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Thu num erous  cell s tra in s  ava ilab le  in the  different lab o ra to r ie s  are 
p a r t ly  of h u m an ,  p a r t ly  of an im al,  chiefly m am m alian  origin. T h e y  h ad  been 
o b ta in ed  from d iffe ren t  hea l th y ,  neop las t ic  or em bryonal tissues . In some 
cases no visible changes h ad  ensued in tin; course of  th e i r  e s tab l ish m en t ,  
in o th e r  cases, how ever,  s tr ik ing  m orphological changes had  occurred  i.e. the  
cells ap pea red  to  have  undergone  “ tra n s fo rm a t io n ” .

O u t  of th e  g rea t  v a r ie ty  of  cell s tra in s  some had been  o b ta in e d  from 
m onkeys . P a r k e r  [16], H u l l , Ch e r r y  and  J o h n s o n [1 1],W e s t w o o d , Ma c p h e r - 
son  and T it m u ss  [27], S imon  [22] a n d  Morzycka  [15] re p o r te d  on th e  successful 
con tinuous  p ro p ag a t io n  of m o n k e y  k idney  cells. Salk  a n d  W a rd  [20] de­
scribed  the  es tab l ish m en t  of a cell s t ra in  o b ta ined  from Cynom olgus h ea r t  
«endothelium.

T he  p re sen t  paper  reports  som e sy s tem atic  studies  on the e s tab l ish m en t  
of  cell lines from pooled and  ind iv id u a l  m onkey  kidneys. Some fac to rs  influ­
encing  the  processes involved  are also discussed.

M ateria l and m ethods

A 0.25 per cen t t ry p s in  so lu tion  p rep ared  from  “ D ifco -trypsin  1 : 200” 1 in  a Ca-, and 
M g-free PBS [4] w as used. The lac ta lb u rn in -h y d ro ly sa te  so lu tion  co n ta in ed  5 pe r cen t NBC 
la c ta lb u m in -h y d ro ly sa te 2 in  d istilled  w a te r. T he com position  of th e  in itia l m ed iu m  (IM ) was: 
2 p e r cen t calf se rum , 10 per cen t lac ta lb u m in -h y d ro ly sa te  so lu tion  a n d  88 per cen t H a n k s’ 
ba lan ced  sa lt so lu tio n  [9]. F rom  th e  se v e n th  day  of cu ltiv a tio n  a p ro p a g a tin g  m ed iu m  (PM ) 

•contain ing  5 per cent la c ta lb u m in -h y d ro ly sa te  so lu tion , 10 per cen t ca lf se ru m , 40 per cent 
sy n th e tic  m ix tu re  199 [2 1 1 an d  45 per cen t H a n k s’ balanced  sa lt so lu tio n  w as used.

F o r the  p re p a ra tio n  of p rim a ry  m onkey  k id n ey  cell cu ltu res , y oung  R hesus an d  Cyno- 
m olgus m onkeys of 2 to  3 kg bo d y  w eigh t were used . The an im als were a n a e s th e tiz e d  by  in je c t­
ing 3 ml of a 10 per cen t th ia lb a rb ita l  so lu tio n 3 in tra p erito n ea lly . T he an im a ls  w ere killed 
by  bleeding th ro u g h  the  caro tid s . T he k id n ey s were rem oved , d eca p su la te d  an d  th e  m inced 
c o rte x  was try p sin ized  by  th e  m eth o d  of Y o u n g n e r  [ 2 9 ]  a t 3 0 °  C, w ith  t ry p s in  changes a t 
five m in u te  in te rv a ls . Only te s t- tu b e  cu ltu res  w ere p rep ared  in every  case, u sin g  200.000 cells 
in one m l of m ed iu m  per tu b e . In c u b a tio n  took  place a t  36° C in a s la n te d  positio n . T he 
m ed iu m  was chan g ed  w eekly th ro u g h o u t.

