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membranes .  (Figures a, b, c and d.) The  free part icles 
were roundish,  averaging  90-100 nm in diameter ,  and 
exhib i ted  an outer  and an inner  membrane  (envelopes 
A- type  or C- type;  Figures  b, e and f.) The centre  of the  
part icles  was general ly electronlucent .  

The results of these exper iments  thus  demons t ra te  the  
appearance  of virus part icles  in the  spleens of BALB/c -  
mice concomi t t an t ly  wi th  the  second th rombocy topen ic  
phase in the  deve lopment  of H I P A  tumors .  

Viruses in the spleen of BALB/c -mice  inocula ted wi th  
H I P A - t u m o r  cell-free ext rac ts  migh t  represent  non- 
specific contaminat ion .  However ,  the  following facts 
suggest  special re lat ionship be tween the  H I P A  virus and 
the  B A L B / c  mouse  spleen: 1. Virus part icles are never  
found in the spleens of hea l thy  BALB/c-mice .  2. Tumor ,  
free spleen homogena te  f rom an oi l -pret reated BALB/c -  
mouse was able to induce the  original  H I P A  tumor  * 
wherever  oneogenic viruses could be demonst ra ted .  

Another  poin t  concerns the  relat ionship be tween 
oncogenic viruses and th rombocy topen ia  associated wi th  
H I P A  tumor  development .  W h y  virus part icles t ype  'C' 
were found wi th  the  second and no t  wi th  the  first  th rom-  
bocytopenia  is a moo t  question. Possibly, H I P A  viruses 
induce th rombocy topen ia  by a mechan ism similar  to t ha t  
ac t ive  in Rauscher  l eukaemia  or in Fr iend leukaemia,  the  
th rombocy topen ia  being due to direct  dest ruct ion of 
megacaryocytes  and plateletsS,% However ,  at  present  

there  is not  sufficient evidence for the  existence of such a 
mechanism in our case. 

Zusammen[assung. Die i.p. Inokula t ion  yon H I P A -  
T u m o r  Agens fi ihrt  zn ether byphasischen Thrombo-  
zytopenie  in BALB/c-M~iusen. Nach regelm~ssig durchge- 
ff ihrten Abst / inden yon e lekt ronenmikroskopischen Un-  
te rsuchungen zeigten sich onkogene Virus-Par t ikel  in den 
Milz-Megakariozyten gleichzeit ig mi t  dem Erscheinen der 
zwei ten Thrombozy topen ie  (13 Tage). Die Beziehungen 
zwischen solchen Virus-Par t ike ln  und Thrombozy topen ie  
werden diskutiert .  
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Cytogenetic Characterization of C~a0o Neuroblastoma Cells 

Cla00 murine  neurob las toma is a spontaneous  and 
t ransp lan tab le  t u m o r  of the  neural  crest. The tumora l  
cells main ta ined  in cul ture have  re ta ined the  abi l i ty  of 
neuronal- l ike different iat ion when submi t ted  to var ious 
molecular  environments .  This evolut ion  is character ized 
by  morphological  changes (growth of cytoplasmic  ex- 
pansions, decrease of nucleocytoplasmic  ratio, SCHUBERT 
et  al. ~) by  t inctor ia l  a f f in i ty  to si lver impregnat ion,  
(ScHuBERT et a l ) ) ,  by  increase of enzymat ic  act ivi t ies  
invo lved  in the neurot ransmiss ion (AuGusTI-Tocco et 
al.2), by  appearance  of a neuronal- l ike sens i t iv i ty  to 
neurot ropic  drugs (ANGELXTTI et al.a), by  changes in 
oxyda t ive  metabo l i sm (THOLEV et  al.~). In  this  work, the  
quest ion was to know if clonal lines f rom C1300 neuroblas-  
t oma  could be used as a tool for genetic mapping.  

BIaterial and methods. The results repor ted  concerned 
'adrenergic ' ,  'chol inergic '  and ' inac t ive '  clonal iines 
issued from Nus_ ~_ ~E, $2~ and N 9 clones (these clones were 
k indly  provided  by  M. NIRENBERG). 'Adrenergic '  and 
'chol inergic '  character is t ics  are referred to their  respect ive 
high levels of tyrosine hydroxylase  or choline-O-acetyl-  
transferase.  

The cells were main ta ined  in cul ture  in Eagle-Dulbec-  
co's medium.  The cultures were t ransplanted  24 h before 
harves t ing  mitosis. Af te r  colchicine t r ea tmen t  (0.4 ~g/ 
ml/3 h), osmot ic  shock was induced by med ium di lut ion 
wi th  disti l led water  ( l :5 /30min/37~ Mitot ic  cells get 
loose easily. Af te r  centr ifugat ion,  they  were fixed wi th  
acetic acid me thano l  (1 : 3) mix tu re  for 30 rain. Smear ing  
was followed by  s taining according to Giemsa. The caryo- 
type  of control  mice was per formed using embryonic  
f ibroblasts  and bone mar row cultures. Tumora l  ceils 
were s tudied by direct  examinat ion .  

