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OF 

Historically, J. A. MURRAY 1 was the first to observe the importance of ancestry in 
cancer of the breast in mice and to substantiate the observation by experiment. By 
selective breeding experiments begun in 19o6 he obtained 18.1% cancerous offspring 
amongst progeny of cancerous ancestry as compared with 8.3% amongst offspring of 
non-cancerous ancestry. He summarized his results in these words: 

"From these observations the conclusion is drawn that female mice in whose 
ancestry cancer of the mamma has occurred not  further back than the grandmothers 
are distinctly more liable to develop the disease spontaneously in this organ than those 
in whose ancestry cancer is more remote". 

However, a proper analysis of the part played by genetic constitution in the 
development of breast cancer in mice was possible only after the establishment of 
genetically homozygous strains by selecting for and against breast tumour and by 
brother-to-sister matings over a number of years 2, s 

After the establishment of these inbred strains, the predominance of the maternal 
influence in the hereditary transmission of the tendency to develop breast cancer was 
observed in reciprocal crosses between high- and low-breast-cancer strains 4, 5, 6, 7. It was 
shown in these experiments that this influence was not transmitted through the chromo- 
somes and had to be attributed to an unspecified extra-chromosomal factor. 

BITTNER s-n was first to point out that this extra-chromosom£1 factor is conveyed 
by  the milk of high-cancer-strain female mice. He described this factor as the 'milk 
factor' or the 'milk influence'. Similar results were obtained by many workers in various 
laboratories, and the general validity of the role played by the milk factor in the origin 
of spontaneous breast cancer in inbred strains of mice was established 12-17. 

BITTNER postulated 9, lO that in the origin of breast cancer in certain strains of mice 
three factors are involved: the genetic factor or inherited susceptibility, transmitted in 
a dominant manner; the hormonal factor or hormonal stimulation; and the milk factor 
or influence which has also been described as the mammary tumour inciter 2e, 39, so or as 
a virus 24. 
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The  mi lk  fac to r  has  been  shown to possess the  fo l lowing proper t ies .  I t  is p resen t  

d u r i n g  t h e  en t i re  p e r i o d  of l a c t a t i o n  and  the re  is a q u a n t i t a t i v e  cor re la t ion  betweeln 

the  a m o u n t  of mi lk  inges t ed  a n d  the  t ime  of appea rance  and  inc idence  of breas t  

cance r  n,  is, ~9 I t  is w ide ly  d i s t r i b u t e d  t h r o u g h o u t  the  normal  t issnes and  organs  of 

h i g h - b r e a s t - c a n c e r  s t ra ins  of ,nice,  a n d  it can  be  t r a n s m i t t e d  to suscept ib le  mice b y  

e x t r a c t s  of such t issues n, ,s, 20, 2~. I t  is p resen t  also in e x t r a c t s  of breast  tu rnou ts  ~t 

h i g h - c a n c e r - s t r a i n  mice  22 ea and  in t he  b lood  of these  mice 26, e:, and it has  been shown 

to be p re sen t  in the  org~ns of l ow-b reas t - cance r - s t r a in  mice fo:.teced by  h igh-ca  leer  

s t ra in  f emales  in a c o n c e n t r a t i o n  suff icient  to induce  t u m o u r s  in suscept ib le  mice  es. 

The  t u l n o u r - i n d u c i n g  p r o p e r t y  of the  fac to r  or  agen t  is p r e s e r v e d  for six m o n t h s  

in lyoph i l i zed  b r e a s t - t u m o u r  t issue 21, a ,  for shor t  per iods  in g lyce ro l a t ed  e x t r a c t s  of  

t u m o u r  t issue ~2, ae, and  for as long as two years  in b r e a s t - t u m o u r  t issue des i cca ted  o v e r  

p h o s p h o r u s  p e n t o x i d e  and  k e p t  in sea led  and  e v a c u a t e d  con t a ine r s  aa. The  mi lk  facto:- 

r ema ins  ac t i ve  fo l lowing f i l t ra t ion  of l a c t a t i n g - b r e a s t  t issue e x t r a c t s  t h rough  .C, e i t /  

f i l ters  22 and  t h r o u g h  B m k e f e l d  cand les  29. I t  is d e s t r o y e d  in b r e a s t - t u r n o u t  t issue at  

6o ° C. a f t e r  an  hour ,  r ema ins  s tab le  w i th in  the  range  of Pit 5 io .2 ,  is not  inac t iw~ted  b y  

p e t r o l e u m  e t h e r  or a ce tone ,  and  is n o t  a p p r e c i a b l y  soluble in t h e m  a*. : \  t e m p e r a t u r e  of 

6() ° C. for 3o  m i n u t e s  des t roys  the  t u m o u r - i n d u c i n g  p r o p e r t y  of t u rnou t  e x t r a c t s  a'-'. 

U l t r a c e n t r i f u g a t i o n  e x p e r i m e n t s  w i th  e x t r a c t s  of l a c t a t i ng -b reas t  t issue of h igh-  

cance r - s t r a in  mice  '~4, t u m o u r  t i ssue a n d  mi lk  2a, aa ind ica t ed  tha t  the  mi lk  fac to r  or agen t  

m a y  be  a p ro t e in  of high. mo lecu la r  we igh t ,  a l t h o u g h  c o m p l e t e  s e d i m e n t a t i o n  of the  

ac t i ve  p r i n c i p l e w a s  n o t  o b t a i n e d  e v e n  at  speeds  co r re spond ing  to I IO,OOO t imes  gravity'~'L 

H o w e v e r ,  these  e x p e r i m e n t s ,  as well  as the  des icca t ion  a n d  f i l t ra t ion e x p e r i m e n t s .  

d e m o n s t r a t e  t h a t  b reas t  cance r  in mice  can  be t ,  a n s m i t t e d  by cel l -free f i l t ra tes .  

F ina l l y ,  i t  was  shown  t h a t  t he  mi lk  fac tor  has  an t igen ic  p rope r t i e s  and  s t i m u l a t e s  

t he  f o r m a t i o n  of a n t i b o d i e s  in o t h e r  species of an ima l s  a2, s7 

T a k i n g  a d v a n t a g e  of these  e s t ab l i shed  p rope r t i e s  of t he  so-cal led mi lk  fac tor ,  

e l ec t ron  m i c r o s c o p e  a n d  u l t r a c e n t r i f u g a t i o n  s tudies  of n o r m a l  a n d  m a l i g n a n t  t i s sues  

f r o m  h igh-  and  l o w - b r e a s t - c a n c e r  s t ra ins  were  u n d e r t a k e n  in an a t t e m p t  to e luc ida t e  

i ts  na tu re .  

