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Abstract
Immunohistochemistry (IHC) is influenced by several factors such as cold ischemia time, fixative, fixation time, paraffin, 
storage time, antibody, antigen retrieval technique and detection systems. In the setting of post-mortem tissue, not only 
post-mortem delay, but also agonal state is of interest. Here, we assessed an additional variable, i.e., the thickness of the 
section, and noted that this variable also influenced the IHC outcome. This is of significance when the extent of labelling 
is a parameter to be assessed, for example when assigning a stage or grade of a disease. Furthermore, when assessing brain 
tissue with neurons, soma measuring from 4 to 100 µm, various cellular compartments composed of different proteins are 
localised in sections measuring 4 or 7 µm. Thus, what is seen in a 7-µm-thick section might be lacking in a 4-µm-thick sec-
tion. Lack of information regarding the molecular size of commercial antibodies is also disturbing as this parameter might 
influence the distribution of the molecule in the three-dimensional section. The choice of antibody to be used and the staining 
methodology have been acknowledged being of significance for IHC outcome; however, neither sections thickness or the 
molecular weight has been discussed sufficiently. IHC has been shown to be an unpredictable technique used for assessment 
of tissue. This emphasises the need for detailed methodological descriptions in publications, the need to acknowledge and 
to harmonize all eventual pitfalls related to this methodology.
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Introduction

Immunohistochemistry (IHC) applied in pathology is 
important both in clinical practice and research (Vyberg 
and Nielsen 2016; Uhlen et al. 2017). With antibodies (Ab), 
epitopes/proteins are visualised with various IHC detection 
methods. Thus, a protein of interest is visualised in the tis-
sues and in a specific cellular compartment (Ramos-Vara 
and Miller 2014).

The properties of Abs and their ability to bind to cells 
were discussed already in the end of 1800 (Ehrlich 1906). 
The technique was revolutionised in 1970s and 1980s by 

the development of enzyme-mediated IHC methods and 
detection systems (DS) for light microscopy (Sternberger 
and Sternberger 1986). Thus the profession has used this 
technique in research as well in clinical practice already for 
close to 40 years.

It is acknowledged that the IHC method is significantly 
influenced by the characteristics of the tissue. Factors such 
as cold ischemia time in surgical setting, post-mortem delay 
(PMD), fixation time (FT), paraffin, storage time in paraf-
fin, storage temperature, age of the cut sections, antigen 
retrieval (AR) technique and DS have reported to influ-
ence the outcome of IHC (Pikkarainen et al. 2010; Skaland 
et al. 2010; Karlsson and Karlsson 2011; Engel and Moore 
2011; Ramos-Vara and Miller 2014; Grillo et al. 2015, 2017; 
Lundström et al. 2018). Furthermore, in the setting of post-
mortem (PM) tissue, not only PMD but also agonal state 
influences the IHC (Monoranu et al. 2009; Lundström et al. 
2018). Many of the potential pitfalls stated above are poorly 
acknowledged and seldom listed in publications. Thus when 
reproducing a study it is almost impossible to decipher the 
cause when eventually producing altering outcome.
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The IHC stain can be carried out on section of various 
thicknesses. In surgical setting, the section thickness (ST) 
is around 3–4 µm, whereas the ST ranges from 7 to 15 µm 
when assessing PM brain tissue (Alafuzoff et al. 2009; 
Vyberg and Nielsen 2016). In a recent study, the influence 
of ST in the setting of surgical samples was studied and the 
authors concluded that this factor is indeed of significance 
for IHC outcome (McCampbell et al. 2017). Noteworthy, 
already in 2009 Leong in an editorial pointed out that the 
ST should be taken into consideration (Leong 2009). Here, 
we assess the influence of ST on the outcome of IHC, while 
assessing PM brain tissue; furthermore, we address other 
variables that are of interest while applying IHC technique.

Materials and methods

The regional Ethics Committee of Uppsala, Sweden 
has approved this study (#2013/176, updated 2016 and 
#2011/286, updated 2015), and written consent for scien-
tific use of the diagnostic tissue has been given by a close 
relative.

