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P l a t i n g  E f f i c i e n c y  of M o u s e  E m b r y o  C e l l s  a s  a F u n c t i o n  of  G e s t a t i o n a l  A g e  
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Summary. Mouse embryo  ceils can be p la t ed  di rec t ly  f rom single-cell suspensions  of fresh embryos .  For  r a n d o m l y  
bred  Swiss mice, there  is an increase in p la t ing  efficiency as a funct ion  of ges ta t ional  age. Colony-forming uni ts  appear  
a t  abou t  day  10 and  there  is an exponent ia l  increase in colony-forming abi l i ty  up to day  16, af ter  which there  is no 
fu r ther  increase. 

Cultured roden t  embryo  cells have  been  uti l ized for a 
va r i e ty  of purposes .  P r i m a r y  and  secondary  cells are 
used for carcinogenesi~ s tudies  a-", for feederlayers  6 and  
for a n u m b e r  of o the r  purposes .  Ordinari ly,  'mid-s tage '  
embryos  are t aken  and  single cell suspensions are made,  
p la ted  a t  h igh mult ipl ic i ty ,  incuba ted  for several  days  and  
then  repla ted.  Since 'mid-s tage '  could mean  a n y t h i n g  
f rom day  13 to day  18 for mice, ra t s  and hamste rs ,  it  is 
conceivable  t h a t  d i f ferent  popula t ions  of cells are repre-  
sen ted  depending  upon which  day  of ges ta t ion  the  em- 
bryos  have  reached  when  t h e y  are plated.  Fu r the rmore ,  
the  co lony-forming  po ten t ia l  of individual  ceils as a 
func t ion  of ges ta t ional  age has no t  here tofore  been  
descr ibed.  In  th is  paper ,  we repor t  t h a t  the  p la t ing  effi- 
c iency of mouse  embryo  cells is an exponent ia l  funct ion  
of the  ges ta t ional  age of the  animal,  and tha t ,  a t  ear ly  
stages especially, co lony-forming abi l i ty  is enhanced  by  
the  presence  of a feeder-layer.  Direct  p la t ing  of mouse  
embryo  cells also provides  a sui table  sys tem for the  s t u d y  
of chemical  carcinogen induced cellular t r ans fo rma t ion .  

Materials and methods. Pregnancies  of Swiss wh i t e  
mice were t imed  by  placing 1 male wi th  3 to  5 females 
for 1 night .  E m b r y o n i c  s tage was verified by  compar ing  
the  embryos  wi th  d iagrams in a s t anda rd  t e x t  ~ wi th  re- 
spect  to l eng th  and stage.  Single cell suspensions  of em- 
bryo  cells were p repa red  af ter  removal  of embryos  which  
were f reed of loose m e m b r a n e  mate r ia l  and  r insed in 
sterile H a n k ' s  basic sal t  solut ion w i thou t  calcium and  
magnes ium.  The n u m b e r  of embryos  pooled for each poin t  
depended  on the  s tage of gesta t ion.  Before day  13, all t he  

embryos  (usually 9 to  11) in t he  mouse were used. Fo r  
days  13 and  14, 2 embryos  were used, and  thereaf te r ,  
1 embryo  was used. The whole embryos  were minced  fine 
wi th  scissors in a small  a m o u n t  of 0.25% t ryps in  (Gibco). 
The me t h o d  of progressive t ryps in iza t ion  was used to  
ob ta in  a single cell suspension.  Tryps in iza t ion  was con- 
t inued  unti l  c lumps  no larger t h a n  0.25 m m  in d iamete r  
remained.  Af te r  each t ryps in iza t ion ,  cells were collected 
in a tube  conta in ing  MEM-~ (Gibco) wi th  10~ hea t -  
inac t iva ted  horse  se rum (Gibco) (~HS). Af ter  comple t ion  
of the  t ryps in iza t ions ,  the  pooled cells were p ipe t t ed  
vigorously  and  left to  s t and  for 15 min.  The top  2/3rds 
of the  suspension was  removed,  di luted and p la ted  in c~HS. 
The resul t ing single cell suspension had  be t t e r  t h a n  99% 
viabi l i ty  by  t r y p a n  blue exclusion. Mouse L-cell feeder 
layers (HRLcells) were p repa red  by  i r radia t ing  a sus- 
pens ion of exponen t i a l ly  growing spinner  cells wi th  3,000 
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Plating efficiency of nmuse embryo cells as a function of gestational 
age. Each open circle represents the plating efficiency of a single em- 
bryo suspension plated in quintuplicate. Error bars denote SD. 

