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RAPID COMMUNICATION 

TERATOCARCINOMA CELLS CULTURED ON EMBRYONIC SUBSTRATES SHOW 
ACCELERATED MIGRATIN6 BEHAVIOR VITRO AND 

INCREASED METASTATIC ACTIVITY LbJ VIVO 

COOLEY G. PANTAZIS AND JAMES CHEETHAM 

Department of Pathology, Medical College o f  Georgia 
Augusta, Georgia 30912 

Teratocarcinoma c e l l s  (4024x1 were grown on feeder layers o f  whole 
nwsc  embryos (Day 41 or mouse embryonic f ibroblasts  and then were 
ei ther examined Iln_ v i t r o  or transplanted i n _  vivo. After twenty- 
four hours o f  coculture, teratocarcinoma c e l l s  demonstrate accel- 
erated c e l l  migration v i t ro .  Furthermore, transplantat ion o f  
teratocarcinoma c e l l s  with embryonic substrates i n t o  syngeneic 
hosts produces grossly detectable lymph node metastases. These 
e f fec ts  appear t o  be due t o  soluble factorCs5 produced by embry- 
onic substrates which enhance tumor c e l l  p r o l i  ferative/migratory 
ac t i v i t y .  This suggests that tumor c e l l  invasion and metastasis 
may be stimulated by soluble factors produced by host tissues. 
@ 1985 Soc i e ty  f o r  Exper imental  Biology and Medicine. 

The natural  h is to ry  o f  many 
neoplasms involves growth, invasion 
and metastasis. Each o f  these events 
select subpopulations o f  tumor c e l l s  
which appear better adapted for 
autonomous growth (1,2,3). When 
cer ta in  tumor c e l l s  are propagated 
i n  v i t ro ,  t he i r  serum requirement 
correlates inverse1 y wi th  the i r  
i nvasi ve or met astat i c potent i a1 
4 Tumor c e l l  l i nes  which require 
1 ess serum demonstrate greater c e l l  
migration and invasiveness when propa- 
gated i n  vivo. This has been in te r -  
preted t o  mean that autonomous tumor 
c e l l s  have a diminished requirement 
for the low molecular weight peptide 
growth factors which are present i n  
serum and consequently are better 
adapted for survival  and growth i n  
host environments where these factors 
are l i m i t i n g  (51. It has also been 
suggested that h igh ly  ma1 ignant tumor 
c e l l s  with low serum requirements, may 
have acquired an "autocrine" phenotype 
and are able t o  support t he i r  patterns 
o f  malignant growth by the production 
o f  endogenous tumor growth factors 
6 7  In  t h i s  report  we present 
evidence for another mechanism by 
which t u m r  c e l l s  may acquire the 

character is t ics  associated wi th  in-  
creased malignancy. We show that  mouse 
teratocarcinoma cel ls ,  which have 
been cocult ivated wi th  whole mouse 
embryos or mouse embryo fibroblasts, 
exh ib i t  accelerated migratory be- 
haviour i n  v i t r o  and metastasis i n  
vivo. This suggests that  tumor c e l l  
invasion and metastass may be stimu- 
ulated by salubl e factors produced by 
host tissues. 

MATERIALS AND METHODS --------- --- ------- 
Tumor Cel l  Line. The 402AX i s  a ----- ---- ---- 

syngenei c , sp~mtaneousl y derived 
t e r a t ~ x a r c i n ~ ~ m a  o f  tes t i cu la r  or ig in .  
It was obtained from M.A. Isa, who main- 
tained i t  i n  the asci tes form i n  123/J 
mice i85. The 402AX i s  a nu l l ipotet i t  
tumor with some d i f f e ren t i a t i on  to- 
wards endoderm. However, the major i ty 
of c e l l  s are embr yt~tial carcinoma 
c e l l  s. 

I=_gL1_ M_lgrat_a~~4ssay. The tech- 
nique of  Varani was used t o  measure j n  
v i  t r o  migration (35. Teratocarcinoma ----- 
c e l l s  a t  a concentration o f  1 x 1fl7/ml 
were pel le ted i n  conical centr i fuge 
tubes at  500 g .  The c e l l  pe l l e t s  were 
(Marine Colloids, Inc., Eockland, MDS 
dissolved i n  tes t  cu l ture r~~ediati 
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(see serum f r e e  medium be1 ow 1 
o r  c o n t r o l  serum (10 % FBS). 
A two m i c r o l i t e r  drop was then  
p laced  i n  a m i c r o t i t e r  d i s h  and al- 
lowed t o  g e l  a t  4' C. A f t e r  c o o l i n g  
t h e  drop w a s  covered by 300 micro- 
l i t e r s  of media and incuba ted  f o r  18 
hours  i n  a C02 incuba tor .  

