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  CHAPTER 1 

STANDARDIZATION OF ANTIGEN 
RETRIEVAL TECHNIQUES BASED ON 
THE TEST BATTERY APPROACH    
  SHAN - RONG     SHI    and    CLIVE R.     TAYLOR       

Antigen Retrieval Immunohistochemistry Based Research and Diagnostics, 
Edited by Shan-Rong Shi and Clive R. Taylor
Copyright © 2010 John Wiley & Sons, Inc.

     Following the development of the antigen retrieval (AR) technique in 1991,  1   
hundreds of articles have been published worldwide that document its applica-
tion in immunohistochemistry (IHC  ) for archival formalin - fi xed, paraffi n -
 embedded (FFPE) tissue sections. In addition, there are numerous articles 
that focus on standardization of the AR technique, stimulated by the current 
demand for a more quantitative method of IHC.  2 – 6   The critical importance of 
standardization of antigen retrieval immunohistochemistry (AR - IHC) has 
been emphasized by the American Society of Clinical Oncology and the 
College of American Pathologists in their Guideline Recommendations for 
human epidermal growth factor receptor 2 (HER2  ) testing in breast cancer.  7   
The problem was, however, recognized and addressed to some degree much 
earlier. To optimize the results of AR - IHC in formalin paraffi n sections, a 
 “ test battery ”  approach was proposed in 1996.  8   The basic principle of this 
approach is based on the fact that two major factors infl uence the achievement 
of a satisfactory result of AR - IHC, namely, the heating condition (heating 
temperature    ×    heating time) and the pH value of the AR solution (in which 
the FFPE tissue sections are immersed during heating).  8 – 12   In practice, it suf-
fi ces to test the (new) primary antibody using three different pH values, 
ranging from low (acidic), moderate (neutral), and high (basic) buffer solu-
tions (or other comparable commercial AR solutions) under three heating 
temperatures: low (below boiling), moderate (boiling), and high (pressure 
cooker or autoclave), to establish an optimal AR protocol for tested antibod-
ies (Table  1.1 ). Subsequently, numerous investigators have demonstrated the 
advantages of using this simple test battery method. As emphasized by 
O ’ Leary,  2   the use of a  “ test battery ”  provides a rapid way to optimize AR for 
a particular antibody/antigen pair.   

c01.indd   3c01.indd   3 6/21/2010   5:39:20 PM6/21/2010   5:39:20 PM



4  STANDARDIZATION OF AR TECHNIQUES

 Recent studies have further extended the application of this approach to 
establish and validate the optimal AR protocol for various antibodies (exem-
plifi ed in Table  1.2 ) with different detection systems, employing a multi - tissue 
microarray (TMA) to achieve a rapid and accurate evaluation.  26,27   It has 
become apparent that signifi cant differences can be found in IHC staining 
results among various primary antibodies and different detection systems with 
the use of different AR protocols. For example, Pan et al.  27   evaluated the 
consistency of IHC staining for four antibodies to thyroid transcription factor 
(TTF) - 1, manufactured by Dako, Zymed, Novocastra, and Santa Cruz, 
employing TMA blocks of 77 hepatocellular carcinomas and 334 nonhepatic 
epithelial tumors, using two solutions for AR treatment. Signifi cantly different 
cytoplasmic IHC staining results were observed among different antibodies, 
as well as different AR solutions (e.g., Dako Target Retrieval Solution vs. 
ethylenediaminetetraacetic acid [EDTA]   buffer at pH 8.0). In another study, 
Gill et al.  21   standardized an AR method for IHC staining using antibody to a 
neuronal nuclear protein, NeuN, as the outcome measure. They compared 
three different pH values of AR solutions including low, middle, and high pH, 
with heating at three temperatures of 95, 100, or 105 ° C, for 15 or 20   min. They 
found that heating FFPE tissue sections in an alkaline pH buffer at high tem-
perature gave the best results. The utility of the test battery approach used to 
establish optimal AR protocols has been demonstrated by abundant literature 
as summarized in Table  1.2 .   

 The increasing attention directed to the adverse effects of variation in 
sample preparation upon the quality of IHC staining of FFPE tissues has 
served to reinforce the importance of determining the optimal AR method 
for each antibody/detection system/antigen to achieve optimal retrieval and 
optimal staining of tissues that may have been processed and stored in differ-
ent and unknown ways (see Chapter  5  for details). Practically, in considering 

4

  TABLE 1.1    Test Battery Suggested for Screening an Optimal Antigen 
Retrieval Protocol 

   Tris – HCl Buffer  

       1.0 – 2.0    7.0 – 8.0    10.0 – 11.0  

   (Slide #)  a       (Slide #)  a       (Slide #)  a    

  Super - high (120 ° C)  b      1    4    7  
  High (100 ° C), 10   min    2    5    8  
  Mid - high (90 ° C), 10   min  c      3    6    9  

    a    One more slide may be used for control without AR treatment. Citrate buffer of pH 6.0 may be 
used to replace Tris – HCl buffer, pH 7.0 – 8.0, as the results are the same.  
   b    The temperature of super - high at 120 ° C may be reached by either autoclaving or microwave 
heating at a longer time.  
   c    The temperature of mid - high at 90 ° C may be obtained by either a water bath or a microwave 
oven monitored with a thermometer.   

 Reprinted with permission from Shi et al.,  J. Histochem. Cytochem.  1997; 45: 327 – 343. 
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  STANDARDIZATION OF AR TECHNIQUES  5

  TABLE 1.2    Randomly Selected Examples of Test Battery Approach Documented 
in Abundant Literature 

   Reference     Sample     Purpose and AR 
Method  

   Conclusion  

  Shi et al.  8      FFPE tissues of 
normal spleen, 
small cell lung ca. 
bladder ca. with 
comparable 
frozen tissues of 
bladder ca.  

