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M alignan t tu m o u r  cells show  a  v a r ie ty  o f  chrom osom e p a tte rn s , 
a n d  ev en  one and  th e  sam e tu m o u r m a y  v a ry  in  th is  re sp ec t a t  d if fe re n t 
p o in ts  o f  tim e . I t  is n o t  know n w h e th e r th e se  a lte ra tio n s  a re  o f  a  p r im a ry  
o r o f  a  secondary  n a tu re . C hrom osom al a b e rra tio n s  and  increased frag ility  
o f  th e  chrom osom es (a  phenom enon  p ro m o tin g  ab e rra tio n s) ra ise  th e  
freq u en cy  o f  m alignancies; th is  w ould su g g es t th a t  chrom osom es a re  p r im a ry  
p a th o g en ic  factors o f  c e r ta in  m a lig n an t tu m o u rs .

C hrom osom al fra g ility  c an n o t a lw ay s be d e tec ted  by  c u r re n t e x p e ri­
m e n ta l tech n iq u es, th e re fo re  a  m e th o d  consisting  o f th e  e x a m in a tio n  o f 
ch rom osom al b reakages induced  b y  a lk y la tin g  ag en ts  has been dev ised ; 
its  re su lts  a re  p resen ted .

I n tr o d u c tio n

It has long been known that the 
chromatin of tumour cells displays 
changes but whether the chromoso­
mal aberrations observed in tumour 
cells should be regarded as a primary 
or as a secondary phenomenon, has 
remained an unsettled issue. The ques­
tion of the role of chromosomal 
aberrations in the development of 
tumours has been raised recently.

The investigations concerning hu­
man karyotypes have brought these 
problems nearer to solution. The pres­
ent paper will report on some of 
the pertaining data and our investi­
gations into the correlations between 
structural chromosome aberrations 
and malignant tumours.

M eth o d

C hrom osom e ex am in a tio n s  w ere carried  
o u t  in  72-hour p e rip h e ra l blood cell cu l­
tu re s  by  Mo o r h e a d ’s [47] s lig h tly  m o d i­
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fied  m e th o d  [62]. C hrom osom e b reak ag e  
w as d iagnosed  w hen  th e  b roken  end  o r  th e  
b roken  en d s w ere d is located , w hile  th e  
p resence  o f  ach ro m atic  g ap s w as d is re ­
g arded . A s an  inh ib ito r, te t ra m e th a n o  
su lp h o n y l-d -m an n ito l (R  — 52) w as ad d ed  
to  th e  te s t  tu b e s  a t  th e  beg inn ing  o f  c u lt i­
v a tio n ; its  co n cen tra tio n  w as so  a d ju s te d  
as to  in h ib it  50%  o f  th e  m itoses. T he  u su a l 
dose w as be tw een  0.75 and  1.0 pg  p e r  ml.

R e su l t s  and  D isc u ssio n

The chromosome pattern encoun­
tered in tumour cells shows great 
numerical and structural variations. 
This aneuploidy, a high characteris­
tic phenomenon, seems to be inde­
pendent of whether the chromosome 
number is roughly diploid, triploid 
or tetraploid. Although aneuploidy 
occurs practically in every malignant 
tumour; no correlation has been found 
between the number of chromosomes 
and the clinical course of the disease 
[42, 58].
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One or more marker chromosomes, 
characteristic of the given tumour, 
are demonstrable in the majority of 
cases [1, 2, 36]. Marker chromosomes 
may appear early, and they have 
been described also from carcinoma 
in situ  [13, 71] and attempts are being 
made to find marker chromosomes 
characteristic of the various kinds 
of neoplasms, such as the large extra­
chromosome A observed in Wal­
denstrom’s hyperglobulinaemia or the 
chromosome Ph, invariably encoun­
tered in the typical form of chronic 
myelosis.

Tumours of identical types appear­
ing in different individuals display a 
number of similar features, although 
these similarities are not convincing. 
The presence of a large extrachromo­
some A together with a small extra­
chromosome in 31.4% of multiple 
myelomas [66] or an abnormally 
large acrocentric chromosome and the 
secondary constriction of the 10th 
pair of chromosomes in Burkitt’s 
lymphoma [8, 31, 35, 44] are examples 
of such similarities. Certain authors 
encountered a marker chromosome in 
different testicular tumours [17, 39].

