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Introduction

Prolonged storage of routinely cut and processed 
sections affixed to glass slides reproducibly results in 
loss of stainability. There is ample literature published 
about this phenomenon; according to a recent and 
most comprehensive investigation about the causes 
of this unwanted effect,1 there is loss of antigens from 
the sections caused by exposure to moisture during 
the embedding and/or the storage, and to a multiplic-
ity of concurring causes, reviewed in Haragan et al.2 
Interestingly, this phenomenon affects some antigens 
(e.g., membrane antigens) but not others.3,4

To further confound the comprehension of the prob-
lem, it is well known that exposure to high heat in the 
presence of calcium chelators, the antigen retrieval 
(AR) technique,5 is able to restore immunostainability 
in freshly cut sections from fixed and processed tissue 
[formalin-fixed paraffin-embedded (FFPE)], but not on 
aged sections.1,3,4,6 It is thus difficult to understand why 

aging may progressively limit this ability in a time- and/
or moisture-dependent fashion, once the fixative is 
long gone from the tissue.

Hence, the conclusion is that the antigen is lost 
from the section, possibly by degradation, hydrolysis of 
protein–protein cross-links, changes in cross-linked 
protein conformation, loss of discontinuous epitopes, 
or masking of linear ones.2

However, a dual investigation by immunostaining 
and proteomic assay combined,2 although focused 
on one single antigen, programmed death-ligand 1 
(PD-L1), disputes that the antigen is lost: Despite a 
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failure to stain aged sections, the protein can be bio-
chemically demonstrated in the tissue sections.2 
Resectioning the block and staining fresh sections 
produces the expected staining, proofing that the anti-
gens are retained in the tissue block.7

Furthermore, a tissue section which has been 
dewaxed, antigen retrieved once, repeatedly exposed 
(~30× for a total of 15 hr) to beta-mercaptoethanol and 
sodium dodecyl sulfate (SDS) at 56C, and stored in a 
glycerol–water–sucrose medium at −20C, for a total of 
about 10 months since the beginning, shows a mini-
mal variation of immunostainability (see Supplemental 
Fig. 1 in Manzoni et al.)8.

During our previous investigations about the 
mechanism of antigen fixation and antibody removal 
methods,9–11 we observed that antigen masking 
may occur independently of cross-linking, for exam-
ple, upon removal of the protein-associated water.9 
Furthermore, once a protein is restored to immuno-
availability after AR, it can be brought back to an immu-
noexcluded state by drying9 or by the application of 
denaturants such as guanidine HCl.11 Disaccharides 
such as lactose or sucrose can help in avoiding these 
negative effects by acting as molecular water substi-
tutes and/or protein conformation facilitators.9

Finally, formalin-induced bonds formed after 48 hr 
of fixation of frozen sections from fresh tissue can be 
reversed completely by as little as 20 min of AR, lead-
ing to tissue loss,12 which do not occur in routinely pro-
cessed tissue (FFPE) fixed in formalin for shorter time.

It is thus possible that upon storage, molecular 
changes occur which further mask the epitope avail-
ability because of protein conformation changes 
caused by time, moisture, atmospheric agents, but 
not dependent on fixative-induced cross-links. These 
changes may affect the epitope itself, neighboring 
proteins, or both.

To investigate these factors and provide a solution, 
we tested a surfactant (SDS), a protein folding 
facilitator,11,13 and a reductive agent,9 these latter two 
combined in a single reducing disaccharide, lactose.

Materials and Methods

Human Specimens

Human surgical pathology specimen leftovers (pediat-
ric tonsils, discarded serial sections from routinely pro-
cessed FFPE) were used; fresh specimens were fixed 
overnight at RT in buffered 4% formaldehyde (Bio-
Optica Milano Spa; Milano, Italy), processed through a 
graded ethanol gradient, then in xylene, and embed-
ded in molten paraffin for sectioning.

The study has been approved by the Institutional 
Review Board Comitato Etico Brianza, N. 3204, 

“High-dimensional single cell classification of pathol-
ogy (HDSSCP),” October 2019. Patients consent 
was obtained or waived according to article 89 of 
the EU general data protection regulation 2016/679 
(GDPR) and decree N. 515, 12/19/2018 of the Italian 
Privacy Authority.

