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Abstract  

The characterization of tissues using multiple different primary antibodies detected by 

secondary antibodies, each possessing a different colored fluorophore (multiplex 

immunofluorescence), is a powerful technique but often impaired by endogenous 

autofluorescence present in the specimen. Our current research involves the use of multiplex 

immunofluorescence to identify specific cell phenotypes within the tumor microenvironment in 

archival formalin-fixed paraffin-embedded human prostate cancer tissue specimens. These 

specimens frequently possess high levels of autofluorescence, in part due to the biological age 

of the tissues and long storage times. This autofluorescence interferes with and, in the worst 

cases, completely obscures the desired immunofluorescent signals, thus impeding analyses by 

decreasing signal-to-noise. Here, we demonstrate that a recently published protocol for 

photochemical bleaching significantly decreases autofluorescence (80% average decrease of 

the brightest autofluorescent signals), across the visible spectrum, in fixed, archival prostate 

tissue specimens from aged men, that have been sectioned onto glass slides and stored for 

several months. Importantly, the method is compatible with subsequent immunofluorescence 

staining and yields markedly improved signal-to-noise. Inclusion of this method should facilitate 

studies employing multiplex immunofluorescence in sections cut from archival fixed human 

prostate tissues.  

 

Introduction 

Immunofluorescence (IF) applied to tissue specimens is a powerful technique, allowing for the 

sensitive and specific detection of proteins of interest within their histomorphologic context (1,2). 

IF can be used to highlight particular tissue structures (e.g. blood vessels), as well as determine 

cell identities (e.g. T cells, cancer cells, stromal cells) or cellular phenotypes (e.g. proliferative) 

based on their expression of specific protein biomarkers. Computer-assisted image analysis of 

digital microscopy images of IF-stained tissues can provide quantitative measurements, such as 

enumeration of specific cells, the determination of the relative expression levels of specific 

proteins, or the spatial localization of specific cell populations. The advent of a broad range of 

fluorescent dyes and specialized IF staining protocols enables multiplex, multicolor IF, thereby 

providing additional layers of spatial information from a single archival tissue specimen (2). 

However, in contrast to other staining techniques (e.g. chromogenic immunohistochemistry), cell 

and tissue-based autofluorescence is a problem commonly encountered in IF. In the context of 
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IF, autofluorescence refers to undesired background fluorescence that decreases signal-to-

noise, thus confounding target visualization, image analysis, and, in extreme cases, making it 

impossible to detect the specific IF signals altogether (3,4). 

In archival tissue specimens, autofluorescence originates from a wide variety of endogenous 

sources. These sources include the presence of common structural proteins (e.g. collagen and 

elastin), as well as proteins containing disproportionately high amounts of aromatic amino acids, 

nicotinamide compounds (NAD and NAD(P)H), oxidized flavins, melanin, or folic acid. 

Additionally, cellular organelles such as mitochondria and lysosomes, as well as intact red blood 

cells and their residual breakdown products can increase autofluorescence (5-10). 

Autofluorescence can also be caused by the process of tissue fixation, particularly in tissues 

fixed with the routinely used aldehyde-based fixatives formaldehyde and glutaraldehyde that 

react with amines, thereby generating fluorescent byproducts. Further exacerbating the 

problem, these autofluorescent byproducts can increase over time during storage, and can 

increase through heating processes, such as when cut sections from formalin-fixed paraffin-

embedded (FFPE) tissue blocks are baked onto microscope slides to promote their adherence 

(11,12). These problems are of particular concern when conducting retrospective translational 

studies utilizing archival tissue samples, which typically consist of FFPE specimens stored for 

years to decades. FFPE tissue sections also require aqueous heat pretreatment (so-called 

“epitope retrieval”) prior to the conduct of IF staining, which may increase autofluorescence. 

Finally, sources of autofluorescence can accumulate over time in vivo as the organism ages. 

These sources include the so-called “age-pigment” lipofuscin, as well as advanced glycation 

end products (AGEs), the result of glycation reactions between sugars and proteins or lipids 

(6,13,14). The autofluorescence observed in FFPE tissues typically covers a broad spectrum of 

colors in the visible range, from blue to red. Thus, this autofluorescence can potentially interfere 

with any of the fluorescent dyes commonly used to label antibodies for conducting IF, and 

therefore, is particularly problematic when attempting to conduct multiplex, multicolor IF. 

