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The c h a r a c t e r  of me ta s t a s i za t i on  of nine s t ra ins  of t ransp lan tab le  mouse  tumors  injected by the 
usual  subcutaneous method was studied. Dif ferences  were  obse rved  in the f requency,  intensity,  
and types of me ta s t a s i za t ion  of different  tumors .  Latent  per iods  of onset  of m e t a s t a s e s  of 
Lewis and RL-67 lung c a r c i n o m a s  and of s a r c o m a - 3 7  w e r e  de te rmined .  Sa rcoma-37 ,  Lewis  
and RL-67 c a r c i n o m a s  of the lung, AKATOL adenocarc inoma of the l a rge  intest ine,  and Cloud- 
m a n ' s  and B-16 me lanomas  me ta s t a s i zed  mos t  intensively.  Sa rcoma-37 ,  me tas t a s i z ing  into 
the lungs, RL-67 lung c a r c i n o m a  me tas t a s i z ing  into the lungs, kidneys,  adrena ls ,  ova r i e s ,  and 
hear t ,  and adenoca rc inoma  of the l a r g e  intest ine AKATOL, fo rming  m e t a s t a s e s  in the lymph 
nodes and l ive r ,  can be used as models  fo r  seeking methods of chemotherapeu t ic  action on 
m e t a s t a s e s  and metas ta s i za t ion .  
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In expe r imen ta l  invest igat ions to seek  methods of pharmaco log ica l  act ion on me ta s t a s i za t ion  var ious  
models  and methods a r e  used to obtain m e t a s t a s e s .  Many such invest igat ions have been c a r r i e d  out on ani -  
mals  with in t ravenous inoculation of t umor  cel ls  [8-12]. However,  s e v e r a l  worke r s  have shown that  models  
with in t ravenous  inoculat ion of t u m o r  ce l l s  have a l imited field of use  because  of the i r  degree  of ar t i f ic ia l i ty .  
In the p r e sen t  w r i t e r s '  opinion, models  with subcutaneous inoculation of the tumor  into the tail [1-3, 5-7],  a l so  
a r e  unsuitable,  fo r  t um or s  which do not m e t a s t a s i z e  or  do so  to a l imited degree  when inoculated by the usual 
method (subcutaneous or  i n t r amuscu la r ) ,  when inoculated by this method give a high pe rcen tage  of m e t a s t a s i -  
zation. 

Recent  work by Soviet inves t iga tors  [4] have shown that  t r ansp lan tab le  t umor s  of an imals  m e t a s t a s i z e  
in the s a m e  way as co r respond ing  human t um o r s ,  and that  evidently they can s e r v e  as a convenient  model  of 
the l a t t e r  when studying p r o b l e m s  connected with me ta s t a s i za t ion  of t umors  and the development  of s ch emes  
fo r  the t r e a t m e n t  of m e t a s t a s e s .  

The object  of this invest igat ion was to a s s e s s  any spec ia l  f ea tu res  of me ta s t a s i za t ion  of var ious  t r a n s -  
plantable mouse  t u m or s  and to s e l ec t  the mos t  sui table  models  for  l a t e r  invest igat ions in the chemothe rapy  of 
m e t a s t a s e s  of t u m o r s .  

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  w e r e  c a r r i e d  out on nine different  s t r a ins  of mouse  tumors  ( s a r coma-37 ,  adenocarc inoma  
of the m a m m a r y  gland AK-755, adenoca rc inoma  of the l a rge  intest ine AKATOL, Lewis  and RL-67 ca r c inomas  
of the lung, B-16,  Cloudman 's  and H a r d i n g - P a s s y  me lanomas ,  and c a r c i n o m a  of the ce rv ix  u ter i  RShM-5). 
T u m o r s  w e r e  taken f r o m  the bank of t umor  s t r a in s ,  Oncologic Scientific Center ,  Academy of Medical Sciences 
of the USSR, were  passaged  twice through donor an imals ,  and w e r e  then re inoculated fo r  the exper imenta l  
study. F o r  re inocula t ion the tumor  t i s sue  was cut into sma l l  p ieces  with s c i s s o r s  to a homogeneous c o n s i s -  
tency,  diluted with medium No. 199 in the ra t io  of 1 : 10, and 0.5 ml  of the resul t ing suspens ion was inoculated 
subcutaneously into the region of the axflla.  Sa rcoma-37  was t ransplan ted  into SHY/KV mice ,  Lewis  and R L -  
67 c a r c i n o m a s  of the lung, adenocare inoma  AK-755, and the H a r d i n g - P a s s y ,  B-16, and Cloudman's  me lanomas  
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TABLE i. F r e q u e n c y  of Me ta s t a s i za t i on  and P r e d o m i n a n t  Loca l i za t ion  of Me ta s t a se s  of Some Transp l an t ab l e  
Mouse T u m o r s  