!?rge_ar_atip~ _of Sgr_u_m=Fr_e_e Condd~ 
t i o n e d  Medium. Serum-free medium, used ------ ------ 
f o r  t h e  growth of  t e ra tocarc inoma 
c e l l s  and embryonic c e l l s ,  was com- 
posed of minimal e s s e n t i a l  . medium sup- 
plemented wi th  f e t u i n  (500 ug/ml Cal- 
bioChem-Pedersen t y p e ) ,  bovine i n s u l i n  
(10 ug/ml), t r a n s f e r r i n  (5 ug/ml) and 
10-5 M beta-mercaptoethanol. T h i s  me- 
dium w a s  added t o  s u b c u l t u r e d  t e r a t o -  
carcinoma c e l l s ,  mouse embryonic f i b -  
r o b l a s t s ,  and early 3 h o l e  mobse embryo 
organ c u l t u r e s  (Day 4) .  E i t h e r  tera- 
t w a r  c i n m a  c el 1 s o r  mouse embr yon i c 
f i b r o b l a s t s  were pszsaged i n t o  one m l  
24well c l u s t e r  p l a t e s  a t  a c e l l  dens i -  
t y  of 10,000/cm2. The c u l t u r e s  were 
incubated i n  a 5X 1202 incuba tor  kept 
a t  37  OC. Medium was added, then  was 
removed a f t e r  5-7 days,  pooled and 
kept a t  - 2 0 ' ~  u n t i l  ready f o r  use. 

Exper i r r~ental  D e s i q ~  fo_r_ Metas- 
t a s i  s Generat ion.  The d e t  ermi tiat i on 
of  metas tases  i n  t h i s  s t u d y  was based 
on a spontaneous m e t a s t a s i s  assay .  
Inguinal  , par a-aor t a and h i  1 a r  1 ymph 
nodes were examined macroscopical ly 
and m i c r o s c q i c a l  l y  fo r  t h e  
p r e s e n c e o f  tumor. I n v i v o  c l o n i n g  
of  t e ra tocarc inoma c e l l s  was achieved 
by t h e  technique  of Kleinsmith (10). 
B r i e f l y  c a p i l l a r y  t u b e s  c o n t a i n i n g  
s i n g l e  c e l l s  were a t t a c h e d  t o  an 
o r a l l y  c o n t r o l l e d  1 8  inch  l e n g t h  poly- 
e t h y l e n e  tubing.  Using and i n v e r t e d  
microscope t h e  c e l l  was then  p laced  on 
an embryonic feeder  l a y e r .  Animals 
which produced tumors were s a c r i f i c e d  
f o r  au topsy  examination. C o n t r o l s  
c o n s i s t e d  of tumor c e l l s  c loned on 
g l a s s  c o v e r s l i p s  alone.  A l l  specimens 
vet-e examined macroscopical l  y and 
microscopical  1 y. 

B_L+SLPS.YS_L !&LMe I~C!E~¶U_=- 
Female 4-5 week o l d  129/J  mice were 
superovula ted  accord ing  t o  t h e  method 
of  Runner (11?. B r i e f l y ,  2.0 I.U. of 
Gestyl  (Organon, Inc.,  West Orange 
NJ) were given i .p .  Af te r  48 hours ,  
8.0 I.U. of chorex-10 (Hyrex, Pharm., 
Memphis, TN) were g iven  i .p . ,  and the  
an imals  were mated. On t h e  4 t h  day, 

females  are s a c r i f i c e d ,  and both u t -  
e r i n e  horns  were f lushed  wi th  phos- 
p h a t e  b u f f e r e d  s a l i n e  IPS01 under a 
d i s s e c t i n g  microscope. 