The study was carried out on PM brain tissue from a 
69-year-old demented female patient with definite diagno-
sis of Alzheimer´s disease (AD). The brain tissue displayed 
characteristic features of AD including cortical extracellu-
lar β-amyloid (Aβ) aggregates and neuronal accumulation 
of hyperphosphorylated tau (HPτ) (Fig. 1). The PMD was 
4 days and FT in 10% neutral buffered formalin (4% formal-
dehyde) was 46 days. The tissue samples were from the right 
frontal cortex, sampled according to a standardised protocol 
as previously described (Libard et al. 2018) and processed 
into paraffin (Histowax from Histolab) blocks. The blocks 
were stored in room temperature for 6 years. Subsequently, 
the blocks were sectioned into 4- and 7-µm-thick sections 
that were placed on Super Frost slides for standard Hema-
toxylin–Eosin and IHC stainings. For production on the sec-
tions of given thickness the microtome from Thermo Scien-
tific (Microm HM 355S) with appropriate settings, i.e., four 
respective 7 µm was used. Before sectioning the Cool plate 
from Cellab Nordica was used for cooling the blocks.

All IHC stainings were carried out automatically accord-
ing to the manufacturer’s instructions, using the Dako EnVi-
sion Flex detection system (DakoCytomation, Glostrup, 
Denmark). The Abs used in the study, the AR regiments 
applied and the IHC platforms are given in Table 1. All 
listed commercial antibodies have been validated by the 
manufacturer as given in the specification sheets.

All slides were assessed using light microscopy (Olym-
pus BX45) at magnification 20× to 400× and then scanned 
into digital slides. The scanning of slides was carried out 
in a slide-scanning system Aperio AT2 (Leica Biosystems) 
in 20× magnification. The scanned figures were obtained 

and saved in ScanScope Virtual Slide (svs) format. Aperio 
ImageScope software (Leica Biosystems) was applied for the 
morphometric analysis, and the positive pixel count algo-
rithm (version 9.1) was used for quantification of the immu-
noreactivity (IR). The Intensity Threshold (upper limit) of 
weak positive pixels was set to 255. Other parameters were 
pre-set in the software. Staining intensity was visualized by 
colour code where the weak staining intensity was visual-
ized in yellow, moderate intensity in orange, strong staining 
intensity in brown and negative pixels in blue.

The IR was assessed within two grey matter areas meas-
uring 4 mm2 each. The sum of all, i.e. weak, moderate and 
strong, IR positive pixels in an area was calculated and trans-
formed into a stained area given as  mm2. The ratio between 
the labelled (IR) area per total area analysed × 100 is given 
as stained area fraction (SAF) in percent. The reported result 
is the mean SAF value obtained from two assessments.

Results

Performance of assessed Abs, as SAF, within the frontal 
cortex in 4 µm and 7 µm thick sections is summarised in 
Table 2 and visualised in Fig. 1.

The IR of the neuronal marker, synaptophysin, a glyco-
protein located in the presynaptic vesicles in the nerve end-
ings increased with ST from 86 to 91%. The IR of neurofila-
ment H (SMI32), a neuronal cytoskeletal marker increased 
from 5 to 10%. The SAF of glial fibrillary acidic protein, an 
intermediate filament, was 9% higher in the thicker 7 µm 
section. Even the expression of the three microglial markers 
increased with ST. The CD68, a transmembrane glycopro-
tein located in the cytoplasmic granules increased from 2 to 
4, the Human leucocytic antigen-DR (HLA-DR), a MHC 
class II cell surface receptor, increased from 6 to 9% and the 
allograph inflammatory factor localized in the cytoplasm of 
microglia, ionised calcium-binding adaptor molecule 1(IBA-
1) increased from 3 to 5%. The SAF of Aβ increased with 
41% and of HPτ protein with 15% in the 7 µm thick sections.

Thus, the IR outcome of all Abs tested here increased 
parallel with the increase of the ST.

Even the intensity of the staining varied in some samples, 
the intensity seemed to be stronger in the thicker sections. 
The intensity of the staining has not affected the result of the 
SAF as all positive pixels, weak and strong, were included.

