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Summary. Monoclonal antibodies produced against tumor 
associated antigens of  human bladder transitional cell car- 
cinoma have proved to be useful in detecting malignant 
cells in tumor sections and bladder washings. The present 
study evaluated the capacity of  one such antibody G4 to 
identify sites of  malignancy when introduced into the 
lumen of  intact bladders immediately after cystectomy. An 
ex vivo immunoperoxidase staining (IPS) method was ap- 
plied to four cystectomy specimens - three with solitary 
invasive transitional cell carcinomas (TCC) and one with 
carcinoma in situ (CIS) using monoclonal antibody G4 
injected intravesically immediately after cystectomy. The 
tumor sites, normal appearing mucosa and other exposed 
and non exposed tissues from the same patient were ex- 
amined for G4 binding. In all cases preferential intravesical 
binding of  G4 antibody to the tumor size was demonstrated 
without binding to the normal mucosa except in one case. 
This study showed that monoclonal antibody injected intra- 
vesically can be focused on the tumor site and indicates 
that G4 and other antibodies may be useful intravesically 
for selectively assessing field changes associated with malig- 
nancies or as specific therapeutic agents. 
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Introduction 

The significance of  urothelial histologic alteration in nor- 
mal appearing mucosa distant from a primary bladder tu- 
mor is now well established. Field changes in the surround- 
ing non-papillary urothelium are important prognostic 
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factors to determine the likelihood of  development of 
invasive bladder tumor in patients with non-invasive papillary 
lesions [12-14,  18]. Invasive TCC is frequently associated 
with carcinoma in situ (CIS) [3, 6, 8, 15]. Although variabil- 
ity in the biologic activity of  CIS is acknowledged [16] 
careful retrospective pathologic observations suggest that 
cases of  invasive bladder cancer represent a progression of  
the in situ stage [ 15]. Therefore, in vivo detection of  malig- 
nant and premalignant bladder urothelium has become a 
major issue in diagnosis and treatment o f  bladder tumors. 

This study was designed to determine if differential in 
vivo staining can be achieved using monoclonal antibodies 
directed against TCC-tumor associated antigens. Prior to 
any attempt to utilize monoclonal antibodies intravesically 
for diagnostic or therapeutic purposes, their ability to bind 
tumor in vivo should be demonstrated. Monoclonal anti- 
body G4 was injected intravesically in four patients with 
TCC. Binding of  monoclonal antibody to bladder tumor or 
normal appearing mucosa was determined with immuno- 
peroxidase staining (IPS) of fresh frozen sections from 
several sites of  each specimen. 

Material and methods 

Monoclonal antibody G4 was used in this study and has been pre- 
viously described [1]. This monoelonal antibody reacts with high 
grade TCC, carcinoma in situ and some low grade TCC and is of the 
IgM subclass. Tissue culture supernatant from 3-4 day old flasks 
containing 2 x 106 hybridoma cell/ml were pooled and kept at 4 °C 
until use. Bladder specimens from 4 male patients undergoing cystec- 
tomy were utilized for ex vivo immunoperoxidase staining using a 
procedure previously described [9 ]. Three patients had solitary non- 
papillary invasive TCC and one patient had diffuse carcinoma in 
situ without invasive disease. The bladder was filled with 300 cc 
of hybridoma supernatant G4 in the operating room immediately 
after removal. 

After 1 h incubation time, the bladder was opened in the presen- 
ce of the pathologist and selective biopsies of the tumor site and 
"normal appearing" mucosa were immediately processed for frozen 
section. Frozen sections of other tissues from the same patient's 
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Table 1. Ex vivo immunoperoxidase (IPS) after intravesical injec- 
tion of monoclonal antibody (MoAb) G4 

Pt la  Pt2a Pt3b Pt4 a 

Tumor site(s) c + (1) e + (1) e + (1) e + (2) e 
TrigoneC _ _ _ + 
Bladder dome c - - some area + - 
Ureter d . . . .  

a Invasive TCC Grade III/IV 
b Carcinoma in situ 
c Tissues exposed to G4 
d Tissues non-exposed to G4 
e Number of biopsies; + positive for IPS; - negative for IPS 

Table 2. Immunoperoxidase staining (IPS) of cryostat sections of 
exposed (a) and non-exposed (b) tissues to G4 ex vivo with mono- 
clonal antibodies G4, 3C12 (positive control), Ig(lb) (negative 
control) 

No. of G4 3C12 Ig(lb) 
patients 

Tumor sites a 4 4 (+) 
Tfigone a 4 1+/3 - 
Bladder dome a 4 1+/3 - 
Ureter b 4 4 -  
Skin b 1 1 - 
Ileum b 3 3 -  
Prostate b 4 4 -  

4 (+) 4 -  
1+ 1 -  
3+ 3 -  
4+ 4 -  

ureter, prostate, skin or ileum were prepared at the same time. The 
cryostat sections were stained using two different immunoperoxidase 
staining (IPS) techniques. The first IPS (experimental IPS) was per- 
formed as follows: Cryostat sections were air dried for 20 min 
fixed in acetone at 4 °C for 10 min and washed in phosphate buffer 
saline (PBS; 136 mM NaG; 2.7 mM KC1; 8 mM Na2HPO4; 1.5 mM 
KH2PO 4 pH 7.4). The slides were incubated with normal goat 
serum (dilution 1/10 in PBS) for 30 min which was blotted before 
application of a goat antimouse antibody fragment F(ab)'2 conjugated 
with peroxidase (Boehringer Mannheim, Indianapolis, IN) diluted 
1/20 in PBS. After washing in PBS, peroxidase was revealed with 
0.02% 3 amino 9 ethylcarbazole 0.03% H202, 5% dimethylformami- 
de in 0.02 M acetate buffer pH 5.4 (AEC) (SIGMA, St. Louis, MI). 
Slides were washed in tap water counterstained in hematoxylin, 
and mounted with gelatin. 

