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consid6rablement diminu6 in vitro, d~s le 4~me jour d' in- 
cubation. 

b) Des exp6riences d'injection de CGP de Dindon dans 
le r6seau vasculaire vitellin d 'embryons de Poulet sexuelle- 
ment st6riles Ag6s de 3 ~ 6 jours ont d6montr6 que les 
6bauches gonadiques st6riles pouvaient fixer, jusqu'au 
5~me jour d ' incubation, ]es gonocytes primordiaux in- 
ject6s, mais n ' en  6taient plus capables le 6~me jour 8. Ce 
r6sultat, obtenu in vivo, conduit ~ repousser l'6poque de 
la disparition du pouvoir attractif  de l'6pith61ium germi- 
natif  entre le 5~me et le 6~me ~our d ' incubation,  soit juste 
avant  la premiere pouss6e de cordons sexuels, correspon- 
dant  ~ une phase de diff6renciation du cortex gonadique. 
Ces diff6rentes donn6es 6tant report6es sur un graphique 
(Figure), on s'aperqoit que le pouvoir attractif de l'~pi- 
th61ium germinatif s'6tend sur une dur6e de 4 jonrs en- 
viron (entre la 35~me et la 125 ~me h d'incubation) alors 
que la colonisation effective des 6bauches gonadiques par 
les gonocytes ne n6cessite que 2 jours, au maximum. 

2. Dur~e de la rdactivitd des cellules germinales au stimulus 
attracti/de l'dpithdlium germinati[. La r6activit6 des cel- 
lules germinales au stimulus attractif de l'6pith61ium ger- 
minatif  se manifeste par la colonisation des 6bauches go- 
nadiques (du 2~me au 48me jour d'incubation) et aussi, 
sans doute, par la migration intravasculaire qui la precede 
et qui d6bute une demi-journ6e plus t6t  (35 h). Toutefois, 
ici encore, deux cat6gories de r6sultats exp6rimentaux 
tendent  ~ prouver que cette propri6t6 est bien plus 6tendue 
duns le temps qu' i l  n 'y  parait. 

a) Les t ravaux de I~OGULSKA 15 ont montr6 que l ' intro- 
duction d 'un  croissant germinal fertile, pr61ev6 au stade 
de la ligne primitive terminale (18-20 h d'incubation), 
duns ta cavit6 coelomique d 'un  embryon de 66 h (25-30 
somites) abouti t  ~ la migration rapide (en t h, dans cer- 
tains cas) des CGP du croissant duns les crStes g~nitales de 
l'h6te. Les CGP sont donc capables de r6pondre au pou- 
voir attractif  de l'6pith61ium germinatif dSs l'6poque pr6- 
coce de leur regroupement duns Ie croissant germinal 
extra-embryonnaire (18 h). 

b) Les associations de fragments gonadiques en culture 
in vitro r~alis~es par DUBOlS 5, x~ et rapport6es plus hunt  
ont montr6 que les gonocytes primaires contenus duns les 
~bauehes gonadiques indiff6renei~es de 5-6 jours 6taient 
encore capables de migrer hors de ces ~bauches et, par 
suite, de r6agir au stimulus attractif 6manant  de jeunes 
6pith61iums germinatifs. D'autres associations faites par 
le mSme auteur ~ 5, partir  d'6bauches gonadiques diff6ren- 
ci6es ont r6v616 que les gonocytes males conservaient leurs 
propri6t6s migratrices - et done leur r6activit~ au stimu- 
lus attractif  - j u s q u ' a u  12~me jour d ' incubat ion alors que 
les gonocytes femelles cessent de r6pondre g l 'at traction 

de jeunes 6pith61iums st6riles d~s le 8~me jour. Lb. encore, 
il est impor tant  de souligner que ces deux 6poques de dis- 
parition de la r6activit6 correspondent respectivement 
chez chacun des sexes au d6but de la p6riode de multipli- 
cation cellulaire intense qui va donner naissance aux ovo- 
gonies (8 e jour) et aux spermatogonies (120-13o jour) 
[SWIFT 16j. La r6activit6 des cellules germinales disparait  
doric, comme le pouvoir attractif de l'~pith61ium germina- 
tit, peu de temps avan t  qu ' intervienne une phase de diff6- 
renciation cellulaire qui les concerne. Elle s'6tend sur 
plusieurs jours (une semaine au minimum) et elle persiste 
davantage chez le male que chez la femelle dont  les gono- 
cytes se t ransforment plus pr6cocement en gonies. Toutes 
ces donn6es concernant la r~activit6 des celhfles germinales 
sont 6galement pot t ies  sur le graphique (Figure) dont  la 
lecture permet de tirer les conclusions g~n~rales suivantes: 
1. La dur6e du pouvoir at tractif  de l'~pith~lium germina- 
tit (4 j ours) et celles de la r6activit~ des cellules germinales 
femelles (7 jours) et males (11 jours) ~ ce pouvoir sont cha- 
cune bien sup6rieures ~ la dur6e de la colonisation des 
6bauches gonadiques (2 jours) qui constitue la manifesta- 
tion essentielle de ces deux propri6t6s compMmentaires. 

