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Summary. The clinical application of enzyme 
immunoassay for the determination of the pros- 
tate-specific acid phosphatase is reported. 277 
sera were investigated in the diagnosis as well 
as in turnout monitoring and a good correlation 
with the clinical stage was found. In prostatic 
carcinomas 5 of 13 with stage TI, ii of 12 pa- 
tients with stage T2, 16 of 16 patients with T3 
and 19 of 19 patients with stage T4 disease had 
values above 1 ng/ml. In prostatic adenomas 
(n = 89) in prostatitis (n = 40) and in other car- 
cinomas of the urogenital tract (n = 28), (renal 
carcinomas, carcinomas of the bladder and the 
penis) the values of the prostate-specific acid 
phosnhatase measured by the enzyme immuno- 
assay 131 of 137 were under 1 ng/ml. A com- 
parison of random samples with the radioimmuno- 
assay for this enzyme showed good correlation. 
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INT RODUCTION 

Since 1938, when Gutmann (7) reported increased 
values of acid phosphatase (E.C. 3. 1,3. 2.)in 
metastasizing prostatic carcinoma, this is the 
most frequently determined laboratory parameter 
to control the efficiency of therapy in prostatic 
cancer. ]Because of the different isoenzymes of 
acid phosphatase the determination of the total 

~E. C. 3. 1.3.2 = Enzyme Code according to the 
International Union of }Biochemistry 

acid p h o s p h a t a s e s  w a s ,  h o w e v e r ,  n o n - s p e c i f i c .  
In 1953 F i s h m a n  and L e r n e r  (4) s u c c e e d e d  in i n -  
c r e a s i n g  the  s p e e i f i t y  by d i f f e r e n t i a t i n g  the  t a r -  
t r a t e - l a b i l e  p o r t i o n  f r o m  the  t o t a l  a c i d  p h o s p h a -  
t a s e .  H o w e v e r ,  on ly  h a l f  the  t a r t r a t e - i n h i b i t a b l e  
p o r t i o n  i s  d e r i v e d  f r o m  the  i s o e n z y m e  of p r o s -  
t a t i c  origin. 

The difficulty in determining the prostate- 
specific acid phosphatase is that there is no 
snecific substrate for the isoenzyme produced 
in the prostate and also the serum enzyme ac- 
tivity is stable only for a few hours. 

The immunochemieal methods by which the 
enzyme is determined with the aid of its struc- 
tural characteristics are considered to be an 
alternative to the functional identification tech- 
niques. In 1975 Foti et al. (5) develoned a radio- 
immunoassay; in 1979 Grenner (8) established 
an enzyme immunoassay. While the management 
of a radioimmunoassay requires expensive lab- 
oratory equipment, only a photometer is needed 
for the performance of an enzyme immunoassay. 

Here we report the clinical findings of enzyme 
immunoassay for the prostate-specific acid 
phosnhatase (Enzygnost ® PSAP) in the diagnosis 
and follow-up of patients with prostatic carcinoma. 

M E T H O D S  

The enzyme immunoassay for prostata-specific 
acid phosnhatase is based on the sandwich test 
principle. The antigen of the acid phosphatase 
was isolated from Prostatic secretion by conven- 
tional methods. The purified enzyme had a specif- 
ic activity of 450 U/rag, when paranitrophenyl 
phosphate was used as a substrate at a tempera- 
ture of 37°C. In absorption studies with other 
human tissues the specificity of the antigen and 
of the antibody was proved. The human serum 
used for the preparation of standards was previ- 
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ously freed from acid phosphatase by means of 
immunoabsorption. For establishing the enzyme 
imrnunoassay synthetic tubes were coated with 
antiprostatic phosphatase. Peroxidase (E. C. 
i. II. i 7. ) served as the labelling enzyme (Gren- 
ner 1979 (8)). 

For the test 0. 1 ml of standard or test serum 
together with 0. 1 ml of incubation buffer were in- 
cubated in the antibodycoated tubes for two hours at 
room temperature. After repeated elution the 
peroxidase-labelled antibodies were added. A 
renewed two-hour incubation was followed by 
elution of the free portion of the peroxidase- 
conjugated antibody. The addition of the sub- 
strates phenylendiarnine and hydrogen peroxide 
took place for 30 rain. The reaction was then 
interrupted by the addition of diluted sulphuric 
acid. The extension of the staining solution was 
determined at 492 nm. A typical reference curve 
is represented in Fig. I. 

With the aid of the assay, concentrations 
from 0.5 ng/rnl upwards could be ascertained. 
To different sera defined amounts of prostatic 
phosphatase were added in the form of the pure 
antigen and the recovery amounted to 96% + 6%. 
The coefficient of intraassay variability lay 
between 3 and 5%, the coefficient ofinterassay 
variability between 5 and 8%. 