  To establish an optimal 
AR protocol for 
poly -  and 
monoclonal 
antibodies to 
retinoblastoma 
protein (pRB). Tris 
buffer at three pH 
values of 1, 6, and 
10, heating at 
autoclave 120 ° C, 
MW 100 ° C, and 
90 ° C for 10   min  

  An optimal AR 
protocol of 
boiling FFPE 
tissue sections 
in low pH (1 – 2) 
buffer for 
10   min was 
established to 
achieve a 
maximal 
retrieval result.  

  Ferrier 
et al.  13    

  FFPE tissues of 
several tumor 
specimens with 
matched frozen 
tissues as 
comparison  

  To validate AR - IHC 
staining protocols for 
plasminogen 
activation system 
testing citrate buffer 
of pH 2.5, 4.5, and 
6.0, 3   M urea, and 
Tris – HCl of pH 10.0, 
with MW heating at 
97 ° C for 10 – 20   min  

  A pretest based 
on three 
different pH 
value (low, 
middle, and 
high) as a test 
battery is 
helpful to 
determine an 
optimal AR 
protocol.  

  Rocken and 
Roessner  14      

  Aldehyde - fi xed and 
Epon - embedded 
autopsy tissues  

  To establish an optimal 
AR protocol for 
post - embedding 
IEM of amyloid 
detection, testing 
water, citrate buffer 
of pH 6.0, EDTA of 
pH 8 as AR solution 
heating at 91 ° C, 
30   min, and 
combining etching  

  Application of 
test battery 
proved valuable 
in assessing 
appropriate 
AR protocol.  

  Shi et al.  15      FFPE tissues of 
bladder ca. and 
cell lines  

  To establish an optimal 
AR protocol for a 
polyclonal antibody 
to COX - 2 (PG - 27) 
using above -
 mentioned test 
battery approach  

  A reduced 
temperature 
AR protocol 
was established.  

24
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6  STANDARDIZATION OF AR TECHNIQUES

   Reference     Sample     Purpose and AR 
Method  

   Conclusion  

  Yano et al.  16      Tissues of insulinoma 
fi xed in 2% 
glutaraldehyde, 
postfi xed in 1% 
OsO 4 , embedded 
in Epon  

  To establish an optimal 
AR protocol for 
detection of 
chromogranin A in 
ultrathin sections, 
testing three AR 
solutions of citrate 
buffer pH 6.0, 
EDTA buffer pH 
8.0, alkaline solution 
pH 10.  

  Considerably 
improved 
effi ciency of 
IHC was 
achieved by 
MW heating in 
pH 10 solution 
with IHC 
staining at 
60 ° C.  

  Saito et al.  17      Aldehyde - fi xed 
cultured 
 Helicobacter 
pylori , embedded 
in Lowicryl K4M  

  Using the cultured 
bacteria as a model 
to establish optimal 
AR protocol for 
post - embedding 
IEM, based on 
comparison of 
heating conditions 
and various AR 
solutions: water, 
phosphate buffer 
pH 7.4, EDTA 
pH 7.2, Tris pH 10.0, 
urea pH 7.2, 
citric acid pH 6.0, 
commercial fl uid 
pH 6.0, with heating 
at 121 ° C, 99 ° C, 
or 65 ° C  

  AR in Tris buffer 
solution of pH 
10 showed 
better IHC 
staining results 
for ultrathin 
sections. AR 
method should 
be applied for 
routine use for 
post - embedding 
IEM.  

  Naito et al.  18      FFPE tissues of 
Alport ’ s syndrome 
and normal 
portion from 
resected renal 
tumor  

  To establish optimal 
heating conditions 
for AR - IHC of mAb 
to  α  chains of 
collagen IV, testing 
autoclave heating at 
105, 110, 115, 121, or 
127 ° C for 6   min, or 
127 ° C for 8   min with 
buffers of pH 3.5, 6, 
and 7.4  

  Heating at two or 
three different 
temperatures 
could be 
helpful for 
diagnosis; AR 
method extends 
the IHC 
diagnosis for 
Alport ’ s 
syndrome.  

TABLE 1.2 Continued
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  STANDARDIZATION OF AR TECHNIQUES  7

   Reference     Sample     Purpose and AR 
Method  

   Conclusion  

  Kim et al.  19      Archival FFPE 
tissues of 
pathology  

  To investigate optimal 
AR protocols for 29 
antibodies commonly 
used in pathology, 
testing 7 different 
buffers with variable 
pH value ranging 
from 2 to 9 under 2 
heating conditions  

  Borate pH 8.0 or 
Tris pH 9.5 
buffer 
combining with 
pressure -
 cooking heating 
method yielded 
the best results.  

  Choi et al.  20      FFPE tissues of 
invasive 
aspergillosis from 
16 pediatric cases, 
fi xed in formalin 
for 6 – 72   h  

  To establish an optimal 
AR protocol for 
mAb WF - AF - 1 
(Dako  ), testing 
three different 
retrieval solutions of 
pH 6.0, 8.0, and 10.0 
with MW heating for 
10   min  

  Satisfactory IHC 
results are 
achieved using 
AR with high 
pH.  

  Gill et al.  21      Archival FFPE 
spinal cord 
tissue; both 
paraformaldehyde -
 fi xed frozen rat 
spinal cord tissue 
and paraffi n -
 embedded same 
tissue  

  To establish an optimal 
protocol for 
detection of low -
 abundance protein 
(NeuN) in human 
spinal cord FFPE 
tissue sections, 
testing three AR 
solutions of pH 6, 
alkaline, and acidic 
buffer, with three 
heating conditions: 
95, 100, and 
105 ° C  

  Heating FFPE 
tissue sections 
in an alkaline 
buffer yields 
most effective 
AR - IHC 
staining results.  