2. La r6activit6 des cellules germinales a pu 6tre d6cel6e 
un peu avant  l 'apparit ion du pouvoir attractif  de l'~pith6- 
lium germinatif (15-1S h plus t6t) et, de toute ~vidence, 
elle se perp6tue bien au-delA du terme de celui-ci, notam- 
ment chez le sexe male. 

3. Le pouvoir attractif  de l'6pith61ium germinatif et la 
r6activit6 des cellules germinales A ce pouvoir cessent 
ehacun au moment  off se prepare une phase importante 
de leur diff6renciation cellulaire respective. 

Summary. Experimental  results of different authors show 
that  the attractive stimulus of the germinal epithelium for 
the germ ceils in the chick embryo lasts less long than the 
reactivity of these ceils to the same stimulus. However, 
both of them (stimulus and reactivity) last far longer than 
the period of the incorporation of germ cells into the pri- 
mordia of the gonads. Each of them disappears when an 
important  phase of differentiation is about to start  in the 
group of cells concerned. 
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Attempts to Prevent Acquired Immunological Insufficiences in Mice by Bacillus Calmette-Gu6rin 

The antigenicity of tumours induced by viruses, or by 
physical or chemical agents, the regression of compatible 
tumours by the action of active immunotherapyl ,  ~, the 
immune deficiencies observed in mice3, 4 and in man 5 
bearing certain types of malignant  turnouts raises the 
question of the correlation between the development of 
tumours and the spontaneous or acquired depression of 
immunity.  

I t  is of interest to know what are the states of immune 
insufficiencies tha t  can be prevented by using active 
immunotherapy,  such as can be produced by BCG 
inoculations. We have examined whether under certain 
conditions t reatment  with BCG can prevent the immuno- 

suppression caused by 6-mercaptopurine, a cytostatic 
immunosuppressive agent, or by the establishment of a 
transplanted syngeneic leukaemia. 

1st experiment:  40 male adult  F 1 (D]3A/2 × C57B1/6) 
mice were divided at  random into 8 groups of 5 mice. 
On day 0 all the mice received 109 sheep red blood cells 
(SRBC) i.p. ; on the 5th day they were killed and the 
number of haemolytic plaque-forming ceils in their 
spleens assayed by the lysis in agar gel technique of 
Jerne and Nordin, 

On day-15 the animals in groups II,  VI, VII  and VI I I  
were given 1 mg (dry weight) of living BCG (Inst i tut  
Pasteur) i.v, 
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106 C57B1/6, E (AkR) leukaemic  cells e were in jec ted  
s.c. in to  the  an imals  in groups  V and  V I I I  on day-10,  
in to  those  in groups IV and  V I I  on day-5,  and  in to  those  
in groups  I I I  and  V I  on day-0.  

2nd e x p e r i m e n t :  20 adu l t  male  F 1 (DBA/2 × C57B1/6) 
mice were d iv ided  a t  r a n d o m  into 4 groups of 5. 

All t he  an imals  received 109 SRBC i.p. on day-0.  
The an imals  in groups  I I  and  IV  were given 1 mg  l iv ing 
BCG IV  on day-15.  The an imals  in groups  I I  and  I I I  
received dai ly  f rom day-1 to day-4  inclusive 6 -mercap to-  
pur ine  (24 mg/kg /day)  which  is 1/nth of t he  LDs0 a t  6 
days  7. On t h e  5th d a y  the  an imals  were  kil led and  the i r  
spleens assayed  for haemoly t i c  p laque  fo rming  ceils as 
before.  

Resul t s .  The  resul ts  of t h e  f i rs t  e x p e r i m e n t  are sum-  
mar ized  in Table  I. I t  appea r s  t h a t  the  d e v e l o p m e n t  of 
E (AkR) leukaemia  causes a grea t  i m m u n e  insuff ic iency 
w h e n  the  ant igenic  s t imulus  (SRBC) was  n o t  p r e sen t  
unt i l  a f te r  the  l eukaemia  had  been  growing for 10 days.  
This  i m m u n e  insuff ic iency was n o t a b l y  d imin i shed  by  
p r e - t r e a t m e n t  w i th  BCG. 