Feeder effect on mouse enlbryo cells 

Gestation al Feeder-layer Mouse embryo cell 
age plating efficiency 
(days) No. per dish Type ( i  SD) 

14 105 HRLCells 0.00116 ~ 0.000207 
14 105 HRHela 0.00139 i 0.000225 
14 1.05 HRCHO 0.00136 ~- 0.000351 
14 105 HRMEC (primary) 0.00108 + 0.00257 
14 108 HRMEC (primary) 0.000400 • 0.00236 
14 None 0.000769 j_ 0.00632 
19 105 HRLCells 0.0488 i 0.0100 
19 105 HRHela 0.0836 ~ 0.0144 
19 105 HRMEC (secondary) 0.00993 • 0.00798 
19 None 0.0635 ~ 0.0142 

HRLcells were prepared as described in the text. At day 14, primary 
mouse embryo cell feeder layers (HRMEC) were prepared from the 
same embryo suspensiml that was used to determine plating effi- 
ciency. At day 19, the secondary HRMEC were from day 13 em- 
bryos that had been passaged once. Hela (HRHela) and Chinese 
hamster ovary (HRCHO) cells were harvested from plates by trypsini- 
zation. All feeder cells received 3,000 rads before plating, and were 
plated at the same time as the mouse embryo cells. 
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rads  f rom a ~TCesium y-ray  source. These  were added  
to the  e m b r y o  cell p l a t e s  a t  10 a pe r  60 m m  dish. P l a t e s  
were fed on d a y  7 and  fixed and  s t a ined  on d a y  10. 

The  p l a t i ng  eff ic iency ( n u m b e r  of co lon i e s /number  of 
cells p la ted)  of mouse  e m b r y o  cells as a func t ion  of ges- 
r a t i ona l  age is shown in  the  Figure.  There  is a n  exponen-  
t ia l  increase  b e t w e e n  s tages  16 a n d  21 (days 11 to  16). 
A t  s tage 14 (day 9), less t h a n  1 colony per  e m b r y o  is 
found,  t h u s  t he re  are esent ia l ly  no  co lony- forming  un i t s  
a t  t h i s  t ime.  Some t i m e  be tween  s tages  14 and  15, t h a t  is 
du r ing  organogenesis ,  co lony- fo rming  un i t s  appear .  As 
t he  p l a t i ng  eff ic iency increases,  t he  morphologies  of t he  
colonies change  a n d  the re  is a n  increase  in v a r i e t y  of cell 
types .  A t  ea r ly  stages,  t he  colonies, a f t e r  10 days  of 
i ncuba t ion ,  are st i l l  qu i te  small ,  con t a in ing  25 ceils or 
less (colonies w i t h  less t h a n  15 cells were no t  counted) .  
The  cells in m a n y  of t he  ear ly  colonies are sp ind le -shaped ,  
f ib rob las t - l ike  a n d  t e n d  to  be  well  s epa ra t ed  f rom each  
o ther .  Af te r  s tage  18 (day 13), t he  f ib rob las t s  in t he  col- 
onies are more  dense ly  packed.  The  var ious  morpho lo -  
gies seen for mouse  e m b r y o  cells genera l ly  agree w i t h  those  
descr ibed  b y  DIPAOLO et  al. s for h a m s t e r  e m b r y o  cells, 
excep t  t h a t  in our  s tudies ,  m a c r o p h a g e  colonies were 
scored a n d  these  were found  to compr ise  a b o u t  2 to  10% 
of t he  colonies seen f rom s tage 18 on. Macrophages  were 
de tec ted  b y  i n c u b a t i n g  p la tes  before  s t a in ing  w i t h  5 • 107 
a u t o c a l v e d  yeas t  par t ic les  in 0.4 ml  of p h o s p h a t e - b u f -  
fered sal ine (PBS) c o n t a i n i n g  r e c o n s t i t u t e d  gu inea-p ig  
c o m p l e m e n t  (Gibco) for 30 m i n  a t  37 ~ The  p la tes  were 
t h e n  washed  w i t h  P B S  and  s ta ined .  Macrophages  con- 

r a in  inges ted  yeas t  par t ic les .  Mac rophage  colonies were n o t  
seen if t h e  mouse  e m b r y o  cells were p l a t e d  a t  low den-  
sit ies in t h e  absence  of the  L-cell  feeder  l ayer  (HRLcel ls) .  
T h e y  were no t  as n u m e r o u s  on h igh  d e n s i t y  plates ,  al- 
t h o u g h  t h e y  did  ar ize on  such  p la tes  in t h e  absence  of 
HRLcel l s .  P r e s u m a b l y  t he  n u m e r o u s  f ib rob las t s  on  these  
p la tes  b o t h  replace  t he  feeder  effect  and  crowd o u t  t he  
m a c r o p h a g e  colonies. 

The  e m b r y o  cells grew equa l ly  well  w i t h  10% fe ta l  calf 
se rum in place of 10% horse  serum.  Af te r  s tage 22, t he  
effect  of t h e  feeder - layer  was  no t  as marked ,  and  in some 
expe r imen t s ,  t he  ceils grew equa l ly  well  w i t h o u t  it. 
However ,  cons i s t en t ly  h igh  pla t ing-eff ic iencies  were on ly  
o b t a i n e d  w h e n  t h e  feeder - layer  was presen t .  The  effect  of 
t he  c o n c e n t r a t i o n  of feeder - layer  cells was  d e t e r m i n e d  for 
s tage 18 (day 13) e m b r y o  cells. M a x i m u m  feeder  effect  is 
o b t a i n e d  a t  3 X 104 to 10 a HRLce l l s  per  p la te .  3 • 105 and  
106 cells are inh ib i to ry .  O t h e r  types  of cells were e x a m i n e d  
for t he i r  feeder  effect  a n d  these  are shown  in the  Table .  
I n t e r e s t i n g l y  enough,  s econda ry  mouse  e m b r y o  f ibro-  
b las t s  a t  105 cells pe r  p la t e  i nh ib i t ed  t he  p l a t i ng  of s tage 
23 cells. Cul tu red  e m b r y o  f ib rob las t s  are f r e q u e n t l y  used 
b y  o t h e r  i nves t iga to r s  as feeder-layers.  