1 Difco C orp., D e tro it, M ichigan.
2 N u tr itio n a l B iochem icals C orp., C leveland, Ohio.
3 C hinoin, B u d ap es t, H ungary .
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S u b cu ltu res  were p re p a re d  b y  the  m ethod  of S wim  an d  P a r k e r  [23] sligh tly  m odified b y  
us. T h e  cells w ere rem oved  fro m  th e  glass surface w ith  b e n t t ip p e d  glass tu b es and  resuspended  
b y  su ck in g  and  blow ing (sc rap in g ). The f ir s t  passage w as m ad e  a t  a rb itra r ily  chosen tim es 
in  th e  d iffe ren t e x p erim en ts . E a c h  p rim a ry  cu ltu re  w as co n sid ered  as th e  possible p a re n t o f  
a cell line  an d  was th u s  se p a ra te d  rigorously . C u ltu res h a v in g  su rv iv ed  a m in im um  of te n  
p assag es w ith  sa tis fac to ry  g ro w th  w ere d esignated  as cell lines in  c o n tra s t to th e  cell strains- 
c h a ra c te riz e d  by  c o n tin u o u s  g ro w th  a f te r  e stab lish m en t. T h is  a rb it ra ry  d is tin c tio n  is based  
o n ly  u p o n  th e  g row th  c h a ra c te ris tic s  of cells. S im ilar d is tin c tio n s  w ere, how ever, m ade also- 
b y  o th e r  a u th o rs  [5, 24].

F o r  m orphological s tu d ies  slide p re p a ra tio n s  w ere m ad e  b y  th e  collodion m em b ran e  
m e th o d  [19]. The ran d o m  se lec tio n  of cu ltu res  for s ta in in g  w as a lw ays m ade on  th e  sev en th  
d a y  fo llow ing th e  las t p assage  or flu id  change. T he p re p a ra tio n s  w ere s ta in ed  acco rd ing  to  
P a p p e n h e i m .

E xperim en ta l

E stablishm ent o f  cell lines fro m  pooled m onkey k idneys. The f irs t  series 
o f  e x p e r im en ts  was p e rfo rm ed  in order to  d e tec t  w h e th e r  it  was possible t o

Table 1

E sta b lish m en t o f  cell lines from  pooled  m o n key  k id n e y s

Primary cell cultures Lines established

Batch
number

Date of 
preparation

Species and 
number 

of monkeys
Autopsy

Number
of

tubes
Number

Incuba­
tion

before
Date of estab- 

establishment 1 lish- 
ment 
(in

days)

Desig­
nations

Inci­
dence

%

I. 19. VII. 6 Cyno- negative* 100 l 28. X . 1959 103 i / i . 1.0
1959 m olgus

II. 28. V III. 9 R hesus 2 T .B .C . 12 l 27. I. 1960 152 i i / i . 8.3
1959 7 negative

i n . 25. IX . 6 R hesus negative 24 l 29. X II. 1959 95 H i/ i . 4.2
1959

IV. 29. IX . 4 R hesus 30 0 0.0
1959

V. 2. X . 4 R hesus 33 0 0.0
1959

VI. 7. X . 6 R hesus negative* 100 1 19. V . 1960 224 V I/1. 1.0
1959

V II. 9. X . 6 R hesus negative* 31 0 0.0
1959

V III. 13. X . 7 R hesus negative* 34 4 29. X II . 1959 77 V III /l . 11.7
1959 29. I. 1960 108 V III/2 .

29. I. 1960 108 V III/3 .
26. II. 1960 135 V III/4 .

IX . 20. X . 4 R hesus pneum onia 30 0 0.0
1959

X . 23. X . 1 Rhesus d y sen te ry 30 0 0.0
1959

* P rev iously  used for con tro l o f Salk vaccine.
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ob ta in  cell lines u n d e r  th e  experim en ta l  conditions used. F or  th is  p u rp o se  ten 
different b a tch es  o f  cell cu ltu res  were p rep a red .  The n u m b e r  o f  tu b e s  in each 
b a tc h  was d ifferen t. The cell suspensions were ob ta ined  b y  t ry p s in iz a t io n  of 
th e  pooled k idneys of  several m onkeys  (see Tab le  1). The cell c u l tu re s  were 
in c u b a te d  for 77 days w ith  weekly flu id  changes. At t h a t  t im e  each  culture  
was scraped  off a f te r  f luid change and  th e  suspended  cells w ere  a llowed to 
re-se tt le  in th e  sam e tu b e .  In  th e  course of fu r th e r  c u l t iv a t io n ,  cell growth 
was exam ined  weekly.

As i t  m ay  be seen in Table  1 th e re  was only one tu b e  e x h ib i t in g  satis­
fac to ry  g row th  on the  seven th  day  a f te r  scraping. This was line No VIII/1 . 
The re s t  o f  th e  tu b es  showed ve ry  poor or no grow th one week a f te r  scraping. 
A few large, f la t ,  g ra n u la te d  cells could only be detec ted  in the  tu b e s .  On fu r the r  
in cuba tion ,  how ever,  sm all g roups or is lands of cells were fo u n d  in some of 
th e  tubes .  These new cells were allowed to  m ult ip ly  un til  su ff ic ien tly  large 
islands h a d  developed . T hen  th ey  were scraped  off again a n d  e i th e r  allowed 
to  grow in the  sam e tu b e ,  or t ran s fe rred  to  another.  Some of th e se  cultures 
perished a f te r  tw o or th ree  passages, o thers  gave rise to  a cell line. O u t  of the 
ten  tissue cu ltu re  b a tch es  five did n o t  yield any  cell line. F o u r  lines were 
o b ta ined  from one b a tch ,  while one line from four ba tches  each .

