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A cytogenetie  Study of adenoca rc inomas  of the lung in BALB/c  m i c e  exposed to the t ransp lacen ta l  
act ion of N-n i t rosoe thy lu rea  showed that 121 of 145 metaphases  s tudied contained 40 c h r o m o -  
somes .  Meanwhile individual hypodiploid, hyperdiploid,  and te t rap lo id  cel ls  were  found. In all  
the ce l l s  the c h r o m o s o m e s  had the o rd ina ry  te locen t r ie  s t ruc ture .  The quest ion of poss ible  
changes in karyotypes  of the t u m o r s  studied, which cannot be detected by o rd inary  methods of 
c h r o m o s o m e  staining, is d i scussed .  
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Evidence of the high suscept ib i l i ty  of mice to the t ransp lacen ta l  action of ca rc inogens  has recent ly  been 
published. It is impor tant  to note that,  despi te  cons iderable  d i f fe rence  in the exper imen ta l  conditions under 
which carc inogenic  subs tances  of different  chemica l  c l a s s e s  and mice of different  s t r a in s  were  used, t umors  
developed mainly  in the lungs of these  an imals  [7, 9]. In pa r t i cu la r ,  mouse lung t i s sue  is v e r y  highly sensi t ive  
to the t ransp lacen ta l  carc inogenic  action of N-n i t rosoe thy lu rea  (NEU) [7]. However,  no invest igat ions have yet 
been undertaken for  the cytogenetic  study of t u m o r s  developing as  a resu l t  of the t ransp laeen ta l  action of c a r -  
cinogens. Yet this model of lung t u m o r s  in mice has obvious advantages ,  for  these  t u m o r s  (adenomas and 
adenocarc inomas)  a r i s e  in near ly  all  an ima l s  even a f t e r  a single exposure  to NEU. During embryogenes i s  and 
e a r l y  postnata l  development ,  th e lung t i s sue  is sui table fo r  eytogenet ic  study because  of the la rge  number  of 
dividing cel ls ;  it is accordingly  a convenient  object  with which to study the ea r ly  r e s p o n s e s  of the ch romosoma l  
appara tus  to the t r ansp laeen ta l  action of carc inogens .  The p rope r ty  of inducing t u m o r s  in this si tuation by 
means  of a Wide va r i e t y  of ca rc inogens  a l so  enables  a compara t ive  cytogenetic  study of these  subs tances  to be 
made.  

The object  of the p resen t  invest igat ion was to study the eytogenet ic  c h a r a c t e r i s t i c s  of lung t u m o r s  induced 
in mice by the t r ansp laeen ta l  act ion of NEU~ 

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

Lung t u m o r s  a r i s ing  in the progenies  of the f i r s t  generat ion of BALB/e  mice rece iv ing  a single in t ra -  
per i tonea l  injection of an aqueous solution of NEU in a dose of 20 mg /kg  on the 17th-18th day of p regnancy  were  
used. A cytogenetie  study was made of 11 mice with lung tumors ,  but metaphase  p la tes  of s a t i s f ac to ry  quality 
were  obtained only f rom four mice.  The tumor  t i s sue  was carefu l ly  sepa ra ted  f rom normal  lung t i s sue  and dried 
c h r o m o s o m a l  p repa ra t ions  were  made by the usual method and s tained with azu re -eos in .  

E X P E R I M E N T A L  R E S U L T S  

All four lung t u m o r s  used for  cytogenetic  ana lys i s  were  adenoca rc inomas  with a pap i l l a ry  s t ruc tu re  (Fig. 
1). The mice  in which these  t u m o r s  developed were  kil led on the 327th, 329th, 342nd, and 351st days of pos tna-  
ta l  life, r e spec t ive ly .  Al together  145 me taphases  were  analyzed (Table 1). 
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TABLE 1. Distribution of Cells by Number of 
Chromosomes  in Lung Adenocarc inomas Aris ing 
in BALB/e  Mice as a Result  of the Transp lacen-  
tal Action of NEU 

l ~  ~ I 

Total 

Number of chmmc~ome~ 

34 37 38 3.q 40 41 42 4 44 80 

I 
2O 

46 

145 

Fig. 1. Microscopic s t ruc ture  of lung tumors  (Nos~ 1-4) in BALB/c  mice used for  cyto-  
genetic analysis.  All tumors  a re  papil lary adenocareinomas.  Stained with hematoxyl in -  
eosin, 200 x. 