MA'fERIALS AND METHODS 

The following inbred strains of mice were employed as source of material: C3H, Stroug A, and 
RI I I  high-breast-cancer; and for the purposes of control, C57 black, CBA, and IF  low-breast-cancer. 

Normal tissues and tissues of spontaneous and induced tumonrs were used in the experiments. 
Extracts of the following tissues were made: normal lactating breasts and breast tumours of C3H 
and RI I I  strains and breast tumours of Strong A strain; normal lactating breasts of C57 black and 
CBA strains; lactating breast tissues of mixed stock mice; breast tumours induced in C3H males, 
either by oestrone alone or by oestrone together with methylcholanthrene 38 ; breast tnmours similarly- 
induced in C57 black males and females sS, and in IF  mice kindly supplied by Dr J. W. ORRSg; sarcoma 
induced in C57 black mice by oestrone and methylcholanthreneSS; transplantable 37 S sarcoma of 
the Imperial Cancer Research Fund," normal organs of C3 H males; and C57 transplantable breast 
tumour, originally induced by fostering C57 mice by RII I  temales. 

The tissues were usually obtained from several mice of each strain, and were minced together, 
weighed and desiccated as previously described 25, 3s, 40, 41. In some cases tissues were obtained from 
a single mouse. 

In several experiments milk from C3 H and C57 black strains was obtained either by a specially 
constructed ~nilking device 4~ lent to us by Dr S. K. NON of the Nalional Inslitule /or Research in 
Dairying, Shin/ield, Reading, or by simple gentle squeezing of the breasts. The quantities obtained 
were small and amounted to only a few cubic centimetres from as many as 15 2o mice. Milk was 
also obtained from stomachs of 5-day-old C3H and C57 black mice, by killing the mice under ether 
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anaesthesia half-an-hour after suckling and then  removing their  s tomach  contents .  The milk obtained 
by  various methods  was desiccated in the same manner  as for other  t issues and stored in sealed tubes  
in an ice-chest. 

In  the preparat ion of tissue extracts  several methods  were tried before one was finally selected. 
Usually in each exper iment  tissue extracts  from high- and low-breast-cancer s trains were examined 
a t  the same time, and the procedure was kept  strictly the same for bo th  types  of tissue. 

First method. Dried tissue was ground with sand in a mortar ,  distilled water  being added gradu- 
ally to give a final proport ion of I ml to IO mg of dried tissue. The suspensions were then centrifuged 
for 3 ° hainutes at  3,700 r p m  (corresponding to 2,6o0 t imes gravity) in a Baskerville and Lindsay 
s tandard  type (Manchester) centrifuge so as to remove sand and larger tissue particles. The super- 
na t an t  obtained from centrifugation was filtered th rough  W h a t m a n  No. 542 filter paper. The filtrates, 
after  fur ther  dilution, were examined under the electron microscope immediately,  and again after 
4-14 days s tanding in the ice chest. 

Second method. Dried tissue was ground for 20 minutes  in a mor t a r  with sand and petroleum 
ether in a propor t ion  of i ml to io mg of tissue. After the pe t ro leum ether  had been poured off, the 
residue was ground with  distilled water  in a propor t ion  of i ml to io mg of the original amoun t  of 
dried tissue, the suspension was centrifuged at  3,700 r p m  for 3 ° minutes,  the supe rna t an t  filtered 
through W h a t m a n  No. 542 filter paper  (and sometimes also th rough  a Berkefeld N candle), and the 
filtrate, after fur ther  dilution, examined under the electron microscope immediately,  and again after 
4 - I4  days s tanding in the ice-chest. 

Third method. Dried tissue was ground with sand, and petroleum ether was added in the pro- 
por t ion of i ml to 19 mg of dried tissue, then after 20 minutes  the ether was poured off and the residue 
was ground with distilled water  (i ml to io mg of tissue). The distilled water  suspension having been 
centrifuged at  3,700 r p m  for 3 ° minutes,  the supe rna tan t  was filtered th rough  No. 542 filter paper.  
Allan and H a n b u r y  t rypsin  was then added to this filtrate in a propor t ion  of I : I and incubated, 
after adjust ing PH to 7.4-7.6, for 3 ° minutes  at  37 ° C. After incubation wi th  t rypsin  the extract  was 
filtered th rough  a Berkefeld N candle under  a negative pressure of 15 20 cm Hg. The Berkefeld 
filtrate, after fur ther  dilution, was examined under  the electron microscope immediately and again 
after s tanding for 4-14 days in the ice-chest. This method was finally adopted as routine. 

Trypsin  used in the experiments  was prepared in the following way:  5 g of powdered Allan and 
H a n b u r y  t rypsin  was re-suspended in 25 ml distilled water  and dialysed against  five changes of 
distilled water  at  4 ° C. during the course of 3 days. The dialysed suspension of t rypsin  was then 
centrifuged at 3,70o r p m  for 15 minutes  and the superna tan t  filtered th rough  W h a t m a n  No. 3 filter 
paper.  The filtrate, after test ing against milk to which normal  calcium chloride in the usual quan t i ty  
had previously been added, was used for mixing with tissue extracts  in a proport ion of I volume of 
filtrate to i volume of extract.  

In  a few experiments,  after the addition of trypsin,  the PH was adjusted to 6.0-6. 4 or 8.0-8.2. 
The PH of high- and low-cancer-strain tissue extracts  before addition of t rypsin  was between 5.9-7.o. 
The major i ty  of the samples lay within the range of PH 6.4-6.8. Ex t rac t s  of dried breast  milk gave 
an average PH of 7.9; the average PH of extracts  of s tomach milk was 6. 3. 

The centrifuge used by  Dr PALEY J OHN SON in the exper iments  at  the Royal Institution in London 
was a high-speed vacuum centrifug e of the Beams and Pickels type.  C3 H breas t - tumour  tissue 
extracts,  prepared in the usual way, were t ranspor ted  to London in ice containers and examined 
the following day. The proport ion of dried tissue ~o the re-suspending fluids varied f rom the usual  
io mg to I ml to as much as 15o mg to i ml. In  each exper iment  the chloride content  of the extracts  
was est imated by  Dr L. H. STICKLAND, and sodium chloride was then  added to give a final concen- 
t rat ion of o/ 0.85/o.  