Tissue Microarrays

Tissue microarrays (TMAs) were prepared as previ-
ously published14 on a Tissue Microarrayer Galileo 
model TMA CK4600 (Integrated System Engineering 
srl; Milan, Italy). Cores of 0.6 and 1 mm were used. 
The following TMAs were prepared and multiple serial 
sections obtained at the time of preparation and 
again in April 2021:

11T1: colonic polyps from 29 patients, resected 
from 2005 to 2008. Two 1-mm cores each. Prepared 
in August 2011.
11T14: colon cancer from 46 patients, resected in 
2011. Three 0.6-mm cores each. Prepared in 
December 2011.
12T30: colon cancer from 34 patients, resected in 
2011. Three 1-mm cores each. Prepared in February 
2012.
11T4: normal placentas from 8 patients, delivered 
in 2011. Three 2-mm cores each. Prepared in 
December 2011.

After sectioning, slides were dried at 40C overnight 
in a dry oven and stored in plastic boxes (Kartell; 
Noviglio, Italy) at room temperature in a lab room. No 
paraffin coating on slides was performed. No desic-
cant was added to the boxes. Air conditioning to the 
room was provided by a poorly functioning wall unit.

AR

AR was performed placing the dewaxed, rehydrated 
sections10 in a 800-ml glass container filled with the 
retrieval solutions (see below), irradiated in a house-
hold microwave oven at full speed for 8 min, followed 
by intermittent electromagnetic radiation to maintain 
constant boiling for 30 min, and cooling the sections to 
about 50C before use.

AR Solutions

EDTA pH 8 (1-mM EDTA in 10-mM Tris buffer pH 8, cat. 
no. T9285; Merck Life Science S.r.l., Milano, Italy) was 
the reference buffer, henceforth named “EDTA.” 1% 
SDS (cat. no. 74255; Merck) was added to the EDTA 
buffer (“SDS”). Near saturation lactose (10%; ACEF, 
Piacenza, Italy) or sucrose (10% w/v; refined granulated 
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sugar) was dissolved in the EDTA buffer (“Lact”; 
“Sucr”). A combination of EDTA buffer with 1% SDS 
and 10% lactose was prepared (“FULL”). No other AR 
with a different pH was used, nor an enzymatic retrieval 
solution.

Immunohistochemistry and Immunofluorescence

Primary antibodies, optimally diluted, (Table 1) were 
applied overnight, washed in 50-mM Tris-HCl buffer 
(pH 7.5) containing 0.01% Tween-20 (Merck) and 
100-mM sucrose (TBS-Ts),15 counterstained with a 
horseradish peroxidase–conjugated polymer (Vector 
Laboratories; Burlingame, CA), washed, developed in 
3,3′-diaminobenzidine (Dako; Glostrup, Denmark), 
lightly counterstained, and mounted.

Multiple immunofluorescent labeling was previously 
described in detail.11

Briefly, the sections were incubated overnight with 
optimally diluted primary antibodies in combination of 
up to five, washed, and counterstained with specific 
distinct fluorochrome-tagged secondary antibodies 
(Table 1).11 The slides, counterstained with 4′,6-diamid-
ino-2-phenylindole (DAPI) and mounted, were scanned 
on an S60 Hamamatsu scanner (Nikon; Italia) at 20× 
magnification.

The filter setup for seven color acquisition [DAPI, 
BV480, FITC, tetramethyl rhodamine isothiocyanate 
(TRITC), Cy5, PerCp, autofluorescence (AF)] was as 
shown in Supplemental Fig. 1; all filters were from 
Semrock (Optoprim srl; Monza, Italy). The seven color 
multiplex, not previously published, was implemented 
to minimize section requirement and maximize the 
number of parameters to be assessed on the very 
same section. The scanning time, once set for each 
marker at the beginning of the experiments, was main-
tained unchanged throughout the study.

Single-patient (two cores) assessment of antige-
nicity changes over treatments was tested with a 
five antibody panel (Table 1) comprising CD14, Ki-67, 
cytokeratin 19 (KRT19), vimentin, and CD34.

