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Summary. This r epo r t  concerns  the shor t - t e rm cul ture  o f  
u ro the l ia l  cells f rom the ur ine  sed iment  o f  over  
100 pa t ien ts  with b l a d d e r  tumors .  P r ima ry  cell ou tg rowth  
was o b t a i n e d  in a p p r o x i m a t e l y  60% of  the  cul tures  
ini t ia ted.  Cul ture  ou t come  was no t  re la ted  to t u m o r  
grade,  pa t i en t  age, or  vo lume  o f  the ur ine  sample.  A r o u n d  
85 % of  the p ro l i fe ra t ing  cul tures  were successfully t rans-  
fer red  into m u l t i - c o m p a r t m e n t  chamber / s l ides .  These 
results  suggest  tha t  the cul ture  system m a y  be a useful  too l  
for  the  s tudy  o f  u ro the l ia l  cells using pa t i en t  ma te r i a l  
ob t a ined  by  non- invas ive  means .  
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Voided  ur ine  f rom n o r m a l  adul t s  conta ins  v iable  cells tha t  
can be p r o p a g a t e d  in vi t ro  [8]. The  cu l tured  cells fo rm 
desmosomes  and  t ight  j unc t ions  typical  of  epi thel ia l  cells 
[13], and  the presence of  cells l ined by  the character is t ic  
a symmet r i c  uni t  m e m b r a n e  [11] conf i rmed  thei r  u ro the -  
l ial  or ig in  [13]. In  add i t ion ,  f rom flow cy tomet r i c  D N A  
and  c h r o m o s o m e  analyses  it was es tabl i shed  tha t  the 
cul tures  were c o m p o s e d  of  n o n - s y n c h r o n o u s l y  pro! i fera t -  
ing n o r m a l  d ip lo id  cell p o p u l a t i o n s  [9]. Based on the 
results  ob t a ined  with  one pa t ien t ,  it has recent ly  been 
p r o p o s e d  tha t  sho r t - t e rm cul tures  f rom ur ine  could  be 
ut i l ized for  the de tec t ion  of  ear ly  k a r y o t y p i c  changes  in 
b l adde r  cancer  [15]. Moreove r ,  the cul tures  could  also be 
used to s tudy  po ten t i a l  i m m u n o c y t o c h e m i c a l  b l a d d e r  
t u m o r  marke r s  [6] and  to detect  gene mu ta t i ons  [2, 14] on 
pa t i en t  ma te r i a l  o b t a i n e d  b y  non- invas ive  means .  H o w -  
ever, before  the cul ture  sys tem can be app l i ed  to such 
inves t iga t ions  it was cons ide red  necessary to test ur ine  
f rom a large n u m b e r  o f  b l a d d e r  cancer  pa t ien ts ,  to assess 
the inf luence of  ur ine  pa r ame te r s  tha t  m a y  affect cul ture  
ou tcome ,  and  to de te rmine  whe ther  the p ro l i f e ra t ing  cells 
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can be t rans fe r red  into  glass chamber / s l ides ,  a cul ture  
m o d a l i t y  tha t  a l lows the concur ren t  analysis  of  cell 
p o p u l a t i o n s  wi th  var ious  an t ibodies  [3]. Here  we presen t  
the results  of  such a s tudy,  which to our  knowledge  has no t  
been p e r f o r m e d  previously .  

Materials and methods 

Urine from bladder cancer patients was obtained either by sponta- 
neous micturition or through the cystoscope or by catheterization. 
Clinical data, including the results of the most recent cytological 
examination of the urine, were retrieved from the hospital files. 
Specimens, collected in sterile containers, were stored for 1 h at 4~ 
and then centrifuged in (several, if necessary) 50-ml tubes at 850 g for 
10min. During this time the few drops of urine remaining in the 
original container were tested with a dipstick for leukocytes, glucose, 
ketones, proteins, blood, and pH. The sediments were washed with 
10 ml Eagle's miminum essential medium (MEM) containing 20% 
fetal bovine serum (FBS), penicillin (100U/ml), streptomycin 
(100 gg/ml), and amphotericin B (0.25 gg/ml), transferred into a 12- 
ml conical tube, and centrifuged again. Sediments of male urine 
containing inordinate numbers of leukocytes and those of female 
patients were washed twice with medium containing a five times 
greater concentration of antibiotics. After discarding the supernat- 
ant, the urine sediments were resuspended in 3 ml regular medium 
and inoculated into a plastic T25 culture flask [8]. 