Discussion

We observed that the ST influenced the outcome of IHC 
staining in line with a previous report by McCampbell et al. 
(2017). This observation is of interest as the ST used in 
pathology varies generally from 3 to 15 µm (Alafuzoff et al. 
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Fig. 1  Photomicrographs of 
representative stains when using 
4 µm (a, c, e, g, i) and 7 µm (b, 
d, f, h, j) thick sections. The 
antibodies and staining proto-
cols as summarized in Table 1. 
Note the increase in labelling 
when comparing the left column 
with the right. There is seen 
both an increase in the number 
of labelled cell and an increase 
in labelled cell processes when 
applying antibodies directed 
to different cellular compart-
ments as seen in a/b—SMI32, 
c/d—GFAP, e/f—HLA-DR and 
i/j—HPτ. Likewise an increase 
in the extent of the extracellular 
protein aggregates is observed 
in g/h—Aβ. The bar is given in 
j 100 µm
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2009; Vyberg and Nielsen 2016; McCampbell et al. 2017). 
Thus, in interlaboratory setting and while carrying out com-
parative studies including both surgical and PM samples, the 
ST has to be harmonised (Alafuzoff et al. 2008; McCampbell 
et al. 2017; Libard et al. 2018).

Based on our results, the extent of HPτ given as SAF 
increase from 61% seen in 4 µm thick section, to 72% seen 
in 7 µm thick section. This difference might have significant 
influence while assessing the stage of HPτ pathology in Pri-
mary Age Related Tauopathy and AD while following the 
current recommendations (Braak et al. 2006; Montine et al. 
2012; Crary et al. 2014). All the consensus recommenda-
tions are based on ST of 7 µm, but this information is not 
always given (Thal et al. 2002; Braak et al. 2006). The result 
obtained while assessing the 4-µm-thick section might lead 
to lower progression stage of pathology thus interfering with 
the definite diagnosis. The extent of Aβ almost doubled and 
thus even this would interfere with the definite diagnosis 
while applying the current recommended staging strategy 
(Thal et al. 2002; Alafuzoff et al. 2009; Montine et al. 2012). 
In line with the above, the increase in the number of cells 
when applying SMI32 with the section thickness can lead to 

severe miss interpretations related to cell count, i.e., eventual 
cell loss might be unrecognized (Libard et al. 2018).

We also noted in addition to the increase of SAF an 
increase in the staining intensity. This is probably because 
more protein has been labelled in a thicker section, i.e., in a 
thicker three-dimensional structure. Furthermore, as pointed 
out by Leong, in a 4-µm-thick section when compared with 
a 7-µm-thick section different cellular compartment are rep-
resented, i.e., membrane, cytoplasm, or nucleus. Particularly 
when assessing large structures such as neurons with a soma 
measuring 100 µm only parts of the neuronal structures are 
localized in the section and thus this might significantly 
interfere with visualization of an epitope (Leong 2009).

BrainNet Europe (BNE) carried out several trials, with 
emphasis on the reproducibility of diagnostics involving 
up to 30 neuropathologists (Alafuzoff et al. 2008, 2009). 
Assessing neurodegenerative lesions, the regional distribu-
tion and the extent of IR are of major significance. It was 
observed that the agreement rates while assessing the same 
stained section were as high as 80–90% (Alafuzoff et al. 
2009). If the stainings had been carried out in different 
laboratories, the agreement rates dropped, ranging 50–80% 
(Alafuzoff et al. 2008). If, however, also the ST would have 
varied, the agreement rates based on results here and BNEs 
result would probably have been extremely low.

As previously reported, the ST is not the only param-
eter to be considered when using IHC technique. When 
examining PM tissue, a variable such as the agonal state is 
described, influencing tissue characteristics mediated by pH 
changes (Monoranu et al. 2009). Following cold-ischemia 
time and PMD also alters the IHC outcome by induced 
autolysis and enzymatic activation (Espina et al. 2009; Den-
nighoff et al. 2017; Lundström et al. 2018).

The tissue is placed in various fixative solutions, and 
aldehyde-based fixatives are commonly used (Paavilainen 
et al. 2010; Engel and Moore 2011; Ramos-Vara and Miller 
2014). The standard method is fixation with 10% neutral 
buffered formalin (4% formaldehyde) at room temperature. 