Preparation of Immunofluorescent Images for 
Image Analysis

Single .ndpi images for each case were saved as .tiff 
files and AF was subtracted.11

Data Analysis

Fluorescence was quantified as published in Scalia 
et al.10 by selecting each case with the Fiji “rectangle” 
tool from the TMA image and exporting the histogram 
pixel values in a dedicated Excel file (Microsoft; 

Redmond, WA) (Supplemental Table 1: FluoQuant-
fromHistogr.xlsx),16 available as a template at Bicocca 
Open Archive Research Data (BOARD). DOI: http://
dx.doi.org/10.17632/z65mr2yfc7.1. Care was taken to 
select contiguous serial sections where duplicate 
cores per specimen, represented in serial sections, 
were chosen for analysis. Seven to 14 individual spec-
imens (patients) were used for the analysis across the 
experiments. The fluorescence channel collecting 
90% of the positive pixels was used for the analysis, 
after gating out pixels in the negative range (channels 
0 to ~15/255).

Data were analyzed and graphically represented 
with StatPlus:mac, AnalystSoft Inc.—statistical analy-
sis program for Mac OS. vv6. (http://www.analystsoft.
com/en/).

Fiji, Adobe Photoshop and Adobe Illustrator were 
used to prepare the iconography.

Results

To test the contribution of a surfactant agent (SDS) 
to the antigen unmasking on aged sections, a com-
parison between plain EDTA buffer and an EDTA + 
SDS buffer was made with an antibody panel 
(Table 1). Improved staining was obtained for CD14 
and vimentin, but not for other markers (Fig. 1A). AF 
was enhanced (Fig. 1A). The unmasking power of 
SDS alone has been discounted previously,17 thus 
was not further investigated.

Oxidation may be a factor for the antigen masking 
over time2; thus, we added to the AR buffer lactose, a 
reducing disaccharide, which has the advantage also 
to be a protein folding facilitator.11,13 The comparison of 
the EDTA AR buffer with an EDTA + Lactose AR buffer 
showed an improved staining with the latter for CD14, 
vimentin, and Ki-67 (Fig. 1A); 10% lactose alone as an 
AR buffer did not retrieve the antigens tested (not 
shown).

When we tested the addition of both SDS and lac-
tose to the AR EDTA buffer (FULL), we obtained a 
substantial improvement for CD14, Ki-67 but not for 
KRT19, vimentin, and CD34; these latter two had a 
reduced immunoreactivity, compared with plain EDTA 
or the addition of lactose or SDS. AF was reduced 
(Fig. 1A).

A larger number of markers was tested (Table 1), 
comparing directly the EDTA and the full AR buffers 
(Fig. 1B and Supplemental Fig. 2); PRDM1/Blimp1, 
CD14, and Ki-67 detection was enhanced but not for 
the rest of the panel. We failed to detect Sox9; MLH1 
and bcl2 were detected at low levels by IHC only and 
could not produce quantifiable results by immunofluo-
rescence (not shown).

http://dx.doi.org/10.17632/z65mr2yfc7.1
http://dx.doi.org/10.17632/z65mr2yfc7.1
http://www.analystsoft.com/en/
http://www.analystsoft.com/en/
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To test for the capacity of a reductive agent to 
enhance the immunodetection in vintage sections, we 
compared EDTA + Lactose with EDTA to which sucrose, 
a non-reducing disaccharide, was added. The results 
show that both the reducing and the non-reducing 
disaccharides are equally able to rejuvenate vintage 
sections; thus, the role of a reducing agent is mild or 
irrelevant (Fig. 2).

To test whether providing protein conformation facil-
itators during AR would benefit vintage sections only 
or freshly cut sections as well, a comparison was 

made between vintage sections and recuts: A signifi-
cant differential increase was obtained for CD14 in vin-
tage sections and a small decrease in aged sections 
stained for vimentin (Fig. 3 and Supplemental Fig. 3). 
For the remaining markers, the variation across the 
two AR buffers was not significant.

The amount of tissue remaining in the block may 
condition the depth at which recuts can be made, which 
may influence the recovery of immunogenicity.7 To 
assess whether adding a disaccharide during AR 
would influence fresh sections from recent tissue 

