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Summary.  Ultrastructural features of  squamous differentia- 
tion have been found in adenocarcinomatous cells in a 
xenografted line (UCRU-BL-17) established in nude mice 
from a primary human bladder transitional cell carcinoma 
(grade III, stage T4) with a tetraploid DNA component .  
The line has been characterized by  light and electron micro- 

scopy, flow cytometry  and immunocytochemistry .  The 
initial xenograft showed predominant ly  adenocarcinomatous 

differentiation with mucin secretion, whilst the subsequent 
passages also contained cells showing squamous differentia- 
tion. A xenograft  subline established from a cell culture of  
the initial xenograft  shows the emergence of  a populat ion 
of  cells with near tr iploid DNA, which are less differenti- 
ated, grow more quickly, show decreased expression of 
carcinoembryonic antigen, and a change in the distribution 
of  staining with peanut lectin from cell surface to cyto- 
plasm. These lines offer an unusual oppor tuni ty  to s tudy 
the histogenetic relationships between the histological 
subtypes of  bladder cancer. 
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Introduction 

The util i ty of  the xenograft as a model of  human malignan- 
cy has been documented for many tumour types [3, 5, 10, 
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14]. We have used the xenograft model  to study functional 
heterogeneity of  urothelial transitional cell carcinoma 
xenograft [12]. However, these data did not  clarify the 
developmental relationship between the histological sub- 
types of  bladder cancer: Specificially, whether transitional 
cell carcinoma (TCC), adenocarcinoma and squamous 
carcinoma evolve from a common progenitor or stern cell, 
or have independent  origins. We report  the characterisation 
of  a xenograft line, UCRU-BL-17, derived from a TCC with 
elements of  adenocarcinomatous differentiation, in an 
a t tempt  to explore this subject. 

Materials and Methods 

Mice 

Male BALB/c nu/nu ("nude") mice, aged 8-12 weeks were ob- 
tained from the Australian Atomic Energy Commission, Lucas 
Heights, N.S.W., Australia, and were housed in standard cages fitted 
with filter tops and handled in laminar flow hoods. They were fed 
irradiated standard mouse diet and sterile acidified water ad libitum. 

Patient Details 

A 69 year old female presented with a grade III, stage T4b transi- 
tional cell carcinoma of the bladder, with elements of adenocarcino- 
matous differentiation. She received intravenous eisplatin and 
radiotherapy but sustained only a transient remission and died 43 
months after presentation. Autopsy was not performed. 

Xenografts 

Tumour fragments from the TCC biopsy measuring approximately 
2 mm 3 were inoculated s.c. through small incisions bilaterally in the 
scapular region, and serially passaged as described previously [12]. 
Tumour cell suspensions from cell culture were inoculated s.c. at 
106/0.1 ml. 
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Light and Electron Microscopy 

Specimens for light microscopy from the original tumour and xeno- 
grafted passages were fixed in buffered 10% formalin, were embedded 
in paraffin and stained with haematoxylin and eosin, periodic-acid 
Schiff (P.A.S.) plus diastase, muciearmine and alcian blue for mucin. 
Tissue blocks of xenograft specimens of approximately 1 mm 3 were 
fixed in cacodylate-buffered 2.5% glutaraldehyde and processed for 
electron microscopy as previously described [ 12]. 

DNA Flow Cytometry 

The cellular DNA content of specimens of the original tissue and of 
xenografts was measured by flow cytometry following staining with 
propidium iodide as previously described [12]. An internal DNA 
standard of chicken erythrocytes at a concentration of 3 x 105/ml 
was used. Analyses were performed using a Cytofiuorograf System 
50H cell sorter (Ortbo Instruments, Westwood, Mass) with an 
argon-ion laser excitation source at 488 nm. 

Immunocytochemistry 
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Fig. 1. Growth of Xenograft lines in nude mice. ~-~, growth of line 
established from original tumour, UCRU-BL-17, passage 2 (X2). 
H ,  growth of line established after tissue culture, UCRU-BL-17CL, 
passage 2 (X' 2) 

Immunoperoxidase staining for carcinoembryonic antigen (CEA), 
beta-subunit human chorionie gonadotrophin (B-HCG), peanut 
lectin (PNA) and for keratin was carried out using the unlabelled 
antibody enzyme method (PAP) on dewaxed paraffin sections [12]. 
Antibodies to CEA and B-HCG and conjugates were obtained from 
Dakopatts, Copenhagen, Denmark; PNA and rabbit anti-PNA were 
obtained from Sigma Chemical Co., St. Louis, Mo. The positive con- 
trois for testing included normal human colon (CEA), human 
trophoblast (B-HCG), Hodgkin's lymphoma (PNA) and human skin 
(keratin). An irrelevant first antibody was used for negative controls. 