In  t he  second e x p e r i m e n t  (Table II) the  t r e a t m e n t  w i th  
6 -mercap topur ine  v i r tua l ly  comple te ly  suppressed  t h e  
response  to  heterospeci f ic  red  blood cells, and  the  sup- 
press ion was  no t  inf luenced by  p r e - t r e a t m e n t  w i th  BCG. 

These resul ts  show t h a t  an i m m u n o s u p p r e s s i o n  of t he  
p r i m a r y  response  to  heterospeci f ic  red b lood ceils could 
be  due to  several  m e c h a n i s m s  in cancer.  The  i m m u n o -  
suppress ion  could be the  ou tcome  of t h e  effect  of a 
d rug  given a t  an  o p p o r t u n e  m o m e n t  in re la t ion  to  giving 
the  p r i m a r y  ant igenic  s t imulus .  This  was  t i le case in the  
group of mice  t r e a t e d  wi th  6 -mercap topur ine  f rom the  
day-1 of be ing s t imu la t ed  wi th  SRBC unt i l  4 days  
later.  The i m m u n e  def ic iency m a y  resul t  f rom the  g rowth  
of t h e  t u m o u r  itself,  pa r t i cu la r ly  in l eukaemia  and  lym-  
p h o s a r c o m a  a. 

The E (AkR) leukaemia  causes an immunosuppres s ion .  
I t  is genet ica l ly  of C57B1/6 origin and  was  f i rs t  ob t a ined  
by  r epea t ed  inocula t ion  of adul t  C57BI/6 mice wi th  mas-  
sive doses of A k R  leukaemic  cells 6. The  i m m u n e  sup- 
press ion  appear s  r a t h e r  la te :  dur ing  the  f i rs t  10 days  
of t h e  evolu t ion  of th is  l enkaemia  the  i m m u n e  reac t ions  
r ema in  normal ,  b u t  are ve ry  m u c h  d imin i shed  b y  the  
15th day.  The mean  and  med ian  surviva l  t i m e  a f t e r  an  
in jec t ion  of 10~ cells is a b o u t  30 days  ( l imits  27-30 days) .  

This  i m m u n o s u p p r e s s i o n  was stil l  pe rcep t ib le  in ani- 
mals  p r e t r e a t e d  wi th  BCG. The  mice i m m u n i z e d  5 days  
af ter  the i r  inocula t ion  wi th  leukaemic  cells (group IV) 
had  a response  t h a t  was  equal  to  the  cont ro ls  who  were  
s imply  immunized .  The  mice  p re - t r ea t ed  wi th  BCG t h e n  
receiving t h e  E (AkR) leukaemia,  by  cont ras t ,  had,  5 
days  later,  a response  t h a t  was only  hal f  t h a t  obse rved  
in mice given BCG bu t  no leukaemic  cells. The s t i m u l a n t  
ac t ion  of t he  BCG was  stil l  appa ren t ,  because  in an imals  

1 j .  L. AI~IIEL, Rev. fr. ]~tud. clin. biol. 12, 912 (1967). 
G. MATH£, Rev. fr. I~tud. clin. biol. 73, 881 (1968). 

a I. DAVIDSOHN and K. STERN, Cancer Res. 12, 257 (1952). 
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biol. 14, 1003 (1969). I 
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p r e - t r ea t ed  w i t h  BCG and  given E (AkR) leukaemia  cells 
10 days  a f te r  th i s  i m m u n i z a t i o n  the  response  was  stil l  
1/~ of t h a t  in an imals  g iven BCG alone and  was 5 t imes  
h igher  t h a n  in mice  which  had  received the  same n u m b e r  
of leukaemic  ceils and  were  no t  p r e - t r ea t ed  wi th  BCG. 
The di f ference  in poss ib i l i ty  of m o u n t i n g  immunolog ica l  
responses  no d o u b t  expla ins  t h e  d i f f e r en t  p a t t e r n s  of 
evolu t ion  of t he  leukaemia.  In  12 animals ,  p r e - t r ea t ed  
wi th  BCG t h e n  inocula ted  wi th  106 E (AkR) cells, 7 
surv ived ,  the  average  surviva l  t i m e  in t he  5 t h a t  died 
was  56 days,  wh i l s t  in cont ro ls  no p r e t r e a t e d  wi th  BCG 
all t he  an ima l s  died a f te r  an average surviva l  of 30 days.  

