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Abstract. The lumenal plasma membrane of most 
mammalian urothelia possesses discrete polygo- 
nal plaque regions which are characterized by 
particles projecting through the lumenal leaflet 
and bridging the membrane interior. Fractions 
enriched in plaque regions were prepared from 
sheep urinary bladders and were used as antigen. 
A 50% saturated ammonium sulphate fraction of 
immunized rabbit serum showed at least two anti- 
bodies to plaque region components in Ouchter- 
lony diffusion test. Intact sheep urothelium was 
treated with the antibody preparation and label- 
ling was visualized by treatment with peroxidase- 
conjugated goat anti-rabbit antibody followed by 
peroxidase reaction. Control tissue treated with 
non-immune globulin showed no reaction produet. 
The plaque-specific antibody preparation was 
also shown to stain the lumenal leaflet of isolated 
sheep membranes. Further, cross reactivity of 
sheep plaque antibody was demonstrated with rat 
and rabbit membranes. The possibility that anti- 
bodies to specific components in sheep urothelial 
membranes may be used diagnostically to detect 
changes in urothelial plasma membranes of other 
species is discussed. 

Key words. Immunocytochemistry - Peroxidase- 
labelled antibodies - Sheep - Rat and rabbit uri- 
nary bladder. 

The lumenal plasma membrane of the urinary 
bladder of all mammalian species so far examined 
(7) is distinguished both morphologically and func- 
tionally. Approximately 75% of the lumenal plas- 
ma membrane surface consists of particle-bear- 
ing regions (plaques) separated one from another 
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by smooth, particle-free interplaque regions (23, 
24). In thin section the lumenal plasma membrane 
takes on a scalloped appearance (I0), resulting 
from the alternating pattern of concave plaque re- 
gions and convex interplaque regions (24). Plaque 
regions, in profile, possess athickened, asym- 
metric unit membrane and thus can be differentia- 
ted easily from the usual symmetric unit mem- 
brane structure of the interplaque regions (24). 
Functionally, the lumenal plasma membrane 
stands apart from most plasma membrane sys- 
tems in its relative impermeability to water and 
small ions (II, 14). Together with the tight junc- 
tions present at the lumenal surface (26) the uro- 
thelial lumenal plasma membrane constitutes a 
physical and chemical barrier preventing loss of 
water into the hypertonic urine. 

Hyperplastic and neoplastic changes in the uro- 
thelium involve the loss of characteristic ultra- 
structure (12, 15, 5, 16, 19)and increased per- 
meability to water and small ions (6, 14, 2). In 
model systems (5, 16, 19) profiles of tumor lu- 
menal membranes are devoid of the particle-rich 
plaque regions exhibiting asymmetric unit mem- 
brane structure. Instead the entire lumenal plas- 
ma membrane, in thin section, appears undiffer- 
entiated, is particle-free and uniforrnlyhas a sym- 
metrical unit membrane structure. The signifi- 
cance of the morphological alterations for perme- 
ability changes is unknown. 

To understand the pathogenesis of bladder can- 
cer the search for markers that accompany neo- 
plastic transformation is essential. ]Biochemical 
changes have been observed between normal and 
turnout-bearing urinary bladders in protein spec- 
trum (17), in surface carbohydrate coat (19) and 
in glycolipid composition (9). Some of these 
changes have been correlated with the develop- 
ment of experimentally induced turnouts in rats 
(5, 16). What is needed now is a method for de- 
tecting a biochemical change indicative of an ear- 
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ly stage of bladder carcinogenesis. To this end 
we have investigated the use of the immunocyto- 
chemical technique in detecting the presence and 
the localisation of specific antigens on the lumen- 
al surface of the urinary bladder. Further, we 
have shown interspecies cross-reactivity, i. e., 
antibodies produced against sheep bladder lumen- 
al plasma membrane proteins were shown to in- 
teract specifically with the lumenal plasma mem- 
branes of rat and rabbit bladders. The possibility 
of extending this immunocytochemical assay to 
human biopsy material for early detection of blad- 
der cancer is discussed. 

