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Summary. Binding of  a panel of lectins by sublines of  
two human bladder carcinoma cell lines, UCRU-BL-17 CL 
and UCRU-BL-13 CL, assessed flow cytometrical ly fol- 
lowing passage of  the cells in vitro and in nude mice,  was 
compared  with that of  human leukaemic cell lines, K562 
and HL60, and found to be different. Marked glycosyla- 
t ion of  sublines o f  both  bladder cancer cell lines was 
found compared with normal human bladder transitional 
epithelium (assessed cytochemically).  Neuraminidase pre- 
t rea tment  increased the binding of  some lectins indicat- 
ing that  some galactose and N-acetylgalactosamine residues 
were sialylated. Lectin binding by UCRU-BL-17 CL sub- 
lines was remarkably  constant on prolonged passage in 
vitro even though the lines underwent changes in physical 
characteristics and ploidy when grown in nude mice. 
This suggests that  glycosylation of  the tumour  cell surface 
may represent an intrinsic feature of  this bladder tumour.  

Key words: Lectin binding - Human bladder TCC cell 
lines - Flow cytometry  

Introduction 

Changes in the expression of  cell surface glycoconjugates 
accompany both normal  tissue differentiation and malig- 
nant t ransformation (see [14] review). Studies using animal 
models have revealed that patterns of  lectin binding appear 
to correlate with indices of  tumour function including 
tumour enzyme activity [9], the ability to metastasize 
[10], cell adhesiveness [9] and inter-actions with the cell 
matr ix [13]. The lectin binding properties of  a turnout 
may predict its natural history or likely pat tern of  spread, 
analogous to the extensive literature on the prognostic 
significance of  expression of  ABO blood group antigens 
by  bladder tumours [8]. 

Two human bladder cancer cell lines, UCRU-BL-13 
and -17 have been established and characterized in our 

laboratory [11-13] .  UCRU-BL-13 was derived from an 
invasive (stage T3) grade II transitional cell carcinoma; 
UCRU-BL-17 originated from an invasive (stage T4)grade  
III transitional cell carcinoma with an admixture of  
squamous and adenocarcinomatous features. Sublines, 
which have been maintained over several passages in vitro 
and in nude mice, have been used to determine whether 
lectin binding patterns alter with tumour  evolution or 
with the differentiation of  the tumour.  

We have also compared these lectin binding profiles 
with those o f  normal tissue and with unrelated tumours 
in the hope of  defining lectin binding properties specific 
to urothelial malignancy. 

Materials and Methods 

Cell Lines 

Continuous cell lines of human transitional cell carcinoma of the 
bladder, UCRU-BL-13 CL and UCRU-BL-17 CL, were established 
and characterised in our laboratory from xenografts of human 
tumour biopsies grown in nude mice [11-13]. For simplicity the 
tumours are referred to as 13 and 17, xenografts derived from 
them are called 13/(X), and cultured cell lines are termed 13/CL 
or 17/CL. The number after the slash refers to the number of 
serial passages of the xenograft in vivo, and for cell lines, the xeno- 
graft passage from which the cell line was established. Different in 
vitro sublines of 17 CL were established from either the initial 
xenograft or from later passages in vivo (see Fig. 1). Serial xeno- 
grafting of the cells of the line, 17/0 CL, was accompanied at pas- 
sage 2 by a change in presentation from solid tumours in early passage 
to the formation of fluid filled sacs. Cultured sublines established 
from these cysts include 17A CL derived from the fluid cells, 
and 17S CL, from the surrounding tissue. Two sublines were 
derived from 13:13/0 CL, from the f'trst xenograft in nude mice, 
and 13/0/X0 CL (abbreviated 13/X CL), following passage of 
13/0 CL cultured cells through nude mice. All of the bladder 
carcinoma cell lines were maintained in RPMI medium 1640, (Flow, 
North Ryde, NSW, Australia) with 10% fetal calf serum (FCS, 
Commonwealth Serum Laboratories, Melbourne, Australia) in 5% 
oxygen, 7.5% carbon dioxide, 87.5% nitrogen, at 37 °C. Other lines 
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Fig. 1. Sublines of UCRU-BL-17 established in culture 

used as controls included HL60, a promyelocytic leukemia line, and 
K562, an erythroleukemic line. At the time of assessing lectin 
binding, all cell lines were free of Mycoplasma as judged by staining 
with the fluorochrome, Hoechst 33258 (Flow) [2]. 