In  the few centrifugation experiments  so far carried out  the centrifuge was run  at  various speeds 
corresponding to 4o ,ooo- i2o ,ooo times gravi ty for lengths of t ime varying from I to 2 hours.  In  each 
case samples of the superna tan t  and sediment were taken for examinat ion under  the electron micro- 
scope. 

Biological tests. The extracts  of various tissues examined wi th  the electron microscope an~t in 
the ultracentrifuge were tested at  the same time for tumour- induc ing  act ivi ty in 5-6 weeks old 
susceptible C57 × R I I I  hybrid  mice. The extracts  in each exper iment  were injected into the test  
mice subcutaneously  in quanti t ies  of a~ ml. 

Electron microscopy. In  the prepara t ion of tissue extracts  for electron microscope examinat ion 
it is most  essential to mainta in  a high s tandard  of cleanliness during the various stages of e.m. 
preparat ion and examination.  Small test  tubes  were used for dilution purposes;  these were new tubes  
which had stood in chromic acid for 12 hours,  after which they  were washed for 48 hours in running 
tap  water,  and finally washed several t imes with distilled water  which had been filtered th rough  
three thicknesses of W h a t m a n  No. 42 filter paper. After draining the clean tubes, a known a moun t  
(usually i ml) of filtered distilled water  was run  into each tube, which was then  stoppered wi th  a 
cellophane-covered cork. Dilutions of t issue extracts  were made by  adding the necessary number  of 
micro-drops from clean micro-pipettes. In  most  cases a sat isfactory dilution ratio proved to be I par t  
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of t issue extract  to 500 par t s  of filtered distilled water. (In some cases when the tissue extracts  
contained very large numbers  of particles, it was necessary to alter the dilution ratio in order t~ 
obtain  particle separat ion on the e.m. moun t ing  fihn). Thorough mixing of the diluted extract  wa~ 
carried out  by  shaking tile tube. 

The quant i ta t ive  determinat ion of particle-size distr ibution by the electron microscope is by  
no means a certain mat ter ,  since it is difficult to control the regular deposition of part iculate material 
over the small area of an e.m. mount ing  film. In  this work, however, an a t t e mp t  was made to keep 
conditions on as firm a quant i ta t ive  basis as possible by (a) keeping the dilution strictly constant ,  
and (b) using a standardized method of prepar ing the specimen mounts .  Mounting consisted of placing 
a small drop of diluted extract  in the middle of a filmed specimen grid (collodion mount ing  films 
were used t h roughou t  the work). To achieve even distr ibut ion and to prevent  particle aggregation 
during drying, the drops were immediately drained with small pieces of filter paper;  in this way  very 
th in  layers of liquid were formed on the filmed grids. Such layers dry almost  immediately and the  
chance of particle aggregation is minimized. After drying, the mounted grids were metal-shadowed 
by sending a beam of gold or chromium a toms  at  a small angle to the plane of the mount ing  film. 
following the vacuum technique of WILLIAMS ANf) WYCKOFF 43. 

The specimens thus  prepared were examined in an RCA Type B ins t rument ,  using a beam of 
45 K V  electrons. All photographic  recordings were made on fast plates (Kodak B. lo Photoscript)  4a. 

Some ment ion is necessary of the fields " sampled"  and actually recorded ill the electron micro- 
scope. The small particles are not  easily seen; they  can be observed more easily by increasing the  
contras t  by deposit ing more metal  during the shadowing stage of the preparat ion,  bu t  if this is done, 
there may  occur granulat ion of the background due to movement  and aggregation of metal  during 
exposure to the electron beam. Accordingly, the method used was to deposit very thin coatings of 
metal  and then to take m a n y  pho tographs  from widely different par ts  of the preparat ion.  No plai~ 
of selection was followed, the fields being photographed as they came into view. This routine procedure 
was made easier by  (a) focussing on an edge of the suppor t ing  grid and then moving quickly away 
to the more central region of the film; and (b) rapid photography,  since the plates used (Kodak B. io 
Photoscript)  are fast plates. The usual way was to repeat  tile procedure for two or more prepara t ions  
of the same tissue extract  made at the same time. Ttms the conclusions regarding an3' par t icular  
tissue extract  were arrived at from consideration of r 5 2o photographs  of each specimen, those 
il lustrated here being typical. 

RESULTS 

In the earliest experiments distilled water extracts (ISt method) both of RIII  
breast-tumour tissue and of normal lactating-breast tissue of mixed-stdck mice were 
found to contain roughly spherical particles of diameters from about 2oo A to 12oo .~t 
(Table I). No qualitative difference could be seen between the extracts of tumour and 
normal tissue. Re-examination of these extracts after 4 - I4  days standing in the ice-chest 
revealed, however, similar numbers of particles in the tumour extracts but much fewer 
in those of the normal lactating-breast tissue of mixed stock mice (Table I). A similar 
experiment with distilled water extracts of lactating-breast tissue of C3H and (;57 black 
mice gave also this kind of result due to standing in the ice-chest. 

Extracts of C3H lactating-breast tissue, after treatment with petroleum ether, 
showed the presence of particles, but corresponding extracts of C57 showed them only 
occasionally (Table I). Also, extracts of C3H breast-tumour tissue treated with petroleum 
ether, when compared with corresponding extracts of (;57 lactating-breast tissue, 
showed a similar contrast (Table I). Examination of extracts of 37 S transplantable 
sarcoma treated with petroleum ether revealed the presence of only few particles. 

Particles similar to those seen in C3H breast-tumour tissue treated with petroleum 
ether were found also in comparable extracts of Strong A and RIII breast-tumour 
tissue (Plates I and 2). 