  Du et al.  22      FFPE tissues of 
prostate ca., 
benign prostate 
hyperplasia, and 
breast disease  

  To fi nd optimal AR 
protocols for IHC 
staining of p504s, 
p63, CD10, and 
Ki - 67, testing citrate 
buffer pH 6.0, 
EDTA buffer pH 
8.0, and 9.0 with 
MW heating at 
700   W for 12, 20, 
25, 30   min  

  Different antigens 
require variable 
AR protocols. 
In general, 
most antibodies 
tested showed 
better results 
for pH 9.0.  

25

TABLE 1.2 Continued
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8  STANDARDIZATION OF AR TECHNIQUES

   Reference     Sample     Purpose and AR 
Method  

   Conclusion  

  Luo et al.  23      Archival FFPE 
tissues of normal 
or tumors  

  To establish optimal 
AR protocols for 30 
commonly used 
antibodies, testing 9 
AR protocols  

  Different antigens 
require variable 
AR protocols 
to reach the 
best IHC 
staining results.  

  Ge et al.  24      Murine pancreas and 
other organs fi xed 
in 10% neutral 
buffered formalin 
(NBF)   for 6 – 24   h, 
embedded in 
paraffi n  

  Searching for an AR 
protocol that works 
with a variety of 
tissues and antigens, 
testing AR solutions 
of Vector buffer pH 
6, Tris buffer pH 7.5 
( + 0.1% Tween - 20) 
with low - and 
high - power MW 
heating  

  Low - power 
heating AR 
protocol 
provides a 
successful IHC 
detection for 
several key 
antigens in the 
pancreas.  

  Slater and 
Murphy  25    

  FFPE prostate 
cancer and benign 
tissue sections 
from pathology  

  To establish optimal 
AR protocol for 
studying relationship 
of IL - 6 and growth 
hormone, testing 
three AR solutions 
of pH 10.0, 7.0, and 
2.0, with four 
heating temperatures 
of 100, 90, 80, 
and 70 ° C  

  No positive IHC 
results using 
AR solutions of 
pH 7 or 10, but 
good result was 
obtained at pH 
2, with heating 
at 80 ° C for 
50   min.  

  Lyck et al.  26      Two tissue arrays of 
predominantly 
aldehyde - fi xed, 
paraffi n - embedded 
brain tissues, fi xed 
in variable times 
ranging from 1 day 
to 10 years  

  To identify antibodies 
and protocols that 
could visualize 
neurons and glia for 
quantitative studies, 
testing 29 antibodies, 
4 AR buffers: 
Tris – EGTA pH 9.0, 
citrate buffer pH 6.0, 
and 2 commercial 
solutions with 
several heating 
conditions of MW 
heating  

  Application of 
IHC for 
quantitative 
studies of 
human brain 
tissue is 
possible with 
careful 
selection of 
staining method 
in well -
 preserved 
specimens.  

    Note :   All tissue samples are human source unless otherwise noticed.  

  Ca., carcinoma; MW, microwave.   

26

TABLE 1.2 Continued
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SEARCHING FOR NOVEL CHEMICAL SOLUTIONS  9

the busy workload in a clinical service laboratory, we recommend a two - step 
procedure based on the typical design of a test battery (Table  1.1 ): in the fi rst 
step, test three AR solutions at different pH values under one heating condi-
tion (100 ° C for 10   min) to fi nd the optimal pH value; in the second step, test 
optimal heating conditions based on the optimal pH identifi ed in step 1.  28   
Similarly, Hsi  29   recommended using microwave pressure cooker as the stan-
dard heating condition for testing two commonly used AR solutions, citrate 
buffer of pH 6.0 and EDTA solution at pH 8.0, along with protease digestion. 
With the goal of identifying the optimal AR protocol for a new primary anti-
body, they used fi ve different concentrations of the antibody, including the 
manufacturer ’ s recommended dilution, plus two serial twofold dilutions above 
and below this concentration. As seen in Table  1.2 , many investigators have 
already accepted the basic principle of test battery, incorporating three levels 
of pH values and three heating conditions (Table  1.1 ). However, within this 
model, different investigators have used different heating methods and differ-
ent AR methods to achieve optimal results for their individual laboratories. 
With this broad variety of approaches, clearly, we are a long way from achiev-
ing a universal method, even if such is possible.  

   1.1    SEARCHING FOR NOVEL CHEMICAL SOLUTIONS 

 Namimatsu et al.  30   reported a novel AR solution containing 0.05% citraconic 
anhydride, pH 7.4, for heating FFPE tissue sections at 98 ° C for 45   min. They 
compared the IHC staining results using 62 commonly used antibodies and 
other conventional AR protocols (0.01   M citrate buffer, pH 6.0 in a pressure 
cooker; or 0.1   M Tris – HCl buffer containing 5% urea, pH 9.0 microwave 
heating for 10   min), and found that most antibodies showed stronger intensity 
with the new method. In particular, some diffi cult - to - detect antigens such as 
CD4, cyclin D1, granzyme  β , bcl - 6, and CD25 gave distinct IHC staining 
signals only by using the new protocol, leading to a claim that the method 
might be a candidate for the  “ universal ”  approach. 