E stablishm ent o f  cell lines fro m  in d iv id u a l m onkey kidneys. In  th e  second 
series of ex p e r im en ts  160 tu b e -cu l tu re s  were p repared  from  th e  k id n ey  cell 
suspensions of  four ind iv idua l  m onkeys  each (see Table  2).

A fter  7, 28, 35, 42, 49, 56, 63 an d  70 days of in cu b a t io n  20 tu b e s  each 
were scraped off from  every  one of  th e  four different tissue c u l tu r e  batches. 
M edium change and ex am ina tion  of g ro w th  were m ade in th e  s am e  w ay  as 
in th e  f irs t  series o f  experim ents .  Cells su b cu l tu red  on th e  7 th  d a y  were found 
to  have  su rv ived  4 to  5 successive passages a t  7 d ay  in te rv a ls .  A t te m p ts  to 
sub cu l t iv a te  p r im a ry  cells in cuba ted  for more th a n  7 days  c i th e r  failed or 
succeeded only once, th u s  la te r  such cu ltu res  were never su b c u l tu re d  after 
scrap ing  b u t  were allowed to  re-se tt le  in th e  original tu b e .  A f te r  a lag  period 
of d ifferent d u ra t io n ,  th e  d eve lopm en t of small islands could be d e tec ted  in 
some of th e  tu b es .  The m orphology  o f th e  cu ltu res  during  b o th  t h e  lag phase 
and the island fo rm a tio n  was essen tia lly  th e  same as in th e  f i r s t  series of 
experim en ts .  O u t  o f  th e  k idneys of th e  four individual m o n k ey s ,  tw o ,  desig­
n a ted  No X I  and  No X IV , yielded 7 lines each. No lines were o b ta in e d  from 
m onkey  No X I I ,  while m onkey  X I I I  gave  rise to  as m a n y  as 16 lines.

Relation o f  the num ber o f  cell lines fro m  ind ividua l m onkey k id n eys to the 
date o f  the f i r s t  passage and to the period between the start o f  p r im a ry  cultures 
and the development o f  the lines. Tab le  3 shows th a t  the  earlier t h e  f i r s t  passage 
h ad  been carried  ou t ,  th e  more lines hail developed, i.e. the  inc idence  of line 
dev e lo p m en t  was inversely  re la ted  to  th e  incuba tion  t im e  o f  th e  p r im ary  
cu ltu re .  The f requency  of e s tab l ish m en t  appea red  to be r e la te d  also to  the
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T able 2

E stab lishm en t o f  cell lines fro m  in d iv id u a l m o n k e y  k id n e y s*

Primary cell cultures Lines established

Batch
number

Date of 
preparation

Species and 
number of 
monkeys

Autopsy
Number

of
tubes

Number Date of 
establishment

Incuba­
tion

before
estab­
lish­
ment
(in

days)

Desig­
nation

Inci­
dence

6. IX . I960 98 X I /l .
6. I X .  1960 98 X I/2 .
6. IX . 1960 98 X I/3 .

X I . 31. V. 1 Rhesus n e g a tiv e 160 7 20. IX . 1960 112 X I/4 . 4.4
1960 27. IX . 1960 119 X I/5 .

27. IX . 1960 119 X I/6 .
25. X . 1960 147 X I/7 .

X II . 3. VI. 1 Rhesus n e g a tiv e 160 0 0.0
I960

1. V III. 1960 56 X III/1 .
15. V III . 1960 70 X III/2 .
15. V III . 1960 70 X III/3 .
22. V III . 1960 77 XII1/4.
22. V III . 1960 77 X III/5 .
22. V III . 1960 77 XII1/6.
22. V III . 1960 77 X III/7 .
29. V III . 1960 84 X III/8 .

X II I . 7. VI. 1 Rhesus G ran u lo m a- 160 16 29. V III . 1960 84 X III/9 . 10.0
1960 tosis 29. V III . 1960 84 X III/10 .