strain of tumor 

Sarcoma-37 

Adenocaminoma of large intestine AKATOL 

Lewis carcinoma of lung 

RL-67 carcinoma of lung 

B-16 melanoma 

Hatding-Passy melanoma 

Cloudman's melanoma 

RShM-5 carcinoma of cervix uteri 

AK-755 

Recipients 
type 

SHY/KV Mainly lymphogenous 

BALB Mixed 

BDF 1 Hematogenous 

BDF 1 Hematogenous 

BDF, Hematogenous 

BDF 1 Lymphogenous 

BDF 1 Hematogenous 

CBA Mainly lymphogenous 

BDF I 

Metastasization 

fl;- 
q tenc] 
i %  

100 

100 

100 

100 

0-90 

35.0 

75.0 

55.0 

m 

predominant location of 
metastases 

Peripheral lymph nodes, thymus. 
adrenals 

Peripheral lymph nodes, liver 

Lungs 

Lungs, kidneys, heart, ovaries, 
adrenals 

Lungs 

Peripheral lymph nodes 

Lungs 

Peripheral lymph nodes 

N 

into f i r s t - g e n e r a t i o n  hybr id  (BDFt(C57BL x CBA/2) mice ,  adenoca re inoma  of the l a r g e  in tes t ine  AKATOL into 
BALB/C mice,  and c a r c i n o m a  of the c e r v i x  u t e r i  RShM-5 into CBA mice.  The expe r imen t  with RL-67,  
RShM-5, and AK-755,  w e r e  c a r r i e d  out on f e m a l e s ,  a l l  the r e s t  on ma le s .  The an ima l s  used in the e x p e r i -  
ments  w e r e  of the s a m e  age  and of about  the s a m e  weight.  The au topsy  m a t e r i a l  was examined only m a c r o -  
scop ica l ly .  No m e t a s t a s e s  w e r e  found v i sua l ly  in the organs .  

To d e t e r m i n e  the t imes  of appea rance  of m e t a s t a s e s  the method used involved r e m ova l  of the p r i m a r y  
tumor  nodule at  va r ious  t imes  a f t e r  inoculat ion,  and i ts  e s s e n t i a l  de ta i l s  a r e  as  follows.  The tumor  was t r a n s -  
p lanted as  d e s c r i b e d  above. At  va r ious  t ime  in te rva l s  a f t e r  t r ansp lan ta t ion  (on the 3 rd -9 th  day for  Lewis  and 
RL-67 c a r c i n o m a s  and on the 3rd-14th  day fo r  s a r coma-37 )  the p r i m a r y  tumor  with the ad jacent  a r e a  of skin, 
suf f ic ient ly  l a r g e  in a r e a  to p r even t  the p o s s i b i l i t y  of r e c u r r e n c e ,  was r emoved  s u r g i c a l l y  under  e the r  a n e s -  
thes ia .  In the expe r imen t  with s a r c o m a - 3 7 ,  which m e t a s t a s i z e s  main ly  by the lymphogenous route ,  the r e -  
gional  lymph nodes (inguinal and ax i l l a ry)  w e r e  p r e s e r v e d ,  whe reas  in the o ther  two c a s e s  they were  removed .  
Af t e r  r emova l  of the tumor  the skin  defect  was c losed  with su tu re s .  The an ima l s  t o l e r a t e d  both the a n e s -  
thet ic  and the ope ra t ive  t r a u m a  wel l .  A f t e r  a p e r i o d  of t ime  equal to the mean  l i fe  span of the  con t ro l  an ima l s  
with t u m o r s ,  the expe r imen ta l  an ima l s  f rom which the p r i m a r y  tumor  nodules had  been  r e m ove d  were  k i l l ed  
and sub jec ted  to m a c r o s c o p i c  examinat ion.  If m e t a s t a s i z a t i o n  in the organs  had begun to take p l ace  be fore  r e -  

moval  of the p r i m a r y  tumor ,  developed m e t a s t a s e s  we re  found at  autopsy.  

