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Summary. A n  avidin-biot in a lkal ine-phosphatase  (ABAP) 
staining method  has been developed for the labeling of  tis- 
sue sections and cell smears. The in t roduct ion o f  alkaline 
phosphatase  as a marker  enzyme through an avidin bridge 
results in excellent immunocytochemical  labeling of  differ- 
ent antigens using poly- and monoclonal  antibodies.  This 
technique avoids problems with endogenous peroxidase ac- 
tivity that  sometimes occur using peroxidase staining proce-  
dures. The in t roduct ion  of  a preformed avidin-biot in alka- 
l ine-phosphatase complex (ABAPC)  makes the presented 
technique as simple to handle as the widely used avidin 
biot in-peroxidase  complex method  (ABC). The A B A P C  
technique could be combined with other enzymatic label- 
ings for double  immunoenzymat ic  staining. 

Introduction 

Avidin,  a glycoprotein  with a molecular  weight of  68,000 
dal tons  found in egg white, and biot in (i.e., vi tamin H) 
have a very high affinity for each other (Green 1963). The 
interact ion o f  biotin and avidin is remarkably  rapid  and 
stable. Since biot in can be covalently l inked to immuno-  
globulins as well as to enzymes, and  avidin can be labeled 
with fluorescent compounds ,  colloidal  gold, or enzymes, 
researchers have used these reagents in various methodolog-  
ical modifications.  

One of  the most  innovative immunohis tochemical  appli-  
cat ions of  avidin-biot in interact ion has been the avidin- 
biotin peroxidase-complex method  of  Hsu et al. (1981). 
However,  endogenous peroxidase activity in many cells and 
tissues obscures the specific peroxidase labeling reaction. 
Procedures to block endogenous enzyme activity may  some- 
times destroy labile antigens and can affect cell morpho logy  
(Stein 1983). Fur thermore ,  the double labeling of  two dif- 
ferent antigens on one section by the appl icat ion of  different 
peroxidase substrates is capricious and not  easy to per form 
in routine immunohis tochemist ry .  

We have therefore developed an avidin-biotin alkaline- 
phosphatase  (ABAP) staining method  to localize antigens 
in paraffin- embedded  mater ia l  as well as in b lood  smears, 
which avoids the disadvantages of  peroxidase labeling and 
takes advantage  of  avidin-biot in interactions. 
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Materials and methods 

The following tissue samples were used: human goiter (surgically 
removed) fixed in buffered formaldehyde; a specimen of human 
gastric cancer fixed in Carnoys solution; acetone fixed blood 
smears from healthy volunteers. 

The following antisera and substances were used: anti-human 
cytokeratin 35flHll (Enzo Biochemicals, NY); anti-human cathep- 
sin-G polyclonal sheep (Serotec, UK); anti-human thyroglobulin 
polyclonal rabbit (kindly provided by Henning, Berlin); ABC per- 
oxidase kit; avidin DH; avidin/alkaline phosphatase; biotin-la- 
beled alkaline phosphatase; biotin antimouse immunoglobulin; 
biotin antirabbit immunoglobulin; biotin antisheep immunoglobu- 
lin (Vector, USA); naphtol AS-MX salt; BB-blue salt; fast-red 
TR salt; levamisole (Sigma, FRG); DAB (Fluka, FRG). 

Immunostaining procedures'. In accordance with the ABC-peroxi- 
dase technique, tissue sections were deparaffinized in xylene, 
brought down through graded alcohols, and washed in phosphate- 
buffered solution (PBS). Blood smears were only rinsed in PBS. 
Further steps were performed in an incubation chamber (Ormanns 
and Pfeifer 1981) at room temperature (RT). The slides were incu- 
bated with optimally diluted antibodies (i.e., cathepsin, 1:200; cy- 
tokeratin, 1:2,000; thyroglobulin, 1:800) for 2 h and washed in 
PBS; biotin-labeled second antibodies (dilution, 1:200) were then 
applied for 30 min. Alkaline-phosphatase labeling was performed 
as shown in Table 1. Various concentrations of avidin DH, avidin 
alkaline phosphatase, and biotin-labeled alkaline phosphatase were 
tested. Preformed complexes of enzyme-labeled avidin and biotin 
were also tested. The complexes were made by incubating various 
concentrations of avidin DH, or avidin/alkaline phosphatase and 
biotin/alkaline phosphatase for 30 min at RT. Either PBS (pH 7.3 ; 
0.0125 M) or hydrogen carbonate buffer (pH 9.4; 0.1 M; Bussolati 
and Gugliotta 1983) were used as the diluting buffer. 

The final reaction was achieved by incubating the sections with 
alkaline-phosphatase substrate (Mason et al. 1983). This was pre- 
pared by dissolving 2 mg Naphtol AS-MX in 0.2 ml dimethylsul- 
foxide (DMSO) in a tube. The solution was added to 9.8 ml 0.1 M 
Trisbuffer containing 1 mmol levamisol in order to block endoge- 
nous alkaline-phosphatase activity. Immediately before use, fast- 
red TR salt or BB-blue salt was added at a concentration of I mg/ 
ml; the solution was then directly filtered onto the slide. The incu- 
bation time was between 10 rain and overnight. After an intensive 
rinse in tap water, the slides were counterstained with hematoxylin, 
air dried, and mounted in Eukitt. 

Controls. In parallel tissue sections and using the same primary 
and secondary antibodies, the ABC-peroxidase method was applied 
in order to compare it with the alkaline-phosphatase method. Addi- 
tional controls were performed as follows : omission of the primary 
antibody and replacement of the primary antibodies by normal 
rabbit, sheep, or mouse serum. 
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Fig. 1 a, b. Results of avidin-biotin alkaline-phosphatase complex (ABAPC) staining in paraffin sections. Naphtol AS-MX/fast red was 
used as substrate for the demonstration of enzyme activity; counterstaining with hematoxylin. Gastric carcinoma stained with a monoclonal 
antibody specific for epithelial cytokeratin (35flH11). a Heavily stained tumor cells infiltrating the layers of the muscularis propria 
( x 170). b Same tumor with distinctly positive tumor glands ( x 360) 

Fig. 2a, b. ABAPC staining in paraffin sections as in Fig. 1. Thyroid tissue stained with polyclonal antithyroglobulin, a Endemic goitre 
with strong reaction in the colloid ( x 220). b Follicular adenoma with positive staining of colloid as well as thyroid cells ( x 440) 

Fig. 3a, b. Blood smears stained with polyclonal anticathepsin G. a Positive reaction only in polymorphonuclear leukocytes ( x 440). 
b Strong staining of azurophile granules in polymorphonuclear leukocytes ( x 1,100) 

Results 

Each of  the ant ibodies  under investigation gave sharply 
localized immunocytochemical  staining reactions both  with 
the A B A P  and avidin-biot in a lkal ine-phosphatase  complex 

(ABAPC)  techniques (Figs. 1-3). The labeling intensity and 
localization were almost  identical to those obtained using 
ABC-peroxidase  staining, a l though the immunoalkal ine-  
phosphatase  react ion was sometimes slightly granular  com- 
pared  to the D A B  reaction in peroxidase staining. Increased 



Table 1. Synopsis of immunoalkatine labeling procedures 
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Step 

I Primary antibody 
2 Biotin-labeled 

second antibody (1 : 200) 
3 Avidin DH (10 gg/ml) 

4 Biotin-ALP 
(5,000-500 IU/ml) 

5 Alkaline-phosphatase 
substrate 

Primary antibody 
Same procedure 

Avidin-ALP 
(5,000-500 IU/ml) 
Biotin-ALP 
(5,000-500 IU/ml) 

Same procedure 

Primary antibody 
Same procedure 

Step 3 omitted 

Preformed complexes: 
Avidin-ALP 
(5,000-500 IU/ml) ; 
Biotin-ALP 
(5,000-500 IU/ml) 
Same procedure 

Primary antibody 
Same procedure 

Step 3 omitted 

Preformed complexes: 
Avidin DH (10 gg/ml); 
Biotin-ALP 
(5,000-500 IU/ml) 

Same procedure 

Avidin DH=modified avidin supplied by Vector. Avidin-ALP=avidin alkaline phosphatase conjugate; Biotin-ALP=biotin alkaline- 
phosphatase conjugate. 