Normal mouse dipoloidcel ls  contain 40 te locentr ic  ch romosomes  [3]. As Table 1 shows, the modal c lass  
in all the tumors  studied was also formed by cells with 40 chromosomes ;  these cells with a diploid set of chro-  
mosomes,  moreover ,  accounted for over 83% of the total number of metaphases studied. Character is t ica l ly  in 
all four tumors ,  cells of this type were found with vir tual ly  the same frequency. Hyperdiploid cells  were found 
much less  frequently (Table 1). For  instance, single metaphases consist ing of 41-44 ch romosomes  were found, 
but most often they contained 41 chromosomes .  Three metaphases were tetraploid or  near tetraploid (Fig. 2). 
Hypodiploidy also was observed in some cells,  and in th is  case the commonest  numbers  of ch romosomes  in 
these metaphases were 38 and 39. Cells containing 31, 34, and 37 chromosomes  were found in different tumors  
(Table 1). The chromosomes  in all the cells studied had the usual telocentr ic  s tructure.  

The cytogenetic study of lung adenocarcinomas induced in BALB/c  mice through the t ransplaeental  action 
of NEU thus showed that all tumors  had diploid set of ch romosomes  with a modal c lass  of 40, and with ve ry  
slight variat ions toward both hyper-  and hypoploidy. In the lat ter  case the loss of some of the chromosomes  
during preparat ion of the specimens cannot be ent irely ruled out and the hypodiploidy descr ibed may have been 
an ar tefact  in at least  some of the cells.  

By the ordinary methods of studying mouse chromosomes  their  identification is not always possible be-  
cause of the special  features of the chromosome set. By the method used to karyotype the chromosomes  of 
cer tain tumor  cells it was impossible to detect changes in the karyotype of diploid tumor cells  or  to reliably 
identify the additional ch romosomes  in the hyperdiploid sets or  the absent ch romosomes  in the hypodiploid sets. 
It will be recal led that, according to Bayreuther  [2], most p r i m a r y  mouse tumors  had the normal  karyotype, and 
according to Pogosyants  et al. [1], this is also a charac te r i s t ic  feature of p r i m a r y  tumors  of the str iped hairy-  
footed hamster .  A normal diploid karyotype is thus also charac te r i s t i c  of lung tumors  induced in mice by the 
t ransplacental  action of NEU, despite the fact that all the tumors  studied were malignant (adenocarcinomas).  

However, on the basis of the foregoing facts the possibil i ty of deviations from normal  in the karyotype of 
the diploid tumor  cells cannot be ruled out, for the chromosomes  were stained in the ordinary  way both in the 
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Fig. 2. Metaphase containing 80 te locent r ic  ch ro -  
m o s o m e s  found in t umor  No. 2 (stained with a z u r e -  
eosin). 

p r e sen t  invest igat ion and in those ci ted above.  The use of new methods of different ia l  s taining of c h r o m o s o m e s  
in the eytogenetic study of lung t u m o r s  induced in mice  by the t ransp lacen ta l  act ion of ca rc inogens  will show 
whether  in fact  a diploid karyotype  is ac tual ly  c h a r a c t e r i s t i c  of mouse lung adenocarc inomas .  Recent  findings 
indicate that different ial  staining of c h r o m o s o m e s  can revea l  changes in karyotype  even in t umor  ce l l s  in which 
no abnormal i ty  of the karyotype  can be found by the usual staining methods [4, 5, 10]. 

A solution to this p rob l em is pa r t i cu l a r ly  important  because  in recent  y e a r s  increas ing  evidence has been 
obtained in support  of the hypothesis  of  the specif ic i ty  of ch romosoma l  changes in t umor s ,  according  to which 
pa r t i cu l a r  changes  in the c h r o m o s o m e s  a r e  c h a r a c t e r i s t i c  of t u m o r s  induced by different  agents  despite the 
comple te  morphological  identity of  the t u m o r s  produced [6, 8]. 

Compar ison  of the karyotype  of lung adenoca rc inomas  induced in mice by the t ransp lacen ta l  action of dif-  
ferent  ca rc inogens  would thus be of the g rea t e s t  in teres t  f rom this standpoint. 

The author  is gra teful  to P r o f e s s o r  E. E. Pogosyants  for his helpful advice in the p repa ra t ion  of this 
paper .  
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