MATERIALS AND METHODS 

Isolation of the Lumenal Plasma Membrane and 
the Plaque Regions from Sheep Urinary Bladders. 
One hundred fresh sheep bladders, kept on ice, 
were inverted in order to expose the lumenal sur- 
face to 0.02 M sodium thioglycolate, pH 7.4, at 
room temperature for 30 minutes. The lumenal 
plasma membrane that had sloughed off into the 
thioglycolate solution was isolated according to 
the procedure outlined earlier (3), and the plaque 
regions were subsequently separated from the lu- 
menal membranes by treatment with 2% deoxy- 
cholate (3). The latter preparation is referred to 
below as "plaques." 

Preparation of Sheep Erythrocyte Ghosts. Fresh, 
citrated sheep blood, obtained from the Colorado 
Serum Co., Denver, CO, was washed three times 
with 0. 155 M NaCl and care was taken to remove 
all of the bully coat after each low speed centrifu- 
gation (i000 x g for i0 minutes). Washing of the 
erythrocytes was continued twice more in ghost 
buffer (92.9 rnMINaCl, 3.6 mMKCI and 0.05 M 
sodium phosphate buffer, pH 7.4). The washed 
cells were then suspended in diluted (1:20) ghost 
buffer in a ratio of 1 to 20 (erythrocytes to buffer) 
and lysed for I hour. After centrifugation at 
20,000 x g for 20 minutes, the ghosts were re- 
washed five times in diluted ghost buffer and then 
were suspended in ghost buffer. 

SDS-polyacrylamide Gel Electrophoresi s. Slab 
gels containing 3% (stacking gel) and 10% (separa- 
tion gel) acrylamide were prepared and run as de- 
scribed by Ames (i). The running buffer, pH 8.3, 
contained 0. 025 M Tris base, 0. 192 IVY glycine 
and 0.1% sodium dodecyl sulfate (SDS). 

Protein Determination. Protein was determined 
by the method of Lowry et al. (18). 

Preparation of Antibodies. Before antibody induc- 
tion, pre-irnmune globulin was collected from a 
New Zealand rabbit by bleeding from the ear vein. 
After clot formation, serum was collected and 

tested against isolated plaques, solubilized in 4 
percent Triton X-100, by the Ouchterlony double 
diffusion method (22). 

Rabbits exhibiting no cross-reactions with 
plaque proteins were immunized by the following 
regimen: 2.5 mg of plaques were emulsified in 
complete Freund's adjuvant (I:i) and injected sub- 
cutaneously. A similar injection of 2.5 mg was 
given three weeks later. After three more weeks 
a booster injection of 4.0 mg without Freund's 
adjuvant was given into the ear vein. Rabbits 
were bled one week after the final injection, and 
bleeding was continued once per week for one 
month. Sera were combined and the antibody 
fraction was precipitated upon exposure to an 
equal volume of saturated ammonium sulphate for 
30 minutes at room temperature. After centrifu- 
gation in the Sorvall centrifuge at 12,000 x g for 
I0 minutes, the antibody fraction was dialysed 
against phosphate buffered saline (PBS), 0.01 M 
sodium phosphate buffer, 0.15 M sodium chloride, 
pH 7.6, for 2 hours at room temperature and 
then stored frozen. This 50% ammonium sulphate 
fraction will be referred to as "immune globulin. " 
The comparable preparation from non-immunized 
rabbit will be called "control globulin." 

Preparation of Peroxidase-Labelled Antibody. 
Horseradish peroxidase (HRPO) w as conjugated 
with commercially prepared (Cappel Laboratories, 
Dowingtown, PA) goat anti-rabbit gammaglobulin 
according to the procedure described by Nakane 
and Kawaoi (21). The conjugated product was 
purified chromatographically on Sephadex-200, 
and the completion of the conjugation reaction was 
evaluated by reading the absorbance at 280 and 
403 nrn as suggested by Nikane and Kawaoi (21). 

Imrnunoeytochemical Detection of Interaction Be- 
tween Specific Antibodies to Plaque Regions and 
the Lumenal Membrane with IiRPO-LabelledAnti- 
body Method. Fresh sheep urinary bladders, ob- 
tained from the slaughterhouse and transported to 
the laboratory, were fixed in Karnovsky's fixative 
(8) for 25 minutes at room temperature, rinsed 
three times in 0.2 M sodium cacodylate, pH 7.4, 
and placed in PBS. Pieces of bladder tissue show- 
ing maximal urothelial surface area were care- 
fully excised and returned to PBS. The same pro- 
cedure was followed for bladder tissue obtained 
from rats within 5 minutes of asphyxiation in CO2. 
In experiments utilizing isolated membrane prepa- 
rations instead of intact bladder tissue, the lu- 
menal plasma membrane, isolated under stan- 
dard conditions as described above, was fixed in 
4% paraformaldehyde in PBS for 15 minutes, cen- 
trifuged in the Beckman L2-65B ultracentrifuge, 
type 65 rotor, at 20,000 rpm for 15 minutes, 
rinsed in PBS and recentrifuged. The pelleted 
membranes were resuspended in PBS. 
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The immune globulin, prepared as described 
above to the plaque regions of sheep urothelial 
plasma membranes, was used to test for specific 