Extracts of C3H normal lactating breasts and breast-tumour tissue (3rd method) 
showed considerable improvement; there was much less tissue debris and the particles 
were much more easily visible. There were very few particles present in extracts of 
similarly treated C57 lactating-breast tissue (Table I). 
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TABLE I 

395 

Tissues 

Lactating 
Breast Tissue 

of High-Breast- 
Cancer Strains 

(C3 H, RIII) 

Lactating 
Breast Tissue 

of Low-Breast- 
CanCer Strains 

(C57, CBA) 

Spontaneous 
Breast Tumours 
of High-Breast- 
Cancer Strains 

(C3 H, RIII,  
Strong A) 

Treatment 

Distilled Water 
Extraction 

Examined After 4-14 
Days in 

Immediately Ice-Chest 

+ + 

+ ± 

+ + 

P e t r o l e u m  E t h e r  
fo l lowed  b y  

Dis t i l l ed  W a t e r  
E x t r a c t i o n  

Examined 
Immediately 

+ 

After 4-14 
Days in 

Ice-Chest 

+ 

± ± - -  

+ + 

Petroleum Ether 
followed by 

Distilled Water 
Extraction 
followed by 

Trypsinization 
followed by 

Filtration through 
Berkefeld Candles 

Examined 
Immediately 

+ 

~JZ o r m  

+ 

+ Indicates Particles present 
-4- Indicates Particles present, but few i~a numbers 

~- - -  Indicates Particles present, but very few in numbers 
- -  Indicates Particles absent 

Atter 4-14 
Days in 

Ice-Chest 

+ 

-~ or  .... 

_ + 

In  ext rac ts  (3rd method) of IF - s t r a in  b reas t  turnouts ,  C57 b rea s t  t umours  and  a 
C57 sarcomal  all induced b y  oestrone and  methy lcho lan th rene  (Table II), ei ther  no 
par t ic les  or only  occasional par t ic les  could be seen. Similar  resul ts  were ob ta ined  wi th  
ex t rac t s  of CBA lac ta t ing-breas t  t issue. 

In  ex t rac t s  (3rd method) of a C57 breas t  tumour ,  or iginal ly induced  b y  foster-  
nurs ing C57 b lack  mice b y  R I I I  h igh-breas t -cancer -s t ra in  females and  t r a n s p l a n t e d  for  
42 generat ions  in C57 b lack  mice, par t ic les  were found to be present  ~l though in smal le r  
numbers  t han  in h igh-breas t -cancer -s t ra in  l ac ta t ing  t issue or in b reas t  turnouts  of h igh-  
breas t -cancer  s t rains .  

In  ex t rac t s  of normal  organs of C3H-st ra in  males  par t ic les  were also found bu t  in 
smaller  numbers  than  in ex t rac t s  of b reas t  t umours  induced  in C3H male  mice b y  
oestrone or b y  oestrone plus  me thy lcho lan th rene  (Table III).  

In  b reas t  milk  of C3H mice par t ic les  were found in va ry ing  numbers ,  while on ly  
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TABLE I[ 

Low-breast- 
cancer 
strains 
males 
and 

females 

High-breast-  
cancer 
strain 
males 

(C3H) 

Tissues 

Breast tmnours  induced by oestrone 
and methylcholanthrene (C57, IV) 

Sarcoma induced bv oestronc and 
methvlcholanthrene (C57) 

37 S transplantable sarcoma 

TABLE II[ 

Tissues 

Normal organs (hmg, spleen, thymus,  
kidneys, heart) 

Breast tumours  indaced by oestrone 

Breast  tumours  induced by oestrone 
and methylcholanthrene 

Particles 

o r  

(very few) (absent) 

(absent) 

(very few) 

Particles 

4-  

(few) 

occasional particles were present in similarly obtained C57 milk. In C3H milk obtained 
from the stomachs of young mice, a particularly rich crop of particles was obtained in 
one case (Plates 3 and 4), but it has not yet been possible to repeat this result at will. 
In the preparation of C57 stomach milk only a few particles were present (Table IV). 

In the centrifugation experiments with extracts of C3H breast-tumour tissue 
(3rd method) the same kinds of particles were found in the supernatants and sediments 

Milk 
from 
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"FABLE IV 

Tissues 

High -breast-cancer-strain 
breasts (C3H) 

Low-breast-cancer-strain 
breasts (C57) 

High-breast-cancer-strain 
s tomachs (C3H) 

Low-breast-cancer-strain 
s tomachs (C57) 

Particles 

+ 

o r  ~ 7  - -  

(few) (very few) 

+ o r : ~  
(few) 

~@ o r  - L -  

(few) (none) 
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Plate r. Strong A (high-breast-cancer strain) spontaneous breast tumour tissue: desiccated, treated 
with petroleum ether, extracted with distilled water, filtered through Berkefeld N candle. Chromium 

shadowed. 

Plate 2. RI11 (high-breast-cancer strain) spontaneous breast tumour tissue: desiccated, treated with 
petroleum ether, extracted with distilled water, filtered through Berkefeld N candle. Chromium 

shadowed. 

26 
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Plate 5. C3H (high-breast-cancer strain) spontaneous breast tumour tissue: desiccated, treated with 
petroleum ether, extracted with distilled water, treated with trypsin, filtered through Berkefeld 
N candle. Supernatant fluid after centrifugation for one hour at 60,000 times gravity. Chromium 

shadowed. 

Plate 6. Same tissue as for Plate 5. Sediment after centrifugation for one hour at 60,000 times 
gravity. Chromium shadowed. 
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obtained at speeds corresponding to 4o,ooo-6o,ooo times gravity (Plate 5). In some 
preparations obtained by centrifuging extracts of C3H breast-tumour tissue at 6o,ooo 
times gravity, a tendency to regular crystallographic arrangement was observed 
(Plate 6). After centrifugation for 2 hours at a speed equivalent to 12o,ooo times gravity. 
the supernatant was found to be entirely free from particles as observed under the 
electron microscope. The deposit consisted of particles of various sizes corresponding 
to those encountered in all high-breast-cancer-strain tissue extracts. 

Variations in particle size in all preparations were constantly observed, but the 
general impression has been that diameters greater than about 3oo A have been few. 
There weIe many particles below 3oo A in diameter. 

The biological tests are still far from complete, and the situation to date is summa- 
rized in Table V. 

Number of 
mice Source of material  

injected 

High-cancer-strain 
274 tissues 22 i 

(normal and malignant  
tissues) I 

I 

Low-cancer -strain 
19o tissues 18 5 

(normal and malignant  
tissues) 

TABLE V 

Number of mice alive 
at  the earliest 

tu4nour appearance 

Number of Number of 
mice with mice 
tumours still alive 

56 73 

O* 5r 

* Workers in other laboratories both  here and in America have reported the spontaneous 
appearance of tumours in untreated hybrid mice. For li terature see DMOCHOWSKI s6. 