The greatest number of common 
features was observed in the chromo­
some pattern of malignant lymphomas 
[41, 45, 46, 68]. Such supposedly 
characteristic marker chromosomes 
are, however, not invariably present in 
every case; a Melbourne-like chromo­
some, for instance, has been found to 
be associated with several disorders, 
e.g. with congenital malformation 
[54] and also with Pendred’s syn­
drome [34].

Malignant tumours are, according 
to L ev a n  [37] characterized by a 
multiplication of chromosome C and 
a decrement of chromosomes D and 
G. In 50% of 25 different malignant 
tumours (laryngeal carcinoma, mela­
noma and malignant schwannoglioma), 
B e n e d ik t  et al. [6] observed a 
characteristic marker in the D-group; 
it was a long acrocentric chromosome 
with a satellite. Other authors [70, 
67, 75] found in solid tumours the 
number, shape and size of the marker 
chromosome to vary with each indi­
vidual case. Moreover, the karyotype 
was reported to undergo wide varia­
tions even in one and the same case 
[43, 56, 58]. In further 47 cases of 
carcinoma, these authors failed to 
support L e v a n ’s above-mentioned 
statement that, by a fusion of the 
chromosomes D and G, their number 
becomes frequently less, while that 
of the chromosomes C increases.

The variability of the chromosome 
pattern is further enhanced by the 
fact that cells with altered chromo­
somes are labile and susceptible to 
further mitotic disorders such as 
non-disjunction or endoreduplication 
of a single chromosome [27], phenom­
ena which increase aneuploidy and 
lead to an increase in the number 
of aberrant cell lines.

It is evident from the foregoing that 
examination of the chromosomes in 
solid tumours does not solve the 
problem of the phenomenon being 
primary or secondary. The fact that 
malignancy is more frequent in con­
nection with chromosomal aberra­
tions argues in favour of the alter­
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native. There are for instance observa­
tions that malignant tumours as well 
as aneuploidy are more frequent in 
aged persons [33, 57, 59]. P e r g a ­
m e n t  et al. [52] examined 39 married 
couples with a history of repeated 
spontaneous abortions: A chromoso­
mal aberration D/D dislocation 
was displayed by one single woman 
who then died of mammary carci­
noma at the age of 31 years.

H olland  et al. [30] studied 2030 
subjects with Down’s syndrome and 
found 2.C times more malignant tu­
mours than in the general population: 
most of the persons afflicted with a 
tumour were less than 20 years old. 
The incidence of malignancy was 
found to be higher, and chromosomal 
aberrations 33 times more frequent, 
in cases of hemihyperthrophy than 
in healthy individuals [21].

Certain chromosomal aberrations 
induce no perceptible change in the 
phenotype and are usually considered 
a family trait or a normal variant; 
they are mostly structural changes 
such as the Ch1 chromosome, a chro­
mosome 21 which has a smaller short 
arm [18, 28]. Lymphocytic leukaemia 
is known to be frequent in families 
displaying such anomalies.

M erz  et al. [40] found abnormally 
elongated chromosomes 2 in the 
healthy tissues of subjects with a 
malignant tumour, further in the 
healthy daughter of one such patient ; 
they ascribed the phenomenon to 
translocation. In a case of hemihy- 
pertrophy a similarly long chromo­
some A was observed [20]; up to now 
the child has developed no tumour.

Structural chromosomal aberrations 
are due to chromosome breakage. It 
would follow that factors causing 
breakage are tumorogenic as well [26]. 
An increase in the number of break­
ages elevates the frequency of “faulty” 
healings, and thus leads to the ap­
pearance of more mutant cells which 
may result in the development of a 
tumour. Exposure to X rays and 
radioactive substances [10, 11, 23, 60, 
74], further treatment with benzene 
[73] induce the breakage of chro­
mosomes and are cancerogenic.

Opinions are divided as regards 
chromosome breakage caused by vi­
ruses. In vivo breakage was registered 
in cases of measles, after measles 
vaccination, in German measles, epi­
demic hepatitis, and chickenpox [24, 
49, 16, 50, 3, 4, 5, 72, 51]. Vaccinia 
virus does not, according to our ob­
servations, promote chromosome 
breakage in vitro, and even in vivo it 
was only in two cases that we register­
ed breakages whose number exceeded 
the normal limit but slightly [63]. 
While the significance in embryonic 
growth of virally induced breakages, 
cell destruction and inhibited cell 
division is well-known, their oncolog­
ical role is obscure. Of the oncogenic 
viruses SV-40 and the virus of Rous’ 
sarcoma have been studied in human 
tissue cultures [15, 48]; the observed 
chromosomal • anomalies were like 
those seen in the tumours caused by 
these viruses [69].