interaction with the lumenal plasma membrane. 
Gammaglobulin protein prepared from a non- 
immunized rabbit (controlglobulin) was used in the 
control experiments. Both globulin preparations 
were used at a protein coneentration of 20 mg/rnl. 

Fifty ~i of the appropriate serum preparation 
were pipetted into individual wells in a titration 
plate. Bovine serum albumin (BSA) was added to 
a concentration of 2 mg/ml. Pieces of fixed blad- 
der epithelium were placed lumenal side down in- 
to the serum from 5 to 20 minutes at room tem- 

perature. Intermittent, gentle stirring was ac- 
complished by blowing softly through a pipette in- 
to the solution. The tissue pieces were removed 
and washed three times in PBS containing BSA at 
2 mg/ml over the next 20 minutes. The lumenal 
surfaces of the tissue pieces were then exposed to 
50 ~tlof HRPO-labeled goat anti-rabbit gamma- 
globulin containing BSA at a level of 2 mg/ml. 
The interaction was allowed to proceed with gen- 
tle stirring for 5 to 20 minutes at room tempera- 
ture. At the appropriate time the pieces of tissue 
were removed and washed thrice with PBS con- 
taining BSA at 2 mg/ml for a total of 30 minutes. 

When isolated membrane preparations were 
used instead of tissue pieces, the membranes 
were suspended in 0.4 ml of PBS, and an equal 
volume of either control globulin or immune glo- 
bulin was added. After 20 minutes of interaction 
at r o o m  t e m p e r a t u r e ,  t he  s u s p e n s i o n  w a s  spun  in 
a c l i n i c a l  c e n t r i f u g e  f o r  5 m i n u t e s ,  w a s h e d  
t h r i c e  in  P B S  and t hen  e x p o s e d  to 0 . 5  m l  of  t h e  
H R P O - l a b e l e d  goa t  a n t i - r a b b i t  g a m m a g l o b u l i n  f o r  
20 m i n u t e s  at r o o m  t e m p e r a t u r e .  A f t e r  c e n t r i f u -  
g a t i o n ,  the  l a b e l e d  m e m b r a n e  p r e p a r a t i o n  w a s  
w a s h e d  in P B S  t h r e e  t i m e s .  

A s  s u g g e s t e d  b y  N a k a n e  (20) the  a n t i b o d y -  
r e a c t e d  m e m b r a n e s  w e r e  p o s t - f i x e d  in  K a r n o v s -  
ky ' s  f i x a t i v e  f o r  30 m i n u t e s  at r o o m  t e m p e r a t u r e ,  
w a s h e d  t h r e e  t i m e s  in 0 . 0 5  M T r i s  HC1, p H  7 .6 ,  
f o r  15 m i n u t e s  p e r  w a s h  and s t a i n e d  f o r  p e r o x i -  
d a s e  a c t i v i t y  by  i n c u b a t i n g  f o r  1 h o u r ,  u n l e s s  
o t h e r w i s e  i n d i c a t e d ,  in 0. 075% 3, 3' - d i a m i n o b e n z i -  
d ine  4 HC1 (DAB) and 0. 001% H202 as  d e s c r i b e d  
b y  G r a h a m  and K a r n o v s k y  (8). T h e  s t a i n e d  t i s s u e  
w a s  w a s h e d  in  0 . 0 5  M T r i s  HC1, p H  7 . 6 ,  r e -  
w a s h e d  in  d i s t i l l e d  w a t e r ,  e x p o s e d  to 1% a q u e o u s  
o s m i u m  t e t r o x i d e  f o r  1 h o u r ,  d e h y d r a t e d  in  a c e -  
tone  and e m b e d d e d  in E p o n - A r a l d i t e .  