The  effect  of a p r e - t r e a t m e n t  w i t h  BCG is d i f fe ren t  if 
t h e  i m m u n e  depress ion  is induced  b y  a cy to s t a t i c  d rug ;  
t he  i mmu n o s u p p r e s s i o n  in th is  ins tance  is jus t  as severe 

Table I. Preventive effects of BCG on the immune insufficiency 
secondary to the development of a syngeneie leukaemia (E (AkR) 
leukaemia) in F I (DBA]2 x C57B116) recipients 

Group Treatment Day No. of cells 
forming 
plaques of 
lysis on SRBC 
5 days after 
immunization 

I SRBC 0 26,000 
II BCG --15 76,000 

SRBC 0 
III 106 E (AkR) cells 0 28,000 

SRBC 0 
IV l0 s E (AkR) cells -- 5 27,000 

SRBC 0 
V 10 ~ E (AkR) cells --10 5,000 

SRBC 0 
VI BCG --15 64,000 

106 E (AkR) cells 0 
SRBC 0 

VII BCG --15 37,000 
106 E (AkR) cells -- 5 
SRBC 0 

VIII BCG --15 24,000 
10 ~ E (AkR) cells --10 
SRBC 0 

Table II. Preventive effect of BCG on the immune insufficiency 
induced by an immunosuppressivc chemical: 6-mercaptopurine from 
day-1 to day-4 inclusive, SRBC on day-0 

Group Treatment Day No. of cells 
forming 
plaques of 
lysis on S RBC 
5 days after 
immunization 

SRBC 0 27,000 
13CG --15 4,000 
6-Mercaptopurine - -  1 to 4 
SRBC 0 
6-Mercaptopurine - -  I to 4 4,000 
SRBC 0 
BCG --15 84,000 
SRBC {] 
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w h e t h e r  t he  an imals  had  been  p re - t r ea t ed  w i t h  13CG or 
had  rece ived no p r e - t r e a t m e n t .  

This  fact ,  which  conf i rms  our p rev ious  obse rva t ions  s, * 
t e n d s  to  show t h a t  t he  effect  of BCG is increased  by  
s t imu la t ing  the  mul t ip l i ca t ion  of ceils impl ica ted  in an  
i m m u n e  reac t ion ;  th i s  ef fect  can coun te rba l ance  t h e  
pro l i fe ra t ion  of t h e  Ieukaemic cells in t he  spleen,  b u t  was 
c lear ly  abol i shed  b y  a cy tos t a t i c  drug.  

I t  is n o w  necessa ry  to  f ind ou t  t he  d u r a t i o n  of th is  
ef fect  of  BCG in t h e  p r even t ion  of t he  i m m u n e  depress ion  
bound  to  t he  d e v e l o p m e n t  of a c o m p a t i b l e  leukaemia .  
This  idea  could  have  i m p o r t a n t  app l ica t ions  in clinical  
medic ine  since i t  seems t h a t  t he  s imple  vacc ina t ion  of 
in fan t s  w i t h  BCG has  a l r eady  been  d e m o n s t r a t e d  to  have  
a r emarkab le  effect  in d imin i sh ing  the  p robab i l i t y  of t he  
d e v e l o p m e n t  of acu te  l eukaemia  in children1°. 

The second idea t h a t  emerges  f rom these  resul ts  is 
t he  danger  in p a t i e n t s  s t imu la t ed  by  BCG of subsequen t  
t r e a t m e n t  b y  cy tos ta t i c s  inc lud ing  an t iv i ra l  p roduc t s  t h a t  
have  cy tos t a t i c  act ion.  This  fear  came f rom the  resul ts  
in e x p e r i m e n t a l  an imals  and,  un fo r tuna te ly ,  has  been 
found  to  be t rue  in clinical  p rac t i ce  lL 

Rdsumd. Le BCG donn6 a v a n t  une  greffe de cellules 
leuc6miques  compa t ib l e s  a t t6nue  l 'e f fe t  immunod6pres -  
seur  du d 6 v e l o p p e m e n t  de ce t t e  leuc6mie;  il n ' a  aucun  
effet  sur  l ' i m m u n o d 6 p r e s s i o n  due  g u n  t r a i t e m e n t  ult6- 
r ieur  pa r  un cy to s t a t i que .  
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I n d u c t i o n  of  C h r o m o s o m e  A b n o r m a l i t i e s  b y  R e v e r s a l  of  C o l c e m i d  I n h i b i t i o n  in  L e u c o c y t e  C u l t u r e s  