Measurement of  Prostatic Acid Phosphatase 

Fluid was aspirated from larger cystic xenografts and centrifuged at 
300G to obtain a cell-free supernatant. This was tested for the 
presence of human prostatic acid phosphatase by radioimmunoassay, 
kindly performed by Dr. Peter Stewart, Department of Biochem- 
istry, Royal Prince Alfred Hospital, using a standard technique 
(Abbott Prostatic-Acid Phosphatase Enzyme Immunoassay Kit, 
Abbott, Laboratories, Diagnostic Division, North Chicago). 

Results 

Establishment and Characterisation of  Xenografts 

mately 5 - 6  months,  which persisted on serial passage (Fig. 1) 
and was associated with severe cachexia in the recipients. 
This line is currently in passage 3. The xenografted line 
established from tissue cultured cells, UCRU-BL-17CL 
(currently in passage 7), grew more rapidly, without  a 
detectable lag period (Fig. 1), and did not  cause cachexia. 
Initially, tumours of  both  lines grew as solid subcutaneous 
masses of  uniform consistency, with no macroscopic 
evidence o f  invasion or metastases. However, at passage 2, 
UCRU-BL-17CL tumours o f  large size suddenly developed 
into fluid filled cysts which grew rapidly over 3 - 4  days. 
Cysts have consistently formed on serial passage of  this line. 
Fluid recovered from cysts at sequential passages contained 
viable cells and human prostatic acid phosphatase. These 
findings have been verified in samples from both  male and 
female tumour-bearing mice. Karyotyping confirmed the 
presence of  human, not murine, chromosomes in these 
xenografted tumours. The karyotype o f  the tissue cultured 
line derived from UCRU-BL-17, is shown elsewhere [13]. 
There were several consistent markers including an inverted 
lp ,  an isochromosome 5p and an 11,13 translocation. 

The initial implanted human biopsy grew in nude mice 
after 7 months and was both serially passaged in mice 
(UCRU-BL-17) and established as a continuous cell line in 
vitro at this point  [13]. The cell line was reinoculated into 
nude mice after 20 passages in tissue culture, and the result- 
ing tumour further transplanted to produce a second 

xenograft line. 
Some differences were observed between these two lines. 

The xenograft line established from the patient biopsy, 
UCRU-BL-17, grew slowly with a long lag period of  approxi- 

Histology and Immunocytochemistry of  Xenografts 

The morphology of  the tumours is compared in Table 1 and 
Fig. 2. The patient 's  tumour consisted of  a mixture o f  TCC 
with some squamous and adenocarcinomatous differentia- 
t ion. All three cell types were consistently seen in xenograft 
passages. However, the initial xenograft showed predomi- 
nantly adenocarcinomatous elements with mucin produc- 
tion whilst some cells showing squamous differentiation 
were present in later passages. The tumours resulting from 



Table 1. DNA flow cytometry and morphology of UCRU-BL-17 
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Specimen FCM a Morphology b Mucin Production E.M. 

Ploidy %S Alcian P.A.S. Muci- 
blue + D carmine 

Original tumor 2n (90) 19 TCC, gd 2-3 ,  sq, gl. ++ ++ ++ Not done 

Xenografts e 

X0 2n (90) 23 TCC, gd 2-3 ,  gl. +++ +++ +++ Mainly gl. 
4n (10) 

X1 2n (90) 29 TCC, gd 2-3 ,  sq, gl. +++ +++ +++ Mainly gl. 
4n (10) 

X2 2n (81) 11 TCC, gd 3, sq, gl. +++ +++ +++ Not done 
4n ( 8 )  

X'0 2n (77) 15 TCC, gd 3, mainly gl. ++ ++ ++ Mainly gl. 
4n (23) 24 

X'I  2n (28) 17 TCC, gd 3, less diff. + - + gl (+ sq) 
3.5n (48) 

X'2 solid 2n (81) d TCC, gd 3, less diff. ++ ++ ++ Not done 
3.6n (19) 

fluid 2n (79) d 
3.6n (21) 