Microscopy. For light microscopy, sections 1 - 

2 ~im in thickness were placed on a glass slide 
and stained in 1% aqueous toluidine blue. For 
electron microscopy blocks were sectioned with a 
diamond knife on an MT-I Porter-Blum micro- 
tome, stained with uranyl acetate and lead ci- 
trate, and observed with a Phillips 300 electron 
microscope at 60 kV. 

Fig. I. Normal lumenal surface of urothelium in 
the sheep as visualized in thin section. The thick- 
ened outer leaflet of the lumenal membrane can be 
seen in concave (plaque) regions (P). This thick- 
ening is due to the presence of specific particles, 
which do not occur in interplaque regions. The 

latter are seen (arrows) as wave crests project- 
ing into the lumen. (140, 000X) 

R E S U L T S  

The distinctive morphology of the lumenal plasma 
membrane of normal sheep urothelium is shown 
in profile in Fig. i. The scalloped appearance of 
the surface membrane results from the alternat- 
ing pattern of the concave "plaque" and the convex 
"interplaque" regions. In the sheep the inter- 
plaque region measures approximately i0.0 nm 
in thickness and possesses a symmetrical unit 
membrane structure. In contrast, the thickened 
membrane of the plaque regions measures ap- 
proximately 12.5 nm in thickness and is charac- 
terized by an asymmetric unit membrane in which 
the lumenal leaflet is approximately twice the 
thickness of the cytoplasmic one. The features 
characterize not only the sheep (3) and rat uro- 
thelia (23) but also those of most mammalian spe- 
cies (7). This characteristic morphology has been 
used diagnostically to identify the lumenal mem- 
brane during its separation and purification (13, 
4, 25, 3). 

Upon isolation the lumenal plasma membrane 
remains in large sheets rather than becoming 
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Fig. 2. Thin section through pellet of isolated 
plaque regions from lumenal membranes of sheep 
urinary bladder. Deoxycholate treatment has 
largely removed interplaque regions. When 
viewed in cross section (arrow), they retain the 
asymmetric unit membrane structure character- 
istic of the normal membrane in situ (compare 
Fig. II. In oblique section, hexagonal arrays of 
particles (asterisk) are visible. (175,000X) 

fragmented into small vesicles. When treated 
with deoxyeholate the lumenal plasma membrane 
fragments and the plaque regions become sepa- 
rated from the interplaque regions (4, 3). With 
differential eentrifugation a fraction enriched in 
plaque regions is obtained. In thin section (Fig. 
2) the plaque region fraction consists of small 
concave pieces of membrane exhibiting an asym- 
metric unit membrane structure. It appears that 
the plaque regions, separated from the lumenal 
plasma membrane, retain their morphological 
identity. 

In SDS-polyacrylamide gel electrophoresis 
(l~ig. 3) the plaque regions fraction shows a rath- 
er simple protein spectrum. The most prominent 
bands present are those representing the 41,500, 
37,000, 33,500 and the 24,000 dalton proteins. In 
rough estimation the 24,000 dalton species ap- 
pears to be in highest concentration and may ac- 
tually represent twin protein bands or two species 
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Fig. 3. SDS-polyacrylamide slab gel electropho- 
retic pattern of the isolated plaque regions. Ar- 
row indicates glycolipid component 

of very similar molecular weight. Also dominant 
is a band running close to the anode. This band, 
which stains darkly in periodic acid-Schiff base 
(3) and which is sensitive to chloroform-methanol 
extraction, represents the glycolipid component 
of the plaque regions membrane. 

In order to show that components of the uro- 
thelial plasma membrane can be used as antigens 
to probe the organisational structure of the lumen- 
al plasma membrane, the fraction enriched in 
isolated plaque regions was used as antigen. As 
illustrated in Fig. 4, antibodies produced against 
the plaque regions from sheep membranes reaet 
positively in the Ouehterlony test. As would be 
expected, more than a single antibody is produced 
to the plaque regions. At least three precipitin 
lines characterized the interaetion between the 
plaque regions antigens and the antibodies. 

