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Abstract The g rowth  pa t t e rns  o f  es tabl i shed  cell lines 
f rom b l adde r  t r ans i t iona l  cell c a r c inoma  (TCC) were 
c o m p a r e d  with  ear ly  passage  cell lines. The  g rowth  o f  
es tab l i shed  cell line 5637 was un inh ib i t ed  in bo th  serum 
free (basal)  and  se rum con ta in ing  media .  The  ear ly  
passage  line (DR)  grew only  in serum conta in ing  med ium.  
This conf i rms  the unre l i ab i l i ty  of  results  f rom bio logica l  
s tudies on  es tabl i shed  (cont inuous)  cell lines. 
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Es tab l i shed  cell l ines are  inva luab le  for  the s tudy  o f  the 
b io logica l  na tu re  o f  a t u m o u r  at  the  cel lular  level and  in 
the eva lua t ion  o f  an t i cance r  drugs.  Long- t e rm cell lines 
es tabl i shed  f rom b l a d d e r  t r ans i t iona l  cell c a r c i n o m a  
(TCC)  have been r epo r t ed  [6, 14, 15]. T C C  lines have been 
g rown in serum free m e d i u m  [5, 13], in agar  and  agar -  
methyl  cel lulose con ta in ing  m e d i u m  [3, 7]. There  is, 
however ,  no s imple  and  r ep roduc ib l e  in vi t ro  t echn ique  
for  p r o p a g a t i n g  b l a d d e r  tumours .  The mean  co lony  
fo rming  efficiency o f  T C C  b l adde r  cells is be tween 0.018 
and  0.031% [4]. Because of  the technical  difficulties 
involved  in the p r i m a r y  cell cul ture  most  an t icancer  d rug  
studies are  done  on es tabl i shed  cell lines. 

A n  es tab l i shed  cell line represents  one s u b p o p u l a t i o n  
of  the or ig inal  t u m o u r  which has a d a p t e d  to the ar t i f ic ial  
condi t ions  in culture.  Es tab l i shed  cell lines also d i sp lay  
p h e n o t y p i c  ins tabi l i ty  dur ing  their  p r o l o n g e d  in vi t ro  
p r o p a g a t i o n  [9]. There  are  no da t a  avai lab le  to c ompa re  
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the g rowth  character is t ics  o f  ear ly passage  lines wi th  those  
of  es tabl i shed  cell lines. 

Materials and methods 

Early passage cell line 

The bladder tumour specimen (1 c m  3) w a s  obtained at the time of 
endoscopic resection. The tissue was transported in basal medium 
supplemented with penicillin, streptomycin and amphotericin-B (all 
from Sigma) and processed within 30-40 min. Part of the tumour was 
disaggregated mechanically into a single cell suspension using a 
dissociation kit (Sigma) and the cell viability determined using 
trypan blue. Another part of the tumour tissue was minced into small 
pieces (less than 1 mm 3) and several of these placed in 3 ml of medium 
in each 50 ml culture flask (Costar). The cells were incubated at 36.5 ~ 
C in humidified atmosphere of 5% CO2 in air. Constituents of the 
medium are listed in Table 1. Plating of the cells was seen within 24- 
48 h and the cell colonies were mostly clustered around the tissue 
piece. Medium was changed every 2-3 clays depending on the change 
in pHas identified by the colour of the phenol red indicator. 
Experiments were carried out after 3 or 4 passages of the cells. Cells 
were plated at a concentration of 3• 104/ml in each flask. All 
experiments were done in duplicate. 

Established cell line 

The TCC cell line 5637 was donated by the Marie Curie Research 
Institute, Oxted, Surrey. TCC 5637 was established in 1974 and 
charcterised [8]. 

Table 1 Medium (200 ml) used for culturing bladder cells 

DMEM a + Ham's F12 50:50 (V/V) 180 ml 
Fetal calf serum 20 ml 
1-Glutamine (200 mM) 2 ml 
Penicillin (10,000 units/ml) and 
streptomycin (10 mg/ml) 2 ml 
Testosterone (3 • 10 .4 M)  20 gl 
Hydrocortisone (1 mg/ml in 95 % ethyl alcohol) 20/al 
Selenium (30 • 10 -4 as sodium selenite) 20 Ixl 

All purchased from Sigma Chem 
Dulbecco's modified Eagle's medium 

(Catalogue Nos: DMEM with Glucose 1G/L - Sigma D9036; Ham's 
F12 - Sigma N4888; Fetal calf serum(type II)- Sigma F2138) 
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Table 2 Combinations of various components with basal medium 

1. Basal(B) (DMEM:Ham's F12 + 1-glutamine + penicillin + 
streptomycin + amphotericin-B) 

2. Serum(S) 
3. Testosterone(T) 
4. Hydrocortisone(H) 
5. Selenium(Se) 
6. Selenium + testosterone 
7. Selenium + serum 
8. Selenium + hydrocortisone 
9. Selenium + testosterone + hydrocortisone 

10. Hydrocortisone + selenium + serum 
11. Hydrocortisone + testosterone 
12. Hydrocortisone + testosterone + serum 
13. Hydrocortisone + serum 
14. Testosterone + selenium + hydrocortisone 
15. Testosterone+serum 
16. Serum + testosterone + selenium + hydrocortisone 

Characterisation of the early passage cell line DR 

D R  is derived from a transitional cell carcinoma pT3 G3. After 
passaging, the cell line was confirmed to be epithelial in origin by 
cytology, electron microscopy and positive cytokeratin staining. 