Three and one h a l f  day  o l d  em-  
bryo ( b l a s t o c y s t s )  were v i s u a l  1 y 
t r a n s f e r r e d  with m i c r o p i p e t t e s  i n t o  
i n d i v i d u a l  96 w e l l  f l a t  bottom t i s s u e  
c u l t u r e  p l a t e s  (Falcon P l a s t i c s ,  Ox- 
nard,  CAI. P r i o r  t o  t r a n s f e r ,  a small  
3 mm.' g l a s s  c o v e r s l i p  ( B e l l c o  Glass ,  
Inc., Vineland, NJ) was p laced  i n  each 
w e l l .  Severa l  d r o p s  of mineral  o i l  
were p laced  on each a i r /media  i n t e r -  
face.  These embryos were then  c u l t u r e d  
f o r  5-7 days. 

Etxea~&ien gf f l e ~ e  E,m_b,r_y=is 
F i b r o b l a s t  llonol ayers .  Embryos were 
ob ta ined  from pregnant  12-14 day o l d  
129/J  females. The embryos were re- 
moved from t h e  u t e r u s  and d i s s e c t e d  
f r e e  of extraembryonic membranes. 
Col 1 ec  t ed embryos were t e a s e d  a p a r t  , 
t r y p s i n i z e d  (0.1 S L ) ,  washed and f placed  ( 1 x 10. i n  75  cm?' f l a s k s  
(Falcon P l a s t i c s ,  Oxnard, CAj cun- 
t a i n i n g  MEM 5% FCS. The f o l  l o w i ~ g  
day, t h e y  were s u b c u l t u r e d  ( 2 x 10 1 
i n t o  96 well f la t-bot tom p l a t e s  cun- 
t a i n i n g  3 rnm c o v e r s l i p s .  A f t e r  a 12- 
18 hour incuba t ion ,  m n o l a y e r s  had 
f o r  med . 
BE,s&Ls_ 

In V i t r o  Miciratjgg A c t i v i t y  pf -- ----- 
Teratocarcinoma C e l l s .  Tumor c e l l  
migra t ion  was a s s e s s e d  iq v i t r g  i n  
response  t o  SFM (serum f r e e  media) 
condi t ioned  by 402AX t e r a t o c a r c i n m a  
c e l l s  I S M &  TER), mouse embryonic 
f i b r o b l a s t s  (SFM & MEF) o r  whole mouse 
embryos (SFM & ME). C o n t r o l s  c o n s i s t e d  
of  comparing migra t ion  responses  t o  
HEM 10% FBS and i n  HEM a lone .  F i g u r e  
lA&B shows t h e  r e s u l t s  o f  i n c u b a t i n g  
4Q2AX t e r a t o c a r c i n m a  c e l l s  wi th  
v a r i o u s  test s u b s t a n c e s  f o r  1-5 days. 
Only SFM condi t ioned  by whole 
mouse embryos o r  mouse embry- 
o n i c  f i b r o b l a s t s  con ta ined  t h e  most 
migra t ing  a c t i v i t y .  In  a d d i t i o n ,  
t e ra tocarc inoma c e l l s  responsed t o  
a migra tory  f a c t o r t s )  i n  f e t a l  
bovine serum. SFM a l o n e  o r  SFM 
condi t ioned  by te ra tocarc inoma c e l l s  
had much less a c t i v i t y .  

Produc t ion  of Pktastases by &hg ---------- 
GI*&~! of L Y E ~ ~  Csll o! E!!kry9!!is 
S u b s t r a t e s  Vivo. When s i n g l e  o r  ---------- 
few te ra tocarc inoma c e l l s  were cloned 
o n t o  organ c u l t u r e s  o f  mouse embryos 
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A 6 s u b s t r a t e s  oroduced 37X (12/32) 
g ~ d i n g  - Edge (microns) ,&ding - Edge (microns) tumors bu t  d i d  no t  metas tas ize .  