5. IX . 1960 91 X III /1 1.
5. IX . 1960 91 X III/12 .
5. IX . 1960 91 X III/13 .

11. X . 1960 126 X III/14 .
23. X I. 1960 168 X III/15 .
12. I. 1961 219 X III/16 .

2. IX . 1960 84 XIV /1.
9. IX . 1960 91 XIV /2.
9. IX . 1960 91 X IV /3.

X IV . 10. VI. 1 Rhesus n e g a tiv e 160 7 9. IX . 1960 91 XIV /4. 4.4
1960 16. IX . I960 98 XIV /5.

30. IX . 1960 112 XIV/6.
7. X . 1960 119 XIV /7.

* P reviously  used for co n tro l o f Salk vaccine.

t o t a l  pe r io d  of incuba tion . T h e  earliest e s ta b l ish m e n t  to o k  place betw een  th e  
43 — 5 6 th  days of in c u b a t io n .  F ro m  this t im e  on t h e  f requency  of es tab l ish ­
m e n t  increased  and  re a c h e d  a m ax im um  b e tw e e n  th e  85 — 98th  days. L a te r  
th e  d ev e lo p m en t  of cell lines b ecam e  gradually  less f r e q u e n t .  These d a ta  have  
s h o w n  th e  influence of th e  t im e  fac to r  on the  d e v e lo p m e n t  of cell lines. In  case 
o f  m o n k e y  No X I I I ,  th e  in c id en ce  of cell line e s ta b l is h m e n t  reached  its m a x i ­
m u m  a b o u t  a fortn igh t e a r l ie r  th a n  in o ther cases. T h is  observation  points  to  
t h e  poss ib le  existence o f  in d iv id u a l  differences o f  th e  m onkeys.
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Table 3

Relation o f the number o f  cell lines fro m  individual m onkey kidneys to the date o f  the 
f ir s t  passage and to the period between the start o f  prim ary cultures and the development o f  the lines*

1,8 Incubation, Baysscraping
{Bay of — ------------- Total

lion) 1 -42 43- 56 57 70 71 84 85 08 09 112 113 126 above 126

7 1 5 6 7 1 11 12 4 Г) a 
14

13

2 8

3 5

3

2

8 9
®

2 ®

7 15

6

3

4 2

4 9 4 10

®  © ® 3

2

5 6 :t 1

6 3 0

70 13 16 2

T o ta l I 2 8 10 2 4 3 3 0

* 1 - 7  Lines from  m onkey  No X I.
1 16 Lines from  m onkey  No X III.

® — @ Lines from  m onkey  No XIV.
The figures designate  lines.
* Critical jtoints o f tim e (for th e ir significance, see th e  Discussion).

H istory oj coll lines. Fig. 1 shows the  h is to ry  of  the  lines deve loped  from 
pooled m onkey  k idneys .

Lines No VI/1, No V III /2 ,  No V111/3 a n d  N o V I I I /4  af te r  v a ry in g  periods 
o f  sa t is fac to ry  g row th  ex h ib i ted  a g radual decrease  of th e  m u lt ip l ica t ion  rate , 
re su l t in g  finally  in th e  s top  of grow th. N everthe less ,  all these cu ltu res  were 
in c u b a te d  lor fu r th e r  six m o n th s  w ith  weekly f lu id  changes. A fter  th is  period, 
as none of the  res idua l cells were found to  s t a r t  growing, th ey  were d iscarded. 
W ith  line No I I / l ,  too , m ult ip l ica t ion  a p p e a re d  to  have s to p p ed .  A fte r  14 
weeks of add it iona l  in cu b a t io n ,  however, a new  popu la t io n  of cells differing 
f rom  the  original one b e g a n  to develop. These new  cells grew read ily  a n d  yielded 
s t ra in  No TI/1/a. Up to  now th is  s tra in  has been carried  th ro u g h  120 passages. 
F ro m  lines No 1/1 and No V III /1  passages in tw o-l i t re  R oux flasks were also 
p repared  to  ob ta in  large  q u an ti t ie s  of cells. A f te r  some transfe rs ,  is lands of 
cells som ew hat sim ilar  to  those  of s tra in  No I I / 1 /a appeared  in these  cu ltu res .  
T h e  new cells rep laced  successively th e  old ones and  finally th e  cu l tu re s  con­
sisted of these m odified  cells only (strains No I / l / a  an d  No V III/1 /a) .  A t  present, 
s t ra in s  No I / l / a  and  No V III/1  /a are in the ir  100th  a n d  120th passages, respec­
tive ly .  No sim ilar changes  were observed in th e  tu b e  cultures  of  th e  sam e cells 3

3 Acta Morphologica XII/B.
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m a in ta in e d  parallel to  th e  cu l tu re s  in R o u x  f lasks.  The form er, a f te r  hav ing  
b e e n  ca rr ied  th rough  seve ra l  passages, died o u t  successively on f u r th e r  in cu ­
b a t io n  o f  six months. Cell line  No I I I / l  could be p ro p a g a te d  w i th o u t  d ifficulty  
a n d  sh ow ed  no changes in  m orphology , b u t  th e  cells m ult ip l ied  a t  a slow 
r a te .  T h is  cell s tra in  has  n o w  been  carried  th ro u g h  80 passages.