While the enzyme activity of the prostatic 
phosphatase in the serum at 25°C decreased 
after several hours and was no longer detectable 
after 2 to 3 days, a pereeptible decrease of the 
immunological activity at 25°C occurred only 
after 5 to 8 days. 

PATIENTS 

Two hundred and seventy-seven serum samples 
from patients were investigated by the method 
described I. Sixty-nine patients had clinically 

benign hypertrophyand in 140 cases histological 
and clinical evidence of prostatic cancer was 
evaluated by means of standard physical findings, 
skeletal survey, bone scan and assay for serum 
prostatic acid phosphatase by the p-nitrophenyl 
phosphate method. In 60 of these patients the 
examinations were carried out in the course of 
diagnosis. Eighty patients with prostatic car- 
cinoma were examined for turnour monitoring. 
In the patients in whom the inquiry was carried 
out for diagnostic reasons the values determined 
by the enzyme imrnunoassay were related to the 
turnout stage as far as prostatic carcinoma was 
concerned. 

1 Blood was sampled from each patient before 
or 48 h after rectal examination, and stored 
at -20°C 
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Fig. i. Reference curve of the enzyme i r n m u n o -  

assay for the prostate-spezific acid phosphatase, 
Enzygnost ® PSAP. Eaehpoint represents the 
average of 20'independent determinations 
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Fig. 2. Comparison between clinical staging of 
prostatic cancer and results of enzyme immuno- 
assay for the prostate specific acid phosphatase, 
Enzygnost ® PSAP 

RESULTS 

Figure 2 shows that in 69 patients with benign 
prostatic adenorna the values of the prostate- 
specific acid phosphatase measured by the en- 
zyme immunoassay were all under 1 ng/rnl. The 
same was true for 34/40 patients with prostatitis 
and for 28 patients with other carcinomas of the 
urogenital tract. In 9 of the 60 patients with 
prostatic carcinoma, in which this investigation 
was carried out for diagnostic reasons the enzyme 
imrnunoassay values were under 1 ng/rnl. When 
1 ng/ml was taken as the upper standard, 5 of 
13 patients with stage TI, II of 12 patients with 
stage T2, 16 of 16 patients with stage T3 and 19 
of 19 patients with stage T4 prostatic carcinoma 
had increased prostatic acid phosphatase values. 

As far as the question of follow-up of prostatic 
carcinoma is concerned, prostatic acid phos- 
phatase concentrations were determined by en- 



23 

PSAP(nglmi) 
21 
19 
17 
15 
13 
11 
g 
7 
6 
z~ 

1 

0.5  

0 

PA: PC without progression 
p=0.001 
PC without progr.: PCwith progr. 
p= 0.0001 
(Student-t-Test} 

~=0.69 7 =1.09 
SO=0.31 SD=0.30 

± 

2 = 4.26 
SD= 5.L6 

• o o  
o o o  
o o o  

o •  
:° 
o e  
o •  

Prostatic adenomos Prostatic carcinomas Prostaticcorcinomos 
without progression with progression 

n : 6 g  n=Sg n=30 

Fig. 3. Alterations in the level of the prostate- 
specific acid phosphatase and clinical response 
to therapy in patient with prostatic cancer 

z y m e  i m m u n o a s s a y  and compared  in 50' p ro s t a t i c  
c a r c i n o m a  pat ients  without p r o g r e s s i o n  and in 
30 p ros t a t i c  c a r c i n o m a  pat ients  with p r o g r e s s i o n  
(Fig. 3). 

As a result a significant discrimination of 
prostatic carcinoma without progression com- 
pared to prostatic carcinomas with progression 
was found. The progression and the activity of 
the disease were evaluated with the aid of skeletal 
scintigraphy and cytosmear after fine needle 
biopsy of the prostate, respectively. 

In 3 patients who had undergone total Dros- 
tatectomy the prostate-specific acid phosphatase 
was determined by means of the enzyme immuno- 
assay; the values were ahvays below the detect- 
able limit of this method. 

D IS CUSSI ON 

The level of serum prostatic acid phosphatase 
is an important clinical test for cancer of the 
prostate. Until recently, enzymatic assays have 
been used exclusively for this diagnostic test. 
However increased temperature inactivates the 
enzyme at the pH of normal serum; therefore, 
results obtained by these methods might not 
reflect the true activity of this enzyme in serum 
if scrupulous precautions have not been followed 
in preparing the serum. Such considerations, 
as well as questions of substrate specifity, have 
led to an immunological quantilation of prostatic 

acid phosphatase. The immunological reactivity 
of prostatic acid phosphatase is apparently more 
consistent than enzymatic activity. Therefore, 
serum samples do not require special treatment 
and handling. 