In addition to infections and other 
exogenous factors that may induce 
chromosome breakage there are inher­
ited diseases in which the number of
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“spontaneous breakages” is above 
the normal limit.

In cases of Panconi’s anaemia, a 
recessively inheritable disease accom­
panied by pancytopenia and congen­
ital malformations, the familial occur­
rence of leukaemia is about 40 times 
more frequent than otherwise [19]. 
In our own patients with Panconi’s 
anaemia, chromosome breakages were 
some 20 times more frequent than 
among healthy individuals; translo­
cation figures have also been observed 
in such cases [12, 61, 64] (Table 1).

T able I

Chromosome b reakages 
in  Fanconi’s anaem ia

Nam e Age
(5-rs)

Number 
of cells 

examined

Number
of

breakages

Z. T . 6 150 6 0

T. T . 11 20 13

C o n tro l 30 0 5

Lymphoreticular tumour and leu­
kaemia are frequent in ataxia telan­
giectasia, a syndrome displaying ocu­
lar telangiectasis, cerebellar altera­
tions and a complete absence of 
immune globulin A. G r o p p  and P l a t z  

[25] observed an increased rate of 
chromosome breakages in this syn­
drome. We examined four such cases, 
but it was only in one patient (who 
was to develop gastric carcinoma) 
that the number of breakages was a- 
bove the normal value [65] (Table II).

Literary data point to the existence 
of a correlation between chromosome 
breakages and malignancy in Bloom’s

syndrome [22]. Lymphoreticular 
tumours were registered in 12% of 
patients suffering from Wiskott-Al­
drich’s syndrome, a. disease accom- 
panied by isolated thrombopenia, 
eczema and susceptibility to infec-

Т а в ь е  I I

C hrom osom e b reak ag es 
in a ta x ia  te lan g iec ta s ia

Name Age
(vre)

Number 
of cells 

examined

Percentage
of

breakages

z .  s . 14 38 10

L. D. 9 30 3

J .  P . 11 27 —

L. H . 11 15 6

C ontrol 300 1.4

tion [7]. We had one such case, a 
two-year-old child, in whom 15% 
of the cells exhibited chromosome 
breakages as against 0.4% in the 
control. The patient died of malig­
nant reticulosis two months later 
(Table 111).

Table 111

C hrom osom e b reak ag es 
in W isk o tt—A ldrich  syndrom e

Name Age
(yrs)

N um ber 
of cells 

exam ined

Percentage
of

breakages

к .  K . 1 20 15

C ontrol 300 1.4

In our studies of the in vitro action 
of certain compounds on the chromo­
somes of peripheral human leucocytes 
in Fanconi’s anaemia, a disease often
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leading to leukaemia, the chromosomes 
were abnormally sensitive to the 
breakage-promoting agent R-52 [64].

Chromosome breakages were fre­
quent ( 12 and 55 % in cultures contain­
ing 0.1 and 0.5 gg/ml R-52 against a 
control value of 9 and 18%) alsóin 
a child suffering from again maglobu- 
linaemia combined with lymphoret- 
icular hyperplasia [29]. Agammaglo- 
bulinaemia is known to be accom­
panied by increased tumorous dis­
position [53] and increased chromo­
somal fragility [32].

We assumed that if these chromo­
somes are less stable and more sensi­
tive to chemicals, they would re­
spond to breakage-promoting agents 
with an increased number of break­

ages also in vivo. This would mean 
that increased chromosome breakage 
was to be found in the background 
of some tumours, especially in that 
of familial recurrent neoplasms. We 
examined, therefore, a family (Case 1) 
in which several malignancies had 
occurred, further one patient with 
tumour (Case 2) and one with leu­
kaemia (Case 3), whose respective 
family history contained no reference 
to malignancy. As regards Case 1, 
all three children of a healthy couple 
belonging to this family died of malig­
nant tumours or leukaemia, and two 
grandparents had succumbed to gas­
tric cancer (Table IV). The number of 
spontaneous breakages in the two 
examined children and their mother

Table IV
P e d ig re e  of patient w ith  familial tum our

1) gastric cancer 2) sarcom a of low er lim b  3) leucosis 4) malignant reticulosis

Table V
Chromosomal aberrations, spontaneous or induced by R  -52

Name
Age
(yrs) Diagnosis

N um ber of cells 
examined N um ber of breakages

Spontaneous R—52 Spontaneous R—52

I. s. 6 M alignant reticulosis 100 100 10 20

M. s . 4 Leucosis 100 100 17 35

M. s. 33 H ealthy  m other 100 100 12 44

Control 300 100 5 19
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did hardly exceed the normal value 
[38] butthe R-52test revealed increas­
ed chromosomal fragility (Table V). 
The number of spontaneous break­
ages as also the R-52 tests were normal 
in Cases 2 and 3.

