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Optimization of immunohistochemical methods using two
different antigen retrieval methods on formalin-fixed,

paraffin-embedded tissues: experience with 63 markers

José A. Ramos-Vara, Marilyn E. Beissenherz

Abstract. Formalin fixation produces cross-links between the proteins and the fixative that alter the ability
of some antibodies to recognize antigens. We used formalin-fixed, paraffin-embedded tissues to compare two
different antigen retrieval methods for 63 antibodies used in the diagnosis of infectious and neoplastic diseases
of animal species. Eighty-four percent of the antibodies needed some type of antigen retrieval for optimal
results. Of those antibodies, 67.7% were monoclonal and 32.3% were polyclonal. Steam heat was the method
of choice for 31 antibodies. Ten antibodies reacted only with steam heat, but 9 antibodies did not react when
steam heat was used. Optimal results were obtained with enzyme digestion for 22 antibodies. Only 10 antibodies
yielded optimal results without antigen retrieval; 64% of these antibodies were polyclonal. All antibodies against
cytokeratins were optimally retrieved with proteinese K. Antigen retrieval appears to be necessary for the
majority of antibodies when used with formalin-fixed, paraffin-embedded tissues.

Immunohistochemical techniques are frequently
used for the diagnosis of infectious and neoplastic pro-
cesses of animal species. Since the first description of
immunohistochemistry (IHC),4 numerous reports of
applications and methodologic modifications have
been published. A decade ago, the number of antibod-
ies available for diagnostic purposes in animal species
was limited because of the lack of pertinent specific
antibodies or the inability to revert structural changes
on proteins (e.g., antigens) produced by fixation in for-
malin. Although fixation methods that preserve anti-
genicity of tissues have been developed, they are not
practical when formalin is the standard fixative. In the
last 20 years, methods to revert changes produced by
fixatives have been developed. Initially, enzymatic di-
gestion or treatment with chaotropic substances or de-
tergents was used for this purpose. However, the num-
ber of antibodies not recognizing epitopes in formalin-
fixed tissues was still high. A method derived from
work in the 1940s9,10 but not used in IHC until the
early 1990s22 and based on the treatment of sections
with heat dramatically increased the number of anti-
gens detected by IHC. On some occasions, combined
use of enzyme digestion and heat improves the im-
munohistochemical signal.6

Extensive studies of optimal antigen retrieval con-
ditions in IHC for human tissues have been report-
ed.5,11,12,15,23 Although there are several recent reports
describing antigen retrieval conditions in diagnostic
veterinary medicine,13,24 they include few antibodies
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(,20). The lack of a comprehensive study on optimal
antigen retrieval methods in diagnostic veterinary
medicine prompted us to determine the optimal meth-
od for 63 antibodies that are regularly used at the Uni-
versity of Missouri Veterinary Medical Diagnostic
Laboratory for immunohistochemical diagnosis of
companion and food animal diseases using formalin-
fixed, paraffin-embedded tissue sections.

Materials and methods

Tissues were fixed in neutral buffered formalin for 24–92
hr. Control tissues were usually fixed for 48–72 hr. However,
on many occasions, the exact time of fixation for test tissues
was not known. No attempt was made to correlate fixation
time with the degree of intensity of the immunohistochem-
ical reaction or the presence or absence of antigen. Tissues
were embedded in paraffin by standard procedures. Stan-
dardization of the immunohistochemical method for every
antibody included 3 different slide treatments: no pretreat-
ment, pretreatment with proteinase Ka for 5 min at room
temperature according to manufacturer’s instructions, and
pretreatment with steam heat while slides were immersed in
an antigen retrieval solutiona containing citrate buffer, pH
6.1. For this third treatment, the steamerb was allowed to
heat water and antigen retrieval solution to steaming for 20
min, then the slides were completely immersed in the anti-
gen retrieval solution and steamed for 20 min. The temper-
ature of the antigen retrieval buffer at the end of the steam-
ing process was 90–958C. Treated slides were cooled at
room temperature for 20 min. The entire immunohistochem-
ical procedure, except for antigen retrieval with steam heat,
was performed using an automatic device.a The sequence of
the standard immunohistochemical procedure was deparaf-
fination and hydration of slides, steam heat if needed, en-
dogenous peroxidase blocking with 0.3% H2O2, proteinase
K if needed, nonspecific binding blocking step,a primary an-

 at PENNSYLVANIA STATE UNIV on September 15, 2016vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/


308 Ramos-Vara, Beissenherz

Table 1. Comparison of pretreatments for the detection of various antigens in formalin-fixed, paraffin-embedded tissues.