The results of nitrogen, phospt~orus, dry weight, viscosity and density estimations 
on tissue extracts have been so variable that no significant difference between high- 
and low-breast-cancer strains could be detected** 

DISCUSSION 

The results of the present investigations have demonstrated that  extracts of normal 
and malignant tissues of three high-breast-cancer strains contained approximately 
spherical particles of various sizes up to about 3o0 ~, with a few considerably larger. 
E x : t r a c t s  of n o r m a l  a n d  m a l i g n a n t  t i s sues  o b t a i n e d  f r o m  l o w - b r e a s t - c a n c e r  s t r a i n s  e i t h e r  

d i d  n o t  c o n t a i n  s i m i l a r  p a r t i c l e s  or  c o n t a i n e d  o n l y  a few. 

T h e  n u m b e r  of p a r t i c l e s  f o u n d  in  e x t r a c t s  of n o r m a l  l a c t a t i n g - b r e a s t  t i s sues  of  

C3 H h i g h - c a n c e r  s t r a i n ,  as  seen  in  t h e  e l e c t r o n  m i c r o g r a p h s ,  was  s m a l l e r  t h a n  t h a t  

e n c o u n t e r e d  in  C3 H b r e a s t - t u m o u r  e x t r a c t s .  T h i s  was  f o u n d  r e p e a t e d l y ,  t h o u g h  

v a r i a t i o n s  in  t h e  n u m b e r s  of p a r t i c l e s  in  e x t r a c t s  of n o r m a l  t i s sues  f r o m  t h e  s a m e  s t r a i n  

o c c u r r e d  f r e q u e n t l y ,  y e t  n o t  to  s u c h  a n  e x t e n t  as  b e t w e e n  e x t r a c t s  of n o r m a l  a n d  

m a l i g n a n t  t i s s u e s  of t h e  s a m e  h i g h - b r e a s t - c a n c e r  s t r a i n .  

** These est imations have been carried out  by Dr H. L. STICKLAND. 

t~e/erences p.  408 /409  . 
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Usually, though not always, electron micrographs of R I I I  breast-tumour extracts  
contained more particles than micrographs of C3 H and Strong A breast-tumour extracts.  
I t  is not known at present whether this finding bears any relation to previous 41 higher 
turnout-inducing indications given by  R I I I  breast-tumour extracts as compared with 
C3H and Strong A breast-tumour extracts. The presence of particles in extracts of a C57 
black transplantable breast tumour in its 42nd transplant may be connected with the 
observed tumour-inducing property of distilled water extracts of dried tumour tissue 
of the same generation of transplants 49. 

• The extracts of normal organs of C3H-strain males showed the presence of a 
smaller number of the characteristic particles than was found in lactating-breast tissue 
of C3 H females.The number of particles seen in the extracts of breast tumours induced 
in C3 H males by  oestrone alone, or by  combined treatment with oestrone and methyl- 
cholanthrene 3s, was larger than that  in the extracts of normal organs of these males. 

Electron micrographs of C3H-strain milk obtained from the breasts of C3 H female 
mice yielded results similar to those from normal lactating-breast tissue of C3H females. 
Extracts  of C57-strain milk, similarly obtained, showed either none or only few particles. 
Considerable variation in the numbers of particles was observed in the extracts of milk 
obtained from the stomachs of C3H young mice, an observation which cannot for the 
moment  be explained• I t  may  be due to the variation of material obtained from young 
mice belonging to the first, third or fourth litters. BITTNER ~9, 5o, 51 observed a difference 
in the tumour incidence of successive litters born to the same mother:  the mice of the 
third and fourth litters showed a higher incidence of breast cancer than those of the 
first and second litters. This indicates that  the milk factor may  vary in concentration 
during the reproductive period of the mouse. On the other hand such variations have 
not been observed in litters of C3H strain maintained by ANDERVONT 52. I t  is not clear 
at present whether the variation in the numbers of particles was due to variation in the 
tumour incidence of successive litters or to other factors, and the point is under in- 
vestigation. 

The use of trypsin improved the electron micrographs of extracts although it must 
be stressed that  the particles were present before trypsinization. The addition of trypsin 
did not affect their appearance, but  the preparations were much clearer and the number 
of particles was undiminished. The stimulating action of trypsin in acid medium on the 
formation of Rous tumour was observed long ago 5a, and trypsin has been used extensively 
in experiments with Rous chicken tumour. Trypsin has been used for purification of 
plant viruses and no differences in activity have been noticed between virus purified 
with trypsin and that  purified by  other methods54; it has also been employed for 
obtaining a better  yield of virus from infected plant material sS. The milk factor can 
produce tumours when fed to young mice, which suggests that  it may be either 
resistant to the action of the digestive enzymes or dependent on these enzymes for 
degradation into active material. The question whether trypsin influences the biological 
activity of the extracts is under investigation. 

The desiccation of tissue does not affect the presence of particles, for they were seen 
in electron micr°graphs of similar extlacts of R I I I  breast-turnout tissue, whether fresh 
or dried. 

The clearing-up effect in distilled water extracts of high-breast-cancer-strain 
tissues and to a similar extent in petroleum ether-treated tissue extracts after standing 
frozen in the ice-che st for at least 4 days seems to be of interest. The[particles were more 
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clearly visible in the electron micrographs, which were much cleaner and more free from 
tissue debris than those of extracts examined immediately. A similar phenomenon has 
been observed with ether-clarified aqueous extracts, frozen and stored for at least 5 days, 
of tissues infected with the Lansing strain of poliomy,qitis virus '~6, '~L In this case the 
extracts subjected to ultracentrifugation yielded material much more active than the 
extracts before freezing, and the electron micrographs showed much improvement. 
Extracts from normal tissue, frozen and stored for several weeks, yielded negligible 
amounts of sedimentable protein, while extracts from infectious material gave small 
amounts of highly infectious macromolecular protein 5s. It would appear that normal 
proteins rather than virus were denatured by such treatment, as the nitrogen content 
of the material stored and cleared by ultracentrifugation was 5o 75 '~,, of that of material 
before freezing. Whether the same interpretation can be applied to the extracts of 
high-breast-cancer-strain tissues is not known at present; it may be considered ouly 
after clear evidence of a connection between the characteristic particles and breast 
tumour-inducing activity. 