In  p r e l i m i n a r y  expe r imen t s ,  we h a v e  in jec ted  p r e g n a n t  
mice  on  days  17 to  19 w i t h  ca rc inogens  a n d  found  an  
increase  in colonies w i t h  piled, n o n - c o n t a c t  i n h i b i t e d  
m o r p h o l o g y  cons i s t en t  w i t h  neoplas t ic  t r a n s f o r m a t i o n .  
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Kinetics of DNA Repair Synthesis  in Guinea-Pig  Pancreatic Slices Following in vitro Exposure to 
N-Methyl -N-ni trosourethane  
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Summary. In  v i t ro  exposure  of guinea-p ig  p a n c r e a t i c  slices to  N M U T  resu l ted  in an  increase  in h y d r o x y u r e a - i n s e n s i t i v e  
3 H - T d R  i n c o r p o r a t i o n  in to  D N A ;  t h i s  r ep resen t s  D N A  repa i r  syn thes i s  fol lowing N M U T - i n d u c e d  D N A  damage .  The  
k ine t ics  of th i s  h y d r o x y u r e a - i n s e n s i t i v e  3 H - T d R  i n c o r p o r a t i o n  sugges t  t h a t  the  N M U T - i n d u c e d  D N A  d a m a g e  is l a rge ly  
repa i red  wi th in  2 hours .  

Chronic  a d m i n i s t r a t i o n  of N - m e t h y l - N - n i t r o s o u r e t h a n e  
(NMUT) induces  exocr ine  p a n c r e a t i c  cancer  in guinea-  
pigs2; however ,  l i t t le  is k n o w n  a b o u t  t he  u n d e r l y i n g  
m e c h a n i s m  involved .  Our  p rev ious  s tudies  h a v e  de- 
m o n s t r a t e d  t he  u p t a k e  of N M U T  in the  gu inea-p ig  pan -  
creas, fol lowing oral  a d m i n i s t r a t i o n ,  and  also t he  a lkyla-  
t ion  of p a n c r e a t i c  D N A  a. W e  h a v e  also d e m o n s t r a t e d  
suppress ion  of n o r m a l  rep l ica t ive  D N A  syn thes i s  in  pan -  
c rea t ic  slices in v i t ro  b y  h y d r o x y u r e a  (HU), w i t h o u t  sup-  
press ion of D N A  repa i r  synthes is ,  fol lowing exposure  to  
NMUT~-~ ;  ~ H - T d R  i n c o r p o r a t i o n  in to  DNA,  in t he  
presence  of HU,  r ep re sen t ed  D N A  repa i r  synthes is .  W e  
r e p o r t  here  on t he  k ine t ics  of D N A  repa i r  syn thes i s  in 
gu inea-p ig  p a n c r e a t i c  slices exposed  in v i t ro  to  NMUT.  

The  m e t h o d s  for  in  v i t ro  exposure  of p a n c r e a t i c  slices 
to  NMUT,  and  for  s u b s e q u e n t  d e t e r m i n a t i o n  of D N A  
syn thes i s  h a v e  been  p rev ious ly  descr ibed 4-6. Briefly,  
4 or 5 d u o d e n a l  p a n c r e a t i c  slices (1 m m ,  40-50  mg) f rom 
male  H a r t l e y  guinea-pigs  (400-500 g; L i t t o n  Bionet ics ,  
F t .  Derr ick ,  Md.) were i n c u b a t e d  for 30 m i n  in 10 ml  
Eag le ' s  modif ied  m i n i m u m  essent ia l  m e d i u m  (Flow 
Labora to r ies ,  Inc. ,  Rockvil le ,  Md.) in t h e  presence  of 

5 m M  H U ;  N M U T  (S ta rks  Associates,  Inc. ,  Buffalo,  
N.Y.,  Lo t  No. E T l - 1 4 8 - 1  ; NSC No. 2860, NCI,  Be thesda ,  
Md.), d issolved in 50% e thanol ,  was  added  (0.2 ml) to  a 
f inal  c o n c e n t r a t i o n  of 20 m M ,  and  the  m i x t u r e  was in- 
c u b a t e d  for a f u r t h e r  30 rain. E x t r a  slices were inc luded  
for h is to logical  e x a m i n a t i o n .  Slices were t h o r o u g h l y  
washed  w i t h  sal ine and  i n c u b a t e d  for va r ious  per iods  
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