- SFM + ME - lleated SFM + ME 
10% FBS+ MEM 4 In o r d e r  t o  de te rmine  t h e  e f f e c t  

of g l a s s  d i s c s  on t h e  m e t a s t a t i c  i n c i -  
dence, s i n g l e  t e ra tocarc inoma c e l h s  
were c u l t u r e d  wi th  g l a s s  I 3 mm. 1 

150 - d i s c s  f o r  24 hours. They were then  
c o t r a n s f e r r e d  t o  t h e  p e r i t o n e a l  cav i -  
ty .  Tumors were produced i n  20% 
(8/40) mice, however, m e t a s t a s e s  

o L I  1 1  I 1 0 - 1  I  1 1  1 occur red  i n  o n l y  13% ( I /%) .  F i g u r e  2 4  
1 2  Da;(s) 1 2  Da;(s) shows t h e  h i s t o l o g i c a l  appearance of 

pr imary tumor ob ta ined  from t h e  ab- 
Figure 1ACB. Migration of teratocarcinoma 

ce l l s .  The distance migrated by 402A10 
c e l l s  out of Agarose drops was determined 
from a t o t a l o f  four readings on each of 
four agarose droplets. 

a t t a c h e d  t o  g l a s s  d i s c s  and were then  
t r a n s f e r r e d  t o  t h e  p e r i t o n e a l  c a v i t y ,  
t h e y  produced a s c i t e s  tumors i n  29% 
(36/124) and m e t a s t a s e s  i n  75% 
C27/36) Cp less t h a n  .0051) o f  
an imals  (Table 1 ) .  S i m i l a r  experiments  
were c a r r i e d  o u t  u s i n g  tumor c e l l s  
c loned  o n t o  monolayer s u b s t r a t e s  of 
mouse embryonic f i b r o b l a s t s  ( a t t a c h e d  
t o  g l a s s  d i s c s ) .  In  t h e s e  experiments ,  
m e t a s t a s e s  a l s o  occur red ,  a1 t hough 
t h e  inc idence  of  r e g i o n a l  lymph 
node m e t a s t a s e s  was o n l y  23% (7/33) 
(p  less than  -05 when compared t o  
c w t t r o l s )  . S i n g l e  c e l l s  without  

domi n a l  c a v i t y .  The tumor m e t a s t a s e s  
were h i s t o l o g i c a l l y  embryonal ca r -  
c i noea wi th  t h e  c h a r a c t e r i s t i c  
e p i t h e l i a l  c e l l s  and some b i z a r r e  
c e l l s  ( F i g u r e  2B). 

Phys ica l  S e e a r a t i o n  gf Embryonic -- ----- 
Su_!zst_r_a_t_es a_n_ Zu_Es!r_ Celk Lr! YLxe 
S i n c e  tumor c e l l s  used i n  t h i s  a s s a y  
were p laced  on c u l t u r e d  mouse embryos, 
it was important  t o  de te rmine  whether 
o r  n o t  phys ica l  c o n t a c t  between tumor 
c e l l s  and s u b s t r a t e s  were e s s e n t i a l  
f o r  rnetast asi s. Twent y-seven a n i  mals 
were i n o c u l a t e d  wi th  s i n g l e  402AX 
c e l l s  and a mouse embyro organ c u l t u r e  
was put  i n  widely s e p a r a t e  p a r t s  of 
each abdominal c a v i t y .  A s c i t e s  tumors 
developed i n  27% C10/37) o f  animals .  
Of t h e s e ,  60% C6/10) developed metas- 
tases t o  a x i l l a r y  and h i l a r  lymph 
nodes. T h i s  i n c i d e n c e  of  : i d  a s t a s e s  
resembled t h a t  observed when tumor 

Table 1. E f f e c t  o f  Embryonic Subs t r a t e  on Tumor Behavior i n  Vivo 

Turr~or Cocultures Tumor Incidence Metastasis Incidence 

Organ Culture 
Feeder Layer 30/124 (29) a 27/36 (75) [5.3] 

Motlolayer Feeder 
Layer 33/104 (31) 7/33 ( 2 1 ) ~  [3.3] 

Without Feeder 
Layer 12/32 (37) 0/12 L1.31 

- 

Cocultures of sii~gle teratocarcinoma cells attached to a 
feeder la er of rnouse embryonic cells were surgical1 placed 
i.p. irlto K ~ ; z ~ / J  mice. Four to sir weeks 1-deer aninla& will* 
ascites tumors were sacrificed a~ id  qamlried for lymph node 
metastases. Lymph nodes were exarmirled visually by s~ze and 
I~istologically for turnor content. 
a 
Numbers in parenlheses, percentages 

w 

Signilicant numbers of metastases; p<.U05 
C 
S~naller than incidence in organ cullure subslrates by clii- 
square analysis. 
Numbers in brackets, mean lyrripfi size(1nm) 



Figure 2A. Histology of primary tumor taken from t h e  abdominal cav i ty .  
There is p r o l i f e r a t i o n  of tumor c e l l s  composed p r imar i l y  of 
embryonal carcinoma. There i s  a l s o  p re sen t  invas ion  i n t o  
ad j acen t  t i s s u e  (lower r i g h t ) .  Hematoxylin and eos in ,  x 125. 