Figure 1. Effect of antigen retrieval modifications on immunodetection. A: Variation in fluorescence intensity (expressed as channel 
value for 90% of the positive pixels) for each marker according to the four AR treatments: EDTA, EDTA + Lactose (LACT), EDTA 
+ SDS (SDS), and EDTA + Lactose + SDS (FULL). Fourteen samples tested for each marker, except Ki-67 (13 samples) and CD34  
(4 samples). B: Comparison of variation in fluorescence intensity (expressed as channel value for 90% of the positive pixels) between 
EDTA and FULL AR for each marker. Fourteen samples tested for each marker except CD34 (4 samples). Abbreviations: AR, antigen 
retrieval; SDS, sodium dodecyl sulfate; AF, autofluorescence.
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blocks, we tested a panel of antibodies on five large 
and small intestine surgical specimens, processed 
from 2013 to 2017, from which fresh sections were 
obtained by deep sectioning. Individual antigens were 
enhanced, some considerably (Blimp-1/PRDM1, bcl-2), 
others remained unchanged (Fig. 4). At variance with 
recuts from vintage TMA blocks, some antigens (e.g., 
CD14) did not benefit from the AR + Sucrose buffer, 
suggesting that recuts from vintage blocks, because of 
shallow resectioning, contain time-dependent confor-
mational changes, amenable to rejuvenation. This was 
supported by the low levels of antigenicity for bcl-2, 

MLH1, and Sox9 in vintage blocks recuts, but immu-
nodetection on recent material (Fig. 4). The combi-
nation of EDTA, sucrose, and SDS (FULL) reduced 
instead of improving the detection of Ki-67 and CD34 
(Supplemental Fig. 4) and was not further pursued on 
fresh sections.

Discussion

An unknown fraction of antigens become progres-
sively unavailable for detection during tissue section 
aging, for unknown reasons. We hypothesize that 

Figure 2. Comparison of the effect of lactose or sucrose, added to the EDTA in the AR buffer. Variation in fluorescence intensity 
(expressed as channel value for 90% of the positive pixels) for each marker according to the two AR treatments: EDTA + Lactose 
(LACT) and EDTA + Sucrose (SUCR). Fourteen samples tested for each marker, except Ki-67 (13 samples) and CD34 (4 samples). 
Abbreviations: AR, antigen retrieval; AF, autofluorescence.

Figure 3. Relative variation of fluorescence intensity by comparing EDTA vs FULL AR on vintage sections and recuts. The channel 
value for each marker shown after AR FULL, divided by the same value for EDTA, was calculated and plotted for vintage sections and 
for recuts. Analysis of variance shows p=0.006 significance overall, with the contribution of CD14 (p=0.04) and vimentin (p=0.03) on 
vintage sections. Between 8 and 10 samples per experimental point. Abbreviation: AR, antigen retrieval.
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factors not linked to fixation or degradation were the 
cause and indeed countering protein misfolding via 
heat-mediated delivery of protein folding facilitators 
(disaccharides, SDS) restores, albeit partially, immu-
nodetection, at least for a limited number of antigens 
and tissue type tested.

We also show that this rejuvenating effect is more 
pronounced in aged sections, mild in superficial recuts, 
and nil on fresh sections, at least for one of the mark-
ers used, CD14. Limitations in the availability of 
10-year-old sections for testing did not allow a more 
expanded panel, despite an improved throughput in 
multiplex immunofluorescence.

Remarkably, some proteins (HLA-DR, CD4, KRT19) 
in aged sections are not or minimally affected by the 
procedure, pointing to a protein-specific or at least an 
epitope-specific effect of aging. Persistence of immu-
noavailability of some epitopes over the years has 
been noted previously.4,18 The causes for this distinct 
behavior are unknown.

In summary, we show that most if not all antigens 
remain in the tissue, as predicted by the proteomic 
data,2 but in various states of inaccessibility; to this 
regard, indeed, our method can demonstrate PD-L1 in 
vintage sections (Supplemental Fig. 5).

Recent work7 shows that the process which leads 
to antigenic diminution can affect the tissue block as 
well, starting from the most superficial layers and 
decreasing along deeper cuts in the block. Our section 
recuts, which have been very superficial because of 
the amount of residual material, may represent an 
intermediate phase of the process.

The fact that antigens can be detected again by 
adding conformational modifiers to a standard AR buf-
fer seems to counter the argument that some antigens 
undergo moisture-dependent hydrolysis in stored sec-
tions,1 and thus loss from the tissue. The two hypoth-
eses however are not mutually exclusive. Protein 
conformation changes may facilitate a non-enzymatic 
hydrolysis,19 either in situ or upon extraction from the 
section. This hypothesis can be tested by adding 
sucrose to the AR buffer before protein extraction and 
quality evaluation.