Results. The normal  mur ine  ceils possessed 40 te locentr ic  
chromosomes.  The  tumora l  cells exh ib i ted  f rom 60 to 63 
chromosomes,  wi th  3 to 5 markerchromosomes  (1 or 2 
mediocentr ics  of submediocentr ics  of great  size, 1 medio-  
centric of middle  size Figure  1). 

55 caryotypes  from S21 clonal line were analyzed,  af ter  
20 passages in our laboratory.  The number  of chromosomes 
varies from 17 to 175 (Figures 1 and 2). Their  d is t r ibut ion 
exhibi ts  2 modal  values:  55-65 and 85-95. The marker-  
chromosomes were morphological ly  similar, bu t  their  
number  varied,  wi thou t  correlat ion to the  to ta l  number  
of chromosomes.  These markers  appear  to be the  same 
as those observed in the  t u m o r ;  however,  o ther  markers  
can be observed:  great  telocentrics,  ' dubb le -minu te '  
chromosomes,  median-s ized acrocentrics.  But  the  great  
mediocentr ics  and median-sized acrocentrics occur more 
f requent ly  and constant ly.  The size of nuclei remains 
ra ther  homogenous.  Breaks and pulver iza t ion  correlated 
to v i ra l  act ion are rare ly  observed. 

Then  90 cells issued from Nlls_l_lE clonal line were 
analyzed af ter  18 passages. The  number  of chromosomes 
varies f rom 18 to  89 wi th  80-85 as modal  value.  E v e r y  
cell exhibi ts  marker -chromosomes  (Figures 1 and 2). 
These markers  are the  same as those observed in $2~ 
clonal line. However  large sized te locentr ics  occur more 
frequent ly .  Moreover  a peculiar  marker  m a y  be observed:  
it  is character ized by  a secondary constr ict ion.  The 
nuclear  size is ra ther  homogenous.  Similar  breaks or 
pulverizat ion,  as previous ly  reported,  m a y  be observed. 

For  66 cells of N,  clone analyzed  af ter  35 passages, the  
number  of chromosomes varies from 25 to 330. No moda l  
value  can be established, because of the high he terogenei ty  
of the  distr ibut ion.  Groups of 10 or less chromosomes  are 
considered a technical  lose (micronuclei  were never  
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Fig. 1. Metaphase piates of tumoral 
(a), $21 (b), Nll 5 (c) and N 9 (d) cells. 

observed). All cells possess marker-chromosomes,  which 
are morphological ly  similar (Figures 1 and 2). Bu t  their  
number  varies.  Moreover  small  metacent r ics  m a y  be 
observed. The nuclear  size is qui te  heterogenous.  Nuclear  
fusion and vi ra l  act ion occur as precedently.  

Discussion. All cells possess marker-chromosomes.  
Their  numbers  are independent  of the  to ta l  number  of 
chromosomes.  Some markers  are present  in every  cell of 
every  clone and in the  tumora l  cells. Other  markers  
appear  more specific for a peculiar  clone: small-sized 
mediocentr ic  for N~ (23% of the  cells), median  sized 
acrocentr ic  (40% of the  cells) for S.at, chromosome wi th  
secondary cons t r ic t ion  (38% of the  cells) and large sized 
t e locen t r i c  (70% of the  cells) for Nns. Any  peculiar  
association between markers  was never  observed.  
Aneuplo idy  and polyploidy could indicate  an adap ta t ion  
to the  cul ture conditions.  However ,  the number  of chromo- 
somes and thei r  modal  d is t r ibut ion  f rom one clone to the  
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other  differ netly.  He te rogene i ty  of N 9 caryotypes  seems 
to be increased by the  number  of passages. Moreover,  
breaks and pulver izat ion,  p robably  correlated to v i ra l  
act ion (STIcH et  al.5), are present  everywhere ;  some 
viruses possess the  abi l i ty  to induce chromosomal  insta- 
bil i ty,  character ized by  polyplo idy  aneuploidy and 
marker  formation.  

I t  is difficult  to establish correlat ions be tween  virus,  
t ransplanta t ion ,  presence of marker -chromosomes  and 
specific clonal characterist ics.  The  clonal lines s tudied 
exhib i ted  different  responses when they  were submi t t ed  
to var ious  molecular  environments ,  and a shift  be tween 
morphological  appearance  and enzymat ic  equipment .  No 
correlat ion can as ye t  be established between chromo- 
somal and cytochemical  results. The he te rogenei ty  of 
these clones requires fur ther  studies. 

Rdsumd. Le neuroblas tome C1300 est une t umeur  murine  
de la crate neurale, spontan6e et  t ransplantable .  Ses 
cellules, dans certaines condit ions in vi tro,  peuven t  se 
<, diff6rencier,~ dans le sens neuronal.  L '6 tude  cytog6n6tique 
de 3 clones, de propri6t6s diff6rentes, issus de cet te  
t umeur  est entreprise.  La  d is t r ibut ion  du nombre  de 
chromosomes var ie  d ' un  clone ~ l ' au t re ;  des chromosomes 
marqueurs ,  don t  certains assez sp6cifiques, sont  observ6s. 
Les relations ex is tan t  entre les caract~rist iques cyto-  
g6n6tiques et les propri6t6s cy tochimiques  do ivent  encore 
4tre pr6cis4es. 
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