Proportion of cells showing positive staining for mucin: + = less than 1/3 of cells; ++ = 1/3 to 2/3 of cells; +++ = > 2/3 of cells 

a FCM: DNA Flow Cytometry; Ploidy: numbers in parentheses are percentages of total G0/G1 ceils; %S: percentages of cells in the synthetic 
phase 
b Morphology: sq = squamous; gl = glandular; TCC = transitional cell carcinoma 
e Xenografts: X = derived from original tumor implanted in nude mice. Number represents passage number. X0 = intitial take; X' = derived 
from cell line, UCR-BL-17CL, inoculated into nude mice 
d Unable to be calculated because of the distribution of cells 

Table 2. Immunocytochemistry of UCRU-BL-17 

Specimen Presence of immunoperoxidase staining for: 

EMA CEA PNA a B-HCG Keratin 

Original tumor not done ++ + - not done 

Xenografts b 

X0 not done +++ +++ (s) - not done 
X1 not done +++ +++ (s) - not done 
X2 + (some cells) + (few) +++ (cy & s) + (few) +++ 
X'0 +++ + (few) +++ (cy) - +++ 
X' 1 +++ - +++ (cy) - +++ 
X'2 solid + (some cells) + (few) +++ (cy) - +++ 

Intensity of staining: + = weakly positive; ++ = of moderate intensity; +++ = strongly positive 

a PNA staining: s = surface; cy = cytoplasmic 
b Xenografts: X = derived from original tumor implanted in nude mice. Number represents passage number. X0 = initial take; X' = derived 
from cell line, UCR-BL-17CL, inoculated into nude mice 

inocula t ion  o f  t issue cul tured  cells (UCRU-BL-17CL)  showed  

more  cellular p l e o m o r p h i s m  than those o f  UCRU-BL-17,  

bu t  were cons i s ten t  wi th  a TCC, grade III. In part icular ,  

adenoca rc inoma  cells appeared  more  bizarre and less well 

d i f fe ren t ia ted .  In one ins tance,  these cells were seen to  

invade the  per ineural  space (Fig. 2C). 

The results o f  i m m u n o c y t o c h e m i c a l  staining for CEA, 

B-HCG, PNA and kerat in  are summar ized  in Table 2. The 

original h u m a n  t u m o u r  and its xenograf t s  (UCRU-BL-17)  

showed  a high percentage o f  cells s taining posit ively for 

CEA, which  t ended  to  correlate wi th  adenoca rc inomatous  

d i f fe rent ia t ion .  These tumours  also showed intense  b inding 
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Fig. 2A-D. Bars represent 25 ~M in each 
case. A transitional cell carcinoma with 
squamous and adenocarcinomatous dif- 
ferentiation (arrows) (original tumour). 
Light micrograph, Haematoxylin and eosin, 
x280. B area of predominantly adenocarci- 
noatous differentiation (arrow) (Xenograft, 
X0 established from original turnout). Light 
micrograph, haematoxylin and eosin, x860. 
C perineural invasion and squamous differen- 
tiation (arrow) (Xenograft, X'0, established 
from tissue cultured line, UCRU-BL-17CL). 
Light micrograph, haematoxylin and eosin, 
x560. D poorly differentiated ceils with 
increased nuclear pleomorphism (Xenograft, 
Passage one, X' I ,  established from tissue 
cultured line, UCRU-BL-17CL). Light 
micrograph, haematoxylin and eosin, x560 

Fig. 3. A adenocarcinomatous differentia- 
tion in xenograft, UCRU-BL-17. Electron 
micrograph, x3,500 (bar = 0.7 ~M). B 
Single cell showing both adenocarcinoma- 
tous and squamous differentiation within the 
one cell (Xenograft, UCRU-BL-17). Elec- 
tron micrograph, x13,200 (bar = 2.8 ~M) 
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to PNA with predominantly surface distribution in the 
first passages, and additional cytoplasmic staining in later 
passages. In contrast, the xenografted tumours derived from 
tissue cultured cells showed weaker CEA staining, confined 
to a few cells, and intense cytoplasmic PNA staining. Im- 
munocytochemical staining for prostatic acid phosphatase 
was negative in the original tumour and in the xenografts. 

Ultrastrueture of Xenografted Tissue 

At the ultrastructural level, the xenografts formed sheets 
and trabeculae of cells or smaller nests separated by col- 
lagenous connective tissue bands. At the periphery, tumour 
ceils were sometimes surrounded by a "capsule" of compres- 
sed collagen, but more often infiltrated fibroadipose tissue. 
A basal lamina was rarely in evidence. In all samples, a 
mixture of cell types was present, with the most striking 
being those showing adenocarcinomatous differentiation 
(Table 1, Fig. 2): these occasionally formed acini limited by 
junction complexes, but more often were characterised by 
the presence of multiple intracellular lumina lined by 
microvilli with a prominent glycocalyx, secretory material 
in the lumen and occasional mucin droplets in the surround- 
ing cytoplasm. Typical well developed squamous cells with 
interlacing dense tonofilament bundles in their cytoplasm 
were uncommon, but there were scattered cells containing 
more loosely arrayed filaments and forming intracellular 
b ridges joined by small tonofilament-desmosome complexes. 