S tro m s

*

■S à

I I

L ines

Z

*у / / / л  / ima
vin viii in I / vin ni vin и Vi 
T J a T  T T .  T 7  T  T  T  t ^ M S t r a m s

F ig .  1. H is to ry  o f  lines from  pooled m o n k ey  k idneys 
** S u b cu ltu re s  w ere  m ade  a t  one or tw o  w eek in te rv a ls

F ig .  2 shows th e  h is to ry  of  th e  lines o b ta in ed  from ind iv id u a l  m onkey  
k id n e y s .  The survival per iod  of  cu ltu res  va r ied  from m onkey  to  m onkey . 
F ines  deve loped  from m o n k e y s  No X I  and No X IV  lived generally  longer th an  
th o se  f ro m  monkey No X I I I .  T h e re  were differences in the  su rv iva l  period of 
lines o b ta in e d  from th e  sam e  m onkey . The su rv iv a l  of the  ind iv id u a l  lines 
seem ed  to  he re la ted  to  th e  t im e  o f the ir  e s ta b l ish m e n t  and to  th e  d a te  of the 
f i rs t  s c rap in g .  The la te r  M as m a d e  the  f irs t  passage and h ad  the line deve loped , 
th e  s h o r t e r  M as the  period o f  su rv iv a l .  The ra te  o f  m ult ip l ica t ion  of  line No XI/1 
f ro m  m o n k e y  No X I  slowed d ow n  m uch earlier t h a n  th a t  o f  th e  o th e r  lines
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f ro m  th e  sam e b a tc h .  A f te r  a period of v e ry  slow grow th , how ever ,  t h e  line 
im p ro v ed  an d  y ie lded  s t ra in  No X l / l / a .  Line No X I 11/12 from  m o n k e y  No X I I I  
has  been p ro p ag a ted  easily  up to the  p re se n t  t im e , th u s  i t  a p p e a re d  to  have  
yie lded a cell s tra in  w ith  ch arac ter is t ics  essen tia lly  similar to  th e  p a r e n t  line. 
In case o f  line No X II I /1 1  from m on k ey  No X I I I  the re  was no d iff icu lty  in

з г

5? 5 20

L ines

M onkeys

1 2  3  4 s  6  7 

XL

1

у/,
H  20

1 2 3  4  5  6  7 в  3  1 0 1 1 1 2 1 3  %  1516 1 2 3  i  S  6  7

XIII XIV.

Fig. 2. H is to ry  of lines from  in d iv id u a l m onkey  k idneys 
* S u b cu ltu re s  w ere m ade  a t  one or tw'o w'eek in te rv a ls

pro p ag a t io n .  There was, how ever, a period when part of the cu ltu res  exh ib ited  
poor m ult ip l ica t ion  as com pared  to  the  o thers .  This labile period  la s te d  for 
a few weeks. I t  seems to he of in te res t  t h a t  all these  th ree  s tra ins  w ere  o b ta ined  
from  p r im a ry  cu ltu res  su b cu l tu red  f irs t  on the  seven th  d ay  of in c u b a t io n  and 
from  lines estab lished  be tw een  the 85 — 9 8 th  days (see Table  3). U p  to  now 
these  s tra ins  have been carried  th rough  50, 80 and 70 passages, respec tive ly .

M orphology. P a r t  of the  lines o b ta in ed  were f ib rob last- l ike ,  e longa ted , 
spindle-like in form, and  cha rac ter ized  by  an orien ted  bund le- l ike  grow th . 
Lines No I I I / 1. No V I11/1, No V I1 1/2, No V III /3 ,  No M i l l  a n d  those  from

3 *
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1. L ine  No V III/1 . 2. L ine  N o  XIV/2. 3. S tra in  No X III/1 2 . 4. Line No X I/7 .

P h o to s  were taken by a Row. microphot B. ap p ara tu s, ocular 5 and objective 20,
magnification, X60.