The specific interaction between the immune 
globulin (containing antibodies to plaque regions) 
and the sheep bladder urothelial cells was also 
followed with light microscopy. A time-dependent 
aggregation was easily observed between the im- 
mune globulin and the cells scraped from sheep 
bladder lumenal surface. In the control, where 
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Fig. 4. Ouchterlony diffusion test. A I% agar me- 
dium in PBS contained 0.1% sodium azide and I% 
Triton X-100. Antigen was sohbilized completely 
in PBS made 4% in Triton X-100. Three precipi- 
tin lines are observed between the plaque region 
antigen (center well) and the immune serum (bot- 
tom well). No reaction bands are seen between 
the antigen and control serum. (top well) 

gammaglobulins from non-immunised rabbits 
were used, no such state of aggregation is ob- 
served. Aggregation can be discerned 5 minutes 
after initiation of the immunological reaction and 
an increased level of aggregation develops with 
time. 

The antibodies to the plaque regions were then 
shown immunocytochemically to interact with iso- 
lated preparations of the lumenal plasma mem- 

brane. The indirect labeling technique (first ex- 
posing the isolated membrane preparation to the 
immune serum followed by exposure to HRPO- 
coupled antirabbit gammaglobulins) was used to 
visualize the interaction of the antibodies with the 
lumenal plasma membrane. As shown in Fig. 5a 
the membranes interacting with the immune globu- 
lin are heavily stained when compared with the 
control membranes which were interacted with 
serum from a non-immunized rabbit (Fig. 5b). 
The increase in density at the membrane surface 
is unmistakable, and it would appear that only the 
lumenal surface and not the cytoplasmic side of 
the plasma membrane interacts with the antibod- 
ies. Under the experimental conditions used, a 
thickness of 13.4 nm is measured for experimen- 
tal membranes compared to 12.5 nm for control 
membrane. A value of 12.5 nm is also obtained 
for the thickness of plaque regions in situ (Fig. I). 

j 
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Fig. 5. Isolated lumenal plasma membrane from 
sheep urothelium. (a) Membranes labelled for 
presence of antibodies to plaque regions (interac- 
tion with serum from a rabbit immune to plaque 
regions followed by exposure to peroxidase- 
labeled goat anti-rabbit gammaglobulin). (b) Con- 
trol p r e p a r a t i o n  in which m e m b r a n e s  w e r e  ex-  
p o s e d  to s e r u m  f r o m  a n o n - i m m u n e  r a b b i t  p r i o r  
to a p p l i c a t i o n  of the p e r o x i d a s e - l a b e l e d  a n t i - r a b -  
bi t  g a m m a g ] o b u l i n .  Not ice  the i n c r e a s e  in d e n s i t y  
and t h i c k n e s s  of the e x p e r i m e n t a l  p r e p a r a t i o n  (a), 
in which the l u m e n a l  l e a f l e t  ( a r r o w s )  in the 
p laque  r e g i o n s  is  c l e a r l y  l a b e l l e d .  In c o n t r a s t ,  
the l u m e n a l  l e a f l e t  of p laque  r e g i o n s  in the con-  
t r o l  p r e p a r a t i o n  (b) i s  r e l a t i v e l y  low in d e n s i t y  
(double a r r o w s ) ,  and the to ta l  t h i c k n e s s  of the 
c o n t r o l  m e m b r a n e  in p laque  r e g i o n s  i s  about ha l f  
tha t  of the e x p e r i m e n t a l .  (162,000X) 

Close inspection of the stained membranes in 
Fig. 5 suggests that it is primarily the plaque re- 
gions that are involved in the immune reaction. 
The interplaque regions appear to be stained to a 
much lesser extent than the plaque regions. 

The specific interaction between the immune 
globulin and the lumenal plasma membrane was 
also demonstrated in intact tissue of sheep blad- 
der urothelium (Fig. 6a). The increase in stain- 
ing is localized to the lumenal surface of the uro- 
thelium. Control experiments (Fig. 6b) in which 
tissue pieces are exposed to control globulin show 
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Fig. 6. Lumenal surface of intact sheep urotheli- 
urn. (a) Interaction of surface membrane with 
antibodies to plaque regions. The indirect label- 
ling method was carried out as des cribedinFig. 
5a exeept that the incubation in DAB was 20 min- 
utes. The plasma membrane (arrow) is notieeab- 
ly stained along the lumenal surface of the plaque 
regions. (167,000X). (b) Control preparation does 
not show enhanced staining of the lumenal plasma 
membrane. (162,000X) 

no inereased staining due to indirect HRPO-label- 
ing, and the lumenal plasma membrane in the 
control displays the morphology and the mem- 
brane dimensions (12.5 nm in diameter) of un- 
treated tissue, (Compare Fig. 6b with Fig. i). 