 We therefore tested Namimatsu ’ s protocol and also obtained satisfactory 
results.  31   Among 30 antibodies tested, more than half (53%) showed a stronger 
intensity of IHC when using the citraconic anhydride for AR, as compared to 
citric acid buffer, whereas 12 antibodies (43%) gave equivalent results. There 
was only one antibody (OC - 125) that, in our hands, gave a stronger intensity 
using conventional citric buffer for AR. When using citraconic anhydride for 
AR, the heating conditions of boiling (100 ° C) or less than boiling (98 ° C) 
temperature yielded identical results for most antibodies tested (90%). 
However, 3 of 30 antibodies showed lower intensity at 100 ° C. In addition, 
some antibodies showed nonspecifi c background staining at 100 ° C. In particu-
lar, we demonstrated that when using antibody to retinoblastoma protein 
(pRB), the new protocol had advantages over a previously published low pH 
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10  STANDARDIZATION OF AR TECHNIQUES

protocol,  8   including superior morphologic preservation, greater reproducibil-
ity, and more intense staining signal. 

 As a further motivation, there is evidence that establishing the optimal AR 
protocol will also contribute to standardization of IHC, through  “ equalizing ”  
variable IHC staining results obtained following different times of formalin 
fi xation. In the light of the studies described above, further studies were con-
ducted as to the utility of the citraconic anhydride method. 

 First Step: A comparative study of IHC staining for pRB was carried out 
using paired sections of frozen versus FFPE cell/tissue samples, comparing 
citraconic anhydride as the AR solution under two different temperatures 
(98 o C vs. 100 o C), with solutions of low pH buffer (acetate buffer, pH 1 – 2) and 
citrate buffer (pH 6.0). Findings are summarized in Table  1.3 . Conventional 
citrate buffer yielded inconsistent and weaker signals for all specimens, except 
the cell line T24 (Table  1.3 , Fig.  1.1 ). Stronger intensity was found in pRB -
 positive cases, while using the citraconic anhydride for AR (Fig.  1.1 ), although 
more nonspecifi c background staining was observed using citraconic anhy-
dride under boiling condition (Fig.  1.1 , C vs. D, and R vs. S).     

 Second Step: For further evaluation, a comparative IHC study was per-
formed using citraconic anhydride and conventional AR protocols with a 
TMA of 31 cases of bladder cancer. Findings are summarized in Table  1.4 . 
Only 27 cases were available for evaluation due to loss of tissue cores for four 
cases. Among 27 cases, there were 6, 8, and 13 cases for strong, moderate 

  TABLE 1.3    Comparison of  p  RB  -  IHC  between Frozen and Paraffi n Sections Using 
Four Protocols of  AR  

   Sample     Frozen 
Section  

   FFPE Section with Antigen Retrieval  

   Acetic 
Buffer 

pH 1 – 2,
100 ° C  

   Citroconic 
Anhydride 

100 ° C  

   Citroconic 
Anhydride 

98 ° C  

   Citrate 
Buffer 
pH 6.0, 
100 ° C  

  T24     +  +  +      +  +  + ,  > 50%     +  +  + ,  > 50%     +  +  + ,  > 50%     +  +  + ,  > 50%  
  J82     +      + ,  > 10%     + ,  > 10%     + ,  > 10%     ± ,  < 10%  
  Case 1     —      —      —      —      —   
  Case 2    Nuclear  +  +  + , 

 > 50%  
   +  +  + ,  > 50%     +  +  + ,  > 50%     +  +  + ,  > 50%     +  + ,  < 50%  

  Case 3    Perinuclear +  + , 
 > 50%  

   + ,  > 50%     +  + ,  > 50%     +  + ,  > 50%     + ,  < 50%  a    

  Case 4    Nuclear  +  +  + , 
 > 50%  

   +  + ,  > 50%     +  +  + ,  > 50%     +  +  + ,  > 50%     +  + ,  < 50%  

    Notes :   T24 and J82 are cell lines of bladder cancer. Cases 1 to 4 are specimens of human bladder 
cancer.  
   a    Although peripheral area of the slide showed a percentage of positive staining about 50%, the 
central area of the slide showed signifi cantly weak positive result.   

 Reproduced with permission from Shi et al.,  Biotech. Histochem.  2007; 82: 301 – 309. 
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SEARCHING FOR NOVEL CHEMICAL SOLUTIONS  11

positive, and negative pRB - IHC, respectively. Identical percentages of pRB -
 positive nuclei were found in all cases, using either of the two protocols for 
citraconic anhydride or the low pH solution for AR. Inconsistent and signifi -
cantly weaker nuclear pRB staining results were found when using citrate 
buffer of pH 6.0 for AR (Table  1.4 ; Fig.  1.2 ).     

     Figure 1.1     Comparison of pRB - IHC staining results for frozen and FFPE tissue sec-
tions using four AR protocols. All images are arranged in the same order as given in 
Table  1.3 , indicating all scores indicated in the table. T24 and J82 are two cell lines, 
Ca #1 and Ca #2 are specimens of human bladder cancer, frozen means frozen cells or 
tissues fi xed in acetone, other terms listed in the top line represent FFPE tissue sections 
after various AR treatments: Low pH, AR solution at low pH value; CAPC, citraconic 
anhydride solution with boiling; CA98C, citraconic anhydride solution with heating at 
98 ° C; citrate, conventional boiling heating with citrate acid buffer at pH 6.0. Original 
magnifi cation    ×    200.  Reproduced with permission from Shi et al.,  Biotech. Histochem.  
2007; 82: 301 – 309.  See color insert.  