5. L ine No 1/1. 6. L ine No 11 /1. 7. S tra in  No I / l /a .  8. S tra in  No II /1 /a .

Photos were taken by a Row. m icrophot B. apparatus, ocular 5 and objective 20,
m agnification, X60.
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m o n k e y  No X IV  be longed  to  th is  ty p e  (see P h o to s  1 a n d  2). All th e  o th e r  lines 
a n d  s t ra in s  (except for  s t r a in  No I I I / l )  were ep i th e lo id  in character .  T he  p o ly ­
gona l  cells formed e ra zy -p av em en t- l ik e  cell shee ts ,  w ith o u t  any  o r ien ta t io n  
(see P h o to s  3 and  4). W i th in  these tw o m a in  ty p e s  o f  culture  th e  in d iv idua l  
cells o f  th e  lines e x h ib i te d  a g rea t  degree of  p o ly m o rp h ism . The size of cells 
show ed  great v a r ie ty .  M a n y  large, f la t  cells a n d  cells exhib iting  a ty p ica l  
m ito ses  or several n u c le i  w ere  frequent. A f te r  e s ta b l ish m e n t  of th e  s tra in s  
t h e  po lym orph ism  w as  g re a t ly  reduced (see P h o to s  5, 6, 7 and 8). D eta i led  
d a t a  on th e  re la ted  m o rpho log ica l  problem s will be  p resen ted  elsewhere.

Discussion

M ost au thors  [1, 7, 8, 13, 14, 17, 24, 27] ag ree  in  t h a t  after  a short  
pe r iod  of  sa tis fac to ry  p r im a r y  growth a lag p h a se  of  d ifferent d u ra t io n  has 
to  pass  before the cell s t r a in  w ould  develop. I n  som e cases, however, th e  e s ta b ­
lished  cell p opu la t ion  a p p e a r e d  w ithou t  a r e m a rk a b le  decrease in th e  r a te  of 
m u l t ip l ic a t io n  of th e  c u l tu re  as a whole [2, 3, 10, 12, 20, 26, 27]. This ty p e  of 
cell s t r a in  e s tab lishm en t is charac ter ized  b y  th e  dev e lo p m en t  of small in it ia l  
is le ts  o f  new cells in th e  shee t  of the original ones. As these new cells grow 
u su a l ly  b e t te r  on f u r th e r  cu l t iv a t io n ,  th e y  successively  overgrow the  original 
cell popu la t io n .  The new  cells are usually  re g a rd e d  as “ tran s fo rm ed ”  ones. 
S o m etim es  neither  a d ec rease  o f  growth nor th e  a p p e a ra n c e  of a new cell ty p e  
o ccu r red  [6, 18, 25, 27, 28] a n d  the  stra in  was e s tab l ish ed  w ithou t any  visible 
m orpho log ica l  changes. S u c h  s tra ins  are genera l ly  considered as “ n on-trans-  
fo rm e d ”  ones. N everthe less ,  in  the  la t te r  case, too , th e re  are differences b e tw een  
th e  new  a n d  the  orig inal cells, i.e. stra ins grow  u su a l ly  b e t te r  th a n  p r im a ry  
c u l tu re s  and  i t  is usual to  f in d  an increased c h ro m o so m e  num ber.

Accord ing  to  th e  fo rm e r  d istinction , th e  lines and  s tra ins  p resen ted  
sh o u ld  h av e  been r e g a rd e d  as “ tran sfo rm ed ”  as a lag  period during  th e ir  
d e v e lo p m e n t  occurred in  e v e ry  case and  th e  new  cells were m orphologically  
m ore  or less unlike th e  o r ig in a l  cells. The d e v e lo p m e n t  of the  new popu la t io n  
seem ed , however, to re su l t  n o t  of a sudden  chan g e ,  b u t  of a slow process. 
This  could  readily  be fo l low ed  under the  m icroscope . D uring  the  lag phase  
a few  cells began to  m u l t ip ly ,  forming small is le ts .  T he  fates of these islets 
were d ifferen t.  P a r t  o f  t h e m  died  out after  th e y  h a d  reached  a certa in  size. 
Som e of th e m  h ad  been ca r r ied  th rough  tw o  to  th re e  passages before th ey  
pe r ished .  I n  o ther  cases, h o w ev e r ,  th e y  gave r ise  to  cell lines.

