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As a r e su l t  of prolonged cult ivation of cel ls  of a r a t  kidney ca rc inoma  (strain RA) in a mono laye r  a 
new t ransp lan tab le  line of r a t  kidney ca rc inoma  cel ls  (RKC) was obtained, differ ing in i ts  morphologica l  
and biological  p r o p e r t i e s  f rom the original .  

Inoculation of cel ls  of an RPK culture into r a t s  led, in 1 of 18 ca se s ,  to the fo rmat ion  of a tumor  cap-  
able of subsequent  t ransplanta t ion  into an imals .  

The few facts  yet avai lable  to indicate that mal ignant  ce l l s ,  like cel ls  der ived f rom normal  t i s sues ,  
m a y  undergo biological  t r an s fo rm a t i on  during prolonged cultivation in v i t ro ,  as shown by the appea rance  
of a t ransp lan tab le  cell  l ine, a re  of pa r t i cu l a r  in te res t  to the understanding of the nature  of mal ignancy  [6, 
8-14, 17-20]. 

The object  of the inves t iga t ion  descr ibed  below was to examine this phenomenon in the course  of ob- 
taining a t ransp lan tab le  cell  line f rom ra t  c a r c inoma  s t r a in  RA, which has so fa r  r ece ived  li t t le study. 

EXPERIMENTAL METHOD 

The test object was a transplantable kidney carcinoma of solid structure of albino rats [I, 2], which 
had passed through more than 80 generations before these experiments began. According to our data [3, 4], 
the tumor possessed high virulence, especially for Wistar rats, and preserved its original morphological 
structure. 

Primary monolayer cultures were obtained from this tumor by trypsinization [5]. Cells in a concen- 
tration of 5 • 105-106/ml were seeded into Carrel's flasks on medium No. 199 with the addition of a 30g c 
solution of lactalbumin hydrolysate and of 20% bovine serum. 

The cytologic study was undertaken on living cultures and also on stained preparations by the method 
described previously [7]. 

Growth of the cells cultures was studied quantitatively by determining the coefficient of proliferation 
and the percentage of dead cells, and measuring the pH of the medium in the course 6f cultivation. 

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

Cells  of the p r i m a r y  cul tures  of the t umor  fo rmed  a monolayer  on the 3rd-4th day, but showed low 
ra t e s  of growth (coefficient of p ro l i fe ra t ion  in the f i r s t  pa s sages  var ied  f rom 1.0-1.2). Most of the cul tures  
died a f t e r  5-6 p a s s a g e s  (2-3 months of cultivation) [3, 15]. 

P o l y m o r p h i s m  of the cel ls  was d i scovered  by the eytomorphologic  study of the p r i m a r y  cul tures .  The 
zone of growth cons is ted  of a dist inctive (loose in some p laces ,  condensed into s t r u c t u r e s  r e sembl ing  m e m -  
b r anes  in others)  re t ieu lum.  In the m e m b r a n e s  the cel ls  were  in contact  with each other  with no sharp  
l ines of demarca t ion  (see Fig. la ) .  
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Fig. 1. Monolayer cell cul tures of a rat  carc inoma,  a) P r i m a r y  culture,  4th day from s ta r t  of 
cultivation. Mayer ' s  hematoxylin,  8 x 10; b) living culture,  4th month of cultivation. F ib rob las t -  
like type of growth, 8 • 10; c) living culture,  8th month of cultivation. Polygonal cells in epithelial 
layer ,  8 x 10; d) s t re tched cells ,  l l t h  month of cultivation.- Mayer ' s  hematoxylin,  90 x 10; 
e) spindle-shaped and flattened cel ls ,  l l t h  month of cultivation. Mayer ' s  hematoxylin, 90 • 10; 
f) karyokines is  in a spindle cell,  11th month of cultivation. Mayer ' s  hematoxylin, 90 • 10. 

The looser  a reas  consis ted of spindle-shaped cells with interwoven p roces ses .  Their  nuclei stained 
well and various phases of karyokinesis  were found. In the la ter  periods of cultivation the zone of growth 
was composed of elongated, spindle-shaped or  i r r egu l a r  cells with severa l  p roces ses ,  with a tendency for  
predominance of a f ibroblast - l ike  type of growth. In some experiments  the appearance of loci of round or  
epithelioid cells was observed against  a background of a typically f ibroblast- l ike type of growth, indicating 
that it is possible to obtain a transplantable cell line. 

With this in mind, we ca r r i ed  out fur ther  exper iments ,  but to provide less  r igorous  conditions for  
growth of the cul tures they were not subcultured but maintained by frequent changes of nutrient medium. 
Observat ions continued for  severa l  months.  

One of the C a r r e l ' s  flasks in which a f ibroblast- l ike type of growth was t found af ter  3-4 months (see 
Fig. lb) was kept under pa r t i cu la r ly  close observation.  The zone of growth of this culture consisted of 
intersect ing s t r eams  of elongated cells all lying in the same direction. The nuclei of these cells were long 
and rod-shaped,  or  occasional ly  oval. None of the membrane- l ike  condensations descr ibed above were 
observed in this ret ieulum. 