Table 1  Immunohistochemical stains

Dako Autostainer Plus (Dako Cytomation) was used for amyloid-β, Tau 8, SMI32, HLA-DR and Iba1 whereas CD68, GFAP and synaptophysin 
were stained with Dako OMNIS. Formic acid (FA)

Antibody Clone Company/Code Dilution Pretreatment

Amyloid β (Aβ) 6F/3D Dako-Agilent/M0872 1:50 98–100% FA-2 min
CD 68 KP1 Dako/IR609 pH high
Glial fibrillary acidic protein (GFAP) Polyclonal Dako/ Z0334 pH high
Human leucocytic antigen -DR, α-chain (HLA-DR) TAL.1B5 Dako/M0746 1:30 pH low
Ionized calcium-binding adaptor molecule1 Polyclonal Wako/NordicBiolabs 019-19741 1:5000 pH high
Neurofilament H (SMI32) SMI32 BioLegend (Sternberger) SMI32 1:1000 pH high
Synaptophysin SP11 Abcam/ab16659 1:40 pH high
Hyperphosphorylated (Ser202/Thr205) τ (HPτ) PHF-TAU-AT8 Fisher Sientific-Invitrogen/MN1020 1:1000 None

Table 2  Stained area fraction (SAF) in percent assessed in the frontal 
cortex in 4 µm and 7 µm thick sections

Thickness of the section 4 µm 7 µm
Protein SAF

Synaptophysin 86 91
Neurofilament H Sternberger-Meyer Immunocy-

tochemicals 32 (SMI32)
5 10

Glial fibrillary acidic protein (GFAP) 78 86
CD68 2 4
Human leucocytic antigen -DR (HLA-DR) 6 9
Ionized calcium-binding adaptor molecule1 3 5
Amyloid β (Aβ) 16 27
Hyperphosphorylated τ protein (HPτ) 61 72
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The chemical process of formalin fixation includes forma-
tion of cross-links between proteins, through covalent bonds. 
This alters the ability of Abs to bind to antigens by blocking 
their epitopes and changing their molecular structure (Leong 
et al. 2010; Ramos-Vara and Miller 2014). Additional factors 
to consider regarding fixative include the FT, temperature 
and pH of the fixative. Over and under fixation has been 
reported to alter IR while applying IHC (Boenisch 2005; 
Pikkarainen et al. 2010; Ramos-Vara and Miller 2014; Lund-
ström et al. 2018).

The choice of embedding medium is also relevant, as 
melting temperature and duration of paraffin baths can alter 
the IHC outcome (Engel and Moore 2011).

There are several studies describing good preservation 
of antigens in tissue archived in paraffin blocks over dec-
ades, whereas storage of tissue sections has been reported to 
reduce the IR (Engel and Moore 2011; Karlsson and Karls-
son 2011; Ramos-Vara and Miller 2014; Grillo et al. 2015, 
2017).

There are several AR methods, including enzymatic and 
heat-induced. With these AR methods the protein cross-links 
formed by formalin fixation are degraded (Boenisch 2005; 
Leong et al. 2010; Ramos-Vara and Miller 2014). When 
needed, combinations of various AR techniques are implied 
(Alafuzoff et al. 2009).

The choice of Ab is crucial for the outcome of IHC. There 
are thousands of commercial Abs available on the market. 
Various Abs have to be tested and validated before use in 
diagnostic or research settings (Vyberg and Nielsen 2016). 
Majority of Abs are of IgG type. Monoclonal Abs display 
higher specificity, while polyclonal Abs exhibit higher affin-
ity due to multiple epitopes. Polyclonal Abs are thus more 
prone to cross-reactions with other proteins, resulting in 
unspecific background staining (Leong et al. 2010; Ramos-
Vara and Miller 2014). Noteworthy, the molecular mass of 
the IgG molecule ranges from 150 to 170 kDa for a species, 
and the dimension is 4 × 8.5 × 14.5 nm (Tan et al. 2008). 
Addition of a specific molecule while constructing an Ab 
will certainly increases the mass and dimension of the mol-
ecule. Information regarding the size of different commercial 
Abs is not available, but it is probable that the size of the 
Ab will influence the diffusion of the Ab into the section. In 
2017 McCampbell and colleagues pointed out that the use 
of ST outside vendors recommendations might change the 
intensity, number of IR cells and eventually overall diagno-
sis. This significant relationship between an Ab and ST is 
not all acknowledged. Thus, not only the thickness of the 
section, but also the size of the Abs might influence the 
staining outcome.