(b)(b) (c)(c) (d)(d) (e)(e)

(p)(p) (q)(q) (r)(r) (s)(s) (t)(t)

(a)(a)

Frozen

(a) (b) (c) (d) (e)

(f) (g) (h) (i) (j)

(k) (l) (m) (n) (o)

(p) (q) (r) (s) (t)

T24

J82

Ca

#1

Ca

#2

Low pH CAPC CA98C Citrate
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12  STANDARDIZATION OF AR TECHNIQUES

  TABLE 1.4    Comparison of  p  RB  -  IHC  in 27 Cases of  FFPE  Tissues of Bladder Cancer 
Using Four Protocols of  AR  

   Cases     AR 
Protocols  

   IHC Results  

   Intensity     %     Conclusion  

     1    CA 98 ° C     +  +  +      > 10     +   
  CA PC     +  +  +      > 10     +   
  Low pH     +  +      > 10     +   
  Citrate     +      < 10     −   

     2    CA 98 ° C     +  +  +      > 50     +  +   
  CA PC     +  +  +      > 50     +  +   
  Low pH     +  +      > 50     +  +   
  Citrate     +      > 10     +   

     3    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   

     4    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   

     5    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   

     6    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   

     7    CA 98 ° C     +  +      > 10     +   
  CA PC     +  +  +      > 10     +   
  Low pH     +  +      > 10     +   
  Citrate     +      > 10     +   

     8    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   

     9    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   

  10    CA 98 ° C     +  +      > 50     +  +   
  CA PC     +  +  +      > 50     +  +   
  Low pH     +      > 50     +  +   
  Citrate     +      > 10     +   

  11    CA 98 ° C     +  +      > 10     +   
  CA PC     +  +      > 10     +   
  Low pH     +      > 10     +   
  Citrate     ±      < 10     −   

   Cases     AR 
Protocols  

   IHC Results  

   Intensity     %     Conclusion  

  12    CA 98 ° C     +  +      > 10     +   
  CA PC     +  +  +      > 10     +   
  Low pH     +  +      > 10     +   
  Citrate     +      > 10     +   

  13    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   

  14    CA 98 ° C     +      > 10     +   
  CA PC     +  +      > 10     +   
  Low pH     +      > 10     +   
  Citrate     −      < 10     −   

  15    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   

  16    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   

  17    CA 98 ° C     +  +  +      > 50     +  +   
  CA PC     +  +  +      > 50     +  +   
  Low pH     +  +  +      > 50     +  +   
  Citrate     +  +      > 50     +  +   

  18    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   

  19    CA 98 ° C     +  +      > 50     +  +   
  CA PC     +  +  +      > 50     +  +   
  Low pH     +  +  +      > 50     +  +   
  Citrate     +  +      > 10     +   

  20    CA 98 ° C     +  +      > 10     +   
  CA PC     +  +  +      > 10     +   
  Low pH     +  +      > 10     +   
  Citrate     +      > 10     +   

  21    CA 98 ° C     +  +      > 50     +  +   
  CA PC     +  +  +      > 50     +  +   
  Low pH     +  +      > 50     +  +   
  Citrate     +      > 10     +   

  22    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   
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SEARCHING FOR NOVEL CHEMICAL SOLUTIONS  13

TABLE 1.4 Continued

 Third Step: The Western blotting technique, applied to cell extracts, was 
used to confi rm the pRB immunostaining results in two bladder cancer cell 
lines of T24 and J82, giving quantitative results for pRB in the two cell lines, 
comparable with that demonstrated by IHC (Fig.  1.3 ).   

 Although the novel AR protocol using citraconic anhydride   improved the 
intensity of IHC on FFPE tissue sections for more than half of the antibodies 
tested, compared to that achieved by other conventional AR protocols, not all 
antibodies benefi tted, which would argue that the citraconic anhydride method 
does not serve as a truly universal AR protocol. Indeed, many investigators 
(Table  1.2 ) have concluded that different antigens may require different  “ spe-
cifi c ”  AR protocols. In this respect, the  “ test battery ”  is a convenient and cost -
 effective method for assessing the appropriate AR protocol.  2,8   Nevertheless, 
the present data certainly support inclusion of the citraconic anhydride AR 
method in such a  “ test battery. ”  With respect to the two heating temperatures 
for citraconic anhydride, the ultimate choice of method for any laboratory may 
depend on the equipment available. 

 In a study involving decalcifi ed FFPE rat joint tissue sections and a variety 
of AR methods, Wilson et al.  32   reported successful application of 0.2   M boric 
acid at pH 7.0 as the AR solution combining a low - temperature incubation 
(60 ° C for 17   h). The principal advantage of this AR protocol was that it mini-
mized lifting or loss of decalcifi ed hard tissue sections from charged slides. 
Their basic approach for establishing an optimal AR protocol was a  “ test 
battery ”  as described above. In a separate series of studies, based upon prior 

5

   Cases     AR 
Protocols  

   IHC Results  

   Intensity     %     Conclusion  

  23    CA 98 ° C     +  +      > 10     +   
  CA PC     +  +      > 10     +   
  Low pH     +      > 10     +   
  Citrate     +      < 10     −   

  24    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   

  25    CA 98 ° C     +  +      > 50     +  +   
  CA PC     +  +  +      > 50     +  +   
  Low pH     +  +      > 50     +  +   
  Citrate     +      > 10     +   

   Cases     AR 
Protocols  

   IHC Results  

   Intensity     %     Conclusion  

  26    CA 98 ° C     −      < 10     −   
  CA PC     −      < 10     −   
  Low pH     −      < 10     −   
  Citrate     −      < 10     −   

  27    CA 98 ° C     +  +      > 10     +   
  CA PC     +  +  +      > 10     +   
  Low pH     +  +      > 10     +   
  Citrate     +      > 10     +   

    Notes :   CA98 ° C, heating tissue sections in 0.05% citraconic anhydride at 98 ° C for 45   min; CAPC, heating 
tissue sections in 0.05% citraconic anhydride in a plastic pressure cooker using microwave oven for 
30   min; Low pH, heating tissue sections in acetic buffer of pH 1 – 2 for shorter time as described in the 
text; Citrate, conventional citrate acid buffer 0.01   M at pH 6.0 with same heating condition of a plastic 
pressure cooker described above.   