The experimental results shown in Fig. 6 were 
obtained after incubation of the tissue pieces in 
DAB for 20 minutes at room temperature. If the 
peroxidase reaetion is allowed to proceed for a 
longer time interval (e. g., I hour), there is an 
increased aeeumulation of reaction product at 
the membrane surface of the tissue interacted 
with immune globulin as exemplified in Fig. 7a. 

Control experiments, after staining in DAB for 
1 hour, do not show for the rnajor part increases 
in staining due to HRPO-labeling, as illustrated 
in Fig. 7b where the membrane thickness mea- 
sures 12.5 nm. However, it has been possible to 
find sporadically along the membrane surface of 
controls regions which show non specific staining. 

Fig. 7. Lumenal surface of intact sheep urotheli- 
urn. (a) Localization of antibodies to plaque re- 
gions of lumenal plasma membranes isolated 
from sheep. Indirect labelling method eornparable 
to that described in Fig. 5a. Notice appreciable 
deposition of stain associated with the lumenal 
surface of plasma membrane (arrows). (b) Con- 
trol preparation in which the surface of the blad- 
der was exposed to serum from a non-immune 
rabbit prior to treatment with peroxidase-labeled 
anti-rabbit gammaglobulin. In the control prepa- 
ration, the lumenal membrane of the plaque re- 
gions (double arrows) has less than half the thick- 
ness of the experimental. (167, 000X) 

The  a p p e a r a n c e  of s t a i n  in  c o n t r o l s  c o r r e l a t e d  
wi th  p r o l o n g e d  e x p o s u r e  to DAB, and by  d e c r e a s -  
i ng  the  t i m e  of i n c u b a t i o n  in  DAB t h i s  p r o b l e m  
can  be  c i r c u m v e n t e d .  

C r o s s  s p e c i e s  i n t e r a c t i o n  w a s  d e m o n s t r a t e d  
w h e n  the  i m m u n e  g l o b u l i n  p r o d u c e d  to sheep  m e m -  
b r a n e  p l a q u e  r e g i o n s  w a s  i n t e r a c t e d  wi th  p i e c e s  
of i n t a c t  b l a d d e r  u r o t h e l i u m  f r o m  both  the  r a t  and 
r a b b i t .  F i g s .  8a  and 9a a r e  e l e c t r o n  m i e r o g r a p h s  
show i ng  d e p o s i t i o n  of s t a i n  in  a s s o c i a t i o n  wi th  the 
o u t e r  l e a f l e t  of the  l u m e n a l  s u r f a c e  p l a s m a  m e m -  
b r a n e  of the  r a t  and r a b b i t  u r o t h e l i u m ,  r e s p e c -  
t i v e l y .  The  i n t e n s i t y  of s t a i n i n g  u n d e r  e x p e r i m e n -  
t a l  c o n d i t i o n s  c o n t r i b u t e s  g r e a t l y  to the  m e a s u r -  
able  t h i c k n e s s  of the  i n t e r a c t e d  m e m b r a n e s .  The  
h e a v i l y  s t a i n e d  l u m e n a l  p l a s m a  m e m b r a n e s  m e a -  
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Fig. 8. Thin sections showing the free surface of 
the intact urothelium of the rat. (a) Intact tissue 
exposedto antibodies to plaque regions isolated 
from the lumenal plasma membranes of sheep. 
The indirect labelling technique employing horse- 
radish peroxidase was used. The lumenal leaflet 
of the plaque regions (arrows) appears appreciab- 
ly thicker than in control preparations (b, double 
arrows). (162,000X) 

Fig. 9. Thin sections showing free surface of in- 
tact urothelium of the rabbit. (a) Intact tissue ex- 
posed to antibodies to plaque regions isolated 
from the lumenal plasma membranes of sheep. 
The indirect labelling technique employing horse- 
radish peroxidase was used. The lumenal leaflet 
of the plaque regions (arrows) exhibits staining 
lacking in control preparation (b, double arrows). 
(i 62,000X) 

sure approximately twice the thickness of mem- 
branes measured under control conditions (Figs. 
8b and 9b) in which membranes were treated with 
serum from non-immunized rabbits. The lumenal 
plasma membranes of the controls appear simi- 
lar to that of the untreated rat bladder. 