Assessment of  Differentiation of  Xenografts 
from Which Cell Lines were Derived 

for 45 min, and washed twice. Untreated and treated cells were 
suspended in PBS plus 2% FCS plus 0.1% sodium azide, or for 
incubation with fluoresceinated Concanavalin A, in Tris (hydroxy- 
methyl amino methane) (Sigma) buffered saline (TBS, 0.005 M, 
with 0.001 M calcium chloride, 0.015 M sodium chloride, pH 7) 
with FCS and azide, a//quoted (0.3-0.5 x 106 viable cells/tube, 
judged by trypan blue exclusion) and incubated on ice with 1 ~zg 
fluorescein-conjugated (FITC-) lectin plus or minus the appro- 
priate inhibiting sugar at a final concentration of 0.2 M, for 30 -  
45 min. The lectins and inhibiting sugars used were obtained from 
E-Y Laboratories (San Marco, California), and included: Fluorescein 
conjugated: - peanut agglutinin (Arachis hypogaea), PNA-FITC: 
(D-galactose); Horse gram (Dolichus bifloris), DBA-FITC: (D-galac- 
rose); Osage Orange seed (Maclura pomifera), MPA-FITC: (D- 
galactose); soy bean agglutinin (Glycine max), SBA-FITC: (D- 
galactose); Bandeiraea (Griffonia simplicifolia), GS-I-FITC: (D- 
galactose); Gorse agglutinin (Ulex europaeus), UEA-FITC: (fucose); 
wheat germ agglutinin (Triticum vulgaris), WGA-FITC: (N.N'N"- 
triacetyl chitotriose); and Jack Bean meal (Concanavalin enisformis), 
Con A-FITC: (mannose). All cells were washed twice in appropriate 
buffer with FCS and azide, then fixed in 1% paraformaldehyde 
in PBS (pH 7.4). Green fluorescence was assessed by flow cyto- 
metric analysis on a FACS 440 (Becton Dickinson, Sunnyvale, CA) 
using the 488 nm line of an argon ion laser (200 mW). Fluorescent 
emission was selectively collected using 535/15 nm band pass f'flters 
and using logarithmic scaling. Dally system alignment and calibra- 
tion was carried out using fluorescent "Calebrite" beads (Becton 
Dickinson) to standardise the fluorescent intensity scale so that 
analyses could be compared between experiments. The lectin 
binding is expressed as the difference in peak channel fluorescence 
(measured on a log scale) in the absence or presence of the specific 
inhibiting sugar at a final concentration of 0.2 M (except for N.N'N" 
triacetylchitotriose, which was at 0.2 mM). Differences were arbi- 
trarily scaled as follows: difference of 0 - 1 0  channels, - ;  10 -20  
channels, +; 2 1 - 4 0  channels, ++; 4 1 - 6 0  channels, +++; 60 channels, 
++++. A difference of 20 channels represents an approximate two 
fold increase in the intensity of fluorescent signal. 

Xenografted tissue was fixed in buffered formalin, paraffin embed- 
ded and stained with haematoxylin and eosin, or with special 
stains for mucin, including Periodic Acid Schiff plus diastase (PAS 
+ D), mucicarmine and alcian blue. Immunoperoxidase staining for 
carcinoembryonic antigen and keratin were carried out on deparaf- 
finised sections as previously described [13]. For electron micros- 
copy, small fragments of tissue were fixed in cacodylate buffered 
glutaraldehyde and processed as previously described [12]. Xeno- 
grafted tumours were graded histologically, and were assessed for 
adenocarcinomatous features by mucin staining and electron mi- 
croscopic evidence of intracytoplasmic lumina, or for features of 
squamous carcinoma by the presence of keratin ringing, and ultra- 
structurally, by the presence of tonofibrils. Such features have 
previously been described in the 17 lines [ 11, 13]. 