Normal serum contains several acid phos- 
phatases of different origin. Some of these acid 
phosphatases are organospecific, some cyto- 
specific and possibly some even specific for sub- 
cellular organelles. The serum acid phosphatases 
can be derived from erythrocytes, leucocytes, 
thrombocytes or from cells of the reticulo-endo- 
thelial system, from osteoblasts or just from 
the prostatic cells. Consequently, a specific as- 
say that detects enzymes of prostatic origin is 
required. When Shulman et al. (1964) (I0) and 
Albin et al. (1970) (i) described the possibility of 
the immunological differentiaion of the prostate- 

specific acid phosphatase, the door was opened 
to the so-called methods of immunochemical 
id entification. 

The clinical value of the radioimmunoassay 
has been discussed since 1975 (5, ii, 3). This 
study was designed to investigate the value of 
enzyme immunoassay. The shorter incubation 
time and the less expensive equipment required 
for this method are important factors in favour 
of immunochemical determination of the pros- 
tate-specific acid phosphatase. The technical 
laboratory performance comparison with radio- 
immunoassay and the first clinical results de- 
scribed in this paper confirm the value of this 
method (2). 

REFERENCES 

1. Ablin, R . J . ,  Bronson,  P . ,  Soanes, W . A . ,  
Witebsky,  E . :  T i s sue  and spec ies  spec i f ic  
ant igens of n o r m a l  human p ros t a t i c  t i ssue .  
Journa l  of Immunology  104, 1329 (1970) 

2. Bauer ,  H . - W . ,  GOttinger, H.,  Grenner ,  G. :  
Ein E n z y m i m m u n o a s s a y  zum Nachweis  von 
p r o s t a t a s p e z i f i s e h e r  s a u r e r  Fhospha t a se  
beim P r o s t a t a c a r c i n o m .  31. Verhandlungs-  
ber ieh t  de r  Dt. Gese l l schaf t  ffir Urologic  (1980) 

3. Cooper,  J . F . ,  Foti,  A . G . ,  Her schman ,  H. 
H.,  Finkle,  W . :  A solid phase r a d i o i m m u n o -  
a s s a y  for p ro s t a t i c  acid phosphatase .  Journa l  
of Urology 119, 388 (1978) 

4. F ishman,  W . H . ,  L e r n e r ,  F. : A method for 
e s t ima t ing  s e r u m  acid phosphatase  of 
p ro s t a t i c  or igin .  Journa l  of Biologica l  
C h e m i s t r y  200, 89 (1953) 

5. Foti,  A . G . ,  Her schman ,  H . H . ,  Cooper,  J . F , :  
A solid phase r a d i o i m m u n o a s s a y  for  human  
p r o s t a t i c  acid phospha tase .  C a n c e r  R e s e a r c h  
35, 2446 (1975) 

6. Foti, A . G . ,  Cooper,  F . J . ,  He r schman ,  H. 
H.,  Malvarez ,  R. R. : New England Journa l  
of Medicine 297, 1357 (1977) 



24 

7. Gutrnan, A,B., Gutman, E.B.: An "acid" 
phosphatase occuring in the serum of patients 
with metastasizing carcinoma of the prostate 
gland. Journal of Clinical Investigation 17, 
473 (1938) 

8. Grenner, G., Schmidtberger, R.:Enzym- 
immunologische Bestimrnung der sauren 
Prostataphosphatase. Journal of Clinical 
Chemistry and Clinical Biochemistry 17, 
156 (1979) 

9. Larn, K.W., Li, O., Li, C.¥., Yam, L.T.: 
Biochemical properties of human prostatic 
acid phosphatase. Clinical Chemistry 19, 
483 (1973) 

I0. Shulman, S., Mamrod, L., Gondor, M.J., 
Soanes, W.A.: The detection of prostatic 

acid phosphatase by antibody sections in gel 
diffusion. Journal of ImmunologTf 93, 474 
(1964) 

ii. Vihko, P., Sajanti, E., Janne, O., Peltonen, 
L., Vihko, R. : Serum prostate - specific 
acid phosphatase. Development and validation 
of a specific radioimmunoassay. Clinical 
Chemistry 24/11, 1915 (1978) 

Dr. reed. H.-W. Bauer 
Urologische Klinik und Poliklinik 
Klinikum Gro~hadern 
Marchioninistra~e 15 
D-8000 M~nchen 70 
Federal Republic of Germany 