TABLE 2. T imes  of Me tas t a s i za t ion  of Some 
T r a n s p l a n t a b l e  Mouse T u m o r s  

strain 
of tumor 

Lewis camim)ma 
of lung 

RL-67 caminoma 
of lung 

Sazeoma- 
37 

Time of removal 
of primary tumor 
(days after in- 
oculation) 

3 
5 
7 
9 
3 
5 
7 
9 
3 
5 
7 
9 

12 
14 

~rese~Ce of meta-s- 
rases (ratio of num- 
ber of mice with 
metastases to total 
number of mice in 
~roup) 

%'8 
1/8 
7/8 
8/8 
O/8 
0,-8 
7,8 
8/8 
O/lO 
0/10 
0/10 
0/10 
0/10 
21tO 
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E X P E R I M E N T A L  R E S U L T S  

As Table  1 shows, sarcorna-37,  Lewis  and RL-67 carc inomas  of the lung, and adenocarc inoma of the 
l a rge  intest ine AKATOL metas tas ized  most  intensively.  In the animals which died metas tases  were  found in 
100% of cases .  All th ree  s t ra ins  of melanoma metas tas ized  less  intensively.  Adenocarcinoma AK-755 v i r -  
tually did not metas tas ize .  Differences in the type of metas tas izat ion and location of the metas tases  were  
found. F o r  instance,  sa rcoma-37  metas tas ized  mainly by the lymphogenous route.  Metastases of cons iderable  
s ize  were  found in the axi l lary ,  inguinal, r e t roper i tonea l ,  pa ra t rachea l ,  and submandibular  lymph nodes as 
well as,  in isolated cases ,  the adrenals ,  lungs, and thymus. The lymph nodes (inguinal, axi l lary,  submandibu- 
lar) both on the side of inoculation of the tumor  and on the opposite side, incidentally, were  intensively in- 
volved in the p roces s .  Lewis and RL-67 carc inomas  and also Cloudman's and B-16 melanomas metas tas ized  
by the hematogenous route.  The only place where  macroscop ica l ly  visible metas tases  of the above tumors  
(except RL-67) were  observed was the lungs. Carc inoma RL-67 also metas tas ized  in the hear t ,  kidneys, 
ovar ies ,  and adrenals .  Adenocare inoma of the l a rge  intest ine AKATOL metas tas ized  in a mixed manner .  In 
1007o of animals  vis ible  metas tases  were  found in var ious  groups of lymph nodes, and in 60% of animals in the 
l iver  also.  This tumor  acquires  its abili ty to fo rm metas tases  in the l iver  in the cou r se  of se r ia l  passages .  
Initially adenocarc inoma of the l a rge  intest ine metas tas ized  only by the lymphogenous route to the regional 
and distant lymph nodes. 

The results of the experiments to determine the times of metastasization are given in Table 2. They 
show that metastasization of Lewis and RL-67 carcinomas in the lungs began between the 5th and 7th days. If 
the primary tumor was removed on the 7th day, tumor cells were already present in the lungs in sufficient 
numbers for metastases to develop later. However, in no case were metastases of carcinoma RL-67 found in 
organs such as the kidneys, heart, or ovaries, even if the primary tumor was removed on the 9thdayafterinoc- 
ulation. In the experiments with sarcoma-37 metastases were found in only 2 of 10 cases in the regional 
lymph nodes on the side of inoculation of the tumor if the primary tumor was removed on the 14th day after 
transplantation. 

Metastasization of tumors is along-term process and the fate of the metastasizing cells at each stage of 
this process largely depends on relations between the host organism and the tumor growing in it. Models in 
which metastases developed "spontaneously," against the background of a progressively growing tumor, must 
therefore be regarded as more adequately reflecting the natural course of the process than models based on 
dissemination of tumor cells injected into the blood stream of an intact animal. It could be concluded from 
this study of the character of metastasization of a number of transplantable mouse tumors that the most suit- 
able of them for experimental research on the chemotherapy of metastases are Lewis and RL-67 carcinomas, 
adenoearcinoma of the large intestine AKATOL, sarcoma-37, and Cloudman's and B-16 melanomas. The high 
frequency and intensity of metastasization characteristic of these models enables the effectiveness of a par- 
ticular method of chemotherapeutic action on metastases and metastasization to be assessed quantitatively, 
while the information obtained on the times of appearance of metastases is essential for planning schemes of 
treatment of metastases. 
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