Assessment of  Lectin Binding by Fluorescence 

Nonadherent or adherent cultured cells were harvested by cen- 
trifugation or by treatment with 1 mM sodium ethylene diamine 
tetraacetic acid (EDTA, Flow) in HBSS respectively. Cells of the 
17 CL sublines detached after 1 - 2  h; 13 CL cells required up to 
8 h before harvest. For specific experiments, cells were harvested 
with 0.25% trypsin (Commonwealth Serum Laboratories) whose 
activity was stopped by adding FCS. Harvested cells were washed 
twice in Dulbecco's phosphate buffered saline (PBS, Oxoid, UK). 
Before staining, some cells were treated with neuraminidase (0.2 
U/ml, ex Clostridium perfringens, Sigma per 108 cells) at 37 °C 

Fixation of Cells 

Cells were harvested by treatment with 1 mM EDTA, washed and 
fixed in 50% ethanol in PBS on ice for 5 min [161. 

Immunoperoxidase Staining of Normal Bladder Speeimens 

Staining was carried out on: 

(a) 3 bladder eytoscopy specimens without neoplastic change, 
derived from patients with mycobacterial cystitis, urinary tract 
obstruction and inflammatory changes respectively. These were 
timed in 10% buffered formalin and paraffin embedded; 

(b) 2 snap frozen bladder specimens from normal transplant 
donors cut as frozen sections after storage in liquid nitrogen, and 
fixed in cold acetone overnight at - 2 0  °C; 

(c) 2 normal bladder specimens obtained post  mortem, formalin 
fixed and paraffin embedded. 

Prior to staining, paraffin embedded sections were deparaffinised 
and selected sections were pretreated with neuraminidase (0.4 U/ 
ml, ex Clostridium perfringens, Sigma) [6] and washed twice. Treat- 
ment with pronase E (Sigma, 1 mg/ml) for 10 min at 37 °C failed 
to change any of the staining patterns obtained. All sections were 
pretreated with 0.3% hydrogen peroxide (H202) in methanol for 



Table 1. Histological features of xenografts from which cell lines were derived 
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UCRU-xenograft UCRU-BL cell Morphology Differentation 
(ploidy) a line (ploidy) features b 

Squamous Glandul~ 

Mucin stains CEA 

Alcian Blue PAS + D Mucicarmine 

BL-17/0 17/0 CL TCC grade II-  III + + +++ +++ +++ +++ 
(2N, 4N) (P8: 2N, 4N) 

BL-17/2 BL-17/2 CL TCC grade II-III + + +++ +++ +++ +++ 
(2N, 4N) (P4: 2.2N, 4.4N) 

BL-17/0/X1 17/0/X1 CL TCC grade III +- + + - + +++ 
(2N, 3.5N) (P25: 3N) less diff 

BL-17/0/X2 

Cysts: 

fluid 17A CL TCC grade II-III + + ++ ++ ++ + 
(2N, 3.5N) (P2: 2.9N, 3.5N) 

cyst 17S CL less diff 
(2N, 3.6N) (P2: 2.6N, 5N) 

BL-13/0 13/0 CL TCC grade II-III +- . . . .  ++ 
(2N, 2.5N, 2.9N) (P26: 3.5N) 

BL-13/0/X0 13/X CL TCC grade III + + + focal + focal + focal +++ 
(2.3N, 4.4N) (P40: 3.5N, 

3.7N, 4.2N) 

BL = bladder; CEA = carcinoembryonic antigen; TCC = transitional cell carcinoma; PAS + D = periodic acid Schiff plus diastase; ND = not 
done; less diff = less differentiated; P = passage number in vitro 

a Ploidy was assessed by DNA flow cytometry using propidium iodide as previously described (11-13) 
b Differentiation features were assessed by special stains (keratin, mucin stains) and by electron microscopy (see methods) 

