had 
reached 5-7 m m  in diameter.  Th i s  was (a) at day 8 or (b) at day 14. Groups  V and VI  
were immunized  after the operat ion with 2 x  10 v, 10000 rad irradiated ESb  289 
( T A T A  +) tumor  cells which had been incubated with 100 hemagglut inat ing units of 
N D V  Ulster  strain. No  therapeutic  effect was seen by surgery alone (groups I I I  and 
IV), but  protect ion was obtained after specific immunotherapy  with E S b - N D V  (groups 
V and VI). In both exper iments  (a and b) the therapy groups were significantly different 
from the controls. (Groups  V to I: P=0"036,  log rank test; VI to II :  P = 0 " 0 | 4 ,  
acceleration test.) 
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Figure 2. Importance of recognition of a tumor-associated transplantation antigen (TATA) 
for the therapeutic effect of immunization with virus-modified tumor cells. Animals 
were inoculated with 5 × 104 ESb 289 (TATA +) tumor cells intradermally (groups I 
and II) or with 5 × 104 ESb 816 ( T A T A )  variants (groups III-V).  The animals were 
either not treated (groups I and III)  or operated on when the primary tumor had 
reached a size of 5-7 mm in diameter and immunized with NDV-modified ESb 289 
tumor cells (groups II and IV) or with NDV-modified ESb 816 ( T A T A - )  variant cells 
(group V). In none of the groups inoculated with T A T A  ~ variant tumor cells was there 
a therapeutic effect in comparison with the untreated group. In contrast, a therapeutic 
effect was seen when using the T A T A  + standard line (group II). Group II was 
significantly different from group I (P=  0"02, acceleration test). 

were very s imi lar  and the 50 per  cent  survival  was not  s ignif icant ly  different.  These  
negat ive  f indings  wi th  T A T A -  cells thus  po in t  towards  the impor t ance  of the 
express ion  of a t u m o r  an t igen  for specific i m m u n e  recogni t ion  and  postoperat ive  
i m m u n o t h e r a p y  us ing  N D V - m o d i f i e d  t u m o r  cells. 

Specificity of protective immunity in ESb tumor-bearing animals which have been 
successfully treated postoperatively by NDV-modified ESb tumor cells 

ESb  t u m o r - b e a r i n g  animals  which  had been  cured  by the above postopera t ive  
i m m u n o t h e r a p y  protocol  were chal lenged ei ther  wi th  live autologous ES b  t u m o r  
cells (wi thout  N D V )  or with live SL2 t u m o r  cells. SL2  is ano ther  T cell l y m p h o m a  of 

DBA/2  mice which does no t  crossreact  with E S b  in i m m u n i z a t i o n / p r o t e c t i o n  assays 
and  at the level of C T L  lysis [4]. Whi l e  SL2 t u m o r  cells grew in all animals ,  ES b  
t u m o r  cells did no t  grow (figure 3). T h e  an imals  had thus  developed tumor-spec i f ic  
i m m u n i t y  which was sufficient to protect  them against  local t u m o r  growth  (figure 3), 

ou tg rowth  of metastases  and  death (figure 4). 
T u m o r  specificity was also demons t r a t ed  at the level of i m m u n i t y  induc t ion .  

T h i s  is i l lus t ra ted  in figure 5. G r o u p s  of DB A / 2  mice  were inocula ted  ei ther  with 
E S b  t u m o r  cells or wi th  M D A Y - D 2  t u m o r  cells, ano ther  high metas ta t ic  t u m o r  of 
DBA/2  mice [11]. T w o  weeks later the animals  were subjected  to opera t ion  of the 
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Specificity of the protective immunity in vivo. ESb tumor-bearing animals which 

had survived due to the combined treatment with surgery and postoperative immuniz- 
ation with NDV-modified ESb tumor cells were challenged after 2 months with 105 
cells of two different DBA/2 lymphoma lines and the local tumor growth determined in 
individual animals. While ten animals were investigated per group only five representa- 
tive growth curves are represented. While SL2 tumor cells grew out in every animal 
inoculated, ESb tumor cells did not grow out, thus indicating the establishment of 
systemic anti-ESb tumor immunity. When the two tumor lines were inoculated into 
normal non-immune animals, both grew out and killed the majority of the recipients 
(figure 4). 

p r ima ry  t u m o r  and pos topera t ive  t r e a t m e n t  wi th  au to logous  t u m o r  cells and N D V .  