Antibody
Animal
source Antibody source* Code/clone

Pretreatment†

None Proteinase K Steamer Species

Actin smooth muscle mouse Dakoa M0851 111 2 11 canine
Adenovirus mouse Chemiconc MAB805 11 111 1/2 canine
Atrial natriuretic peptide rabbit Peninsulad HIS-9103 2 1 111 canine
Bovine viral diarrhea virus mouse Dr. Dubovie 15-C-1 2 111 11 bovine
Calcitonin rabbit Dakoa A0576 1 11 111 canine
CD3 rabbit Dakoa A0452 2 11 111 canine
CD10 mouse Novocastraf NCL-CD10-270 2 2 111 canine
CD31 mouse Dakoa M0823 2 2 111 canine
CD68 mouse Dakoa M0718 1 111 11 bovine
CD79a mouse Dakoa M7051 2 2 111 canine
Chlamydia mouse RDg PROAC1p 11 111 2 avian
Chromogranin A rabbit Dakoa A0430 11 11 111 canine
Coronavirus, bovine mouse VMRDh Z3A5 1/2 11 11 bovine
Coronavirus, bovine mouse Dr. S. Kapili 8F2 1 111 111 bovine
Coronavirus, feline mouse CMIj FIPV3-70 1 11 111 feline‡
Cytokeratin 7 mouse Dakoa M7018 2 111 2 canine
Cytokeratins 8/18 mouse Novocastraf NCL-5D3 2 111 11 canine
Cytokeratins AE1/AE3 mouse Dakoa M3515 2 111 2 canine
Cytokeratins§ mouse Dakoa M0821 1/2 111 11 canine
Desmin mouse Dakoa M0760 11 2 111 canine
Distemper virus mouse CMIj DV2-12 1/2 2 111 canine
Distemper virus mouse VMRDh CDV-NP 2 2 111 canine
Endothelin 1 rabbit Peninsulad HIS-6901 2 111 B canine
Factor VIII-related antigen rabbit Dakoa A0082 2 111 11 canine
Feline leukemia virus gp70 mouse CMIj C11D8-2C1 2 2 111 feline
Feline leukemia virus p15e mouse CMIj PF6J-2A 2 11 111 feline
Feline leukemia virus p27 mouse CMIj PF12J-10A 2 11 111 feline
Glial fibrillary acidic protein rabbit Dakoa Z0334 111 B B canine
Glucagon rabbit Dakoa A0565 2 11 111 canine
IgG canine mouse Sigmak D6161 2 11 111 canine
Igl\ rabbit Dakoa A0193 111 11 1 canine
Infectious bovine rhinotracheitis virus goat VMRDh 210-70-IBR 1 11 111 bovine
Influenza A mouse Biodesignl C65331M 2 111 2 porcine
Insulin mouse Zymedm 18-066 1 11 111 canine
Ki-67 mouse Zymedm 18-0192 2 2 111 canine
Laminin rabbit Dakoa Z0097 2 111 11 canine
Leptospira sp. rabbit NVSLn . . . 1 111 11 canine
Listeria O antigen rabbit Difcoo 2302-50-0 111 11 1 ovine
Macrophage antigen mouse Dakoa M0632 2 11 111 canine
Mycobacterium bovis rabbit Dakoa B0124 111 11 2 bovine
Mycoplasma hyopneumoniae mouse Chemiconc MAB8023 2 2 111 porcine
Myeloid/histiocytic antigen mouse Dakoa M0747 2 111 11 canine
Myoglobin rabbit Dakoa A324 11 111 11 canine
Neospora caninum rabbit Dr. B. Barrp . . . 111 B B bovine
Neospora caninum goat VMRDh 210-70-NC 1/2 11 111 bovine
Neurofilament mouse SMq SMI 34 111 111 B canine
Neuron-specific enolase mouse Dakoa M0873 2 2 111 canine
Neuron-specific enolase rabbit Dakoa A0587 11 2 111 canine
Parvovirus, canine mouse VMRDh A3B10 2 111 1/2 canine
Porcine circovirus type 2 rabbit Dr. P. Paulr . . . 1/2 111 1/2 porcine
PRRS¶ mouse Dr. E. Nelsons SDW017 1/2 111 2 porcine
Proliferating cell nuclear antigen mouse Dakoa M0879 111 2 2 canine
Pseudorabies mouse VMRDh 3G9F3 1/2 11 111 porcine
S100 protein rabbit Dakoa Z0311 111 11 11 canine
Sarcocystis falcatula rabbit Dr. A. Marsht . . . 111 1/2 1/2 avian
Sarcocystis neurona rabbit Dr. A. Marsht . . . 1 111 11 equine
Somatostatin rabbit Dakoa A0566 1 11 111 canine
Synaptophysin mouse Dakoa M0776 2 2 111 canine
Thyroglobulin rabbit Dakoa A0251 2 111 2 canine
Toxoplasma gondii goat VMRDh 210-70-TOX 11 1 111 canine
Toxoplasma gondii mouse Chemiconc MAB802 2 2 111 canine
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Table 1. Continued.