Our experiments with R-52 and 
other compounds showed that their 
effect on the chromosome varies from

individual to individual. To establish 
the usefulness and the value of the 
method, numerous further examina­
tions in normal persons, tumorous 
patients, familial tumorous diseases 
and cases of tumorous disposition will 
have to elucidate the significance of 
individual and familial differences.

R e f e r e n c e s

] . A i k i s , N . B ., B a k e r , M. C .: C hrom o­
so m e  abnorm alities a s  p r im a ry  events 
in  h u m a n  m alig n an t d isease : evidence 
fro m  m ark er ch rom osom es. J .  n a t. 
C a n c e r  In s t. 36, 539 (1966).

2. A t k in , N . B ., B a k e r , M. C ., W il so n , 
S .: S tem -line k a ry o ty p e s  o f  4 carc ino ­
m a s  o f  th e  cervix u te r i. A m er. J .  O bstet. 
G ynoc. 99, 506 (1967).

3. A u l a , P .: C hrom osom es an d  v iral 
in fec tio n s . L ancet 1, 720 (1964).

4. A u l a , P .:  V irus-associated  chrom osom e 
b re a k a g e : cy togene tic  s tu d y  o f  chicken- 
p o x , m easles, an d  m u m p s  p a t ie n ts  and  
o f  cell cu ltu res in jec ted  w ith  m easles 
v iru s . A nn. A cad. Sei. F e n n ia e , Ser. A, 
89, 1 (1965).

5. A u l a , P . ,  N ich o ls , W . W ., L e v a n , A .: 
V iru s-in d u ced  ch rom osom e changes. 
A n n . N . Y . A cad. Sei. 155 , 737 (1968).

6. B e n e d ic t , W. F ., P o r t e r , I .  H ., 
B r o w n , C. D .. D o u g l e , G . J . :  C hrom o­
so m es in  m alignancy . L a n c e t  1, 922 
(1968).

7. B e n s e l , R . W . , St a d l a n , E . M., 
K r i v i t , IV. : The d e v e lo p m e n t o f  m alig ­
n a n c y  in  th e  course o f  th e  A ldrich  
sy n d ro m e . J .  P ed ia t. 68, 761 (1966).

8. B is h u n , N. P ., Su t t o n , R .  N . P .: 
C y to g en e tic  and o th e r  s tu d ie s  on th e  
E B  4 line o f  B u rk i t t  tu m o u r  cells. 
B r i t .  J .  C ancer 21, 675 (1967).

9. B l o o m , G. E ., W a r n e r , S ., G e r a l d , 
P .  S ., D iam ond , L . K .:  C hrom osom e 
ab n o rm a litie s  in c o n s t itu tio n a l ap las tic  
a n e m ia . New E ngl. J .  M ed. 274 , 8
(1966).

10. B lo o m , A. D., N e r iis h i , S ., K am ada , 
N .. I s e k i , T., K e e h n , R . J . :  C y toge­
n e t ic  investiga tion  o f  su rv iv o rs  o f  th e  
a to m ic  bom bings o f  H iro sh im a  and  
N a g a sa k i. L ancet 2, 672 (1966).

11. B l o o m , A. D.. N e r iis h i . S .. A w a , A . A ., 
H o n d a , T ., Ar c h e r , P .  G .: C hrom o­
so m e  aberra tions in le u k o c y te s  o f  o lder 
su rv iv o rs  o f th e  a to m ic  b o m b in g  of

H iro sh im a  and  N ag asak i. L a n c e t 2, 
802 (1967).

12. B lo o m , G. E ., D ia m o n d , L . K .:  
C hrom osom e abno rm alities  in  an em ias . 
A nn . N .Y . A cad. Sei. 155 , 771 (1968).

13. B o d d in g t o n , M. M., Sp r ig g s , A . J . ,  
W o l f e n d a l e , M. R .: C y to g en e tic  ab - 
n o n n a li tie s  in  carc inom a “ in  s i tu ” a n d  
d y sp la s ia s  o f  the  u te r in e  ce rv ix . B r it , 
m ed . J .  1, 154 (1965).