DS are used to visualise the antigen binding by 
enzyme-chromogen mediated reaction. The technique has 
evolved from one-step, i.e. one Ab reacts with an antigen, 
to 2 or 3 steps. Currently, the polymer based DS, where 

several secondary Abs are bound to a polymer with multi-
ple enzyme/chromogen molecules, is used. In summary, the 
choice of DS is also relevant for the outcome of IHC (Ska-
land et al. 2009; Ramos-Vara and Miller 2014). The size of 
molecules used in DS might also be influence the diffusion 
into the three-dimensional tissue and thus the outcome.

Standardised protocols while applying IHC are required 
to obtain consistent and reproducible results both within a 
laboratory, but also in inter-laboratory settings (Vyberg and 
Nielsen 2016). Today, automatic IHC platforms are often 
used to limit human error, thus, allowing for consistent stain-
ing results to be obtained (Ramos-Vara and Miller 2014). 
Noteworthy, however, regarding the automatic systems, 
there are significant limitations (factory programme settings, 
scanty information regarding solutions used, ready-to-use 
Abs) that are poorly acknowledged.

In research settings, the manual staining is often the mode 
of action, as the transparency of the methodology is funda-
mental when the goal is to replicate an experiment. Note-
worthy, the IHC outcome varies significantly while imple-
menting manual staining and/or various automatic systems 
(Alafuzoff et al. 2008).

In conclusion, there is a long list of factors influencing 
the IHC outcome. Here, we report that the ST should also be 
considered as well as the molecular size of the Ab. Recently, 
Nosek and Errington described that substantial number of 
reports in the scientific field cannot be replicated (2017). 
Regarding the field of pathology, the IHC method, based on 
the above, is probably the most unpredictable and an even-
tual source of error.

Acknowledgements Meena Strömqvist for her critical reading of the 
manuscript.

Author contributions SL and IA are responsible for conception and 
design of the study, acquisition of the data, analyses and interpretation 
of data and writing the manuscript. DC conducted the laboratory work. 
All authors have been involved in revising the manuscript.

Funding The sources of financial support include local grants (ALF) 
from Uppsala University Hospital and grants from the Hans Gabriel 
and Alice Trolle-Wachtmeister Foundation in Sweden.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


96 Histochemistry and Cell Biology (2019) 151:91–96

1 3

References

Alafuzoff I, Parkkinen L, Al-Sarraj S, Arzberger T, Bell J, Bodi I, 
Bogdanovic N, Budka H, Ferrer I, Gelpi E, Gentleman S, Giac-
cone G, Kamphorst W, King A, Korkolopoulou P, Kovács GG, 
Larionov S, Meyronet D, Monoranu C, Morris J, Parchi P, Pat-
souris E, Roggendorf W, Seilhean D, Streichenberger N, Thal DR, 
Kretzschmar H, BrainNet Europe Consortium (2008) Assessment 
of alpha-synuclein pathology: a study of the BrainNet Europe 
Consortium. J Neuropathol Exp Neurol 67:125–143

Alafuzoff I, Thal DR, Arzberger T, Bogdanovic N, Al-Sarraj S, Bodi 
I, Boluda S, Bugiani O, Duyckaerts C, Gelpi E, Gentleman S, 
Giaccone G, Graeber M, Hortobagyi T, Höftberger R, Ince P, 
Ironside JW, Kavantzas N, King A, Korkolopoulou P, Kovács GG, 
Meyronet D, Monoranu C, Nilsson T, Parchi P, Patsouris E, Pik-
karainen M, Revesz T, Rozemuller A, Seilhean D, Schulz-Schaef-
fer W, Streichenberger N, Wharton SB, Kretzschmar H (2009) 
Assessment of beta-amyloid deposits in human brain: a study of 
the BrainNet Europe Consortium. Acta Neuropathol 117:309–320