Antibody
Animal
source Antibody source* Code/clone

Pretreatment†

None Proteinase K Steamer Species

Vimentin mouse Dakoa M07020 2 111 2 canine
Vimentin mouse Dakoa M0725 2 11 111 canine

* Superscript letters refer to Sources and manufacturers section.
† Intensities (111 5 highest; 2 5 no reaction) are comparing the same antibody under different pretreatments. B 5 background.
‡ This antibody recognizes feline infectious peritonitis virus, canine enteric coronavirus and transmissible gastroenteritis virus. It does

not cross-react with bovine coronavirus.
§ Broad-spectrum cytokeratin.
\ Immunoglobulin lambda light chains.
¶ Porcine reproductive and respiratory syndrome virus.

tibody, link antibody, tertiary antibody, and chromogen dia-
minobenzidine. Different immunohistochemical methods
were used. The majority of antibodies were tested with strep-
tavidin-peroxidase methods.a In some cases in which a more
sensitive method was needed or to avoid background stain-
ing due to endogenous biotin (IgG, macrophage antigen, and
myeloid/histiocytic antigen), a 2-step non-avidin-biotin sys-
tem was used.a After incubation with the first antibody, slides
were incubated with a polymer containing numerous per-
oxidase molecules and immunoglobulins specific for the spe-
cies in which the primary antibody was produced. For avian
tissues, a peroxidase–antiperoxidase method was used to
avoid background staining due to endogenous biotin. The
secondary and tertiary antibody were incubated according to
manufacturer’s recommendations. Most of the primary an-
tibodies were incubated for 30 min except for atrial natri-
uretic peptide, CD31, cytokeratin 7, cytokeratin 20, endo-
thelin 1, Ki-67, macrophage, Mycoplasma hyopneumoniae,
myeloid/histiocytic antigen, porcine circovirus, proliferating
cell nuclear antigen (PCNA), and pseudorabies virus (60
min). Controls included tissue sections with known reactiv-
ity for the antigen tested (positive and negative) and negative
(nonimmune) serum instead of the primary antibody. Inter-
nal controls to detect nonspecific binding of the link and
tertiary reagents of the immunohistochemical reaction were
also used. Comparison of the immunohistochemical results
with all 3 pretreatments was done using a subjective grading
system for the intensity of the specific reaction (2 5 nega-
tive, 111 5 highest intensity) and the presence of nonspe-
cific background for each antibody (signal to noise ratio).
Antibodies directed to noninfectious antigens were tested in
canine tissues except for CD68, which was tested on bovine
tissues. For infectious diseases, tissues from animals natu-
rally or experimentally infected were used. Confirmation of
the presence of the etiologic agent was done by bacterial or
virologic isolation or by immunofluorescence. For parasitic
diseases, tissues from experimentally infected mice were
used.