Fi f ty  per  cent  or  m o r e  of  such t rea ted  animals  surv ived .  Af te r  about  four  m o n t h s  

animals  of  bo th  g roups  were  cha l lenged  wi th  live E S b  t u m o r  cells. On ly  those which  
had p rev ious ly  been  exposed  to E S b  t u m o r  cells su rv ived  the chal lenge.  I t  can thus 

be conc luded  that  successful ly  t rea ted  animals  had deve loped  a l o n g - t e r m  status of  

t umor - spec i f i c  i m m u n i t y .  

D i s c u s s i o n  

H e r e  we ex tend  our  f indings re la t ing to a successful  p ro toco l  for the the rapy  of  

mic rometas ta ses  us ing as m o d e l  the very  aggress ive  mouse  t u m o r  var iant  E S b  
[9, 14]. T h e  p ro toco l  consis ted of  the c o m b i n a t i o n  of  su rgery  wi th  pos topera t ive  

i m m u n o t h e r a p y  us ing v i rus -mod i f i ed  inact ivated t u m o r  cells. Surgical  removal  of  
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Figure  4. Surviva l  curves  of an imals  f rom the expe r imen t  i l lus t ra ted in figure 3. N o r m a l  
D B A / 2  an imals  as cont ro ls  or E S b  i m m u n e  an imals  which  were der ived  f rom the  
the rapy  e x p e r i m e n t  (figure 3) were cha l lenged  wi th  live E S b  or SL2  t u m o r  cells 
in t radermal ly .  Whi le  n o r m a l  animals  d ied  f rom b o t h  t u m o r  lines the  E S b  i m m u n e  
an imals  d ied  only  w h e n  receiving the  SL2  t u m o r  cells and  not  w h e n  receiving the  E S b  
t u m o r  cells. 
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Figure  5. Specificity of pro tec t ive  i m m u n i t y  in the  t he rapy  model  at the  level of i nduc t ion  of 
a n t i - t u m o r  i m m u n i t y .  G r o u p s  of D B A / 2  mice  were  inocula ted  wi th  l0  s E S b  t u m o r  
cells or  M D A Y - D 2  t u m o r  cells at day - -134 .  Seven  days later  (day - -127 )  the  locally 
g rowing  t u m o r s  were surgical ly r em oved  and  the  an imals  i m m u n i z e d  wi th  N D V -  
modi f ied  E S b  or N D V - m o d i f i e d  M D A Y - D 2  t u m o r  cells wh ich  had  been  i r radia ted  
before  wi th  1 0 0 0 0 r a d .  Af ter  abou t  4 m o n t h s  there  were still abou t  50 per  cent  of 
an imals  in b o t h  g roups  wh ich  had  surv ived  th is  t r ea tmen t .  T h e s e  were cha l lenged  on  
day 0 wi th  l 0  s E S b  t u m o r  cells subcu taneous ly .  I t  can be seen tha t  only  those  an imals  
which  had  been  p re -exposed  to the  E S b  t u m o r  surv ived  whi le  those  wh ich  had  been  
p re -exposed  to the  M D A Y - D 2  t u m o r  died f rom the  E S b  t u m o r  cell inocula t ion.  
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the intradermally transplanted ESb tumor without immunotherapy had no thera- 
peutic effect and all animals died from metastases. Postoperative immunotherapy 
with inactivated autologous tumor cells alone was also ineffective. 