The most interesting finding was that some cells showing 
squamous differentiation also contained intracellular lumina 
with evidence of mucin production. This implied the 
presence of both squamous and glandular differentiation 
within the one cell (Fig. 3B). The remaining cells were 
either of intermediary transitional type or were completely 
undifferentiated. 

DNA Flow Cytometry 

The most striking feature of the DNA content of the 
human tumour was the high percentage of cells in the syn- 
thetic phase (S) of the cell cycle, and this was maintained in 
xenografts in nude mice (Table 1). The donor tumour, 
which was predominantly diploid, showed a tetraploid 
component, which was also expressed in the xenografted 
material (UCRU-BL-17). Xenografts established from the 
tissue cultured cells also had a near triploid component. 

Discussion 

It is not clear whether urothelial TCC and the other variants 
of bladder neoplasia (adenocarcinoma and squamous carci- 
noma) represent different diseases or whether they arise 
from a common stem cell. The natural history, aetiology 
and sensitivity to treatment of these subtypes is substantial- 

ly different [1, 6, 8]. However, TCC, the commonest form 
of bladder cancer, may coexist with elements of adenocarci- 
nomatous and squamous differentiation. In the rat, exposure 
to the carcinogen, N-butyl-N4-hydroxybutyl-nitrosamine 
(BBN), is associated with the ultimate development of 
synchronous squamous and transitional cell carcinomas but 
not adenocarcinoma of the bladder [4, 7]. 

The work described in this paper demonstrates the 
presence of ultrastructural features of both squamous and 
adenocarcinomatous differentiation within the one cell in a 
xenografted line derived from a human TCC. In a parallel 
study of a cell line derived from the same tumor, keratin 
ringing has been noted in mucin containing cells in vitro 
[13]. These observations support the concept of a common 
stem cell of origin of cells showing squamous or adenocar- 
cinomatous features. Lineage heterogeneity has been 
demonstrated in cases of acute leukaemia, with evidence of 
leukaemic blasts concurrently expressing both lymphoid 
and myeloid features at diagnosis, or a lineage switch, 
characterized by a sequential shift from lymphoid to 
myeloid phenotypic expression, or the reverse [15]. A 
tissue culture cell line derived from the second xenograft 
passage of UCRU-BL-17 has been cloned by limit dilution 
(Brown et al. in preparation), and these subclones will be 
used to further explore the relationship between bladder 
carcinomas showing squamous, transitional or adenocar- 
cinomatous features. 

The significance of the development of a near-triploid 
DNA content after growth of the tumour cells in vitro is 
not clear. This could represent an outgrowth of a less 
dominant population of cells present in the original tumour 
(for example, due to the altered environment), or possibly 
a natural evolution of the turnout cells themselves. The 
triploid DNA content is associated with histological dedif- 
ferentiation of the turnout, a faster growth rate in vivo, 
reduced staining for CEA and a change in the distribution 
of binding to PNA. The failure to cause cachexia in tumour- 
bearing mice is currently being studied in our laboratory. 

The detection of human prostatic acid phosphatase in 
fluid aspirated from cystic areas of the xenografts is of in- 
terest, especially as this antigen was not detected on routine 
immunocytochemical staining of "donor" or xenograft 
tissues. The demonstration of high concentrations oftumour 
antigens in such cystic xenograft fluid has previously been 
reported for germ cell tumours [9] and probably reflects 
the high ratios of tumour mass: mouse weight and tumour 
mass: cyst fluid volume. Reid et al. [ 11 ] previously showed 
that a xenografted bladder tumour (R198) derived from a 
male patient produced prostatic acid phosphatase in male 
but not in female recipients. The differentiation features 
expressed by this tumour appeared to be sex dependent. In 
contrast, the line, UCRU-BL-17CL, was derived from a 
female patient, and xenografts were found to show similar 
histological features, and to produce prostatic acid phospha- 
tase in both male and female nude mice. As the prostate 
and bladder are intimately involved anatomically and 
embryologically, and tumours of each organ have been 
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repor ted  to coexist  in the one pat ient  [2], the xenografts ,  

R198  and UCRU-BL-17,  may  imply a c o m m o n  histogenesis 

o f  some tumours  o f  these organs. 