Results

Table 1 summarizes the results of different antigen
retrieval methods for all antibodies tested. Thirty-eight
(60.3%) of the antibodies used were monoclonal and
25 (39.7%) were polyclonal. Thirty-six (57.1%) anti-

bodies were directed against noninfectious proteins
(e.g., hormones, intermediate filaments), and 27
(42.9%) were directed against infectious agents (e.g.,
viruses bacteria, parasites). Fifty-three (84%) of the
antibodies needed some type of antigen retrieval for
optimal results. Of those, 35 (66%) were monoclonal
and 18 (34%) were polyclonal. Steam heat was the
method of choice for antigen retrieval for 31 antibod-
ies (49.2%). Of those antibodies, 21 (67.7%) were
monoclonal and 10 (32.3%) were polyclonal. Ten
(16.2%) antibodies only reacted with steam heat.
Twenty-two (35%) antibodies yielded optimal results
when proteinase K was used as antigen retreival meth-
od. Of those antibodies, 14 (63.6%) were monoclonal
and 8 (33.4%) were polyclonal. Four of the antibodies
that yielded optimal results with proteinase K did not
react with steam heat or without pretreatment. Only 10
(15.8%) antibodies yielded optimal staining when no
antigen retrieval treatment was used. From those, 7
antibodies (70%) were polyclonals and three (30%)
monoclonals. All antibodies against different cytoker-
atins were optimally retrieved with proteinase K. An-
tibodies against hormones yielded better immunore-
action when steam heat was used. All antibodies di-
rected against infectious agents needed some type of
antigen retrieval. All antibodies against cluster differ-
entiation (CD), except the antibody against CD68 an-
tigen, reacted optimally when steamed.

Discussion

This is the most comprehensive study in veterinary
diagnostic medicine regarding optimization of immu-
nohistochemical methods using 2 different antigen re-
trieval methods on formalin-fixed, paraffin-embedded
tissues. The exact mechanism by which formaldehyde
acts in fixing tissues is not fully established, but it
involves cross-linking of reactive sites within the same
protein and between different proteins via methylene
bridges.8,16 These reactions modify the tertiary and
quaternary structures of proteins but not the primary
and secondary structures.16 Because of these changes,
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immunoreactivity for many antigens is lost or mark-
edly reduced. The loss of immunoreactivity for many
antigens is related to the temperature and length of
fixation.2,14 The extent of loss also depends on the spe-
cific protein and the source (monoclonal vs. polyclon-
al) of the antibody.

Many of the changes produced by formalin fixation
can be reversed using antigen retrieval methods. Two
procedures for antigen retrieval are currently used in
IHC of formalin-fixed, paraffin-embedded tissues: tis-
sue digestion with proteolytic enzymes and heat-in-
duced antigen retrieval.18 Proteolytic enzymes include
trypsin, proteinase K, pronase, and pepsin.18,21 The ex-
act mechanism of antigen retrieval by enzymes is un-
clear, but it is believed that the enzymes nonspecifi-
cally cleave bonds formed by proteins and fixative.18,19

This effect is dependent on temperature and length of
digestion. Tissues fixed for long periods require longer
exposure to a proteolytic enzyme.2 Proteinase K was
used in the present study because it is active at room
temperature, but it may not be optimal for all the an-
tigens.

The use of heat to reverse changes produced by for-
malin on the protein spatial structure has revolution-
ized IHC and dramatically expanded the number of
antibodies used in formalin-fixed tissues. The scientific
basis for this effect was described in the 1940s,9,10 but
this method was not applied to IHC until the early
1990s.22 The main effect of heat is probably the trans-
fer of energy that disrupts the protein–protein cross-
links.3,18,22 In addition, the chelation or precipitation of
tissue-bound calcium ions and other divalent cations
might be also involved in the antigen retrieval mech-
anism using heat and a buffer.20 Different heating de-
vices have been used, including microwave ovens, au-
toclaves, steamers, and pressure cookers.1,23 These de-
vices produce similar results provided that optimal in-
cubation times in the heated solution are used.23

Antigen retrieval by heat lowers the immunohistologic
detection threshold of some antigens17 and allows de-
tection of some otherwise obscured antigens.5,7,11,15,22–24

However, for certain antibodies heat treatment does not
improve but may even reduce or abolish detec-
tion.5,7,13,15,24 A similar problem was experienced with
some of the antibodies tested (Table 1). The different
sequence of antigen retrieval between proteinase K
treatment and steam treatment may have impacted the
final result.