14. B o t t u r a , 0 . ,  Co u tin h o , V .: T h e  c h ro ­
m osom e anom alies o f  th e  m eg a lo b las tic  
a n e m ia s . B lu t 16, 193 (1967).

15. B o u É , A ., B ouÉ , J .  G .: V iru s e t  c h ro ­
m o so m es hum ains. P a th , e t  B io l. 16 , 
677 (1968).

16. Ch u n , T .. A l e x a n d e r , D . S ., B r y a n s , 
A . M ., H a u st , M. D .: C hrom osom al 
s tu d ie s  in  ch ild ren  w ith  m u m p s, ch ick  - 
en p o x , m easles and  m easles v a c c in a ­
tio n . C anad . m ed. Ass. J .  94 , 126 
(1966).

17. F is c h e r , P ., G olob , E .:  S im ila r m a rk e r  
ch rom osom es in  te s tic u la r  tu m o u rs . 
L a n c e t 1, 216 (1967).

18. F it z g e r a l d . P . H ., A da m s , A .: C h ro ­
m osom e stu d ies  in  ch ron ic  ly m p h o c y tic  
leu k em ia  an d  lym phosarcom a. J .  n a t .  
C an ce r In s t .  34, 827 (1965).

19. G a r r ig a . S., Cro sb y , W . H .: T h e  in c i­
dence  o f  leukem ia in fam ilies o f  p a tie n ts  
w ith  h y p o p la s ia  o f th e  m arro w . B lood 
14, 1008 (1959).

20. Ge r l ô c z y , F .. Sc h u l e r . D ., L e t e n y e i , 
K ., K is s ,  S., H e r v e i, S .: H em ih y p e r- 
t ro p h y : 10 years follow -up a n d  c h ro ­
m o so m al s tu d y . A c ta  p a e d ia t. A cad . 
Sei. h u n g . 6, 423 (1965).

21. G e r l ô c z y , F ., Sc h u l e r , D .: A  hem i- 
h y p e rtro p h iá ró l. O rv. H e tik  109 , 2421 
(1968).

22. G e r m a n , J . ,  A r c h ib a ld , R .. B lo o m , 
D .: C hrom osom al b reak ag e  in  a  ra re  
a n d  p ro b a b ly  genetica lly  d e te rm in e d  
sy n d ro m e  o f  m an. Science 148, 506 
(1965).

Acta Paediatrica Academiae Scientiarum Hitngaricae 11, 1970



D. Schuler, M . Dobos: Tumours and Chromosomal Aberrations 9

23. Go h , К .  О .: T o ta l-body  ir ra d ia tio n  and  
h u m an  chrom osom es: cy to g en e tic  s tu d ­
ies o f  th e  periphera l blood a n d  bone 
m arro w  leukocy tes seven yearn  a f te r  
to ta l-b o d y  irrad ia tio n . R a d ia t .  R es. 35, 
166 (1968).

24. G r ip e n b e r g , U .: C hrom osom e a b n o r­
m alitie s  associa ted  w ith  v iru s  in fec­
tio n s  in  m an . P ro c . 2nd I n t .  G enet. 
C ongr. (H ague) 1, 113 (1963).

25. G r o p p , A ., F latz, G .: C hrom osom e 
b reak ag e  and  b las tic  tra n s fo rm a tio n  o f 
ly m p h o cy tes  in a ta x ia  te lan g iec ta s ia . 
H u m angene tik  5, 77 (1967).

26. D e  G r o u c h y , J . :  A b e rra tio n s  ch ro m o ­
som iques e t  p rocessus m alin s . A nn. 
G enet. (P aris) 9, 55 (1966).

27. D e  G r o u c h y , J . ,  N a v e , C ., B il s k i- 
P a s q u ie r , G ., Zi Tto n , R .. B er n a  d o n ,
A .: E n d o red u p lica tio n  se lec tiv e  d ’un  
chrom osom e su rn u m éra ire  d a n s  u n  cas 
d e  m yelom a m u ltip le . A nn . G enet. 
(P aris) 10, 43 (1967).

28. G u n z , F . W ., F itz g e r a l d , P . H ., 
A da m s , A .: A n a b n o rm a l ch rom osom e 
in ch ron ic  ly m p h o cy tic  leu k aem ia . 
B rit . m ed . J .  2, 1097 (1962).

29. H it z ig , W . H .: D ie P la sm a p ro te in e  in 
«1er k lin ischen  M edizin. S p rin g er. B e r­
l in — G ö ttin g e n —H eidelberg , 1963.