Several  r epor t s  h a v e  shown t h a t  the  mi to t i c  i nh ib i to ry  
effect  of  colchicine and  i ts  de r iva t ives  can  be reversed  b y  
wash ing  t h e  cells free ol  t h e  d rug  and  t h e n  growing in  f resh 
d rug  free med ia  1-~. STUBBLEFIELD a n d  KLEVE~Z 3 c la imed  
t h a t a  h igher  mi to t i c  yield can  be ob ta ined  b y  us ing th i s  me-  
t h o d  and  t h a t  synchron ized  popu la t ion  of cells could be 
p roduced .  This  m e c h a n i s m  has  been  inves t iga ted  ma in ly  
in long t e r m  mono laye r  cul tures  and  as ye t  t he  effect  of 
eolcemid reversa l  on sho r t  t e r m  cul tures  has  to  be  un- 
folded. ~Ve have  been  inves t iga t ing  th i s  m e c h a n i s m  in 
h u m a n  pe r iphe ra l  blood leucocyte  cul tures  and  would  like 
to  r e p o r t  our  f indings  to  date.  

Materials and methods. Six (in dupl icate)  cul tures  were  
set  up f rom 3 a p p a r e n t l y  no rma l  females  using a s t a n d a r d  
m e t h o d  prev ious ly  descr ibed  4. 

The  t e s t  cul tures  involved  the  add i t ion  of colcemid 
(CIBA) (0.001 ~tg/ml) for 2 and  4 h af ter  t h e y  had  been  cul- 
tu red  for 48 h. The cells in all cul tures  were t hen  washed  
twice in p r e w a r m e d  H a n k ' s  solut ion r e suspended  in me- 
d ium cons is t ing  of 80% Eagle ' s  m i n i m u m  essent ia l  me-  
d ium and  20% foetal  calf serum, i ncuba t ed  for a fu r the r  
24 h a n d  t h e n  h a r v e s t e d  in the  m a n n e r  p rev ious ly  des- 
cr ibed 4. 

Cul tures  1 and  4 which  were  se t  up f rom the  f i rs t  sub-  
jec t  a n d  cu l tures  2 a n d  3 wh ich  w e r e  se t  up  f rom the  se- 
cond  sub jec t  were  t he  2 e x p e r i m e n t s  involv ing  exposure  

to coIcemid for  4 h.  Cul tures  3 and  4 were  no t  exposed to  
colcemid b u t  were  washed  s imi lar ly  and  used as cont ro ls  
to  expe r imen ta l  cu l tu res  1 and  2. Cul ture  5 was exposed  
to  colcemid for 2 h and  cu l ture  6 was  the  cont ro l ;  b o t h  
cul tures be ing  f rom t h e  t h i r d  subjec t .  The  resul ts  are 
shown in t he  Table.  

Results. 217 cells were  e x a m i n e d  f rom the  4 h t e s t  cul-  
ture  and  of these  99 (45.6%) were  hypodip lo id .  All t he  
cells wi th  45 c h r o m o s o m e s  had  a group  C c h r o m o s o m e  
missing. 70% of t he  cells w i th  less t h a n  45 ch romosomes  
had  e i ther  1 or 2 group C c h r o m o s o m e s  miss ing wi th  group  
E, F and G only min ima l ly  af fec ted .  An ex t r eme ly  h igh  
percentage  (54%) of endoredup l i ca t ed  cells was ob ta ined  
in cul ture I, 20 of (10%) the  200 cont ro l  cells had  45 or 
less chromosomes  w i t h  t h e  losses no t  be ing res t r ic ted  to  
any  one specific g roup  to  a n y  apprec iab le  ex ten t .  

The me taphase  figures f rom the  2 h expe r imen t s  were 
of ex t remely  poor  qual i ty .  H e n c e  as a resul t  only  40 ex- 
pe r imenta l  and  52 contro l  cells were  examined .  

1 R.G. I(LEINFIELD and J. E. SISKE~¢, J. Cell Biol. 3I, 369 (1966). 
o. M.E. ROMSDAHL, Expl Cell Res. 50, 463 (1968). 
a E. STU~BL~FIELV, R. KLEVEEZ, Expl. Cell Res. d0, 660 (1965). 
4 N. P. BlSttUN, W. R. M. MORTON, B. McLAVERTY, Lancet 2, 315 

(1964). 

Chromosome counts from 6 duplicate cultures 

Culture No. Exposure Chromosome No. Tetraploidy Endoreduplicated Total cells 
43 44 45 46 47 48 

1 Colcemid 4 h 19 8 5 10 4 54 100 
2 Colcemid 4 h 45 14 8 41 1 - 8 117 
3 Control 4 h - 5 2 87 6 - 100 
4 Control 4 h 3 8 2 89 - - 100 
5 Colcemid 2 h 12 5 2 17 - 4 40 
6 Control 2 h 4 2 2 43 1 - 52 