5 min to block endogenous peroxidases and incubated in 20% 
horse serum in TBS with 0.01% azide to reduce non-specific stain- 
ing. Lectin binding was studied using biotinylated lectins (E-Y 
Laboratories, San Mateo, CA.) (B-lectin): B-DBA, B-SBA, B-GS I, 
B-UEA, B-WGA, and B-Con A. Each section was stained with ap- 
proximately 40 ~zl of a 1/40 dilution of lectin at 1 mg/ml. For 
PNA, the peroxidase anti-peroxidase (PAP) method was used. 
Sections were sequentially incubated with appropriate dilutions of 
PNA (E-Y Laboratories), rabbit anti-PNA (Sigma) in TBS, affinity 
purified swine anti-rabbit IgG (Dako) in TBS, rabbit PAP com- 
plexes (DAKO), and finally with diaminobenzidine tetrahydro- 
chloride (DAB) and 0.03% H20 2 to demonstrate peroxidase. Sec- 
tions were counterstained in Harris' haematoxylin, dehydrated, 
cleared and mounted. For avidin biotin labelling, sections were 
sequentially incubated with biotinylated lectins for 60 min, washed 
with TBS, then with streptavidin peroxidase (Amersham, 1:300) 
for 60 min, followed by further washing and then DAB solution, 
counterstaining and mounting as above. Positive controls were 
carried out on formalin-fixed tissue from the xenografts, UCRU- 
BL-17/0/X3 or UCRU-BL-17/2. Negative controls were performed 
on each tissue by omitting the lectin step. 

Results 

Flow cytometric assessment of lectin binding by tumour 
cell lines: The histological features of the xenografts from 
which the 13 CL and 17 CL sublines were derived is sum- 

marized in Table 1 and Fig. 2. These sublines were used 
to study the changes in lectin binding with t ime in culture, 

or following passage in and out of nude mice. The results 

are compared with lectin binding by two cultured leukaemic 

cell lines, HL60 and K562 in Table 2. 

The panel of lectins tested on sublines of 13 CL and 

17CL failed to discriminate multiple populations of 

cells. Exceptions were seen for 17 CL sublines (Table 2, 
Fig. 3) in the case of DBA, GS I, SBA and WGA, and for 

13 CL sublines (Table 2) for PNA and MPA, where two 

distinct populations were observed in either untreated or 

neuraminidase treated cells in some but not  all passages. 

The 17 CL sublines showed major differences in the 
intensity of binding of lectins with specificity for galactose 

(Table 2). PNA was more strongly bound by each subline 

than MPA and SBA, whereas DBA was bound only by 

the line, 17/0 CL, but not by the other sublines. There 
was very little binding of GS I by any 17 subline. In con- 
trast, SBA and PNA were bound to a similar extent by 
cells of 13 CL sublines. Pretreatment with neuraminidase 
increased the intensity of binding to a variable extent by 
both PNA and SBA in each case, but except for 17/O/X1 CL 
cells (passage 17), had little effect on the binding of MPA 
(Fig. 3). 

The lectin binding profiles of each of both the 17 and 
13 sublines were similar for PNA, GS I, SBA, MPA, WGA 
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T a b l e  2.  L e c t i n  b i n d i n g  b y  t u m o u r  l ines assessed b y  f l o w  c y t o m e t r y  

U C R U - B L  U C R U - B L - 1 7  Sub l ines  

L ine  1 7 / 0  1 7 / 0 / X 1  1 7 / 0 / X 2  1 7 / 2  

1 7 A  17S 

Passage  P8 P 3 6  P17  P45  P19  P33  P11 

L e c t i n  

U C R U - B L - 1 3  Sub l ines  L e u k a e m i c  

cel l  l ines 

1 3 / 0  1 3 / 0 / X 0  

P18  P13  P25  P25  

K 5 6 2  H L 6 0  

P N A  +++ ++++ +++ ++++  ++++ 

P N A  + N ++++ ++++ ++++ ++++ ++++  

D B A  ++++ - ,  +++ - - - 

D B A  + N N D  N D  - - - 

GS-1 - + - + - 

GS-1 + N + - - + + 

S B A  N D  ++ N D  +++ ++ 

S B A  + N N D  ++ N D  N D  N D  

M P A  ++ +++ + ++ ++ 

M P A  + N ++ +++ ++ ++ ++ 

W G A  ++++  N D  ++++ ++++  ++++ 

W G A  + N +++ N D  +++ +++ ++ 

C o n A  +++ + +++ + + 

C o n A  + N +++ + +++ N D  + 

U E A  ++ +++ +++ ++ +++ 

U E A  + N ++ +++ +++ ++ +++ 

"b-I'+ + +  -4-+++ -I-, +-t-I- +-I- +-I-+ + "b'l- 

+++ +++ ++++ ++ N D  N D  +++ ++ 

- - - N D  . . . .  