It  has been shown TM "~'~ that material of high tumour-inducing activity couht be at 
least partially sedimented from saline extracts of high-breast-cancer-strain tissue and 
milk, at a speed corresponding to 9o,ooo times gravity. The activity seemed to be 
associated with particles having a sedimentation constant between 25 s and 2oo s. In 
the present experiments only quantitative centrifugation was carried out. The presence 
of particles, similar to those in tissue extracts, in supernatants after centrifugation at 
()o,ooo times gravity for two hours, and their complete absence in supernatants after 
spinning at 12o,ooo times gravity for two hours, indicates that a centrifugal force lying 
somewhere between these extremes is required to bring down the particles. The results 
of tests for tumour-inducing activity at various stages of centrifugation are awaited. 
Recently the isolation of "a characteristic material of large particle size" from high- 
breast-cancer-strain milk has been reported 59. These heavy particles (their exact size is 
not stated) were seen not at all or only in low concentrations in C57-black-strain milk. 
It is difficult at this stage to assess the significance of the difference in size between such 
particles and those encountered in the present experiments. 

Vrom our centrifugation experiments it may be presumed that the spherical 
particles are not in the large particle class of the filterable chicken tumourS°; and also, 
from the high centrifugal force required to give complete sedimentation in extracts o f 
high-cancer-strain tissues, it seems probable that there is very little, if any, similarity 
between them and the macromolecular components isolated from certain mammalian 
tumours as well as from chick embryo 6~, 62, Ga and other tissues 64, s'~, 66, ~. The particles 
isolated in CLAUDE'S experiment by differential ccntrifugation ranged from 5o0 ,~ to 
3ooo A in diameter 6s. Some of the particles encountered in the present experiments fall 
within this range, but it is not possible at the moment to draw any further comparison. 
The preponderance of particles no larger than about 3oo 3~ in the extracts of high- 
breast-cancer-strain tissues and their comparative absence from extracts of low-breast- 
cancer-strain tissues indicates that such particles are a characteristic feature of high- 
breast-cancer-strain tissues, though their origin, whether extracellular or from other 
cell constituents, must remain for the present only a matter of speculation. The particu- 
late components, of diameter 5oo ~. to 15oo .\, that have been isolated by CLAUDE 6~ 
from normal and malignant cells of chicken and mice embryo and sarcoma were 
strikingly similar in physical and chemical properties whether they came from normal 
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Plate 7. C3H (high-breast-cancer strain) male breast tumour induced with oestrone and methyl- 
cholanthrene: desiccated tissue, treated with petroleum ether, extracted with distilled water, treated 

with trypsin, filtered through Berkefeld N candle. Chromium shadowed. 

Plate 8 Same tissue as for Plate 7. 
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Plate 9- C3H (high-breast-cancer strain) spontaneous breast tumour tissue: desiccated, treated with 
petroleum ether, extracted with distilled water, treated with trypsin, tiltere(I thr()ugh Berkefeld 

N candle. Chromium shadowed. 

or from malignant tissues. In the experiments described here, extracts from C57 low- 
breast-cancer-strain sarcoma showed few only of the characteristic spherical particles 
of diameters up to about 3o0 A. This may be due to the technique of these experiments 
differing from that of CLAUI)E. Ultracentrifugation studies of normal and infected 
tissues with influenza virus 69, 70 showed the presence of particles of IOOO 5', in the electron 
micrographs of both types of tissue, whereas in infected chorio-allantoic fluid there were 
found particles of ioo A to 300 A diameter. Similar particles were absent from normal 
and embryonic fluid. However, LAUFFER AND STANLEY 71 and STANLEY 72 showed that  
infectivity is associated not with the smaller particles but only with particles of IOOO .~ 
diameter, and K~IGHT 7a isolated particles of 4o0 ,& diameter from normal chorio- 
allantoic fluid which were antigenically similar to influenza virus particles but were not 
infective. The isolation of animal viruses is therefore complicated by the presence of 
normal particles which are often indistinguishable from infectious material. GESSLER 
AND GREY 74 recently demonstrated the presence of spherical bodies of 5oo A to 15oo .~, 
diameter in sections of human breast tumours, but it is difficult to draw any comparison 
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between this finding and ours because of the difference in particle size and in origin of 
tissues in which they were found. 

PORTER AND THOMPSON 7s have recently published the interesting results of their  
electron microscope investigation of epithelial cells, grown in vitro, from spontaneous 
breast turnouts of high-breast-cancer-strain mice. They have observed in these cells 
spherical particles, most of them with a double structure consisting of a central dense 
portion of approximately 75 ° • average diameter (varying from 500 to 900 A) and a less 
dense outer portion of 135o A average diameter (varying from 90o to 17oo A). They have 
advanced the view that these particles represent the milk factor and have drawn 
attention to the great difference in size between their particles (135o A) and those 
observed by us .5. At the time of writing their paper it would appear that they had not  
seen our second communication 4e. In that communication attention was drawn to the 
variation in size of the particles encountered (see also Plates 7, 8 and 9), and ac tua l ly  
our range overlaps that reported by PORTER AND THOMPSON, although there is a 
difference in average size. It  is possible, indeed probable, that not all of the particles 
observed in the experiments outlined here are of the same biological nature, but  at the 
moment there is no evidence on this point. Porter and Thompson rightly mention that  
the difference in size,cannot be entirely a result of different techniques, but  they are of 
the opinion that  this difference may have been brought about by the methods employed, 
and suggest that the study of turnout cells grown in vitro may be a technique less subject 
to criticism titan the present experiments. I t  should be pointed out, however, that the 
particles described here were found in fresh as well as dried, and in trypsinized and 
non-trypsinized tissues. 

I t  must be stressed that  no claim has been put forward that  the particles observed 
in the tissue extracts are indeed the milk factor ; on the contrary, it has been emphasized 
that  at the present stage of these investigations it is not known what connection, if any, 
they have with milk factor. At the same time, electron microscope investigations of 
particles contained in the cells of tissue culture may be open to criticism in that they 
may not necessarily show the true size of the particles. The basis of this criticism is as 
follows. Combinations between viruses and host cells appear very frequently, and they 
can take place as virus-cell surface, virus-intracellular, virus-extracellular or tissue 
component union (HoRSFALL, HARDY, DAVENPORT 76. It  has been shown that digestion 
with trypsin releases the aggregates of virus from infected tissue 77, and that in addition 
to trypsin a cellulase from the snail (Helix aspersa) can liberate some of the viruses 
from infected plant tissue 78. I t  has also been shown that some virus-host cell combinations 
remain firm even after purification attempts 79. In view of this and the frequency of 
virus-host cell combinations, HORSFALL et al. 7e point out that  such combinations, if 
unrecognized, may lead to observations difficult of interpretation. 