 Reproduced with permission from Shi et al.,  Biotech. Histochem.  2007; 82: 301 – 309. 
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14  STANDARDIZATION OF AR TECHNIQUES

     Figure 1.2     Examples of immunostaining intensity from comparison of pRB - IHC in 
27 cases of FFPE tissues of bladder cancer (Table  1.4 ). (A – D) Negative ( < 10%) 
showing a few weak positive nuclei (arrows); (E – H) moderate positive ( > 10%); (I – P) 
strong positive ( > 50%). Arrows indicate positive nuclear staining for some lymphocytes 
or other stromal cells as an internal control. Note the lack of nuclear hematoxylin 
counterstaining due to low pH AR treatment. The order of cases are indicated in Table 
 1.4 .  Reproduced with permission from Shi et al.,  Biotech. Histochem.  2007; 82: 301 – 309.  
See color insert.  
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SEARCHING FOR NOVEL CHEMICAL SOLUTIONS  15

     Figure 1.3     Western blotting of pRB protein extracted from two fresh cell lines, 
T24 and J82. The pRB proteins in fresh T24 cell line showed a stronger band than 
that obtained from J82 cell line. The Western blotting results correlated well with 
IHC staining intensity (Table  1.3  and Fig.  1.1 ).  Reproduced with permission from Shi 
et al.,  Biotech. Histochem.  2007; 82: 301 – 309.   
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literature,  33,34   and with the goal of reducing tissue damage due to boiling 
during AR, Frost et al.  35   compared a microwave boiling AR protocol and a 
combination AR protocol that included predigestion in 0.1% trypsin in 
phosphate - buffered saline (PBS)   for 15   min, followed by low - temperature 
heating in a water bath at 80 ° C for 2   h. Although tissue damage was reduced 
by using the low - temperature AR protocol, not all antigens could be recovered 
equally by this method. They concluded that prior to setting up a new IHC 
stain, it is critical to assess AR protocols, and primary antibody concentrations 
as well as detection systems, their standard end point was that method giving 
the strongest IHC staining signal (maximal retrieval level). In addition, Frost 
and colleagues also emphasized that the IHC results should be correlated with 
clinical behavior of diseases in order to provide data that are directly useful 
for treatment. With a similar principle in mind, Umemura   et al.  36   undertook 
a comparative study of IHC evaluation of hormone receptor status for 
861 breast cancer samples with data from IHC and biochemical methods. 
They demonstrated that optimizing the AR treatment, primary antibodies, 
and detection systems signifi cantly affects technical validation of IHC data 
for hormone receptors. They emphasized that the cutoff point should be set 
higher to refl ect the increasing IHC  “ scores ”  achieved by more sensitive IHC 
method, based on the correlation of biochemistry and IHC, as well as clinical 
follow - up data.  

6
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16  STANDARDIZATION OF AR TECHNIQUES

   1.2    ANTIBODY AND DETECTION SYSTEM - DEPENDENT 
TEST BATTERY 

 Numerous recent articles have emphasized that the application of test battery 
for establishing an optimal AR protocol is also dependent on the primary 
antibody and the subsequent detection system. In other words, if an optimal 
AR protocol is good for antibody clone  “ 1 ”  to protein  “ A ”  employing detec-
tion system  “ B, ”  it is not necessarily good for antibody clone 2 to protein A, 
using the same or different detection systems, but a different AR protocol 
might give acceptable results. In this respect AR, while in some respects 
 “ leveling the playing fi eld ”  so that many antigens may be detected, in some 
instances does add yet another variable to achieving consistency among 
different laboratories. For example, Pan et al.  27   found variable cytoplasmic 
IHC staining results of TTF - 1 for hepatocellular carcinoma, which depended 
on different sources of the primary antibody and different AR methods. 
However, they only tested two conditions of AR. Similarly, Slater and 
Murphy  25   showed great variation in the effectiveness of different AR 
protocols for IHC staining of an anti - mouse IL - 6 antibody (purchased from 
R & D System, MN, USA) using three AR solutions (pH values of 10.0, 7.0, 
and 2.0) and four heating conditions (100 ° C for 10   min, 90 ° C for 30   min, 80 ° C 
for 50   min, 70 ° C for 1   h). They fi nally found that there was no staining for IL - 6 
when using AR solution at pH 10.0 or 7.0 but obtained positive IHC staining 
at pH 2.0 heated at 80 ° C for 50   min. Higher temperature heating of 100 ° C 
resulted in damage of tissue sections, while lower temperature of 70 ° C resulted 
in weak IHC staining. 

 Again using the test battery principle, Kim et al.  37   compared IHC staining 
results of two monoclonal antibodies to CD4 (clone: YG23 and 1F6) and three 
monoclonal antibodies to CD8 (clone: YG20, DN17, and 1A5) on archival 
FFPE tissue sections using eight different AR solutions at pH values ranging 
from 2 to 10, combining two heating conditions (heating in a microwave oven 
vs. heating in a pressure cooker). They found that among fi ve monoclonal 
antibodies tested, only 1F6 (CD4), and 1A5 (CD8) worked on FFPE tissue 
sections, and that an AR solution of borate at pH 8.0, containing 1   mM EDTA, 
and 1   mM NaCl yielded the best IHC staining results for CD4 and CD8. Note, 
however, that according to their data, it is clear that the use of Tris buffer at 
higher pH (9 – 10) also provides satisfactory IHC staining intensity for these 
two antibodies, a fi nding having extensive support in the published litera-
ture.  14,16,20,21,38 – 43   Kim et al.  19   also   studied seven AR solutions at pH ranging 
from 2 to 10 for 29 commonly used antibodies and concluded that the optimal 
AR protocol depends on the particular antibody tested; therefore, the best AR 
solution should be sought for each antibody, and there is no  “ universal ”  
approach, nor does AR add reproducibility among laboratories in this context. 