The cultures were incubated at 37~ in a humidified atmosphere 
of 5 % CO2 in air and were not disturbed for 48 h. Subsequently they 
were examined every other day for cell attachment and outgrowth. 
Large numbers of erythrocytes did not interfere with the micro- 
scopic examination of cultures from patients with gross hematuria. 
Flasks contaminated by bacteria and/or fungi were discarded as 
soon as noticed. To remove the unattached cells and other urine 
sediment components, the cultures were washed several times with, 
and then fed, fresh medium 5-7 days after their initiation. The 
medium was changed twice a week and cell growth monitored for 
10-15 days. Where indicated, the number of cells in a given colony 
was counted with the inverted microscope. 

The following procedure was used to transfer cells of proliferat- 
ing cultures into chamber/slides. After discarding the medium, the 
colonies were washed with Ca >- and Mg2~-free Earle's balanced salt 
solution, rinsed briefly with 3 ml of a mixture of 0.05 % trypsin and 
0.02% EDTA, and incubated for 3 min at 37~ with 2 ml of the same 
mixture. The dispersed cells were suspended in 5ml medium, 
transferred into a conical tube, and centrifuged at 350g for 5 min. 
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Table 1. Culture outcome in relation to gender, tumor grade, age, and urine cytology 

Cultures Cont. a No growth Growth Ch./slides b 
initiated 

Males 
Grade I-II 25 4 5 16 14 
Grade II-III 49 8 11 30 27 
Unknown 9 2 1 6 4 

Females 
Grade I-II 12 1 4 7 5 
Grade II-III 20 9 11 9 
Unknown 2 2 2 

Age 
< 60 years 15 1 3 11 8 
61-70 years 29 4 5 20 18 
71-80 years 33 5 8 20 17 
> 81 years 40 5 14 21 18 

Urine cytology 
Negative 27 4 8 15 13 
Suspicious 11 2 5 4 4 
Atypical 32 4 3 25 22 
Positive 27 3 7 17 14 
No recent report 20 2 7 11 8 

Total 117 15 30 72 61 
(13 %) (26 %) (62 %) (53 %) 

a Cont., number of contaminated cultures 
b Number of cultures transferred into chamber/slides 

The sedimented cells were resuspended in 250-300 gl medium and 
20-30 gl were inoculated onto the center of each compartment of 8- 
well glass chamber/slides. Following incubation for 24h at 37~ 
0.4 ml medium was added; the procedure was considered successful 
when 4 days after transfer each chamber had a similar number of 
attached cells. 

Results 

We have obtained pr imary cell outgrowth with 63% of 83 
cultures initiated from urine sediments of  male patients 
with bladder cancer and 59% of 34 cultures f rom female 
patients (Table 1). There was no relationship between 
outgrowth or lack thereof and tumor  grade or age of the 
patient. Cell growth was obtained with 56% of sediments 
from patients in whom the results of urine cytology were 
negative and 37% from those in whom the results were 
suspicious. By comparison the proport ions of  successful 
cultures from patients with atypical and positive urine 
cytology results were 78% and 63%, respectively 
(Table 1). No outgrowth was seen with 26% of the 
specimens and 13 % were discarded because of microbial 
contamination. 

Cell outgrowth was observed as early as 3 days and as 
late as 2 weeks after culture initiation. The multiplying 
cells had epithelial morphology (Fig. 1) resembling that of  
cultured cells f rom normal urines [8, 13], in which the 
presence of desmosomes, tight junctions, and urothelium- 
specific asymmetric unit membrane has been demon- 
strated [13]. Outgrowth of fibroblasts was never seen. In 

many instances the number of cells in a given colony could 
easily be counted. As shown in Fig. 2, there was an initial 
exponential increase (log phase) in cell number,  followed 
by the typical decrease in growth rate. During log phase 
the number  of cells doubled approximately every 48 h 
(Fig. 2), but the variability within and between different 
cultures was not determined. Cells of approximately 85 % 
of the proliferating cultures were successfully transferred 
into chamber/slides (Table 1). Because of the nature of the 
study, no attempts were made to establish continuous cell 
lines. 