Observations on the virus which causes pneumonia in mice (HoRSFALL AND HAHN s°) 
are of particular interest in connection with the present problem. This virus infects the 
lungs and combines with lung tissue particles but not with other tissue particles. The 
union is normally stable, but  it can be broken down by heat and alkali which, however, 
destroy the infectivity (MILLS AND DOCHEZSI: CURNEN AND HORSFALL JR. ~2, s~) ; or by  
relatively small amounts of crystalline trypsin (VOLKERT AND HORSFALL JR.S4); or by 
an appropriate concentration of electrolytes which does not destroy the infectivity of 
the agent (HORSFALL et al.TS). I t  has been found that the free virus is several t imes 
smaller than the combined virus, its size being 400 A (CuRNEN, PICKELS, HORSFALL JR. ss) 
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as compared with about 14oo A for the combined virus. In view of the combination 
with tissue particles which occurs with other viruses, HORSFALL el al. TM are of the 
opinion that  the mice pneumonia data indicate that  the physical and other properties 
of viruses :nay require revah:ation. 

In the light of these findings, it is possible that  the results of Polc rm¢ AN l) "I'Ho,~W- 
SON 7a may be explained as arising from a combination between smaller particles and cell 
components. The double structure of their particles may also favour this explanatioll. 
I t  is not claimed that  the particles observed in our experiments are the actual milk 
factor, because the biological tests are not yet complete. So far 56 out 22I hybrid mice 
injected with the earliest extracts containing the particles have developed tumours, but 
it is necessary to await further results of the centrifugation experiments before connection 
between the particles and tumour-inducing activity can be definitely established. I t  is 
possible to state now that  the tumour-indueing activity is associated with suspensions 
containing particles of a range of diameters, but the experiments are not sufficiently 
advanced to demonstrate conclusively that  these particles are indeed the tumour- 
inducing factor. Because of the methods of preparation the suspensions containing the 
particles may  be less potent than the original tumour extracts. Such an effect is well 
known in preparations of virus particles and may be due to a variety of causes. At the 
moment all we can say is that  suspensions containing particles obtained from high- 
breast-cancer-strain tissues induce tumours in susceptible hybrid mice. 

Finally, it should be mentioned that  particles of the size described by PORTFA~ AND 
THOMPSON were found by  them in only 5o% of the cells examined, whereas in our 
experiments particles of the sizes quoted were constantly present in all malignant 
tissue extracts from high-breast-cancer strains, whether prepared from fresh or desic- 
cated tissues, and  whether trypsinized or not. 
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SUMMA RY 

Electron micrographs  prepared from extracts  of normal and malignant  tissues of 3 high-breast-  
cancer s trains (C3H, R I I I ,  Strong A) of mice show the presence of approximate ly  spherical particles 
of diameters  ranging from about  2oo ..k to J2oo ~,\, though  most ly  not larger than  about  30o 2k. 
Similar micrographs from extracts  of normal  tissues and induced tumours  of low-breast-cancer 
s trains (C57 black, CBA, IF)  either do not  show such particles or show them only occasionally. 

Ex t rac t s  of R I I I  high-cancer-s train b reas t - tumour  tissue show greater numbers  of these 
particles than  extracts  of t umours  from other  high-breast-cancer strains. Electron micrographs of 
the extracts  of breast  t umours  induced in C3H high-breast-cancer  s train males show smaller numbers  
of characterist ic particles than  those of spontaneous  breast  t umours  arising in females of this strain. 

Electron micrographs of milk of C3 H high and C57 black low-breast-cancer strains show 
similar  numerical  differences in the presence of the characteristic particles. 

Electron micrographs after u l t racentr i fugat ion of extracts  t rom high-breast-cancer-strain 
turnouts  indicate t h a t  the particles are completely sedimented in two hours  at a speed corresponding 
to ~2o, ooo t imes  gravi ty,  bu t  the critical speed has not  yet  been established, 

All extracts  tested by the electron microscope and in the ul tracentrifuge are being tested for 
the presence of the tnmonr- inducing  agent  by injecting them into C57 X R I I I  susceptible hybr id  
mice; 56 out  of 221 mice injected with extracts  which contained the particles in large numbers  have 
so far developed tumours .  

Re/erences p. 4o8/4o9 . 



VOL. 4 (i95o) BIOPHYSICS OF CANCER-TISSUE EXTRACTS 407 

The  re la t ionship  be tween  these  par t ic les  a n d  t he  t u m o u r - i n d u c i n g  factor  is no t  ye t  clear. I t  is 
necessary  to awai t  the  final resu l t s  of t he  biological t e s t s  in h y b r i d  mice  before a definite corre la t ion  
m a y  be regarded  as es tabl ished.  

R ~ S U M ~  

Des mic ropho tograph ies  @lectroniques d ' e x t r a i t s  de t i s sus  n o r m a u x  et de t i s sus  t u m o r a u x  de 
3 races  de souris  /t h a u t  pou rcen tage  de cancer  de la m a m m e l l e  (C3 H, R I I I ,  S t rong  A) m o n t r e n t  la 
pr6sence de par t icu les  ~ peu  pros sph6r iques ,  de ~tiam~tre compr i s  en t re  2oo .~ et  I2oo ~,  ma i s  le 
p lus  s o u v e n t  pas  sup6r ieur  ~ 3oo ~.  Des mic ropho tog raph ie s  ana logues  d ' ex t r a i t s  de t i s sus  n o r m a u x  et  
de t u m e u r s  indui tes  p r o v e n a n t  de races  ~ faible poi l rcentages  de cancer  de la m a m m e l l e  (C57 black,  
CBA, IF) ne  m o n t r e n t  pas  ou m o n t r e n t  s eu l emen t  r a r e m e n t  de tel les par t icu les .  

Les  ex t r a i t s  de t i s sus  t u m o r a u x  p r o v e n a n t  de la souche  $ h a u t  pou rcen tage  de cancer  de la 
m a m m e l l e  R I I I  m o n t r e n t  u n  p lus  g rand  n o m b r e  de ces par t icu les  que  les ex t ra i t s  de t u m e u r s ,  des 
au t r e s  races  ~ h a u t  pou rcen tage  de cancer  de la mammel l e .  Les  mic rograph ies  @lectroniques des  
ex t ra i t s  de t u m e u r s  de la m a m m e l l e  indui tes  chez les males  de la race X h a u t  pou rcen t age  de cancer  
de la m a m m e l l e  C3H m o n t r e n t  u n  nombre  p lus  faible des  par t icu les  ca rac t6 r i s t iques  que  les micro-  
pho tog raph ie s  des ex t r a i t s  de t u m e u r s  spon tan6es  de la m a m m e l l e  se d6ve loppan t  chez les femelles  
de cet te  race. 