30. H o l la n d , W . W ., D a l l . R ., Ca r t e r ,
C. O .: T he m o rta lity  fro m  leu k ae m ia  
an d  o th e r  cancels am ong  p a tie n ts  w ith  
D ow n’s syndrom e (m ongols) a n d  am o n g  
th e ir  p a re n ts . B rit. .1. C an cer 16 , 177 
(1962).

31. J acobs, P. A ., T o u g h , I .  M ., W r ig h t , 
T). H .: C y togenetic  s tu d ie s  in  B u r k i t t ’s 
ly m p h o m a. L a n c e t 2, 1144 (1963).

32. J acobs, J .  C., B la nc , W . A ., d e  
Ca po a , A ., H e ir d , W . C., M e G il v r a y , 
E ., M il l e r , O. J . ,  Mo r s e , J .  H ., 
R o s s e n , R . D ., Sc h u l l in g e r , J .  N ., 
W a l zer , R . A .: C om plem en t defic iency  
an d  chrom osom al b reak s  in  a  case o f 
S w iss-type ag am m ag lobu linaem ia . L a n ­
ce t 1, 499 (1968).

33. К еркис, Ю., Я ., Пагокадли , С. И., 
Поспэлова, Т. Б,. Высоцкая, Л. М.: 
О причинах возрастного убэличэния 
анэуплоидии в лэйкоцитах человека. 
Генетика 4. 137 (1967).

34. K it l a k , W ., G e b e r t , P .:  K lin isch e  und  
chrom osom ale U n te rsu ch u n g en  bei a n ­
geb o ren er H y p o th y reo se  in fo lge T hy- 
ro x in sy n th eses tö ru n g  u n d  In n e n o h r­
schw erhörigkeit. A rch. K in d e rh e ilk . 177, 
170 (1968).

35. K o h n , G ., Mellm a n , W . J . ,  Mo o r­
h e a d , P .  S., L o ptu s , J . ,  H e n l e , G .: 
In v o lv em en t o f  C g ro u p  ch rom osom es 
in  five  B u rk it t  ly m p h o m a cell lines.
J .  n a t .  C ancer In s t. 38, 209 (1967).

36. Ko l l e r , I 1. C.: T he  possib le  ro le o f 
genetic  fac to rs  in  cancerogenesis .E u rop . 
J .  C ancer 3, 279 (1967).

37. L e v a n , A .: N o n -ran d o m  rep re sen ta tio n  
o f chrom osom e ty p e s  in  h u m a n  tu m o r 
stem lines. H e re d ita s  55 , 28 (1966).

38. Lu b s , H .. Sa m u e l so n . J . :  C hrom osom e 
abno rm alitie s  in  ly m p h o cy tes  from  n o r­
m al h u m an  su b jec ts . C y togene tics 6, 
402 (1967).

39. Ma r t in e a u , M .: A  s im ila r m ark e r 
chrom osom e in te s tic u la r  tu m o u rs. 
L an ce t 1, 839 (1966).

40. Me r z , T ., E l -Ma h d i , A . M ., P r e m p r e e , 
T .: U nusua l ch rom osom es a n d  m alig ­
n a n t d isease. L a n c e t 1, 337 (1968).

41. Mil e s , C. P .. G e l l e r , W ., O ’N e il l , F .: 
C hrom osom es in H o d g k in ’s d isease and  
o th e r  m a lig n a n t lvm p h o m as . C ancer
19, 1103 (1966).

42. Mil e s , O. P .:  C hrom osom e analysis
o f solid tu m o rs  I .  T w en ty e ig h t non- 
ep ithe lia l tu m o rs . C ancer 20, 1253
(1967).

43. Mil e s , C. P . :  C hrom osom e analysis 
o f solid tu m o rs  I I .  C ancer 20, 1274
(1967) .

44. Mil e s , C. 1 \, O ’N e il l , F .: C hrom osom e 
s tud ies  o f  8 in  v itro  lines o f  B u rk i t t ’s 
lym phom a. C ancer R es. 27 , 392 (1967).

45. Mil l a r d , R . E ., Se i f , G .: C hrom oso­
m es in m a lig n a n t lym p h o m as . L ancet 
1, 781 (1967).

46. Mil l a r d . R . E .:  C hrom osom e a b n o r­
m alities in  th e  m a lig n a n t lym phom as. 
E urop . J .  C ancer 4 , 97 (1968).