- - - N D  N D  N D  - - 

- + + N D  - N D  - - 

- ,  + - - N D  N D  - - - 

+ N D  - ,  +++ N D  N D  +++ - - 

+++ N D  +++ N D  N D  N D  + +++ 

++ ++ ++ ND ++ +, - - +++ 

N D  +, +++  ++ ND N D  N D  +++ ++ 

N D  ++, +++ ++++ ND N D  +++ ++++ ++++  

N D  +++ + N D  N D  N D  +++ ++++  

- + + +  + N D  ++ ++ + +++ 

- + + +  + ND N D  N D  + +++ 

+ ++ ++ +++ +++ N D  ++ - 

+++ ++ ++ ++ N D  N D  ++ - 

FITC-lectin binding is exp re s sed  as t h e  d i f f e r e n c e  in  p e a k  c h a n n e l  f l u o r e s c e n c e  ( log scale)  in t h e  a b s e n c e  o r  p r e s e n c e  o f  t he  spec i f ic  i nh ib i t i ng  

sugar ,  a r b i t r a r i l y  sca led  as: 0 - 1 0  channe l s ,  - ;  1 0 - 2 0  channe l s ,  +; 2 1 - 4 0  c h a n n e l s ,  ++;  4 1 - 6 0  c h a n n e l s ,  +++;  1 6 0  c h a n n e l s ,  ++++.  A dif-  

f e r e n c e  o f  2 0  c h a n n e l s  r e p r e s e n t s  a n  a p p r o x i m a t e  t w o  f o l d  i nc rease  in t h e  i n t e n s i t y  o f  f l u o r e s c e n t  signal.  

Lectin abbreviations ( i nh ib i t i ng  sugar  u sed  a t  0 .2  M f ina l  c o n c e n t r a t i o n ) :  P N A :  p e a n u t  agg lu t i n in  (D-ga lac tose ) ;  D B A :  D o l i c h u s  b i f lor i s  (D- 

g a l a e t o s e ) ,  MPA:  M a c l u r a  p o m i f e r a  (D-ga lac tose ) ;  SBA:  s o y b e a n  agg lu t i n in  (D-ga lae tose ) ;  G S  1: G r i f f o n i a  s impl ic i fo l i a  (D-ga lac tose ) ;  U E A :  

U lex  e u r o p a e u s  agg lu f i n in  ( fucose ) ;  W G A :  w h e a t  g e r m  a gg lu f i n in  ( N . N ' N " - t r i a c e t y l c h i t o t r i o s e ,  u sed  a t  0 .2  m M  f ina l  c o n c e n t r a t i o n ) ;  C o n  A:  

C o n c a n a v a l i n  A ( m a n n o s e )  

+N:  p r e t r e a t e d  w i t h  n e u r a m i n i d a s e ;  ND:  n o t  d o n e  
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Fig. 3a-d. Subpopulations of UCRU- 
BL-17CL sublines distinguished by 
lectin binding a MPA binding by neur- 
aminidase treated UCRU-BL-17/2 
cells, passage IIb GS I binding of 
neuraminidase treated UCRU-BL-17S 
cells, passage 33 c SBA binding by un- 
treated UCRU-BL-17/2 cells, passage 
18 d WGA binding by neuraminidase 
treated UCRU-BL-17/2 cells, passage 
II. Solid line: binding of lectin, Dotted 
line: binding of lectin in presence of 
inhibitory sugar - a-c 0.2M galactose; 
d 0.2 mM N.N'N"-triacetylchit0triose 

and UEA. Differences were observed with DBA, which 
was only bound by the 17/0 CL subline, and with Con A, 
which bound with decreased intensity as the time of cul- 
ture of the 17 CL sublines was increased (Table 2). Bind- 
ing of WGA (which was very intense) decreased after 
pretreatment of the cells with neuraminidase, whereas 
binding of UEA and Con A was unaffected by this treat- 
ment. 