We believe that  the xenograf ted  lines described here offer  

an unusual  oppor tun i ty  to s tudy the possible mechanisms 

by  which histological subtypes o f  bladder cancer may  

develop f rom a c o m m o n  stem cell. We are current ly  using 

the lines to s tudy the act ivat ion and expression o f  onco- 

genes, and differences in membrane  proteins in ceils expres- 

sing different ia t ion features o f  the di f ferent  histological  

subtypes o f  bladder  cancer. 

Acknowledgements. We thank our surgical colleagues, Bruce Pearson 
and David Eisinger in the Urological Cancer Research Unit for 
providing specimens from routine biopsies, and Mr. Stewart Davies 
for excellent technical assistance in immunocytochemical staining. 
Dr. Paul Vincent kindly provided facilities in the Kanematsu Labo- 
ratories and some helpful discussions. 

References 

1. Anderstrom C, Johannson SL, Von Schultz L (1983) Primary 
adenocarcinoma of the urinary bladder. A clinicopathologic 
and prognostic study. Cancer 52:1273-1280 

2. De Boccard GA, Chatelanat F, Grabar P (1985) Association of 
adenocarcinoma of the prostate with transitional cell carci- 
noma of the bladder. Helv Chir Acta 52:533-534 

3. Giovanella BC, Fogh J (1978) Present and future trends in 
investigations with the nude mouse as a recipient of human 
tumour transplants. In: Fogh J, Giovanella BC (eds) The nude 
mouse in experimental and clinical research. Academic Press, 
New York, pp 282-312 

4. Herman C, Vegt P, Debruyne F, Vooijs G, Ramaekers F (1985) 
Squamous and transitional elements in rat bladder carcinomas 
induced by N-butyl-N-(4-hydroxybutyl) nitrosamine (BBN). 
Am J Pathol 120:419-426 

5. Monaghan P, Raghavan D, Neville AM (1983) Ultrastructural 
studies of xenografted human germ cell tumours. Cancer 
49:683-697 

6. Mostofi FK, Sobin LH, Torline H (1977) W.H.O. International 
histological classification for tumours, No. 10: Histological 
typing of urinary bladder tumours. World Health Organisation, 
Geneva 

7. Okajima E, Hiramatsu K, Hirao K, Injin M, Hirao Y, Basbaya K, 
Ikuma S, Ohara S, Shiomi T, Hijioka T, Ohishi H (!981) Blad- 
der tumors induced by N-butyl-N-(4-hydroxybutyl) nitro- 
samine in dogs. Cancer Res 41:1958-1966 

8. Pugh RCB (1973) The pathology of cancer of the bladder: An 
editorial overview. Cancer 32:1267-1274 

9. Raghavan D, Gibbs J, Noguira-Costa R, Kohn J, Orr AH, 
Barrett A, Peckham MJ (1980) The interpretation of marker 
protein assays: a critical appraisal in clinical studies and a 
xenograft model. Br J Cancer [Suppl] 191-194 

10. Raghavan D, Heyderman E, Monaghan P, Gibbs J, Eruoslahti 
M, Peckham MJ, Neville AM (1981) When is a seminoma not a 
seminoma? J Clin Path 34:123-128 

11. Reid LM, Leav I, Kwan PWL, Russell P, Merk FB (1984) 
Characterization of a human, sex steroid-responsive transitional 
cell carcinoma maintained as a tumor line (R198) in athymic 
nude mice. Cancer Res 44:4566-4573 

12. Russell PJ, Raghavan D, Gregory P, Philips J, Wills EJ, Jelbart 
M, Wass J, Zbroja R, Vincent PC (1986) Bladder cancer xeno- 
grafts: A model of tumor cell heterogeneity. Cancer Res 46: 
2035-2040 

13. Russell PJ, Jelbart M, Wills E, Singh S, Wass J, Wotherspoon J, 
Raghavan D (in press) Establishment and characterization of a 
human bladder cancer cell line showing features of squamous 
and glandular differentiation. Int J Cancer 

14. Rygaard J, Povisen CO (1969) Heterotransplantation of a 
human malignant turnout to "nude" mice. Acta Pathol Micro- 
biol Stand 77:758-761 

15. Stass SA, Mirro JJr (1986) Lineage heterogeneity in acute 
leukaemia: acute mixed-lineage leukaemia and lineage switch. 
Clin Haematol 15:811-828 

Dr. D. Raghavan 
Urological Cancer Research Unit 
Level E9 
Royal Prince Alfred Hospital 
Camperdown, New South Wales 
Australia 2050 