I n  case of lines o b ta in e d  from ind iv idua l  m o n k e y  k idneys, the  d a te  of 
f i r s t  passage  and th e  b e h a v io u r  of cells seem ed to  be re la ted , i.e. th e  earlier 
was t h e  f i r s t  passage p e r fo rm e d ,  the  more lines developed . Thus th e  a c tu a l  
r a te  o f  m ult ip l ica t ion  a p p e a r s  to  have a certa in  role in th e  early  e s tab lishm en t
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of cell lines. The period of  su rv iva l  of th e  lines seem ed to he re la ted  also to  
the da te  of the ir  e s tab l ish m en t  and to t h a t  of th e  f irs t  passage. In ou r  ex p e r i­
m ents  the re  seemed to  be tw o  critical points  of t im e  d u r ing  th e  e s tab l ish m en t  
of  cell s tra ins . T he  f i rs t  was the  passage on th e  7 th  d a y  and the  second the  
ap p earan ce  of a line be tw een  the 85 — 98th  davs. L a te r  passage of th e  p r im a ry  
cu ltu res  and  the ap p ea ran ce  of a line ou t of th e  above  limits  o f  t im e  led in 
no  case to  the  es tab l ish m en t  o f  a cell s tra in . This p h enom enon  could no t  be 
ascribed to  changes in the  n u t r ie n t  m edium , as m ed ia  were a lw ays p rep a red  
from  identica l ingred ien ts  by th e  sam e m ethods  th ro u g h o u t  th e  ex p e r im en ts .  
Considering the  d a ta  o b ta in ed ,  th e  e s tab l ish m en t  o f  cell s tra ins  u n d e r  the  
ex p e r im en ta l  conditions used m igh t  be the  resu lt  o f  a tw o-phase  process 
influenced bv  th e  t im e  fac tor .  D uring  th e  f irs t  phase  labile cell lines h a d  deve l­
oped. These  lines e i the r  died ou t  af te r  a cer ta in  pe r iod  or had gone in to  the 
second phase  o f  e s tab l ish m en t .  The la t te r  took  place only in lines developed 
un d er  the above m e n tio n e d  special conditions of  t im ing .

E s ta b l ish m e n t  of s t ra in s  occurred  only in lines o f  epithelo id  c h a rac te r .  
The lines derived  from m o n k ey  No X IY  did n o t  y ield  any  s tra ins  even  in the  
o p tim a l period. These cells, however, were f ib rob las t- l ike  and  su rv iv ed  for 
a b o u t  a year. The poor a d a p ta b i l i ty  of h u m a n  f ib ro b las ts  to  co n tinuous  g row th  
in tissue cu ltu re  has b een  described [18, 24]. T he  sam e appears  to  be t ru e  for 
m onkey  f ib roblasts .  As an  ex p lana tion  of the lack of  e s tab l ish m en t  of  cell 
s tra ins  from  cultures  ch a rac te r ized  by  th e  p reva lence  o f  f ib rob las t- l ike  cells, 
i t  m ay  be supposed  t h a t  th e  few epithelia l cells p re sen t  a t  the  beg inn ing  were 
com plete ly  overgrow n a n d  lost dur ing  th e  passages. O f th e  cu ltu res  p repa red  
from  m onkey  No X I I  n o t  a single line could be o b ta in ed .  U n d e r  th e  experi­
m en ta l  conditions used these  cells were a p p a re n t ly  un ab le  to  m u l t ip ly  in  vitro 
for a longer period. These  d a ta  show th a t  th e  b eh av io u r  of cells d u r in g  cul­
t iv a t io n  m ay  depend  on cer ta in  individual factors.

The cells giving la te r  rise to  a line are p ro b a b ly  presen t in th e  p r im a ry  
cu ltu res .  Their  n u m b e r  is, how ever, very  small so t h a t  they  are overgrow n 
by the  o th e r  cells. N everthe less ,  they  su rv ive  a n d  begin to grow a f te r  the  
d e a th  of the  prev iously  p re v a le n t  cells. The fac t  t h a t  in case of m o n k ey  No 
X I I I  th e  lines developed  earlier and a t  a more t h a n  twice as h igh incidence, 
th a n  in th e  o th e r  tw o cases, seems to  su p p o r t  t h a t  assu m p tio n ,  since p r im ary  
cu ltu res  h ad  begun  to  d egenera te  during  th e  second  week of in cu b a t io n  and 
in the  th i rd  to fou r th  week the re  were only a few cells d e tec tab le  in th e  cu ltu res .  
I f  the  above supposition  were correct, one shou ld  have  ex p ec ted  an  early 
e s tab lishm en t o f  s tra ins .  This was, howrever, n o t  th e  case in our exper im en ts ,  
as we h ave  found  th a t  th e  e s tab l ish m en t  of cell s t ra in s  depended  in th is  case, 
too, on th e  tw o critical po in ts  of tim e m en tioned  above. We m u s t  also tak e  
in to  considera tion  the fac t  t h a t  m onkey  No X I I I  p roved  to  have  g ra n u lo m a to ­
sis a t  au to p sy .  This m ay  h ave  caused the  special cu l tu re  cha rac te r is t ic s  of the
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cells d e r iv e d  from th is  m o n k e y ,  b u t  does n o t  exp la in  th e  critical p o in ts  of t im e  
d u r in g  th e  deve lopm en t o f  s tra in s .

