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3-Hydroxyanthrani f ic  acid (3-HAA) was de te rmined  by an immunologic method in the 
blood s e r u m  of 115 patients  with var ious  b ladder  t u m o r s ,  five patients  with hemor rhag ic  
cys t i t i s ,  47 cl inical ly  healthy donors ,  and 44 pat ients  with acute cys t i t i s .  The 3-HAA 
hapten was found in the blood s e r u m  of all  pat ients  with hemor rhag ic  cys t i t i s ,  109 of the 
pat ients  with b ladder  t u m o r s ,  and eight of the 44 pat ients  with acute cys t i t i s .  It was  not 
found in the donors,  s e rum.  The signif icance of the r e su l t s  for  the immunodiagnosis  of 
b ladder  t umors  is d iscussed.  
KEY WORDS: t um or s  of the u r ina ry  bladder;  3-hydroxyanthrani l ic  acid. 

An urgent t a s k  in oneology is to s eek  new methods for  the diagnosis of malignant  d i seases .  Immuno-  
logic methods are  p romis ing  in this r e s pec t  because  of the i r  high sens i t iv i ty  and specif ici ty .  

The compound 3-hydroxyanthrani l ic  acid (3-HAA) is a carc inogenic  metabol i te  of t ryptophan [1, 7]. 
In ca rc inoma  of the u r ina ry  b ladder ,  as a r e su l t  of a dis turbance of t ryptophan me tabo l i sm  in the pat ients  
the excre t ion  of 3-HAA in the urine is cons iderably  inc reased  [1, 7]. The w r i t e r s  f i r s t  suggested and de-  
veloped an immunologic method of 3-HAA a s s a y  in the blood s e r u m  of these  pat ients .  It was shown ex-  
pe r imen ta l ly  that 3-HAA is read i ly  de te rmined  by this method in the s e r u m  of an imals  a r t i f i c a l l y  loaded 
with 3-HAA and also in the ea r ly  s tages  of exper imenta l  chemica l  carc inogenes is  [2, 3]. 

P r e l i m i n a r y  r e su l t s  of 3-HAA as say  in the s e r u m  of patients  with b ladder  ca r c inoma  showed that it 
is detected by this method in a lmos t  100% of eases  [4]. These findings suggested that the determinat ion 
of 3-HAA in the pa t ien ts '  s e r u m  can be used as a diagnostic t es t  for  b ladder  ca r c inoma  in man [5]. 

This paper  descr ibes  an investigation of the 3-HAA content by an immunologic method in the s e r u m  
of patients  with bladder  t umors  in var ious  s tages  of the d i sease ,  and also as a control  in the s e r u m  of pa-  
t ients with nonneoplastic d i seases  of this organ.  

E X P E R I M E N T A L  M E T H O D  

The s e r u m  3-HAA level  was de te rmined  by the double diffusion method in agar  using immune s e r a  
containing antibodies against  3-HAA. The immune s e r a  were  obtained by immunizing rabbi ts  with 3-HAA- 
azoprote ins  [6]. To obtain the azoprote ins  the 3-HAA was diazotized in HC1 solution and the resul t ing diazo 
compound of 3-HAA was azo-coupled  with horse  s e r u m  in an alkaline medium.  Rabbits were  immunized 
in t raper i tonea l ly  in a dose of 0.1 g azoprote in  pro te in  pe r  injection daUy for  5 days.  The course  of i m m u -  
nization was repea ted  a f t e r  an interval  of 3 days.  This cycle  of immunizat ion was repea ted  a f t e r  2 months.  
Blood was taken f r o m  the marg ina l  vein of the r abb i t ' s  e a r  on the 9th day af ter  the l a s t  injection. The r e -  
sulting immune s e r a  were  concentra ted  twofold, p r e s e r v e d  with bor ic  acid,  and used for  the reac t ions .  
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Fig. 1. 3-HAA in s e r u m  of a patient with an infi l t rat ing t umor  of 
the b ladder  in s tage T2: 1) s e r u m  of rabbi t  No. 213 containing ant i -  
bodies against  3-HAA; 2, 3) pa t ien t ' s  blood s e r u m ;  4, 5) donor ' s  
blood s e r u m .  

Fig. 2. 3-HAA in s e r u m  of patient  with malignant  pap i l l a ry  b ladder  
t umor  in s tage T2: 1) s e r u m  of rabbi t  No. 212 containing antibodies 
against  3-HAA; 2, 3) pa t ien t ' s  blood s e r u m ;  4, 5) donor ' s  blood 
s e r u m .  

Fig. 3. 3-HAA in s e r u m  of two pat ients  with b ladder  t umor s  (identity 
tes t ) :  1) immune s e r u m  of rabbi t  No. 225 against  3 -HAA-azoprote in ;  
2, 3) s e r u m  of pat ient  with infi l t rat ing b ladder  t umor  in s tage T1; 
4, 5) s e r u m  of pat ient  with pap i l l a ry  b ladder  tumor  in s tage T1; 6, 7) 
donor ' s  s e r u m .  