In this study, some antigens were only detected after
pretreatment with steam heat, whereas others were de-
tected after pretreatment with proteinase K; in a few
cases, no antigen retrieval was necessary (Table 1).
Most of the antibodies not needing pretreatment to
demonstrate their specific antigens were polyclonal.
This result is in accordance with the current knowl-

edge that the use of monoclonal antibodies is more
sensitive to fixation because these antibodies recognize
single epitopes that might have been altered during
fixation, as opposed to polyclonal antibodies that rec-
ognize several epitopes of the same antigen.18

Antibodies against cytokeratins performed better
when tissues were digested with proteinase K. Similar
results have been obtained using trypsin,11 although
trypsin or protease type XXIV produced similar or bet-
ter reactions with microwave treatment.15 On several
occasions, our results differed from those of previous
reports. Laminin was better detected when tissues were
digested with proteinase K; in another study with a
different antibody source, an improvement of the re-
action was observed when tissues were microwaved,5

although there is also a report of optimal detection of
this protein by tissue enzyme digestion.15 It has been
reported that antibodies against CD31 and synapto-
physin do not need antigen retrieval.11 In the present
study both antigens were detected only when steam
heat was applied. The detection of PCNA,12 CD68,23

S100 protein,23 immunoglobulin lambda light chains,23

influenza A,24 and porcine reproductive and respiratory
syndrome virus13 was reportedly improved after pre-
treatment with heat. In the present study, these anti-
gens were either not optimally detected or not detected
at all when steam heat was used. However, pseudora-
bies virus has been detected most effectively when tis-
sue sections were digested with trypsin.13 In the pre-
sent study, steam heat was the most effective method
for demonstrating pseudorabies virus antigen. All an-
tibodies tested to detect hormones, except for thyro-
globulin, immunoreacted optimally when steam heat
was used. Better signals have been obtained when oth-
er pretreatments or no pretreatment was used.11 How-
ever, in another study differences in the detection of
hormones between enzyme digestion and heat treat-
ment were not appreciable.15 These discrepancies may
have several explanations: 1) different fixation times
may affect the effectiveness of various antigen retriev-
al methods, 2) the source of antibodies and therefore
the epitopes they recognize may differ, and 3) different
antigen retrieval methods (e.g., different heat treat-
ments, different enzymes) may produce different re-
sults.

Here, we describe the results of antigen retrieval for
63 antibodies. The results obtained and these of others
indicate that many antibodies benefit from antigen re-
trieval. Use of different sources of antibodies might
change the conditions of optimal antigen retrieval for
several reasons such as recognition of different epi-
topes of the same molecule, species origin of the an-
tibody, and species affinity. Therefore, for each anti-
body a systematic approach for antigen retrieval
should be followed to obtain optimal results. Antigen
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retrieval using enzyme digestion with proteinase K or
steam heat are routine for each new antibody tested in
our IHC laboratory, although other antigen retrieval
methods may yield comparable or better results.

Sources and manufacturers

a. Dako, Carpinteria, CA.
b. Black & Decker, Shelton, CT.
c. Chemicon International, Temecula, CA.
d. Peninsula Laboratories, San Carlos, CA.
e. Dr. Dubovi, Cornell University, Ithaca, NY.
f. Novocastra, Newcastle upon Tyne, UK.
g. Research Diagnostics, Flanders, NJ.
h. VMRD, Pullman, WA.
i. Dr. S. Kapil, Department of Diagnostic Medicine-Pathobiology,

Kansas State University, Manhattan, KS.
j. Custom Monoclonals International, West Sacramento, CA.
k. Sigma, St. Louis, MO.
l. Biodesign, Kennebunk, ME.
m. Zymed, San Francisco, CA.
n. National Veterinary Services Laboratories, Ames, IA.
o. Difco, Detroit, MI.
p. Dr. B. Barr, University of California, Davis, CA.
q. Sternberger Monoclonals, Lutherville, ME.
r. Dr. P. Paul, Veterinary Medical Research Institute, Iowa State

University, Ames, IA.
s. Dr. E. Nelson, Veterinary Science Department, South Dakota

State University, Brookings, SD.
t. Dr. A. Marsh, Department of Pathobiology, University of Mis-

souri, Columbia, MO.
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