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Artifacts due to tissue processing can be avoided by preparing the
soiutions used for these procedures fresh every week (or more
often, depending upon the volume of tissue processed). It is very
important that the infiltration processor be maintained regularly.
Use of high quality xylenes or redistilling of solvents often improves
their quality. The heat of the paraffin during embedding should not
be overly high (<56 00) to avoid loss of sensitive antigens.

Ealtove retrieval

If the tissue has been formaldehyde-fixed and processed appropri-
ately, the quality of immunostaining depends on epitope retrieval and
the sensitivity of the defection system applied. Since the laboratories
use variably sensitive detection systems (e.g. ABC, APAAP, different
dilution and chromogens), standardization of epitope retrieval on an
interlaboratory basis may be difficult. For heat-induced epitope
retrieval, the situation is very complex, since different buffers and pH,
and to a lesser degree, different heating sources, may give variable
results in individual antigens (1, 8). As a starting point, lists of which
antibodies are helped by heat-induced epitope retrieval can be
obtained from the literature (1). To determine the optimal conditions
for different antibodies, the “test baffery’ screening proposed by Shi
et al. (9) is recommended.

References

1. Werner M, von Vvasielewski R, Komminoth P. Antigen retrieval, signal amplifi-
cation and intensification in immunohistochemistry. Histochem Cell Biol 1996;
105: 253-260.

2. French D, Edsall JT. The reaction of formaldehyde with amino acids and pro-
teins. Addv Prot Chem 1945; 2: 277-335.

3. Pierce ACE. Histochemistry, Theoretical and Applied. 4th ed. Churchill
Livngstone, Edingburgh 1980.

4. Morgan JM, Navabi H, Schmid KW St al. Possible role of tissue-bound calcium
ions in citrate-mediated high-temperature antigen retrieval. J Pathol 19994;
147: 301 -307.

5. Fox CH, Johnson FB, whiting j et el. Formaldehyde fixation. J Histochem
Cytochem 1985; 33: 845-853.

6. Battitora H, Koinaki M. The influence ofprotease digestion and duration of fixa-
tion on the immunostaining of keratins. J Histochem Cytochem 1986; 3:1095-
1100.

7. Shi SH, Kely ME, Kalra KL. Antigen retrievalin formalin-fixed, paraffin-embed-
ded tissues: An enhancement method of immunohistochemical staining based
on microwave oven heating of tissue sections. J Histochem Cytochem 1991;
39: 741 -748.

8. McNicol AM, Richmond JA. Optimizing immunohistochemistry: Antigen retrieval
and signal amplification. Hietopathology 1998; 32: 97-193.

9. Shi 5H, Cote RJ, Taylor CR. Antigen retieval immunohistochemiatty: Past, pre-
sent and future. J Histochem Cytochem 1997: 45: 327-343.

Comparative immunostaining among 15
different detection systems
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Objectives
Our objectives were to test different commercially available
immunostaining kits to evaluate the results with different antibodies
at different dilutions.

Methods

Consecutive sections of different tissues, formalin fixed for 6-10 h,
paraffin routinely processed, were immunostained for eight widely
used antibodies (Table 1); antigen retrieval was performed using a
pressure cooker or proteolytic enzyme according to the experience
in our laboratory.

The staining was performed using the following 15 commercial-
ly available kits: Biogenex Super Sentive Pox-DAB (San Ramon, CA,
USA); Biogenex Super Sentive Alk Phos; Consortia HistoCons Pox-
DAB (Verona, Italy); Dako ChemMate Pox-DAB (Glostrup,
Denmark); Dako ChemMate Alk Phos; Dako CSA Pox-DAB; Dako
Envision Pox-DAB; Dako Envision Alk Phos; DBS Universal Pox-
DAB (Pleasanton, CA, USA); DBS Universal Alk Phos; DPC CUI
Pox-DAB (Fremont, CA, USA); DPC CUI Alk Phos; Lab Vision
UltraVision Pox-DAB (Fremont CA, USA); Vector Vectastain Elite
Pox-DAB (Burlingame, CA, USA); and Vector Vectastain Elite Alk
Phos.

Each antibody was tested at increasing dilutions (10, 50, 100,
500, 1,000, 5,000, 10,000, 50,000 times) starting from the working
dilution suggested by the supplier. Every stain was performed three
times on different paraffin blocks and in all cases afthe last dilution
no appreciable reactivity could be observed. A total number of
about 3,000 slides were stained during a period of 2 months.

Results
All detection systems tested, both with peroxidase and alkaline
phosphatase, showed a good signal with Ab dilution from 10-50
times respect to the dilution suggested by the supplier.

Three different detection systems were able to visualize all
antibodies at a dilution of 1,000 times the suggested one. The
same systems were able to show immunoreactivity for CD2O and
chromogranin at a 10,000 times dilution.

Table 1. Eight widely used antibodies chosen for immunostaining.