T h e  lines o b ta ined  f ro m  th e  pooled m o n k e y  k idneys  co n ta in e d  cells from 
d i f fe re n t  animals m ixed  a t  ra n d o m . I t  was d e m o n s t ra te d  above  t h a t  cells 
f ro m  d ifferent in d iv idua l  m o n k e y  kidneys show ed  d ifferent ch arac ter is t ics  
in  t i s su e  culture. I t  is r e a so n a b le  to  suppose t h a t  a m ix tu re  of  cells of d ifferent 
c h a ra c te r is t ic s  (such as th o s e  from  pooled k idneys)  m igh t  ex h ib i t  a p a r t icu la r  
b e h a v io u r .  O bservations on  line No V III/1  h av e  show n t h a t  th is  m a y  hap p en ,  
v iz .  f ro m  a culture of a p p a r e n t ly  f ib roblast- l ike  c h a ra c te r  is lands of  epithelo id  
cells g rew  out la ter .

M ore detailed d a t a  on  th e  m orphological and  genetica l observa tions  
m a d e  d u r ing  this w ork will be  p resen ted  elsewhere.

Sum m ary

1. T h e  estab lish m en t o f  8 cell lines from  10 d iffe ren t b a tc h es  of cu ltu re s  p re p are d  from  
cell su sp en sio n s of pooled m o n k e y  k id n ey s and  th a t  o f  30 lines from  4 in d iv id u a l m onkey  
k id n e y s  a re  described.

2. A m ong the  38 cell lin es  7 y ielded  p e rm a n en t cell s tra in s .
3. T he conditions fa v o u ra b le  fo r th e  e s tab lish m en t of lines an d  s tra in s  hav e  been 

d isc u sse d  from  th e  p o in t o f v iew  o f th e  d a te  of f i r s t  passage  an d  of th e  in c u b a tio n  period. 
T h e  e s ta b lish m e n t of s tra in s  seem ed  to  be the  re su lt o f c e r ta in  tw o-phase  p ro cess  in flu en ced  
b y  th e  tim e  factor.
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IS O L IE R U N G  VON Z EL L ST Ä M M EN  
A US PR IM  A R EN A F F E N N I E  R E N -Z  E L L E  U LTI) R E N

P. RUZICSKA

1. Von den aus 10 versch iedenen , gem isch ten  A ffennieren -Z ellsuspensionen  e rh a lten en  
K u ltu ren  w u rd en  8 Z ellinien, u n d  von den  aus 4 A ffen ind iv iduell e rh a lte n e n  K u ltu re n  30 
Zellinien isoliert.

2. Von den  38 Zellinien w urden  in 7 F ä llen  p e rm a n en te  S täm m e e rh a lte n .
3. E s w urden  die o p tim a len  B ed ingungen  fü r die E n ts te h u n g  von Zellinien und -Stäm­

m en in bezug a u f  den  Z e itp u n k t der e rs ten  Passage  u n d  die In k u b a tio n sd a u e r  u n te rsu ch t. 
Die H e rau sb ild u n g  de r Z ellstäm m e schien ein E rg eb n is  eines zw eiphasigen Prozesses zu sein, 
w obei dem  Z e itfak to r eine Rolle zufiel.

ОБРАЗОВАНИЕ КЛЕТОЧНЫХ ШТАММОВ ИЗ ПЕРВИЧНЫХ КЛЕТОЧНЫХ 
КУЛЬТУР ПОЧЕК ОБЕЗЬЯН

П. РУЗИЧКД

1. Из групп культур изготовленных из клеточных суспензий, полученных от почек 
различных обезьян, дается описание образования 8 клеточных линий, а из культур, по­
лученных из почки отдельных обезьян - образование 30 клеточных линий.

2. Из 38 клеточных линии в 7 случаях получались перманентные клеточные 
штаммы.

3. Исследовались оптимальные условия образования клеточных линий п штаммов, 
с учетом срока первого пассирования и продолжительности инкубации. По собранным 
данным кажется вероятным, что образование клеточных штаммов было результатом 
двухфазного процесса, на который фактор времени оказал действие.

P é te r  H u z i c s K A ,  B u d ap es t  IX . ,  G y á l i út 2 — 6, H u n g a ry .
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