Figure 2B. High power view of lymph made t i s s u e  removed from t h e  a x i l l a  
of 12915 mouse. Sect ions  con t a in  almost e n t i r e l y  embryonal 
carcinoma. Hematoxylin and eos in  x 500. 
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Table 2. Effect of Metastatic Tumor Cells in Metastasis Assay 

Turnor Cocultures Tunlor Incidence Metastasis Incidence 

Organ Culture 
Feeder Layer 14/19 (73)a 12/14 (05) 

WiCllout Feeder 
Layer 7/24 (29) 1/7 (14) 

l'eratocarcino~na cells rr~etastatic to lyrripl~ r~odes were 
disaggregated arid cocultured with errlbryonic Ieeder layers. 
These mixtures were then examined in the metastasis assay. 
a 
Nurnbers ia parentheses, percentages 

cells are in physical contact with 
mouse embryos (see Table 11, sug- 
gest ing that physical contact of tumor 
cell and embryo was not required. 

Effect gi Met ast as_t_Lc_ Tumor Cell s_ 
Ltj Metastasis Assay. Cloned metasta- 
tic 402AX cells, cultured on em- 
bryonic substrates as described above, 
were then transplanted i.p. into 
syngeneic strains as shown in Table 2. 
In contrast to the parent stock tumor, 
metastatic 402AX cells produced a 
greater number of tumors, 73X as can- 
pared to 29%. In addition, they me- 
tastasized on retransplantation with 
greater frequency , 85X. 

DLSc_u_SSlo_!!! 
Teratocarcinoma cells I402AX) 

when grown in vitro or jn  vivo demon- 
strate characteristics of a low 
grade/non-metastasizing tumor. Their 
growth on plastic depends on high 
levels of fetal bovine serum. During 
our investigations, we observed that 
their serum dependence could be re- 
duced i f 402AX cel l z  were grown on 
feeder layers of mouse embryonic 
fibroblasts or whole mouse embryos 
(unpublished observation). This sug- 
gested to us that the 402AX teratocar- 
cinoma is partially growth factor- 
dependent (paraendocrine). We decided 
to examine the effects of mouse 
embryonic feeder layers on migratory 
activity LE vitro. We found that 
cultures of either early whole mouse 
embryos or mouse embryonic f ibro- 
blasts contained an activity which, 
when grown in serum-free media, 
enhanced teratocarcinoma migration. 
Furthermore, this activity was not 

abolished by heat treatments. In order 
to determine i f  proliferative and 
migratory activity associated with 
embryonic feeder layers could be cor- 
related jq vim, we transplanted 
cloned teratocarcinoma cells in asso- 
ciation with embryonic substrates. 
When transplanted with embryonic 
substrates, tumor c el 1 met ast a- 
sized were observed in 75% of animals 
coi mpl ant ed with who1 e mouse embryo 
substrates and in 21% of animals con- 
taining mouse embryonic fibroblast 
substrates. In addition, this ef- 
f ec t on tumor grown c~ v_Lv_~ was not 
affected by physical contact between 
tumor cells and substrate. I f  inmu- 
1 ated separately into the peritoneal 
cavity, tumor cells still produced 
metastases. When treated in a simi 1 ar 
fashion cloned metastatic 402AX cells 
produced 73% tumors and 85% me- 
t ast ases . Taken together, these 
data suggest that tumor cell invasion 
and metastases may be stimulated by 
soluble activities produced by host 
tissues. The activity reported here 
might be a macromolecular growth 
factor elaborated by mouse embryonic 
cells. Such factor(s1 appear to be 
present in anaplastic highly metasta- 
tic tumor cell lines Cautocrine) 
which are serum independent C6,71. 
Finally, these studies suggest that 
biological classes of neoplasms 
exist which can be defined by their 
differential dependence on host tis- 
uses. 
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