There are several potential variables that may influ- 
ence the outcome of cultures initiated f rom urine. The 
effect of these variables was assessed with 111 cultures. 
Our data indicate that the volume of the urine sample was 
not a limiting factor in obtaining cell outgrowth (Table 2). 
Indeed, growth has been seen in cultures initiated f rom the 
sediment of as little as 5 ml urine, whereas in other 
instances no colony formation was observed with sedi- 
ments of 200-ml specimens. Since the washed urine 
sediments were inoculated directly into the culture flasks, 
culture outcome could not be related to the total number  
of cells in a given sample, nor could plating efficiency 
estimates be obtained. With respect to pH,  the percentage 
of successful cultures was somewhat greater with urines of 
pH > 7 (86%) than with those of  pH < 6 (55%) (Table 2). 
There was essentially no difference in outcome between 
cultures initiated f rom specimens with minimal, moder- 
ate, or no hematuria, but the proport ion of proliferating 
cultures was reduced when urines contained large 
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Fig. 1. Phase-contrast photomicrograph of cultured, urine-derived 
cells from a patient with bladder tumor grade II. The picture, taken 
8 days after culture initiation, shows several round mitotic cells. 
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Fig. 2. The number of cells in a colony was counted through an 
inverted microscope 

Table 2. Culture outcome in relation to urine variables 

Cultures Cont. a 
initiated 

No growth Growth Ch./slides b 

Volume 

<25ml 13 0 5 8 8 
25-75 ml 44 5 11 28 23 
> 75 ml 54 7 13 34 30 

pH 

< 6 44 5 15 24 21 
6-7 45 7 11 27 23 
>7 22 0 3 19 17 

Hematuria 

None 34 2 9 23 21 
Minimal 29 1 6 22 21 
Moderate 13 3 0 10 9 
Gross 35 6 14 15 10 

Proteinuria 

No 20 0 5 15 15 
Yes 91 12 24 55 46 

Total 111 12 29 70 61 
(11%) (26 %) (63 %) (55 %) 

a Cont., number of contaminated cultures 
b Number of cultures transferred into chamber/slides 

a m o u n t s  of  b l o o d  (Table  2). The  influence o f  glucose 
could  no t  be inves t iga ted  sys temat ica l ly  because  there 
were on ly  three pa t ien ts  with glycosur ia .  

Discussion 

F r o m  the da t a  p resen ted  it is evident  tha t  the  ur ine  of  
pa t ien ts  with b l a d d e r  t umors  conta ins  v iable  cells tha t  can 

be g rown in vi tro.  A l t h o u g h  the ma l ignan t  na tu re  o f  the  
p ro l i f e ra t ing  cells has not  been es tabl ished,  the results  
ob t a ined  wou ld  indicate  tha t  the cul ture  system m a y  
indeed be useful  for  the s tudy  of  cer ta in  cl inical ly re levant  
cel lular  pa ramete r s .  Thus,  as shown by us with cul tures  
f rom n o r m a l  subjects  [9] and  by  others  with a cul ture  f rom 
one pa t i en t  with b l adde r  cancer  [15], me taphases  for  
c h r o m o s o m e  analysis  o f  the cells in p r i m a r y  cul ture  can 
read i ly  be col lected af ter  co lcemid  arrest .  The  demon-  
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strat ion that  the cells can be transferred into chamber /  
slides would suggest that  the concurrent  assessment of  
several potential  immunological  markers  o f  bladder  
t umor  behavior  [6, 10] can be carried out  on the same slide. 
Al though  cultured cells f rom normal  urine express the 
asymmetric  uni t -membrane-associated urothelial mem-  
brane antigen [9], it remains to be determined whether the 
cells f rom bladder tumor  patients retain their in vivo 
antigenic characteristics. On  the other hand,  as shown 
with cont inuous h u m a n  cancer cell lines, the chamber /  
slide modal i ty  is well suited for quanti tat ing epitope 
expression by computer-assisted image analysis [3]. 

Moreover ,  the cultured cells may also be useful in gene 
analysis. This is o f  special interest since we [2] and others 
[1] have recently demonst ra ted  that  the frequency of  Ha-  
ras gene codon  12 mutat ions  in bladder  cancer is signifi- 
cantly greater than that  previously recorded [5, 7, 16]. Our  
s tudy also showed that  muta t ion  correlates with D N A  
ploidy [2] and that  Ha-ras  gene analysis may  be o f  value 
for  identifying aggressive variants o f  grade II  tumors ,  the 
prognosis  of  which is not  predictable by conventional  
histopathological  methods [12]. Al though polymerase 
chain reaction (PCR)-based tests [4] for Ha-ras  gene 
abnormalit ies can be done on urine sediments (unpub-  
lished results f rom this laboratory) ,  the use o f  cultured, 
urine-derived cells could enhance the efficiency with 
which mutated  genes are detected since the non-urothel ial  
cells, including white b lood cells that  have only the normal  
Ha-ras  gene, would be excluded f rom analysis. The same 
considerations may  also apply to the study of  p53 
alterations, recently detected in urine sediments of  three 
patients with invasive bladder cancer [14]. 
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