Antibody Clone Suppl,er Antigen retrieval

• Vimentin V9 Dako PC citrate buffer pH 6 for 2 mm
• Estrogen rec. IDS Dako PC citrate buffer pH 6 for 2 mm
• Cytocheratin MNF1 16 Dako Protease XIV 0.05% 370 for 5 mm

BCL2 124 Dako PC citrate buffer pH 6 for 2 mm
CD2O L26 Dako PC citrate buffer pH 6 for 2 mm
0030 BERH2 Dako PC EDTA 0.01 M pH 8 for 2 mm
Chromogranin LK2H1O Cymbus PC citrate buffer pH 6 for 2 mm

• Ki-67 MIBi Biomeda PC citrate buffer pH 6 for 2 mm

PC = pressure cooker
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Conclusion
Present data show that all the revelation systems can be used use-
fully with high Ab dilutions but also show that there are differences
in sensitivity among the systems. Such differences must be kept
into consideration when standardization of procedures or a
immunohistochemical quality control must be defined.

These data suggest again that if the results of immunohisto-
chemical stains are not satisfying, it is probable that the problem is
not related to immunostaining itself but more probably to a factor
before immunostaining, i.e., in fixation or antigen retrieval.
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Standardization of reporting
and quantitation
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Introduction

Most discrepancies among published reports of immunohistochem-
cal assays are attributable to methodological divergence. However,
many others are due to variance in the interpretation of the in-
munostains.

Often, the interpretation of immunohistochemical stains is quali-
tat ive and subjective, quantification of the reaction being of little
import. A diagnostic decision is based upon whether a certain mole-
cule is expressed or not by cells. For example, any amount of ex-
pression of leukocyte common antigen by neoplastic cells suffices to
tilt the diagnosis in favor of lymphoma.

Proper interpretation of most immunostains, however, depends
to some extent on a semiquantitative estimation of the antigen con-
tent. This may require the setting of cutoff levels between what is
to be considered positive and negative results. Reasonable repro-
ducibility of immunostains is essential for these cutoff levels to be
applicable. For many reasons, achieving reproducible thresholds
applicable across laboratories, is one of the most difficult chal-
lenges of modern immunohistochemistry.

As quantitative tissue-based biochemical assays are being
replaced by immunohistochemistry, interest in accurately measur-
ing immunostains is on the rise. The development of novel cancer
therapies will fuel the demand for accurate measurement of a
growing number of target molecules as a means to select patients.
For many reasons, to be discussed, quantitative immunohisto-
chemistry, when applicable, is the tool of choice for this purpose.

Numerous methods for visual scoring of immunohistochemical
assays have been proposed to improve quantitation. These have

been shown to be more reproducible than visual estimates, and
often to be of clinical relevance. However, these scoring systems
suffer from their own interobserver reproducibility problems (1, 2).
Clearly, standardization of most of the factors responsible for vari-
ation in the intensity of immunostaining is essential for any of these
scoring systems to perform adequately.

Computer-assisted image analysis has proven superior to visu-
al estimates in providing quantitative immunohistocheinical assays,
particularly when applied to frozen sections or fine needle aspira-
tions (3). These systems, particularly if automated, hold promise of
improving the accuracy and reproducibility of quantitative immuno-
histochemistry as well as to become tools for more accurate inter-
and intralaboratory quality control.

Causes of discreDancy in the interpretation
of immunostains
Many conflicting results in the literature are due to technical rea-
sons, particularly variations in the choice of fixatives and duration
of fixation. More recently, whether epitope retrieval was employed
— and by which means — has added another source of discord. An
increasingly common cause of contradictory reports nowadays, is
the lack of well-defined standards about what constitutes a positive
result. Examples of such a loose state of affairs abound in the lit-
erature and some of these will be discussed with suggestions for
improvement.

Another source of problems is that a quantitative approach to
distinguish positive from negative immunostains is often used by
authors. Unfortunately, the authors’ cutoff levels are not easily ex-
ported to other laboratories and worse, their intralaboratory repro-
ducibility has frequently not been validated.

Lamentably, at the present time, there is no consensus as to
what constitutes an adequate threshold of interpretation for most
immunostains. For example, some laboratories include as positive
estrogen receptor, any case in which even a single tumor cell shows
any degree of detectable reactivity. Other laboratories require at least
20% of the cells to immunoreact. To make things worse, many times
these cutoffs have been arbitrarily set without the validation of a din-
icopathological study. These variable cutoffs reflect variable method-
ological sensitivities among laboratories.

Moreover, it is important to keep in perspective that when a ret-
rospective study is carried out for such clinicopathological validation,
it is usually done on selected case material from a single institution,
with relatively uniform fixation and processing. Additionally, in these
studies, to minimize dailyvariation, slidesare immunostained togeth-
er, in a single run (4). A cutoff level is then sought, usually with aid of
statistical analysis. This procedure is perfectly reasonable to mini-
mize variations due to method, and is particularly applicable when
comparing different antibodies or methods. Unfortunately, this ap-
proach has little bearing on real life immunohistochemistry. Unpub-
lished studies in our laboratory, for example, have shown daily vari-
ation in optical density of as much as 30% in immunostains for estro-
gen receptor when the same block of tissue was used as a daily con-
trol. Clearly, the variation was methodological, despite the fact that
an automated processor was used. Add to this divergence of fixation
and processing — as in the case of specimens handled by a refer-
ence laboratory — and the complexity of the problem comes into
focus.

As these thresholds are intimately related to tissue fixation,
processing and other methodological variants, the development of
interlaboratory control materials containing defined amounts of the
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