The second IPS, (control IPS), included the addition of an incu- 
bation step with monoclonal antibody G4 just after the acetone 
fixation and before the incubation with the goat antimouse antibody 
as previously described [9]. 

Using these two IPS techniques allowed comparisons of the 
staining of monoclonal antibody G4 injected intraavesically with 
the staining of the same antibody on eryostat sections. The first 
staining (experimental IPS) detected the fixation of an immuno- 
globulin to the surface of the urothelium of the cystectomy speci- 
men. The second staining (control IPS) detected the binding of the 
antibody to a cell surface antigen on a cryostat section and was 
used to confirm the staining pattern defined by the experimental 
IPS. In this procedure 3 monoclonal antibodies were used; G4, 3C12 
(a non-specific mouse antihuman monoclonal antibody used as a 
positive control also of the IgM subclass, established at the same 
time as G4), and Ig ( lb)  [10] an antimouse antibody of the IgG 
subclass used as a negative control. 

Fig. l a - c .  Immunoperoxidase staining (IPS) from a tumor site of an 
invasive TCC (a) obtained by intravesical injection of monoclonal 
antibody (Mab) G4 (experimental IPS). (b) Same section after incu- 
bation with MabG4 (control IPS). (e) IPS from a biopsy of a normal 
appearing mucosal site after intravesical injection of MabG4 (experi- 
mental IPS) 

Results 

In the  th ree  pa t i en t s  w i th  invasive TCC, a def in i te  IPS was 

observed  on  sect ions  o b t a i n e d  f r o m  the  t u m o r  site (Table  1). 

The  ex vivo ( expe r imen t a l )  s ta in ing  was l imi t ed  to  the  lumi-  

nal  surface of  the  t umor .  This  s ta in ing e x t e n d e d  to  the  

en t i re  t u m o r  sec t ion  w h e n  the  f rozen  sec t ion  was s t a ined  

us ing  the  con t ro l  IPS, i.e. us ing  h y b r i d o m a  G4  as a p r ima ry  

a n t i b o d y ,  fo l lowed  b y  the  goa t  an t imouse  a n t i b o d y  conjugat -  



ed with peroxidase as secondary antibody (Fig. 1). In two 
cases, histologically normal urothelium was available on 
the same section as the tumor site and was not stained. 
Biopsies from other exposed tissues, normal appearing 
mucosa from the trigone and the bladder dome and the 
prostatic urethra, were negative for the experimental IPS 
except one section from the bladder dome of  one patient 
which demonstrated some focal staining. The same set of  
slides of  exposed tissues was submitted to the control 
IPS (Table 2). The same patient showed focal staining of  
normal appearing mucosa from two biopsy sites, trigone 
and bladder dome, and all other samples were negative. 

Non-exposed tissues, ureter, skin or ileum were negative 
for both experimental and control IPS. The third patient 
had an extensive CIS with a very roughened mucosal sur- 
face above the bladder neck. In this patient two areas of  
CIS were stained with both IPS (ex vivo experimental and 
control) and two histologically normal urothelial areas did 
not stain. 

Discussion 

This study demonstrated that monoclonal antibodies inject- 
ed intravesicaUy can bind to abnormal bladder urothelium. 
Monoclonal antibody G4 has been found to react preferen- 
tially with high grade TCC and carcinoma in situ [ 1]. These 
results indicate that G4 is capable of  binding to living TCC. 
G4 antibody showed a clear preferential staining for TCC 
when compared to histologically normal urothelium in 
samples studied. For one case, however, staining was found 
in normal appearing bladder mucosa. It is not  clear if this 
staining represents a non-specific binding of  G4 to normal 
urothelium or binding to dysplastic urothelium since these 
cryostat sections do not allow precise definition of  atypia. 
This study demonstrated that the use of  a specific anti- 
body probe to map malignant urothelial changes in the 
whole bladder is possible. Antibody G4 can easily reco- 
gnize only high grade TCC and CIS. This limits its useful- 
ness for detecting low grade malignancies and field changes. 
Use of  G4 together with other anti-TCC antibodies should 
broaden the capability of  immunohistological methods to 
detect a spectrum of urothelial changes in the human 
bladder. These studies did not provide adequate informa- 
tion regarding premalignant field changes because a single 
probe was used and because cryostat sections do not pro- 
vide adequate morphologic details to grade urothelial 
dysplasia. This problem is being explored using cold cup 
biopsies and a panel of  monoclonal antibodies. 

Other in vivo staining tests such as methylene blue 
bladder staining and microscopic chemocystoscopy or 
tluorescein ultraviolet cystoscopy have been described 
for bladder mapping [2, 7, 17]. These techniques are based 
on a differential uptake of  a dye related to modification of  
the vascularization or cell junctions in malignant urothelium 
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which are not specific and can also occur in inflammatory 
lesions. Use of  monoclonal antibodies which can be con- 
jugated to fluoroscein or dye may provide more specific 
information, on tumor presence and location. 

The first step in therapeutic application of  monoclonal 
antibody for direct tumor cell killing or for focusing cyto- 
toxic agents in the area of  the tumor requires preferential 
binding to tumor in vivo [4]. 

Here we have demonstrated that G4 injected intravesically 
can bind preferentially to living TCC, and that monoclonal 
antibodies may be useful intravesically for understanding 
and treating urothelial changes associated with malignancy. 
Further studies o f  this monoclonal antibody and of  conjugat- 
ed, tumor toxic derivates are planned. 
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