47. Mo o r h ea d , P . S ., N o w e l l , P . C., 
Mell m a n , W . J . ,  B a t t ip s , D . M., 
H u n g e r f o r d , D . A .: C hrom osom e p re ­
p a ra tio n s  o f  leu k o cy tes  c u ltu re d  from  
h u m an  p e rip h e ra l b lood . E x p . Cell R es.
20, 613 (1960).

48. Mo o r h ea d , 1’. S ., Sa k se l a , E .: T he 
sequence o f  ch rom osom e ab e rra tio n s  
d u rin g  SV 40 tra n s fo rm a tio n  o f  a  
h u m an  d ip lo id  cell s t ra in . H ered ita s  
52, 271 (1965).

49. N ic h o ls , W . W .: R e la tio n sh ip s  of 
v iruses, ch rom osom es a n d  carc inogene­
sis. H e re d ita s  50 , 53 (1963).

50. N ic h o ls , W . W .: T he  ro le o f  viruses 
in  th e  etio logy  o f  ch rom osom al a b n o r­
m alities. A m er. J .  h u m . G enet. 18, 81 
(1966).

51. N u s b a c h e r , J . ,  H ir s c h h o r n , К .,  Coo­
p e r . L . Z .: C hrom osom al abno rm alities  
in co n gen ita l ru b e lla . N ew  E ng l. J .  
Med. 276 , 1409 (1967).

52. P e r g a m en t , E ., K e d d a n i , T ., Sato ,
H .: C hrom osom e s tu d ie s  in  repea ted  
sp o n tan eo u s  a b o rtio n s  a n d  stillb irth s . 
A m er. J .  O b ste t. G ynec. 100, 912
(1968) .

Acta Paediatrica Academiae Scientiarum Uungaricae II. 1970



10 D. Schuler, M . Dobox: Tumours and Chromosomal Aberrations

53 . P e t e h s o n , R . D . A ., C o o p e r , M . D ., 
G o o d , R . A .: T he  p a th o g e n e s is  o f 
im m unolog ical d efic iency  d isease . A m er.
J .  M ed. 38, 579 (1965).

54 . P o l a n i, P . E .: A u to so m a l im balance  
a n d  its  syndrom es e x c lu d in g  D o w n ’s. 
B r i t .  med". Bull. 25, 81 (1969).

55. Sa n d b e r g , A. A ., J s h ih a r a , T ., Cr o ss­
w h it e , L . H ., H a ü s c h k a , T . S .: C om ­
p a r iso n  o f chrom osom e c o n s t i tu tio n s  in  
ch ro n ic  m yelotie le u k e m ia  a n d  o th e r 
m yelop ro life ra tive  d iso rd e rs . B lood 20, 
393 (1962).

56. Sa n d b e r g , A. A ., Y a m a d a , К . :  C hro ­
m osom es and cau sa tio n  o f  h u m a n  can ­
c e r  an d  leukem ia I .  K a ry o ty p ic  d iv e r­
s i ty  in  a single cancer. C a n c e r  19 , 1869
(1966).

57. Sa n d b e r g , A. A ., Co h e n , M . A ., 
R im m , A. A., L e v in , M. L .:  A n eu p lo id y  
a n d  age in  a p o p u la tio n  s u rv e y . A m er.
J .  h u m . G enet. 19, 633 (1967)."

58. Sa n d b e r g , A. A ., B r o s s , D . J .,  
T a k a g i, N ., Sc h m id t , M. L .:  C h rom o­
so m es and  causation  o f  h u m a n  cancer 
a n d  leukem ia I I .  C ancer 71 , 77 (1968).

59. S c h im k in , M. B .: H o d g k in ’s d isease; 
m o r ta l i ty  in th e  U n ite d  S ta te s , 1921 — 
1951; race, sex a n d  ag e  d is tr ib u tio n ; 
com parison  w ith  le u k em ia . B lood  10, 
1214 (1955).

60 . S c h m ic k e l , R .: C h rom osom e a b e r r a ­
t io n s  in  leukocytes ex posed  in  v itro  to  
d iag n o s tic  levels o f  X -ra y s . A m er. J .  
h u m a n . G enet. 19, 1 (1967).

61. S c h r o e d e r , T . M ., A n s c h ü t z , F ., 
K n a p p , A.: S pon taneous a b e r ra tio n s  of 
ch rom osom es in fam ilia l p a n m y e lo ­
p a th y .  H um angene tik  1 . 194 (1964).