By comparison with the bladder cancer lines, the leu- 
kaemic lines showed weaker binding of PNA, no binding 
of SBA, (except after neuraminidase pretreatment), and 
contrasting patterns of binding of UEA and MPA. The 
intensity of binding of WGA was similar in both the blad- 
der and the leukaemic cell lines. 

Effects of Fixation and Trypsinization on the Lectin 
Binding by 17 CL Sublines 

The effect of fixation in 50% ethanol in PBS on ice for 
5 rains [16] was tested to provide preliminary data for 
experiments on the effects of cell cycle off lectin binding 
properties. Fixation of the cells did not alter the binding 
of PNA or Con A, but increased the intensity of binding 
of UEA and WGA (by approximately 15 channels) and 
of SBA (by 30 channels). 

Since some cell lines appear to be refractory to removal 
with EDTA, the effect of trypsin harvest on lectin bind- 

4- 

Fig. 2. a Transitional cell carcinoma with squamous and adeno- 
carcinomatous differentiation (original tumor, UCRU-BL-17). 
Light micrograph, haematoxylin and eosin, x280. b area of pre- 
dominantly adenocarcinomatous differentiation (Xenograft 17/0 
established from original tumor). Light micrograph, haematoxylin 
and eosin, x560. c poorly differentiated cells with increased nuclear 
pleomorphism (Xenograft, passage 2, established from tissue cul- 
tured line, UCRU-BL-17 CL). Light micrograph, haematoxylin and 
eosin, x560 

ing was examined. Trypsin harvested 17/0/X1 CL cells 
showed less intense binding of all lectins tested, except 
WGA, which was unaltered. However, when the cells 
were pretreated with neuraminidase prior to lectin bind- 
ing, the same results were obtained whether the ceils had 
been harvested with EDTA or with trypsin. 

Lectin Binding by Normal Bladder Transitional 
Epithelium 

Short term cultures were established from 2 normal blad- 
der specimens obtained from transplant donors. However, 
only small pockets of epithelial cells grew, insufficient 
for staining with a large panel of lectins. Fibroblasts were 
obtained in large quantities, but these were not considered 
relevant for comparison with cultured tumour epithelial 
cells. For this reason, our results on lectin binding by 
cancer cells in vitro were compared with lectin binding 
by non-neoplastic transitional epithelium of bladder in 
vivo. Parallel staining of xenografts of UCRU-BL-17/0/X3 
(derived from inoculation and passage of the 17/0 CL 
subline in nude mice) or UCRU-BL-17/2 (derived directly 
from passage of the patient's tumour in nude mice this 
line had never been cultured in vitro) was carried out as a 
positive control. The results are shown in Table 3. PNA 
binding was seen in normal bladder specimens following 
pre-treatment with neuraminidase only. The two post 
mortem specimens showed nonspecific binding of B- 
WGA, B-Con A and following neuraminidase treatment, 
of B-SBA. Apart from the specimen from the patient 
with cystitis, which bound B-WGA, and following neur- 
aminidase treatment, B-UEA, all specimens failed to stain 
with the other lectins tested. In contrast, xenograft spec- 
imens of UCRU-BL-17 showed strong binding of a few 
cells with B-UEA and B-SBA, of .nore cells with PNA, 
of approximately half the cells with B-DBA and of most 
cells with B-WGA. Mouse host stromal cells present in 
xenograft sections failed to stain with any lectins tested. 
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Table 3. Lectin binding by normal/non-neoplast ic  bladder transi- 
tional epi thel ium (Number  of  specimens showing positive binding 
by transitional cells) 

Lectin a Pretreat- Normal  Bladders 
men t  with bladder b with normal  
Neuramini- n = 4 transit ional 
dase epi thel ium e 

n = 3  

- - 0 0 

+ 0 0 

PNA - 0 0 
+ 4 3 

B-ConA - 0 d 0 
+ 0 d 0 

B-WGA - 0 d 1 
+ 0 d 0 

B-DBA - 0 0 
+ 0 0 

B-UEA - 0 0 
+ 0 1 

B-SBA - 0 0 
+ 0 a 0 

B-GS-1 - 0 0 
+ 0 0 

a Sections were stained with PNA using the PAP method ,  or with 
biot inylated lectins (B-lectin) plus streptavidin 
b 2 specimens were obtained post -mortem,  and were formalin 
fixed; 2 specimens were snap frozen f rom transplant  donors,  and 
frozen sections were acetone fixed 
c Cystoscopy specimens were obtained f rom patients  with non- 
neoplastic bladder changes; I: nonspecific cystitis, I: urinary tract 
obstruction,  I: inf lammatory  change 
d In the  2 post  mor t em specimens, high background staining was 
observed and the  interpretat ion of  the results was difficult 