Des micrographies  61ectroniques du lair de la race C3H ~ h a u t  pou rcen t age  de cancer  de la 
mammel l e ,  e t  de la race C57 black ~ faible pou rcen t age  de cancer  de la mammel l e ,  m o n t r e n t  des  
diff6rences num@riques ana logues  en ce qui  concerne  les par t i cu les  caract@rist iques.  

Des micrographies  61eetroniques fai tes  apr6s u l t r a cen t r i f uga t i on  des ex t r a i t s  de t u m e u r s  pro- 
v e n a n t  d ' u n e  race $ h a u t  pourcen tage  de cancer  de la mammel l e ,  m o n t r e n t  que  les pa r t i cu les  son t  
c o m p l ~ t e m e n t  s@diment6es en 2 heures  ~ une  vi tesse  c o r r e s p o n d a n t  $ 12o.ooo g, ma i s  la v i t esse  
cr i t ique  n ' a  pas  encore @t@ d@termin6e. 

T o u s l e s  ex t ra i t s  @tudi6s au  microscope 61ectronique et  ~ l ' u l t r acen t r i fuge  son t  ac tue l l emen t  
essay6s  en ce qui  concerne la pr6sence d ' u n  fac teur  i n d u c t e u r  de t u m e u r ,  en les i n j ec t an t  chez la 
souris  hybr ide  suscept ib le  C57 × R I I I .  Jusqu ' i c i ,  56 souris  sur  221 ainsi  t ra i t6es  on t  d6velopp@ des  
t u m e u r s .  

I.es re la t ions  en t re  les par t icu les  en ques t ion  et  le fac teur  i ndnc t eu r  des  t u m e u r s  ne son t  pas  
encore claires. I1 es t  n@cessaire d ' a t t e n d r e  les r@sultats f inaux  des  essais  biologiques  chez les hybr ides  
des  souris  a v a n t  de pouvoi r  affirmer l ' ex is tence  d ' u n e  corr61ation en t re  ces deux  sys t6mes .  

Z U S A M M E N F A S S U N G  

Mit HiKe des E l e k t ronmi k roskops  wurde  gezeigt,  dass  E x t r a k t e  au s  no rma len  u n d  T u m o r -  
geweben  dreier Miiuserassen m i t  h o h e m  B r u s t k r e b s v o r k o m m e n  (C3H , R I I I ,  S t rong  A) annAhernd  
kugel f6rmige  Tei lchen en tha l t en ,  deren Durchmesse r  zwischen 2oo & a n d  12oo ~ ,  me i s t ens  aber  
n i ch t  m e h r  als 30o ~ betr~gt .  Ahn l i che  Mik ropho tog raph ien  von  E x t r a k t e n  aus  no rma len  Geweben 
oder induz ie r t en  T u m o r e n  von  R as sen  m i t  e inem ger ingen  B r u s t k r e b s v o r k o m m e n  (C57 black,  
CBA, IF) weisen solche Tei lchen en tweder  ga rn i eh t  oder  nu r  vere inzel t  auf.  

B r u s t t u m o r - G e w e b e x t r a k t e  der Rasse  R I I I ,  welche hohes  B r u s t k r e b s v o r k o m m e n  aufweis t ,  
zeigen eine gr6ssere Anzah l  dieser Tei lchen als T u m o r e x t r a k t e  y o n  ande ren  Ras sen  m i t  g le ichem 
B r u s t k r e b s v o r k o m m e n .  E l e k t r o n e n m i k r o g r a m m e  yon  E x t r a k t e n  aus  induz ie r t en  B r u s t t u m o r e n  yon  
Miinnchen der C3H Rasse  mi t  h o h e m  B r n s t k r e b s v o r k o m m e n  weisen eine ger ingere  Zahl  der cha rak t e -  
r i s t i schen  Tei lchen auf,  als solche aus  s p o n t a n e n  B r u s t t u m o r e n  der W e i b c h e n  dieser Rasse .  

Ahn l i che  zahlenmliss ige Un te r sch iede  in den  v o r h a n d e n e n  cha rak te r i s t i s chen  Tei lchen zeigen 
E l e k t r o n e n m i k r o g r a m m e  yon  Milch des S t a m m e s  C3H m i t  h o h e m  B r u s t k r e b s v o r k o m m e n  u n d  des 
S t a m m e s  C57, der diese K r a n k h e i t  sel ten aufweis t .  

E l e k t r o n e n m i k r o g r a m m e  von  u l t r azen t r i fug ie r t en  T u m o r e x t r a k t e n  eines S t a m m e s  m i t  h o h e m  
B r u s t k r e b s v o r k o m m e n  zeigen, dass  die Tei lchen nach  zweis t i ind igem Zent r i fug ieren  bei einer Ge- 
schwindigke i t  yon  I2O,OOO g vollst~Lndig s ed imen t i e r t  waren ;  die kr i t i sche  Geschwindigke i t  wurde  
aber  noch  n i ch t  e rmi t te l t .  

Alle m i t  d e m  E l e k t r o n e n m i k r o s k o p  u n d  in der  U l t r azen t r i fuge  u n t e r s u c h t e n  l~xt rak te  werden  
gegenw/ir t ig  du rch  In j ek t ion  in empf indl iche  M/~use, K r e u z u n g  C57 × R I I I ,  au f  das  V o r h a n d e n s e i n  
y o n  geschwuls tb i ldenden  stoffen geprt i f t ;  56 von  221 MXusen, die m i t  E x t r a k t e n  yon  hoher  Kon-  
zen t r a t i on  cha rak te r i s t i s che r 'Te i l ehen  inj iziert  worden  waren,  h a b e n  b i sher  T u m o r e n  entwickel t .  

Das  Verh/i l tnis  dieser Tei lchen zu dem geschwuls tb i ldenden  F a k t o r  is t  noch  n i ch t  deut l ich.  
Die Ende rgebn i s se  der biologischen Versuche  an  den  hybr id i s i e r t en  M/iusen mi i ssen  ers t  abgewar t e t  
werden,  bevor  ein endgii l t iger  Z u s a m m e n h a n g  zwischen diesen be iden  S y s t e m e n  als erwiesen be- 
t r a e h t e t  werden  kann .  
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