Blood s e r u m  f r o m  patients  with b ladder  t u m o r s  was invest igated.  The s e r a  of c l inical ly  healthy 
donors ,  taken at the F i r s t  Leningrad  Blood Trans fus ion  Station, and the s e r a  f r o m  patients  with acute c y s -  
t i t is  were  used as the cont ro ls .  The rabbi t  immune s e r a  were  exhausted with the s e r u m  of healthy donors 
of the cor responding  blood groups .  To con f i rm  the identity of the hapten found in the pa t ien ts '  blood s e r u m  
with 3-HAA, the method of inhibition of the 3-HAA prec ip i ta t ion  reac t ion  was used. Fo r  this purpose  the 
rabbi t  immune s e r u m  was t r ea t ed  with 3-HAA dissolved in borate  buffer ,  pH 7.8, at the ra te  of 60 rag 3-HAA 
to I ml s e r u m ,  a f t e r  which the s e r u m  was tes ted  in the prec ip i ta t ion  reac t ion  with those pa t ien ts '  s e r a  that 
had r eac t ed  posi t ively  with it before  the addition of the 3-HAA. 

EXPERIMENTAL RESULTS 

Altogether 129 patients were investigated, five with hemorrhagic cystitis, 21 with infiltrating bladder 
tumors, and 94 with papillary tumors. Depending on the stage of the disease, the patients with infiltrating 
bladder tumors were distributed as follows: one patient in stage T2, 12 in T3, and eight in T 4. Of the pa- 
tients with papillary bladder tumors 36 were in stage Ti, 43 in stage T2, 13 in T3, and two in T 4. The con- 
trol group consisted of 47 clinically healthy donors and 44 patients with acute cystitis. 

3-HAA was discovered by the agar diffusion method in the blood serum of i14 of the 120 patients 
studied. Evidence of the presence of 3-HAA was given by the formation of a clear precipitation line during 
the reaction between rabbit immune serum against 3-HAA and the patients' blood serum (Figs. I-3). No 
such precipitation line was observed as a result of the reaction of the same rabbit immune serum with the 
sera of the healthy donors. The specificity of the 3-HAA found in the patients' serum was confirmed by in- 
hibition of this reaction by the 3-HAA hapten. 

3-HAA was found in the blood serum of all patients with hemorrhagic cystitis (five) and with infiltrating 
bladder tumors (21). It was found in the blood serum of 88 of 94 patients with papillary bladder tumors: in 
33 (of 36) in stage Ti, in 41 (of 43) in stage T2, in 12 (of 13) in T3, and in two patients in stage T 4. 

Of the six patients in whose blood serum no 3-HAA was found, the duration of the disease was very 
short in four (it began in 1971-1972), and only in two patients with stage T i did the disease begin between 
1960 and 1970. In addition, these patients had no recurrence of the tumor or not more than one or two 
recurrences during 5-10 years of the disease. No 3-HAA was found in the serum of any of the 47 healthy 
donors. 3-HAA was found in the blood serum of eight of the 44 patients with acute cystitis. Considering 
the earlier observations of the appearance of 3-HAA in the blood serum of animals in the early stages of 
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exper imenta l  chemical  ca rc inogenes i s ,  before  the appearance  of a mac roscop ica l ly  vis ible  tumor  [3], the 
p r e sence  of p recance rous  changes in the mucous membrane  of the b ladder  can be postulated in patients  
giving a posi t ive reac t ion  for  3-HAA, before  any evidence of them can be revea led  by eys toscopy.  

Fu r the r  invest igations a re  requ i red  to solve the p rob l em of whether  this method can be used fo r  the 
differential  diagnosis of neoplast ic  d i seases  of other  organs .  

In conjunction with e a r l i e r  observa t ions  [4], the r e su l t s  descr ibed  above thus show that the immuno-  
logic a s s a y  of 3-HAA in the blood s e r u m  can be used as a tes t  for  the diagnosis of neoplast ic  and, probably,  
p reneoplas t ic  d i seases  of the ur inary  bladder .  It is a v e r y  interest ing fact  that this t es t  p roved  posi t ive in 
all pat ients  with hemor rhag ic  cys t i t i s ,  cha rac t e r i zed  by hyperplas ia  of the epi thel ium; this conf i rms  that 
the proposed  tes t  can be used to detect p recancerous  d i seases  of the bladder .  The p roposed  method of i m -  
munodiagnosis could prove  e x t r e m e l y  useful espec ia l ly  if the diagnosis of b ladder  t umors  is compl ica ted  
by the p resence  of m a rked  in f l ammatory  changes in the u r ina ry  t r ac t  o r  of s t r i cu t r e s  of the ure thra .  
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