Cytology 

After the third passage the cells were fixed in neutral buffered 
formaldehyde (10%) and stained by the Papanicolaou's method for 
morphological study. 

Electron microscopy 

Ultrastructure studies of early passage cells were carried out by 
conventional transmission electron microscopy. Fixation of the cells 
was accomplished in situ by adding 3 % phosphate-buffered glutaral- 
dehyde. The cells were then processed by the flat-face embedding 
method described by Brinkley et al. [2]. 

Cytokeratin staining 

The early passage cells were stained with cytokeratin antibody 18,19 
(5D3, AE1/AE3, Biogen). 
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Fig.1 Growth of 5637 cells. 
All; --qD- basal + serum; - -~--  basal; ~ basal + selenium; 

--~--  basal + hydrocortisone; ~ basal + testosterone 

rate  increased and  cells were passaged  every 4-6  days.  The 
cells were ep i the lo id  and  i r regular  with large nuclei  and  
mul t ip le  nucleoli .  

Cytology: Cells showed large pe r iphe ra l  hype rch roma t i c  
nucleus with basophi l i c  cy toplasm.  

Electron microscopy: The cells had  microvi l l i ,  r i bosomes  
and  desmosomes .  

Cell counting 

Aliquots of cells in passage 3 were cultured in basal medium with 
various supplements (Table2) in 16 different numbered culture 
flasks and growth curves determined. The cell count at the initial 
plating was done with a Neubauer's haemocytometer. For the 
growth curve determination a graticule mounted in the eyepiece of 
the microscope (Olympus) was used. Similar growth studies were 
done on the 5637 lines. Cell counts were taken on days 1, 2, 3, 4, 5, 8 
and 9. 

Results 

Morphology: Cell ou tg rowth  was seen wi thin  24 h in the 
fo rm of  clusters main ly  a r o u n d  the or iginal  t issue piece. I t  
requi red  a b o u t  35 days  to see definit ive g rowth  and  very 
few colonies  were left by  this t ime. By 65-80 days  g rowth  

Cytokeratin staining." The D R  cells showed pa tchy  s ta ining 
with cy tokera t in  a n t i b o d y  18. 

The  g rowth  pa t t e rn  of  the es tabl i shed  cell line 5637 was 
f o u n d  to be min ima l ly  affected by  the m e d i u m  supple-  
ments  as shown in Fig. 1. There  was no change  in the 
m o r p h o l o g y  of  cells. The cells became conf luent  after  72 
hours .The  g rowth  of  the ear ly passage cell line D R  (Fig.  2) 
was ma in t a ine d  only  in serum conta in ing  medium.  The  
g rowth  was enhanced  when o ther  componen t s  were 
added .  Basal  m e d i u m  on its own was no t  sufficient to 
ma in ta in  cell p ropaga t ion .  Only  tes tos terone  affected 
g rowth  sl ightly bu t  fai led to ma in ta in  g rowth  of  the ceils 
subsequent ly .  
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passage cell lines may  more  closely resemble the cells of  the 
t umour  in vivo. This is suppor ted  by results o f  chemosen-  
sitivity/resistance assays on early passage cell lines which 
are known  to reflect patterns o f  disease specific activity 
[9]. 

However ,  amplif icat ion o f  individual tumours  by es- 
tablishing early passage lines is a t ime-consuming and 
expensive exercise. The growth of  cells beyond  the initial 
period is difficult to achieve. It is most  likely that  early 
passage lines during this initial period represent the 
original tumour .  
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Fig. 2 Growth of DR cells. 
--iN--- All; --&- B + S + Se; ~ B + Se; --Ii~- B; --k-- B + S +T; 
--N--- B+H+S;  - - I I -  B+T+Se+H;  --~-- B+H; -- t l -  B+T; 

B +Se+T+S; -4<- B + Se +T; --C]- B+S; --N--- B+Se+ H+S; 
--E~ B T T + H  

Discussion 

Serum enhances the growth of  early passage cell lines 
because it contains necessary nutrients and growth  fac- 
tors. Serum may  be reduced or omit ted f rom the medium if 
ho rmona l  and nutri t ional  requirements are opt imized by 
the addi t ion of  specific componen ts  according to the needs 
of  individual cell lines [12]. However ,  it is also known that  
serum may  also contain substances which inhibit cell 
mult ipl ication [11]. In the case o f  the cell line DR,  serum 
enhanced the growth  of  the cells. Addi t ion  o f  serum did 
not  make any significant difference to the growth  of  5637 
cells. In fact the 5637 cells will grow in virtually any 
medium. This is an impor tan t  characteristic because 
established cell lines are used in the s tudy of  cellular 
proliferat ion and cell differentiation. Appl icat ion o f  phar-  
macological  responses f rom established cell lines is to a 
certain extent questionable because o f  these biological 
differences. 

The growth  requirements for established cell lines 
differ vastly f rom those of  early passage cell lines. Even the 
basic features o f  epithelial cells like keratin expression 
may  change when ceils are transferred to long term in vitro 
condit ions [1]. When  cells are passaged cont inuously  over 
a long period of  time, one part icular  subpopula t ion  of  cells 
survive and show adaptabil i ty to the medium. The early 
passage cell lines on the other  hand  do not  in general 
survive in unspecified medium because of  their hetero- 
geneous cell populat ion.  Therefore the biology of  early 
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