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High precision data production and 

integration: the “next generation step” in 

immunohistochemistry 



Introduction to multiplexing
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REF First name Method Application

J Histochem Cytochem

26, 322–324 (1978)
Tramu G KMnO4 – H2SO4 -> 

Na2S2O5

Double IHC

J Histochem Cytochem

34, 1725–1729 (1986)
Kolodziejczyk E PBS-Glycerin @ 130 

C x 4 min
IHC and IF

Cytometry 47, 32–41 

(2002)
Wählby C Eution in 0.1M lysine

buffer pH 2 -> MWO 

boiling

IF

PNAS USA 110, 11982–

11987 (2013)
Gerdes MJ Alkaline oxidation 

chemistry on cyanine 

dyes

IF

J Histochem Cytochem

57, 567–575 (2009)
Pirici D 25 mM glycine-HCl, 

10% SDS, pH 2
IF, IHC

J Histochem Cytochem

57, 899–905 (2009)
Glass P 0.15 M KMnO4/0.01

M H2SO4 x 2 min
IHC

J Histochem Cytochem

62, 519–531 (2014)
Gendusa R 62 mM Tris, 2% SDS, 

100 mM

b-mercaptoethanol, 

pH 6.75

IF, IHC



Antigen is lost

Antibodies do not detach

Antibodies do not denaturate

Sensitivity is increased with repeated staining

PRIOR ART: problems



Laemmli, U. K. Cleavage of structural proteins during the assembly of the head of 

bacteriophage T4. Nature 227, 680–685 (1970).



CD45 Rabbit

Monoclonal 

EP322Y 

3.60 x 10-11

Anti Cytocheratin 7 

Rabbit 

Monoclonal 

EPR1619Y 

2.10 x 10-10



SOME UNCOMFORTABLE TRUTHS

• Antibodies survive “denaturing” conditions such as 6MU and/or heath 

>90C

• Antibodies remain attached to the antigen in extreme conditions

• The higher the affinity, the less probable an antibody is eluted

• The affinity of the secondary/tertiary antibody is transferred to the first, 

antigen-binding antibody



ANTIBODIES R FOREVER
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2-ME/SDS affects antigenicity?
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equivalent to 5 cycles



2-ME/SDS is a retrieval agent?



2-ME/SDS plus heat is the core of a protein 

extraction method from FFPE.

Where is the balance btw retrieval and 

extraction?



A 2-Step Laemmli and Antigen Retrieval Method Improves Immunodetection

Carla R. Scalia, Rossella Gendusa, and Giorgio Cattoretti, AIIM, in press, 2015
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2-ME/SDS as AR
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IRF4

2-ME/SDS as AR
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Breast cancer: 

ER
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Lung cancer: 

TP63
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CONCLUSION

• 2-ME/SDS pretreatment OR AR temperatures >105C improve 

significantly immunoavailability over extraction

• The formaldehyde-induced bonds are unmodified by a 2-

ME/SDS pretreatment and are of the same order of strength as 

the silane-glass-tissue bonds

• The first 2-ME/SDS treatment may be best performed as a split 

Laemmli + AR procedure

• Any subsequent 2-ME/SDS treatment will affect only native 

proteins (antibodies)

• When you start to disintegrate the section, you may be 

extracting too much



MULTIPLEXING (BY SEQUENTIAL STAINING-DESTAINING) IS 

PROBLEM-FREE?



Subtle negative changes in the hydration of the section and the media 

covering it (e.g. glycerin gelatin, water-based mounting medium) may

A- causing reversible re-masking of tissue antigens

B- causing irreversible folding of both fixed and native proteins (e.g. 

antibodies)

C- impair stripping by the 2-ME/SDS buffer

USPTO provisional patent N. 62062750