Boenisch T (2005) Effect of heat-induced antigen retrieval following 
inconsistent formalin fixation. Appl Immunohistochem Mol Mor-
phol 13:283–286

Braak H, Alafuzoff I, Arzberger T, Kretzschmar H, Del Tredici K 
(2006) Staging of Alzheimer disease-associated neurofibrillary 
pathology using paraffin sections and immunocytochemistry. Acta 
Neuropathol 112:389–404

Crary JF, Trojanowski JQ, Schneider JA, Abisambra JF, Abner EL, 
Alafuzoff I, Arnold SE, Attems J, Beach TG, Bigio EH, Cairns 
NJ, Dickson DW, Gearing M, Grinberg LT, Hof PR, Hyman 
BT, Jellinger K, Jicha GA, Kovacs GG, Knopman DS, Kofler J, 
Kukull WA, Mackenzie IR, Masliah E, McKee A, Montine TJ, 
Murray ME, Neltner JH, Santa-Maria I, Seeley WW, Serrano-
Pozo A, Shelanski ML, Stein T, Takao M, Thal DR, Toledo JB, 
Troncoso JC, Vonsattel JP, White CL 3rd, Wisniewski T, Woltjer 
RL, Yamada M, Nelson PT (2014) Primary age-related tauopathy 
(PART): a common pathology associated with human aging. Acta 
Neuropathol 128:755–766

Denninghoff V, Olivieri EHR, Fresno C, Uceda A, Mota L, Suenaga 
AP, Carraro DM, Martins VR, Avagnina A, Soares FA, Campos 
AHJFM (2017) Tissue alkalosis in cold-ischemia time. Sci Rep 
7(1):10867. https ://doi.org/10.1038/s4159 8-017-11284 -z

Ehrlich et collaborators (1906) Collected studies on immunity. Wiley, 
New York

Engel KB, Moore HM (2011) Effects of preanalytical variables on the 
detection of proteins by immunohistochemistry in formalin-fixed, 
paraffin-embedded tissue. Arch Pathol Lab Med 135:537–543

Espina V, Mueller C, Edmiston K, Sciro M, Petricoin EF, Liotta LA 
(2009) Tissue is alive: New technologies are needed to address the 
problems of protein biomarker pre-analytical variability. Proteom 
Clin Appl 3:874–882

Grillo F, Pigozzi S, Ceriolo P, Calamaro P, Fiocca R, Mastracci L 
(2015) Factors affecting immunoreactivity in long-term storage 
of formalin-fixed paraffin-embedded tissue sections. Histochem 
Cell Biol 144:93–99

Grillo F, Bruzzone M, Pigozzi S, Prosapio S, Migliora P, Fiocca R, 
Mastracci L (2017) Immunohistochemistry on old archival paraf-
fin blocks: is there an expiry date? J Clin Pathol 70:988–993

Karlsson C, Karlsson MG (2011) Effects of long-term storage on the 
detection of proteins, DNA, and mRNA in tissue microarray 
slides. J Histochem Cytochem 59:1113–1121

Leong AS (2009) Quantitative immunohistology: tissue section thick-
ness, another glitch in the path to standardization. Appl Immuno-
histochem Mol Morphol 17:465–469

Leong TY, Cooper K, Leong AS (2010) Immunohistology—past, pre-
sent, and future. Review. Adv Anat Pathol 17:404–418

Libard S, Laurell K, Cesarini KG, Alafuzoff I (2018) Progression of 
Alzheimer’s disease-related pathology and cell counts in a patient 
with idiopathic normal pressure hydrocephalus. J Alzheimers Dis 
61:1451–1462

Lundström Y, Lundström P, Popova SN, Lindblom RPF, Alafuzoff 
I (2018) Detection of changes in immunohistochemical stains 
caused by postmortem delay and fixation time. Appl Immunohis-
tochem Mol Morphol. https ://doi.org/10.1097/PAI.00000 00000 
00065 8

McCampbell AS, Raghunathan V, Tom-Moy M, Workman RK, Haven 
R, Ben-Dor A, Rasmussen OF, Jacobsen L, Lindberg M, Yamada 
NA, Schembri C (2017) Tissue thickness effects on immunohis-
tochemical staining intensity of markers of cancer. Appl Immu-
nohistochem Mol Morphol. https ://doi.org/10.1097/PAI.00000 
00000 00059 3