62. S c h u l e r , D .: Ú ja b b  m ó d sze rek  az 
e m b e r i chrom osom a v iz s g á la tá ra . O rv. 
H e ti l .  106. 2366 (1965).

63. S c h u l e r , I).. H e r v e i , S ., G á c s , G., 
K ir c h n e r , M., Sz a th m á r y , J . :  E in ­
f lu s s  von  P ocken im pfv iren  a u f  m en sch ­
lic h e  Chrom osom en in  v iv o  u n d  in 
v i t ro .  H um angenetik  6, 55 (1968).

64. S c h u l e r , D ., K is s , A ., F á b iá n , F .: 
C hrom osom al p ecu lia rities  a n d  in  v itro  
ex am in a tio n s  in F a n c o n i’s an aem ia .

H u m a n g e n e tik  7 ,314 (1969).
65. Sc h u l e r , D ., Sc h ö n g u th , L ., Cs e r ­

h á t i, E ., Sie g l e r , J . ,  Gács, G .: 
A  ly m p h o b la s to s  tran sfo rm a tio , ch ro ­
m osom a k é p  és a  késő i típ u sú  bőr- 
reakc iók  v iz sg á la ta  a ta x ia  te leang iec ta- 
siáb an . O rv . H e til . 110 , 2279 (1969).

66. Sie b n e r , H ., Sp e n g l e r , G . A .: C h ro ­
m o so m en an o m alien  bei P a rap ro te in ä - 
m ien  u n te r  b eso n d ere r B erü ck sich ti­
gu n g  d e r  id io p a th isch en  F orm en. H elv . 
m ed . A c ta  43 , Supp l. 47, 138 (1967).

67. Slo t , E .:  D ie C hrom osom enzahl in d e r 
S tam m -Z ellin ie  des O varialkarzinom s 
u n d  ih re  B ez ieh u n g  zum  th e ra p e u ti­
schen  E rg eb n is  d u rch  C hem otherap ie . 
Zbl. G ynäk . 210, 90 (1968).

68. Sp ie r s , A . S. D ., B a ik ie , A . G .: C y to ­
g en e tic  s tu d ie s  in  m a lig n a n t ly m p h o ­
m as. L a n c e t 1, 506 (1966).

69. Sp ie r s , A . S. D ., B a ik ie , A . G .: R e ti­
cu lum  cell sa rco m a: d e m o n s tra tio n  o f  
ch rom osom al changes analogous to  
th o se  in  SV 40 tra n sfo rm e d  cells. B rit.
J .  C ancer 21 , 679 (1967).

70. Spr ig g s , A . I . ,  B o d d in g t o n , M. M., 
Cl a r k e , C. M .: C hrom osom es o f  hu m an  
cells. B r it . m ed . J .  2, 1431 (1962).

71. Spr ig g s , A . I . ,  B o d d in g t o n , M. M ., 
Cl a r k e , C. M .: C arc inom a “ in  s i tu ” 
o f  th e  cerv ix  u te r i ;  som e cy togene tic  
o b serv a tio n s . L a n c e t 1, 1383 (1962).

72. Sz ir t e s , G ., C s o n k a , E ., L ipc sá k , M.: 
C hrom osom e a b e rra tio n s  in  leukocytes 
from  su b a c u te  sclerosing  p an en cep h a ­
litis  p a tie n ts . N a tu re  (L ond .) 224 , 692 
(1969).

73. T o u g h , I .  M ., Co u r t  B r o w n , W . W .: 
C hrom osom e a b e rra tio n s  a n d  exposure 
to  a m b ie n t ben zen e . L a n c e t 1, 684
(1965).

74. W a r r e n , S ., M e is n e r , L .: C hrom oso­
m al changes in  leu k o cy tes  o f  p a tien ts  
receiv ing  ir ra d ia tio n  th e ra p y . J .  A m er, 
m ed . A ss. 193 , 351 (l9Gb)~

75. W h a n g -P e n g , J . ,  B e n e t t , J .  M .: 
C y togenetic  s tu d ie s  in  m e ta s ta tic  n eu ro ­
b las to m a. A m er. J .  D is. Child. 115, 
703 (1968).

Dr. D. Sch u ler  
Tűzoltó u. 7.
Budapest IX., Hungary

Acta Paediatrica Academiae Scienliarum TIungaricae 11, 1970


	1. szám
	Schuler, D.-Dobos, M.: Malignant Tumours and Chromosomal Aberrations

	Oldalszámok������������������
	3��������
	4��������
	5��������
	6��������
	7��������
	8��������
	9��������
	10���������


