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The indirect immunodetection method is powerful in de- 
tecting antigens in situ, but to date mouse monoclonal an- 
tibodies (MAbs) could not be used in immunohistochemi- 
cal studies of murine tissues without severe background 
staining. We report here a modifcation of this method in 
which mouse MAbs are used to detect murine antigens in 
a y d o n s .  Before application to the Seaion, mouse MAbs 
and conjugated anti-mouse antiserum were allowed to com- 
plex in vitro. After blocking of the unbound m n d a r y  an- 
tiserum with normal mouse serum, standard immuno- 
histochemistry was performed. Fifty percent of a randomly 
chosen panel of over 40 mouse MAbs recognized their anti- 
gens in our model system. Adaptation of, for example, the 

Introduction 
Immunohistochemistry is one of the many techniques based on 
the indirect immunodetection method that is a powerful tool to 
detect antigens in situ. The indirect method is often preferred to 
the direct method, in which the primary antibody is conjugated, 
because secondary antisera can be used to detect a wide range of 
primary antibodies. Moreover, the immunological tree, used to de- 
tect the primary antibody, provides signal amplification. 

One limitation of the indirect technique in immunohistochemis- 
try is an increase in background staining, especially when parts of 
the immunological tree also recognize tissue components. Many 
different blocking procedures have been described to decrease non- 
specific background binding, e.g., when mouse MAbs are used in 
rat tissue (1). Recently, Lewis Carl et al. ( 2 )  described a method 
using two different mouse MAbs to sequentially double-stain both 
actin and myosin in frozen sections of guinea pig skeletal muscle, 
blocking the sections between the two incubation steps with a non- 
binding mouse MAb and unconjugated goat anti-mouse IgG F(ab) 
fragments. 
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furation protocol can probably men increase this number. 
An MAb to the intermediate filament protein desmin, stain- 
ing both smooth and striated muscle, was used to demon- 
strate this technique in aycxdons of 15-day-old mouse em- 
bryos. In contrast to standard immunohistochemistry with 
the same antibodies under the same conditions, background 
staining was completely absent with this technique. With 
this modification to the well-established indirect detection 
method, the usefulness of mouse MAbs is significantly in- 
creased. (J Hisrochem Cytochem 421499-1502, 1994) 
KEY WORDS: Mouse monoclonal antibody; Mouse tissue; Indirect 
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We describe here an immunohistochemical method to detect 
mouse antigens using mouse MAbs in which we circumvent un- 
wanted binding of the anti-mouse antibodies to immunoglobu- 
lins in the section. The unlabeled primary antibodies are allowed 
to complex in vitro to a horseradish peroxidase (HRP)-conjugated 
rabbit anti-mouse antiserum, and subsequently the unbound rab- 
bit antibodies are blocked with normal mouse serum. This anti- 
body solution is applied to the sections in which the antigens can 
be recognized only by the MAb complex. The procedure described 
here is fast and reduces background staining efficiently. Since mice 
and rats are widely used as laboratory animals, this simple adapta- 
tion to the well-established indirect immunodetection method pro- 
vides an enormous increase in the usefulness of MAbs. 

Materials and Methods 
Standardly fixed and embedded mouse embryonic tissue was used to dem- 
onstrate this procedure. Immunohistochemistry was performed with a ran- 
dom set of mouse MAbs available in our laboratory. 

Tissue prrpantion. Female mice were caged overnight with males. The 
next morning the females showing a vaginal plug were selected and caged 
separately under standard CAHPA (ComitE Ad Hoc pour la Protection des 
Animaux) conditions. On the day of interest the mice were killed by cervi- 
cal dislocation and the embryos were dissected free. In this case, embryos 
at the age of 15 days post conception (Day 0 is designated as the day of 
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the vaginal plug) were collected and immersion-fiued in MAA (35% meth- 
anol, 35% acetone, 5% acetic acid, 25% H20.4'C) for 24 hr at 4'C. The 
adhering fixative was removed by rinsing for 60 min in several changes of 
PBS. followed by immersion (four times for 10 min) of the tissue in OCT 
Compound (Tissue-Tek; Miles, Elkhart, IN) at room temperature (RT). The 
embryos were embedded in fresh OCT Compound, frozen in isopentanol, 
chilled in liquid nitrogen, and stored at -2O'C. Six-km serial sections were 
cut transversely through the thoracic region of the embryo on a 2800 Frigo- 
cut-E cryostat (Leica; Nussloch, Germany), collected on Starfrost slides (Knit- 
tel; Glher. Germany), and stored at -2O'C. 

Antibodies. Mouse MAbs directed against many different antigens from 
various species, were used in this study (see Table 1). Supernatants were 
usually diluted 1:10 in PBS, whereas ascites and purified antibodies were 
used in a 1:100-1:1000 dilution. Commercially obtained antibodies used 
in this study were: lBlO and EN4 (Sera Lab; Sussex, UK), 2/40/15 (Boeh- 
ringer; Mannheim, Germany), B-D15 (Serotech; Oxford, UK), CS-56 (Bio- 
Yeda; Rehovot, Israel), D33 and HHF35 (Dako; Carpinteria, CA), HNK-I 
and NKI-SAM1 (Monosan; Uden, The Netherlands), K2O (Immunotech 
SA; Marseille, France), PClO and WlBlO (Sigma; St Louis, MO). AON-1, 
M1B4 and QH1 were obtained from the Developmental Studies Hybrid- 
oma Bank (Iowa City, IA). MAbs 219-1D1-9gC. 249-5A4,406-8E3 RSAS, 
and 408-1067 were kindly provided by Dr. Moorman (University of Am- 
sterdam, The Netherlands), 3OB6 by Dr. Maher (The Whittier Institute, 
La Jolla, CA), and RMdO-17, RMO-270 through Dr. Meijers and Dr. hider 
(Erasmus University, Rotterdam, The Netherlands) by Dr. Trojanowski 
(University of Pennsylvania, Philadelphia, PA). 

Immune Complex Formation. Each MAb was diluted in PBS to the 
optimal concentration as determined by immunohistochemical experiments 
in other species. HRP-conjugated rabbit anti-mouse antiserum (RAMPO; 
Dako) was diluted 1:200 in this solution. This concentration has proved 
to be optimal in our material. The primary and secondary antibodies were 
allowed to form immune complexes while being rocked overnight at 4°C. 

The next morning, heat-inactivated normal mouse serum (NMS) or pu- 
rified non-immune mouse IgG (Sigma) was added to 0.1% (vlv) or 1 &ml, 
respectively. This mixture was rocked at 4°C until use ( 2  2 hr). 

Incubation. Slides were post-fixed in ice-cold acetone for 10 min at 
- 20°C and air-dried. Endogenous peroxidase was inactivated by incuba- 
tion in 3% H202 in methanol for 30 min at RT. The slides were washed 
in PBS (three times for 5 min), incubated for 30 min in a background- 
reducing solution [150 mM NaCI, 10 mM Xis-HC1, 5 mM EDTA, 0.25% 
(w/v) gelatin, 0.05% (v/v) Tween-20, pH 8.01 at RT and washed again (three 
times for 5 min. PBS). 

The sections were incubated with the antibody solution for a minimum 
of 4 hr at RT in a moist chamber, washed in PBS (three times for 10 min), 
and exposed for 10 min to 0.04% diaminobenzidine tetrahydrochloride 
in 50 mM Bis-maleic acid (pH 7.6) containing 2 mM NiC12 and 0.06% 
H202. After extensive washing in PBS to stop the staining reaction, the 
sections were lightly counterstained in methyl green (30 sec), dehydrated, 
and mounted in Entellan (Merck; Darmstadt, Germany). 

The control sections were incubated overnight at RT in a moist cham- 
ber with the MAbs diluted in PBS. After washing in PBS (three times for 
10 min), RAMPO (1:200 in PBS) was applied for 2 hr. The sections were 
washed, stained, and mounted as described above. 

Controls. To determine background staining by binding of RAMPO 
to the embryonal immunoglobulins in the tissue, the sections were incubated 
with RAMPO (1:200 in PBS) without the MAb and without NMS or puri- 
fied non-immune mouse IgG. NMS (0.1%) was applied to the RAMPO 
to reveal any nonspecific binding of antibodies or other proteins in the 
antiserum to the section. NMS could be replaced by 1 Lg/ml purified 
non-immune mouse IgG with the same results (not shown). In addition, 
RAMPO-NMS and RAMPO-(purified mouse IgG) immune complexes were 
checked for nonspecific background staining to the section of the mouse 
embryo. 

Microscopy. Black-and-white images were obtained using Kodak Tech- 

Table 1. Antigen recognition by mouse &Absa 
MAb done Antigen Staining Source 

lBlO Fibroblast - Human 
2/40/15 Tyrosine hydroxylase + Rat 
2 19-1D1-9gC p-myosin heavy chain + Human 
249-5A4 a-myosin heavy chain + Human 
3OB6 CD29 - Chick 
406-8E3 R5A8 Desmin + / -  Human 
408-1OG7 Endothelium - Human 
AON-1 Osteonectin + Bovine 
B-D15 0 2 9  - Human 
CS-56 Chondroitin sulfate + Chick 
D33 Desmin + Human 
EN4 Endothelium - Human 

CD29 - Human 
M1B4 Tenascin - Chick 
NKI-SAM1 VLA-5 fibronectin receptor - Human 
PClO PCNA + Rat 
QH- 1 Endothelium - Quail 
RMdO-17 Dephosphorylated neurofilament + Rat 
RMO-270 Neurofilament + Rat 

CD29 - Chick 

HHF35 Muscle actin + / -  Human 
HNK-I CD57 + I -  Human 
K20 

WlBlO 

Selection of commonly available antibodies used to demonstrate antigen recognition in our model system. PCNA. proliferating cell nuclear antigen. 