 Vassallo et al.  44   compared two routinely used antibodies of estrogen 
receptor (ER), 1D5 (Dakopatts [Carpinteria, CA], code E7101) and 6F11 
(Newmarker [Fremont, CA]  , code MS391 - S1) by using two AR protocols, 
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APPLICATION OF TMA TECHNIQUE FOR TEST BATTERY  17

citrate buffer at pH 6.0 and Tris - EDTA at pH 8.9. For IHC staining, they 
adopted three different detection systems, EnVision, EnVision Plus, and 
labeled streptavidin - biotin (LSAB) peroxidase complex (all three systems 
purchased from Dakopatts). In their study, antibody 6F11, using the citrate 
AR protocol with EnVision, yielded a poorer IHC signal than that obtained 
by using Tris – EDTA solution for AR treatment. Kan et al.  45   did a similar 
comparative study to evaluate the effi cacy of different AR protocols, using 
sodium citrate, citric acid, Tris – HCl, and EDTA buffers of pH 4, 6, and 8, with 
four different clones of monoclonal antibodies for microtubule - associated 
protein (MAP)   - 2 - IHC. Staining on FFPE guinea pig brain tissue sections, they 
found that satisfactory IHC staining was obtained only when MAP - 2 antibody 
clone AP18 was used with the use of AR heating in citric acid buffer of pH 
6.0. Gutierrez et al.  46   tested the immunoreactivity of 25 monoclonal antibodies 
to different leucocyte antigens on FFPE tissue sections, with differing fi xation 
conditions. Employing the test battery approach and the biotin - tyramide 
amplifi cation system, they concluded that all 25 antibodies tested were readily 
detectable using an appropriate combination of antibody, AR method, and 
signal amplifi cation system. Again, no method was optimal for all.  

   1.3    APPLICATION OF TMA TECHNIQUE FOR TEST BATTERY 

 Multi - tissue technique has been used for many years in IHC staining to screen-
ing numerous samples on one single slide.  47 – 49   Based on these early observa-
tions, TMAs were introduced in IHC for rapid study and   to economize in the 
use of expensive reagents.  50   The TMA technique has the advantage of collect-
ing hundreds of tissue samples on one single slide and provides the additional 
advantage of increasing the uniformity of staining across the TMA tissues, by 
reducing diversity of staining signals that result from separate staining of 
hundreds slides, perhaps on different days, by different technologists. Recent 
cooperative studies among multiple research centers, such as the BrainNet 
Europe Consortium, demonstrated the possibility of using the TMA technique 
in standardization of AR - IHC to achieve reliable results between different 
laboratories.  51   A multi - tissue  “ spring - roll ”  section provided a foundation for 
standardization of AR - IHC based on giving   improved reproducibility and 
performance of AR - IHC staining results.  52   Camp et al.  53   validated the avail-
ability of TMA using three common antigens (ER, progesterone receptor 
[PR  ], and HER2) in FFPE tissue sections of invasive breast carcinoma and 
demonstrated that many proteins retained antigenicity for longer than 60 
years using optimal AR pretreatment. Based on numerous studies, a combina-
tion of tissue array with AR technique provides an approach to optimize the 
use of archival FFPE tissue sections with a variety of fi elds.  54   The advantages 
are further enhanced by the application of recently developed image analysis 
software (AQUA) that is designed for quantitative IHC in TMA using an 
automatic scan.  55    

11

12

13

14

c01.indd   17c01.indd   17 6/21/2010   5:39:22 PM6/21/2010   5:39:22 PM



18  STANDARDIZATION OF AR TECHNIQUES

   1.4    SCIENTIFIC ACCURACY OF  IHC  RELYING ON OPTIMAL  AR  
PROTOCOL   

 As described above, an optimal AR protocol established by test battery 
approach produces the best IHC result, defi ned as the maximal retrieval level 
(see Chapter  5 ). It is worthy to note, although not surprising, that not only is 
 “ intensity ”  of staining affected by the choice of the AR method, but also in 
some cases the distribution and pattern of staining. For example, Mighell 
et al.  56   demonstrated that fi bronectin protein expression pattern, using a poly-
clonal antibody, was dependent on methods of AR. They used archival FFPE 
specimens of oral pyogenic granuloma and fi broepithelial polyp, and com-
pared four AR protocols: combinations of enzyme digestion, microwave 
boiling in citrate buffer, or Tris – HCl buffer at pH 6 or 7.8, and autoclave. They 
found that after enzyme digestion, there was intense IHC staining in vascular 
endothelial cells but no staining or minimal staining in connective tissue; in 
contrast, microwave AR yielded IHC positive staining in connective tissue but 
no specifi c vascular staining, while autoclave AR showed positive staining in 
connective tissue and epithelial nuclei. Comparing these fi ndings with the 
patterns obtained on frozen tissue sections, there   was positive labeling in both 
vascular endothelial cells and connective tissue. They postulated that different 
protocols might expose different epitopes. The fi ndings again emphasize the 
need for optimizing AR for IHC staining in FFPE tissue, while highlighting 
the concern that AR, when applied without rigorous validation, in fact 
increases variability observed in IHC staining. Potential causes of these diverse 
IHC patterns were discussed, including such possibilities as cross - reactivity of 
the different antibody species within the polyclonal antibody. It is critical to 
emphasize the fact that variable protein expression patterns may result from 
different AR protocols, and caution must be taken to avoid misinterpretation. 
Subsequent published studies obtained somewhat contrasting results.  57,58   
Yamashita and Okada  58   studied the mechanism of heat - induced AR employ-
ing SDS - PAGE, Western blotting, and IHC. They adopted the same rabbit 
polyclonal antibody to fi bronectin (F - 3648, Sigma [St. Louis, MO]  ) as used by 
Mighell et al.  56   and found that heating FFPE tissue sections in pH 9.0 buffer 
solution yielded strong positive fi bronectin staining along the basal lamina in 
the hepatic sinusoid of mouse liver tissue, but no staining when using pH 6.0 
buffer. Moreover, they found that boiling FFPE tissue sections in pH 9.0 
buffer, followed by heating in pH 6.0 buffer also gave absent or minimal stain-
ing. However, boiling the same FFPE slide in pH 9.0 buffer could achieve 
strong positive staining of fi bronectin, suggesting that the pH of AR solution 
may be an essential factor for proper refolding of epitopes to react with anti-
bodies (see Part IV for details on the study of mechanism of AR). 