Monoranu CM, Apfelbacher M, Grünblatt E, Puppe B, Alafuzoff I, 
Ferrer I, Al-Saraj S, Keyvani K, Schmitt A, Falkai P, Schittenhelm 
J, Halliday G, Kril J, Harper C, McLean C, Riederer P, Roggen-
dorf W (2009) pH measurement as quality control on human post 
mortem brain tissue: a study of the BrainNet Europe consortium. 
Neuropathol Appl Neurobiol 35:329–337

Montine TJ, Phelps CH, Beach TG, Bigio EH, Cairns NJ, Dickson 
DW, Duyckaerts C, Frosch MP, Masliah E, Mirra SS, Nelson PT, 
Schneider JA, Thal DR, Trojanowski JQ, Vinters HV, Hyman 
BT (2012) National Institute on Aging-Alzheimer’s Association 
guidelines for the neuropathologic assessment of Alzheimer’s dis-
ease: a practical approach. Acta Neuropathol 123:1–11

Nosek BA, Errington TM (2017) Making sense of replications. Elife 
6:e23383. https ://doi.org/10.7554/eLife .23383 

Paavilainen L, Edvinsson A, Asplund A, Hober S, Kampf C, Pontén 
F, Wester K (2010) The impact of tissue fixatives on morphology 
and antibody-based protein profiling in tissues and cells. J Histo-
chem Cytochem 58:237–246

Pikkarainen M, Martikainen P, Alafuzoff I (2010) The effect of pro-
longed fixation time on immunohistochemical staining of common 
neurodegenerative disease markers. J Neuropathol Exp Neurol 
69:40–52

Ramos-Vara JA, Miller MA (2014) When tissue antigens and antibodies 
get along: revisiting the technical aspects of immunohistochem-
istry—the red, brown, and blue technique. Vet Pathol 51:42–87

Skaland I, Nordhus M, Gudlaugsson E, Klos J, Kjellevold KH, Janssen 
EA, Baak JP (2010) Evaluation of 5 different labeled polymer 
immunohistochemical detection systems. Appl Immunohistochem 
Mol Morphol 18:90–96

Sternberger LA, Sternberger NH (1986) The unlabeled antibody 
method: comparison of peroxidase-antiperoxidase with avidin-
biotin complex by a new method of quantification. Histochem J 
Cytochem 34:599–605

Tan YH, Liu M, Nolting B, Go JG, Gervay-Hague J, Liu GY (2008) 
A nanoengineering approach for investigation and regulation of 
protein immobilization. ACS Nano 2:2374–2384

Thal DR, Rüb U, Orantes M, Braak H (2002) Phases of A beta-depo-
sition in the human brain and its relevance for the development of 
AD. Neurology 58:1791–1800

Uhlen M, Zhang C, Lee S, Sjöstedt E, Fagerberg L, Bidkhori G, Ben-
feitas R, Arif M, Liu Z, Edfors F, Sanli K, von Feilitzen K, Oks-
vold P, Lundberg E, Hober S, Nilsson P, Mattsson J, Schwenk 
JM, Brunnström H, Glimelius B, Sjöblom T, Edqvist PH, Djure-
inovic D, Micke P, Lindskog C, Mardinoglu A, Ponten F (2017) 
A pathology atlas of the human cancer transcriptome. Science 
357:eaan2507. https ://doi.org/10.1126/scien ce.aan25 07

Vyberg M, Nielsen S (2016) Proficiency testing in immunohistochem-
istry—experiences from Nordic Immunohistochemical Quality 
Control (NordiQC). Virchows Arch 468:19–29

https://doi.org/10.1038/s41598-017-11284-z
https://doi.org/10.1097/PAI.0000000000000658
https://doi.org/10.1097/PAI.0000000000000658
https://doi.org/10.1097/PAI.0000000000000593
https://doi.org/10.1097/PAI.0000000000000593
https://doi.org/10.7554/eLife.23383
https://doi.org/10.1126/science.aan2507

	Characteristics of the tissue section that influence the staining outcome in immunohistochemistry
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements 
	References