Enhancement of staining could be achieved by repeating steps 2-4 before the final application of the alkaline-phosphatase substrate 
(step 5). The optimal combination for immunohistochemistry was preformed complexes of Avidin DH (10 gg) incubated with 
1,000-2,000 IU/ml Biotin-ALP 

concentrations of avidin/alkaline phosphatase or biotin/al- 
kaline phosphatase shortened the reaction time by up to 
10 min and resulted in intensive staining which sometimes 
masked good cytological morphology. Good reactions were 
obtained by using 4,000 IU/ml avidin/alkaline phosphatase 
and 4,000 IU/ml biotin/alkaline phosphatase in a bridge 
technique. An almost identical result was achieved using 
the same concentrations of  labeled enzymes in preformed 
complexes. The replacement of labeled avidin by avidin DH 
did not diminish the intensity of the staining reaction. It 
was found that 10 gg avidin D H  and 2,000 IU/ml biotin/ 
alkaline phosphatase in preformed complexes gave an opti- 
mal "signal-to-noise" ratio (Table 1). Enhancement of the 
staining reaction could be achieved by repeating steps 2 
and 4 before the final application of the alkaline-phospha- 
tase substrate. 

Unwanted staining, which was sometimes derived from 
collagen in tissue, was demonstrable in the immunoalkaline 
as well as in the immunoperoxidase technique. Although 
alkaline-phosphatase activity is inhibited by inorganic 
phosphate (Ishikawa et al. 1983), the use of PBS as diluting 
buffer did not interfere with staining intensity when com- 
pared to results obtained using hydrogen carbonate buffer. 

Discussion 

Our results indicate that alkaline phosphatase can be used 
as a marker enzyme in avidin-biotin immunohistochemis- 
try. Reagents giving an optimal staining result can be easily 
prepared from commercially available components. Instead 
of using the biotin-peroxidase solution supplied with the 
ABC kit (Vector), biotin/alkaline phosphatase can be intro- 
duced to achieve a very sensitive staining. This method 
seems to be superior to the currently employed alkaline- 
antialkaline phosphatase (APAAP) technique. Unlike the 
latter method (Cordell et al. 1984) which may require 
APAAP made in different animal species, the ABAPC 
method relies on a general biotinylated secondary antibody 
and a universal avidin-biotinylated alkaline-phosphatase 

complex. This feature is most important because anti alka- 
line-phosphatase antibodies made in many species are not 
commercially available. The additional steps which are of- 
ten needed to adopt the APAAP system to one's own re- 
quirements are not only time consuming but may also pro- 
duce increased background staining. 

Compared to biotin-peroxidase staining, relatively large 
amounts of  alkaline phosphatase as marker enzyme must 
be introduced to achieve optimal staining. This is due to 
the fact that the enzyme is not very stable and loses some 
of its activity in very dilute solutions. The coupling process 
of alkaline phosphatase to biotin may also alter the enzy- 
matic activity (Guesdon et al. 1979). These unwanted inter- 
actions can be balanced by increasing the incubation time 
with the enzyme substrates and by repeating incubation 
steps. 

The excellent results obtained with preformed ABAPCs 
must have been due to the formation of large complexes 
containing multiple alkaline-phosphatase molecules. It is 
likely that the formation of this complex is similar to that 
of avidin-biotin peroxidase aggregates, although their struc- 
ture has not yet been determined. 

The technique presented is a universal immunostaining 
procedure that can also be combined with peroxidase or 
other marker enzymes to localize two different antigens in 
the same section. Therefore the ABAP method would seem 
to be a good alternative technique for immunohistochemi- 
cal studies. 
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