To determine whether the preparation of sheep 
antibodies used in these experiments can interact 
with antigens common to plasma membranes of 
sheep in general, or whether they are specific 
for urotheliurn, both immune and control globulin 
were interacted with sheep erythroeyte ghosts. In 
neither ease, (Figs. 10a and 10b) could staining, 
i.e. increased thickness of the membrane leaf- 
lets, be detected. 

DISCUSSION 

The study presented here was undertaken to ask 
whether an antigen from animal A which is avail- 

able in large quantity can be used to localize spe- 
cifically components in membranes of animal B 
which does not allow unlimited supply of tissue. 
Such cross-species interaction could then be used 
as a tool in exploring specific membrane altera- 
tions during developmental differentiation and 
carcinogenesis. 

Plaque regions of sheep urothelial surface 
membranes were used as antigens in preliminary 
studies aimed at localizing components within the 
urothelial plasma membrane. Morphologically, 
the plaque regions are distinct, and biochemical- 
ly, under dissociating conditions, they show par- 
ticular enrichment in a protein subunit and in the 
glycolipid component (3). Antibodies produced to 
sheep plaque regions were shown immunocyto- 
chemically to interact specifically with the lum- 
enal plasma membranes of sheep, rat and rabbit 
urothelia. Failure of antibodies raised to uro- 
thelial membrane eornponents of sheep to interact 
with sheep erythroeyte ghosts indicates that the 
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Fig. I0. Sheep erythrocyte ghosts (a) exposed to antibodies to plaque reglons from lumenal membrane 
of sheep urothelium. Indirectlabellingwith horseradish peroxidase. No increase of unit membrane thick- 
ness can be observed in comparison with control (b) which was labelled after exposure to non-immune 
globulin. (125,000X) 

antigens are probably organ specific and not 
found generally in sheep plasma membranes. 

In many micrographs of immunocytochemically 
stained urothelia it appears that only the plaque 
regions -- and not the interplaque regions -- take 
on increased staining, i.e., interact with the im- 
mune globulin. Because the ratio of plaque to in- 
terplaque regions is approximately 4 to 1 (24) and 
staining of the plaque regions dominates the stain- 
ing of the plasma rnembrane in general, it re- 
mains difficult to state unambiguously that there 
is no interaction at the interplaque regions. In- 
deed, it is possible that there is a slight immune 
reaction between antibodies and the interplaque 
regions of the lumenal plasma membrane. It is 
possible that some of the minor components of 
the particulate plaque regions are common to the 
non-particulate (24) interplaque regions. 

Interaction between antibodies and the lumenal 
plasma membrane is visualized immunocytochem- 
ically as a build up of reaction product along the 
l~nembrane surface. The accumulation of reaction 
product is dependent on the duration of the peroxi- 
dase reaction. When the peroxidase reaction is 
allowed to proceed for a long time (e. g., 1 hour) 
there is a heavy accumulation of reaction product 
at the membrane surface and the entire length of 
the surface membrane appears to be stained. 
Upon decreasing the duration of the peroxidase 

reaction not only the amount of stain but also the 
extent of membrane surface stained decreases. 
Furthermore, standardization of experimental 
conditions is necessary for urothelia from differ- 
ent species. The experimental conditions which 
are deemed ideal for irnmunocytochemieal staining 
of the urothelial lumenal plasma membrane from 
sheep are not optimal for that from rat or other 
species. In our hands immunoeytochemical stain- 
ing of sheep urothelium could not tolerate long in- 
cubation times in DAB whereas no such restric- 
tion was observed for rat or rabbit urothelia. 

Once specific components of the lumenal plas- 
ma membrane are purified to homogeneity, future 
investigations can be carried out to pinpoint their 
membrane localizations and describe their sur- 
face orientations. Because the lumenal plasma 
membranes in rat (16) and human (19) bladders 
undergo a de-differentiation under hyperplastic 
conditions wherein there is a complete loss of the 
specialized plaque particulate structure, an im- 
munological test for the disappearance of a key 
membrane component is conceivable. With such 
irnmunocytochemical testing it may be possible to 
identify a change in the antigenic make-up of a 
membrane component and to correlate this 
change with a specific stage in the progression of 
carcinogenesis. 
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