Discussion 

The results described in this paper show clearly that there 
is active glycosylation of the cell surface of urothelial 
tumours (Table 2) compared with that in normal tissue 
(Table 3). It is possible that the glycosylation of the blad- 
der cancer cells occurred as a result of some artefact of 
tissue culture. However, we believe that this is unlikely, 
since staining of the xenograft, UCRU-BL-17/2, which 
had never been in culture, gave similar lectin binding 
profiles to those obtained in culture in lines derived from 
this xenograft (Table 2). Furthermore, PNA binding was 
demonstrated in the donor tumours, comparable to that 
seen in the xenografts [12, 13]. For this reason, we believe 
that it is valid to compare the results obtained on cancer 
cell lines with those of staining of normal human, bladder 
specimens. 

Confirmation of these results has been obtained from 
a study of lectin probing of Western blots derived from 
plasma membrane components of normal and carcinomatous 

urothelial tissues to be reported elsewhere. The increased 
binding of some of the lectins (PNA, SBA, Table 2) fol- 
lowing treatment with neuraminidase indicates that some 
of the cell surface galactose and N-acetyl galactosamine 
residues on the tumour cells are sialylated. These findings 
are complementary to studies indicating sialylation of 
exposed glycoproteins of bladder cancer cell lines [15]. 

Previous studies have compared lectin binding by blad- 
der tumours [7] or cell lines [5] of differing grade or in- 
vasiveness. This is the first description of serial studies 
carried out on cell lines during their evolution as xenografts 
or on long term passage in vitro. Reports of lectin bind- 
ing by 8 human bladder carcinoma cell lines showed that 
lines from higher grade or more invasive tumours showed 
a higher intensity of binding of WGA, PNA and Con A 
[5], correlating with the presence of more highly branched 
tri- and tetraantennary-N-acetyllactosamine glycans and 
fewer biantennary glycans in the more invasive, tumorigen- 
ic lines [4]. In contrast, in the study described here, lectin 
binding by the sublines of the same bladder tumours ap- 
peared to be stable, as exemplified by comparing the pat- 
terns of lectin binding by various sublines of 13 CL or 17 
CL (Table 2) following passage through nude mice (see 
Fig. 1), or in culture. The only exceptions to this were the 
changes in binding of DBA and Con A by the 17 CL sub- 
lines (Table 2). 

We previously observed that there was a significant 
increase in the proportion of bizarre, pleomorphic cells 
in the xenografts derived from injection of cultured cells 
(17/0/X0 (X), see Fig. 1, Fig. 2) compared with the xeno- 
graft line established directly from the patient tumour (17/ 
0 (X), 17/2 (X), see Fig. 1, Table 1); This cellular pleo- 
morphism was accompanied by the emergence of a near 
triploid DNA component (Table 1), a faster growth rate 
in vivo, and reduced staining for CEA [13]. The apparent 
overall stability of the lectin binding patterns suggests 
that the glycoprotein profile intrinsic to each particular 
tumour line is independent of the state of differentiation. 
These results compare with those described by Debray 
et al. [4] as an exception to their general findings of in- 
creased branching of glycans with increasing pathological 
grade of a bladder tumour line. The two sublines derived 
from the same tumour, Hu609 (non-tumorigenic, non- 
invasive) and Hu609T (tumorigenic and invasive) showed 
the same pattern of multi-branched carbohydrates. 

The tumours we studied differed from those reported 
by Dus et al. [5] in that we observed PNA binding in the 
absence of neuraminidase pretreatment in both 13 CL 
and 17 CL sublines. We have previously described PNA 
binding by both the untreated xenografts from which 
the cell lines were derived, and by the tumours of the 
donor patients [11, 13]. Others have also reported bind- 
ing of PNA to untreated bladder [7] and colon [ 17] tumours 
and have correlated exposure of the T-antigen with tumor- 
igenicity. 