 The generation of artifacts has also been an intermittent concern. Hayashi 
et al.  59   reported a heat - induced artifact for conversion of Amadori products 
of the Maillard reaction to  N   ε   - (carboxymethyl) lysine that had the potential 
to affect IHC staining. However, among thousands of articles pertaining to 
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numerous antigen/antibody combinations based on AR - IHC in FFPE tissue 
sections,  “ false - positive staining ”  has not been convincingly demonstrated. 
Nevertheless, caution must be exercised when evaluating a new antibody using 
AR - IHC staining procedure for FFPE tissue sections. The following issues 
should be kept in mind to minimize unexpected or spurious staining results: 
(1) understanding the specifi city of the antigen/antibody under test and the 
distribution in cells/tissues based on information provided by biochemical 
research; (2) examination of previous IHC staining reports in fresh cell/tissue 
samples pertaining to this antibody; (3) staining of negative control FFPE 
tissue section under identical AR treatment but omitting the primary anti-
body; (4) critical morphological analysis to confi rm that observed patterns of 
distribution are consistent with other known information relating to pathol-
ogy, molecular biology, and clinical outcome; and (5) in suspicious cases, 
further confi rmation should be sought by using other methods such as Western 
blotting to confi rm the IHC result as emphasized by Wick and Mills.  60    

   1.5    ACCURACY OF  AR  -  IHC  AS DEMONSTRATED BY  IEM  
AND OTHERS 

 In recent years, with more accurate quantitative methods, numerous immu-
noelectron microscopic (IEM) studies have validated the application of AR 
in archival Epon or other plastic material embedded tissues fi xed in aldehyde, 
plus other fi xatives such as osmium tetroxide.  16,57,61 – 63   Ramandeep et al.  62   
designed an interesting study using  Escherichia coli  DH5 α  cells as a test 
model, based on quantitative measurements of immunogold labeling IEM, 
compared to enzyme - linked immunosorbent assay (ELISA)   data, to optimize 
various tissue processing and IEM procedures including AR. They demon-
strated that AR can achieve approximately 90 – 100% retrieval effi ciency for 
osmium - postfi xed material, a very interesting fi nding because cell/tissue 
samples postfi xed with osmium provide the best preservation of ultrastructural 
morphology for IEM study. Hann et al.  57   carried out a quantitative IEM study 
based on carefully counting gold labeling particles of collagen IV and fi bro-
nectin in the basement membrane underlying the cells of Schlemm ’ s canal 
from archival aldehyde - fi xed LRWhite - embedded eye tissue and found that 
duration of storage time for archival tissues did not affect AR results. AR did 
not change the components of the extracellular matrix labeled, and no artifacts 
were found after AR. They concluded that heat - induced AR can be used on 
selected extracellular matrix antigens to achieve positive label that would 
otherwise be lost due to fi xation and storage. The test battery approach has 
also been evaluated by quantitative IEM using gold labeling techniques.  16,17,61   
Based on comparison of two polyclonal anti - nestin antibodies, Almqvist 
et al.  64   demonstrated precise localization of nestin in pediatric brain tumors, 
previously a controversial issue in the IHC literature. To confi rm the 
reproducibility of counting neurons and glia in human brain tissue sections 
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20  STANDARDIZATION OF AR TECHNIQUES

by IHC staining, Lyck et al.  26   compared 29 different antibodies with various 
AR protocols using four buffers (Table  1.2 ). They reported that it is possible 
to use IHC staining for reproducible cell counting in brain tissue sections, 
based on optimal AR protocols, with well - preserved sample materials.  

   1.6    SUMMARY 

     •      Standardization of AR technique should be based on the test battery 
principle. Achieving the  “ maximal retrieval level ”  of IHC staining inten-
sity is a guideline for standardization.  

   •      Three pH values (acidic, neutral, and basic AR solution), and three 
heating conditions (under boiling, boiling, and pressure heating) are rec-
ommended for the basic  “ test battery. ”  However, alternative procedures 
may be applied according to laboratory facilities and routine protocols as 
described above. Currently, citrate buffer pH 6.0, Tris – EDTA buffer pH 
8 – 9, and certain AR solutions at lower pH, such as boric acid pH 2 – 3, or 
acidic acid buffer pH 2, as well as 0.05% citraconic anhydride pH 7.4, may 
be used to evaluate the optimal AR protocol.  

   •      TMAs are valuable in rapid and cost - effective evaluation of new 
antibodies, in determining optimal AR methods.     
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