We obtained these results by (1) devising an 
improved multiplex immunofluorescence approach 
(seven colors) suitable to common IF filters, micro-
scopes, and scanners, (2) using the TMA technology,14 
which allowed the analysis of more than a dozen sepa-
rate tissue samples consistently across the experi-
mental panel over each experimental point, and (3) 
relying on an expert technical help which allows the 
analysis of virtually identical samples over serial TMA 
tissue sections (Supplemental Fig. 6). On top of that, a 
robust IF method11 and a simple quantitative tool 
(see Supplemental Table 1 FluoQuant-fromHistogr.
xlsx also available as a template at BOARD. DOI: 
http://dx.doi.org/10.17632/z65mr2yfc7.1)16 allows very 
precise estimation of antigenic variations over sam-
ples, procedures, and antigens.

Previously published methods to rejuvenate vintage 
sections involve extending AR time,7 changing AR 
buffer,6 and deep sectioning,7 which is not applicable if 
the tissue block and/or residual tissue is not available; 
all these methods are nonspecific in nature and do not 

Figure 4. Comparison of variation in fluorescence intensity (expressed as channel value for 90% of the positive pixels) between EDTA 
and EDTA + Sucrose (SUCR) AR for each marker on fresh, recent sections. Five samples per marker. Abbreviation: AR, antigen retrieval.

http://dx.doi.org/10.17632/z65mr2yfc7.1
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address the mechanism of antigen disappearance in 
vintage sections. AR solutions which may alter the pro-
tein conformation by changing ionic strength and pH 
have been tested before,20 but never to rescue anti-
gens in aged sections.

We could not fully reconstitute immunostainabil-
ity: This may has to do with irreversible protein 
changes upon storage, similar to what we have already 
observed upon storing disaccharide-protected dewaxed 
sections.9

SDS has been used for protein extraction from rou-
tinely processed sections, together with high tempera-
ture and an alkaline buffer.21,22 In the context of 
rejuvenation as a component of an AR buffer, on one 
side, it seems to synergize with the disaccharides in 
re-exposing a subgroup of antigens on vintage sec-
tions (Fig. 1), on the other side is blunting the re-expo-
sure of the same antigens on fresh sections (Fig. 4 and 
Supplemental Fig. 4). We have previously documented 
analogous properties of SDS, where, together with 
beta-mercaptoethanol and for a brief exposure to 
heat, did enhanced the antigen detection on FFPE 
sections.23 Longer exposures to the mixture caused 
tissue disaggregation. SDS in a buffer containing EDTA 
and disaccharides may work a fine balance between 
antigen enhancement and extraction of the protein from 
the tissue, being the storage time of the sections and 
the associated protein changes the balance between 
the two. In other words, time-dependent regressing 
changes which affect antigen detection upon storage 
may make the tissue more resistant to extraction.

Countering the age-dependent tissue oxidation 
seems not helpful. Lactose, the only reducing disac-
charide tested, is very inconvenient to use because of 
its poor solubility in water. To further pursue the addi-
tion of a reducing agent, a better alternative may be 
combining a disaccharide such as sucrose with a 
reducing monosaccharide such as glucose, both very 
soluble and which can be prepared as a concentrated 
solution to be added to the AR buffer. Stronger agents 
such as beta-mercaptoethanol are affecting the tissue 
integrity when used at a temperature above 56C.23

A chelating agent, in our experiments EDTA, seems 
essential to produce the retrieval and to allow rejuve-
nation of tissue antigens. In the absence of it, SDS or 
a disaccharide do not produce retrieval, pointing to 
two separate effects working in concert to produce the 
desired epitope conformation. Which may result in a 
favorable, neutral, or unfavorable conformation, as 
shown in this work and in additional ongoing experi-
ments, in which, for example, CD20 detection by the 
L26 antibody on fresh sections is halved by the addi-
tion of sucrose to the AR solution (not shown).

A dual AR buffer condition has been established 
over the years, following the observation that each 
antibody for routine material best performs at low 
(pH 6) or high pH (pH 8–10).24 Worth noting is that 
some of the previous manuscripts concerning vin-
tage section staining have used an AR buffer with the 
inappropriate pH for the antibody/ies in use.18 The 
panel of antibodies we used required a pH 8–10 AR 
buffer (Table 1); thus, we did not investigate the effect 
of pH solely for vintage sections rejuvenation. The 
rationale for a selective pH requirement is also 
obscure. What our results highlight, however, is that 
AR buffer requirements are much more complex and 
variegated than previously thought and most likely 
involve protein conformation in an unique protein- or 
epitope-specific fashion. Aging-associated changes 
do modify the epitope accessibility and in some 
cases are reversed by enhanced conformational 
changes.
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