The results of lectin binding by normal bladders (Table 
3) contrast with those described by Alroy et al. [2]; these 



workers studied lectin binding by bladder fragments from 
16 patients with non-neoplastic urologic disorders and 
found binding of  Con A and WGA (as well as Ricinus 
communis agglutinin I, RCA-I, and Limulus polyhedra, 
LPA) in all 16, UEA binding by blood group 0 and DBA 
binding by blood group A1 positive patients. The discrep- 
ancy between the results may reflect differences in fixa- 
tion, methodology, or lectin concentration used, or may 
reflect the state o f  "normali ty"  of  the tissues examined. 
For this study, tissues were fixed in either 10% buffered 
formalin or in cold acetone at - 2 0  °C (Alroy and col- 
leagues used 2% cold paraformaldehyde), and biotin- 
labelled lectins were used (not fluorescein-conjugated) at 
a concentration of  approximately 1 #g lectin/section (as 
compared with 10 /ag/tissue block used by Alroy and 
colleagues). This concentration was selected since it was 
used in flow cytometric analysis of  bladder cell lines 
(Tables 2). The patterns o f  lectin binding by xenografted 
tissues of  UCRU-BL-17 reflected those obtained by flow 
cytometric analysis of  the corresponding cell lines. Of 
the 7 "normal" bladders examined in this study, the 
post mortem specimens showed nonspecific binding of  
WGA and Con A, but the only other staining by WGA 
was of  a specimen from a patient with cystitis. Healthy 
bladder tissues from transplant donors showed no stain- 
ing (Table 3). Blood types were not assessed in patients 
from whom bladder specimens were obtained. 

The absence o f  binding of  DBA by some of  the 17 CL 
sublines (Table 1) is of  particular interest, since these 
tumour lines were established from a patient who was 
blood group A positive, and DBA binds to A1 positive 
red blood cells. Previously, the 17/0/X0 CL (17 eL)  subline 
had been shown to bind antibodies to both blood group A 
and B antigens [11], yet this line bound only trace levels 
of  DBA (Table 2). However, binding of  B-DBA to xeno- 
grafted tissue of  17/0/X3 (X), derived from 17/0/X0 eL,  
showed heterogeneous staining, with approximately equal 
proportions of  DBA positive and DBA negative cells. 
Flow cytometric profiles of  DBA also indicated two pop- 
ulations of  cells in the UCRU-BL-17/0 line studied at pas- 
sage 36. Similarly, two populations of  cells were differen- 
tially stained by SBA, WGA, or following neuraminidase 
treatment, with MPA on only one occasion (Table 2). 
Possible explanations for such lectin binding patterns 
are that one o f  the sub-populations subsequently became 
dominant in culture, or that the expression of  particular 
sugar configurations at the cell surface may be altered by 
a factor such as the phase o f  the cell cycle. We are cur- 
rently studying lectin binding profiles in a series of  clones 
established by limit dilution from UCRU-BL-17/2 in order 
to answer these questions. 

The two bladder cell lines studied showed similar lectin 
binding profiles (Table 2), which differed from those of  
the leukaemia cell lines, with respect to the intensity of 
binding of  PNA (greater in bladder cancer cells) and UEA 
(absent in leukaemic lines). 
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The observed stability o f  the expression of  carbohydrate 
moieties at the cell surface of  two human bladder carci- 
noma cell lines following passage in vivo and in vitro is 
important since it will allow the use of  lectin markers as 
diagnostic and prognostic determinants, e.g., binding of  

WGA is increased in bladder tumours showing poorer 
prognoses [5]. The finding that lectin binding profiles of  
the bladder cell lines were not grossly affected following 
mild fixation in 50% ethanol in ice should enable other 
immunohistological staining techniques to be developed 
and used in conjunction with lectin binding. To this end, 
we are preparing a panel of  bladder tumour specific mono- 
clonal antibodies, many of  which appear to be directed 
against carbohydrates. The stability o f  expression of  these 
carbohydrate moieties at the cell surface will determine 
future usefulness of  the antibodies. 
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