In the 5th month a focus of cells differing sharply  in shape from ithe surrounding f ibroblast - l ike  back-  
ground was found in the zone of growth. The cells formed a layer  thickened in the center .  Its cells were 
oval, round, somet imes  i r r egu la r ,  or  angular  and without p rocesses .  The pe r iphery  of this layer  was loose 
and consisted of cells of the same oval, round, or  i r r egu la r  shape; in some places it was penetrated by 
spindle-shaped cells with p rocesses .  Compared with the original spindle-shaped type, these cells may  be 
called granular .  
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Two weeks l a t e r  two m o r e  such loci  were  found in the same f lask.  This  suggested the mul t icen t r ic ,  
noncoineidental  appearance  of foci of cel ls  differing morphologica l ly  f rom the cel ls  of the initial  zone of 
growth. Because  of these changes and of the p r e s e n c e  of living cei ls  in the culture medium it was decided 
to pour  off p a r t  of the old medium during one of i ts  changes into f resh  C a r r e l  f lasks .  F r e s h  nutr ient  medium 
was added to these f lasks ,  o r  in other  words ,  the pr inciple  of conditioning of the medium [16, 21-23] was 
used. These  subcul tures  by decanting were  p e r f o r m e d  in the 5th-6th month e v e r y  5-10 days.  

One month l a t e r  growth of t iny colonies of cei ls  was obse rved  in the f lasks  with decanted med ium,  
developing into ep i the l ium-l ike  m e m b r a n e s  which l a t e r  joined into continuous l aye r s  with loose bo rde r s ;  in 
the cen t ra l  pa r t s  of the l aye r ,  bes ides  oval (granular) and round cel ls ,  polygonal cei ls  appeared .  By this 
t ime the f ib rob las t - l ike  cel ls  in m o s t  of the f lasks  had been rep laced  by epithelioid.  Toward  the end of the 
6th and beginning of the 7th month,  the number  of polygonal cel ls  in the m e m b r a n e s  had inc reased .  

La t e r ,  in o rde r  to obtain decanted subcul tures ,  the f lasks  with the cul tures  were  agi ta ted gently, as 
a mi lde r  method of seeding than that employing the action of t ryps in  or  ve r sene .  The daughter  cul tures  
showed fas t  r a t e s  of growth and fu r the r  modif icat ions in the shape of the colonies.  The polygonal cel ls  
began to appea r  at  the p e r i p h e r y  of the colonies a lso .  The edges of the colonies became  wavy and had a l -  
m o s t  los t  the i r  looseness  of s t ruc tu re .  By the 8th month of cult ivation the m e m b r a n e s  were  composed  
main ly  of polygonal cei ls  (see Fig. l c ) ,  although here  and there  oval,  angular ,  and s o m e t i m e s  i r r e g u l a r  
cel ls  with shor t  p r o c e s s e s  could stil l  be seen.  

Because  of the i nc r ea s e  in ra te  of growth of the subcul tures ,  in the 9th month i t  was poss ib le  to change 
f rom conditioning to complete  r ep l acemen t  of the medium and f rom shaking the cul ture to seeding with the 
aid of 0.25% t ryps in  solution. In the f i r s t  subcul tures  an inc reas ing  number  of f ib rob las t - l ike  cei ls  was 
found in the zone of growth, but polygonal cel ls  were  sti l l  p r e sen t  in the loose epithel ial  m e m b r a n e s .  By the 
10th month f ib rob las t - l ike  cel ls  were  more  numerous  than polygonal cel ls .  By the l l t h  month only a f i b ro -  
b las t - l ike  zone of growth was obse rved ,  composed of bands of na r row cel ls  lying in the same  direct ion.  
These  cel ls  had basophi l ic  cy toplasm and oval o r  rod-shaped  nuclei,  the i r  long axis  lying longitudinally in 
the cell:, in which a few intensively  s ta ined nucleoli could be seen (See Fig. ld).  The ends of the cel ls  were  
pointed or they branched  into two or  m o r e  p r o c e s s e s ,  anas tomos ing  with o thers .  Besides  sp indle-shaped 
basophi l ic  cei ls ,  a loose network of i r r e g u l a r l y  shaped,  f lat tened cei ls  with round, f leebly  s taining nuclei 
lay  between the bands (see Fig.  le) .  Karyok ineses  were  often seen in the sp indle-shaped cei ls  (see F i g .  lf).  

According  to our data, the opt imal  dose for  growth of the culture was a concentrat ion of 30,000-50,000 
c e l l s / m l  nutr ient  medium.  The coeff icient  of p ro l i fe ra t ion  on the 4th day reached  3.5 (in the p r i m a r y  cul -  
t u re s  it  did not exceed 1,2) and the pH of the medium was 6.6. Subcutaneous in.oculation of Wis ta r  r a t s  with 
cel ls  of 9-11-month  old cul tures  (in a dose of 2 x 106-107 cel ls)  led to the fo rmat ion  of a tumor  in 1 of 18 
c a s e s ,  which was success fu l ly  inoculated into other  Wis ta r  r a t s .  In the other  17 r a t s  the tumors  were  
absorbed .  

At the p r e s e n t  the cell  line is in its 14th month of cultivation; seedings a re  c a r r i e d  out on the 5th- 
7th day of growth by means  of t ryps in  and v e r s e n e  solutions.  The culture has  p r e s e r v e d  the f ib rob las t - l ike  
type of growth as desc r ibed  above f~r 4 months.  

The changes in the biological  and morphologica l  p r o p e r t i e s  of the cel ls  of these cul tures  thus show 
that  a new t ransplantable  cell  line has  been obtained. This  l ines  has  been cal led RKC (rat kidney carc inoma) .  
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