For tumor cell modification it was decided to use a non-hazardous virus which 
has potential clinical application [5 7]. A non-lytic strain was selected because it has 
been reported to be more effective in increasing tumor cell immunogenicity than 
lytic viruses [12]. The Ulster strain of N D V  quickly absorbs to the cell membrane, 
infects the tumor cells and as a paramyxovirus buds at the cell surface and expresses 
viral proteins which can then be detected with monoclonal antibodies [9]. Another 
advantage of this virus is its strong potency to induce interferon [10] and thus to 
stimulate various natural and specific immune effector mechanisms [16]. While in 
the previous report we presented parameters for optimal therapeutic effects using 
the ESb tumor system we now report on an extension of these findings to other tumor 
variants. A protective effect upon immunization postoperatively with N D V -  
modified ESb tumor cells was also seen in animals which had been inoculated with a 
plastic adhesive tumor variant, ESb-MP,  which has a reduced metastatic capacity 
and malignancy in vivo [8]. The  fact that a cross protection was observed (figure 1 (b)) 
indicates that the two tumor lines carry similar tumor-associated transplantation 
antigens. This is corroborated by our in vitro analysis using tumor-specific cytotoxic 
T lymphocytes [8]. 

One problem with specific immunotherapy protocols in the ESb model has been 
the generation of specific immune escape variants [3]. During metastases of ESb cells 
from a subcutaneous inoculation site immune escape variants developed after about 
12 days in their spleens. The variants did not change the expression of the H - 2 K  a 
restricting molecules [1] but changed the expression of the T A T A  so that they could 
not be recognized by corresponding CTLs .  Recently we were able to induce re- 
expression of the tumor antigen in such immune escape variants by treatment with 5- 
azacytidine or the mutagen M N N G  [2]. We conclude from these experiments that 
the immune escape variants represent gene regulatory variants rather than true 
mutants. From the experiments reported here it seems that such immune escape 
variants once they are established are not susceptible to the immunity induced by 
immunization with NDV-modif ied ESb cells. Recognition of a tumor antigen thus 
seems to be a prerequisite for the systemic anti- tumor effect and the effect agains t the 
micrometastases. 

That  the therapeutic effect observed is related to the establishment of systemic 
immunity with specificity for the corresponding tumor antigen is further cor- 
roborated by the experiments in which we used two unrelated DBA/2 tumors, SL2 
and M D A Y - D 2 ,  to test the specificity at the level of induction of anti- tumor 
immunity (figure 5) and after establishment of anti- tumor immunity (figure 3). The 
anti- tumor immunity could be demonstrated at the level of local tumor growth and 
at the level of overall survival of the tumor cell inoculated animals. 

We have begun to analyse the underlying mechanism of the observed anti- 
metastatic effects. Both in bulk cultures and in limiting dilution cultures, an 
amplification effect after stimulation with NDV-modif ied ESb cells was demon- 
strated [17]. The  frequency of tumor-specific C T L - P  was significantly increased 
when animals were immunized with E S b - N D V  compared to ESb alone and bulk 
cultures containing C T L - P  were stimulated to higher cytotoxic activity when using 
E S b - N D V  than ESb alone as stimulator cells. From these data we postulate that the 
postoperative immunization with a vaccine containing the corresponding tumor 
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an t igen  and an agent  that  migh t  f unc t i on  as a second signal for C T L - P  act ivat ion [16] 
m igh t  media te  a cytotoxici ty  ampl i fy ing  effect. C T L - P  migh t  first be recrui ted  to the 
i m m u n o g e n  and  migh t  then  receive an act ivat ion signal, perhaps  via i nvo l ve me n t  of 
in ter feron.  Fo l lowing  this act ivat ion in the per iphery ,  act ivated tumor-spec i f ic  C T L  
or other  i m m u n e  effector T cells s imilar ly  act ivated migh t  recirculate and  be able to 
detect  and  destroy micrometas tases  in in terna l  organs.  
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