In order to minimize autofluorescence, tissues can be fixed with alternative, non-aldehyde 

fixatives, or preserved by freezing rather than fixation. However, these alternative methods are 

often unavailable (e.g. if using archival, fixed tissues collected for clinical purposes), and they do 

not prevent native autofluorescence that is not due to fixation. Several approaches have thus 

been attempted with the goal of reducing or eliminating autofluorescence, including treatment of 

tissue sections with chemical fluorescence quenching agents or dyes (e.g. sodium borohydride, 

trypan blue, eriochrome black T, ammonium chloride and copper sulfate), or with lipophilic dyes 
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(e.g. Sudan black). Despite many attempts, results with such agents have been inconsistent 

and dependent upon a number of variables, including tissue type, fixation, and storage details. 

Further, these agents often i) only target a subset of the many autofluorescent species present, 

ii) may shift the autofluorescence spectrum rather than reduce or eliminate it, iii) may require 

cumbersome, labor-intensive protocols, iv) can damage the tissue or cause detachment of the 

tissue from the slide, or v) can even result in increased autofluorescence of some tissue 

components, as well as decrease the desired IF signals (15-18). In addition to chemical 

treatments, pre-bleaching of tissue sections has been attempted via exposure of the tissue to 

either UV or visible light. These methods may require specialized equipment not typically 

present in microscopy laboratories, and, similar to chemical agents, have resulted in mixed and 

inconsistent results (17-19). 

For single or dual-target IF staining studies, optimal results often are obtained by utilizing 

fluorescent dyes that emit light in the near infrared (NIR) part of the spectrum, where tissue 

autofluorescence tends to be less intense. However, drawbacks of this approach, include the 

inability of most individuals to directly visualize such signals by eye through the microscope, 

thereby requiring the aid of a digital camera, and the ability to use only one or two antibodies 

within the relatively narrow NIR portion of the spectrum, thus disallowing higher-order multiplex 

IF studies. When conducting IF staining studies, other solutions to the problem of tissue 

autofluorescence, include the use of specialized microscopy platforms, such as confocal 

microscopy or multispectral imaging approaches, both of which require specialized equipment, 

expertise, and computation for image collection and downstream image deconvolution, and are 

relatively low throughput, thus hampering the analysis of large numbers of samples (20-22). 

Our laboratory conducts molecular patho-epidemiologic studies in human prostate cancer, thus 

requiring the conduct of multiplex IF staining on hundreds of archival FFPE prostate specimens 

sourced from large clinical and epidemiologic cohorts. IF staining studies using FFPE human 

prostate tissues are typically plagued by a wide variety of autofluorescent species, including 

endogenous sources described above, and formalin fixation-induced fluorescent species 

exacerbated by long storage times in pathology archives. In addition, these prostate tissues 

were resected from older men, and thus likely have also accumulated substantial amounts of 

age-related autofluorescent species such as lipofuscin, advanced glycation products, and intra-

ductal entities termed corpora amylacea (23,24).  

Recently, Du et al. described a method for reducing autofluorescence in FFPE tissue specimens 

by chemical bleaching with hydrogen peroxide combined with exposure to an intense visible 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 11, 2021. ; https://doi.org/10.1101/2021.11.09.467916doi: bioRxiv preprint 

https://doi.org/10.1101/2021.11.09.467916
http://creativecommons.org/licenses/by-nc-nd/4.0/


light source (25). Here, we tested the effectiveness of this method, as well as its compatibility 

with subsequent immunofluorescent staining, in archival human FFPE prostate tissue sections. 

These specimens frequently possess high levels of autofluorescence, in part due to the 

biological age of the tissues and long storage times that interfere with and, in the worst cases, 

can completely obscure the desired immunofluorescence signals, thus impeding or preventing 

analyses by decreasing signal-to-noise. Here, we demonstrate that the method markedly 

reduces background autofluorescence, across the visible spectrum, in archival, fixed human 

FFPE prostate tissue sections. This method is compatible with downstream IF staining, and 

greatly facilitates multiplex IF by increasing the signal-to-noise of the desired 

immunofluorescence signals, at multiple wavelengths.     

 

Materials and Methods 

Tissue samples 

For this study, we utilized serial, adjacent, four-micrometer thick sections cut from de-identified 

archival human prostate FFPE prostatectomy specimens from men who underwent surgical 

resection at least five years prior to use in this study. Cut sections were applied to charged 

microscope slides and the slides stored at -20 degrees Celsius for several months prior to use 

in this study. These samples were chosen as representative of archival FFPE prostatectomy 

tissue samples used in tissue-based, retrospective cohort studies. These tissues typically have 

significant background fluorescence due, in part, to the fact that prostate cancer is primarily a 

disease affecting older men, and because autofluorescence in fixed tissues is thought to 

increase over time during paraffin block storage, and during storage of tissue sections cut to 

slides. Archival FFPE blocks in large cohort studies of prostate cancer are typically many years 

old, particularly when the study focus is on comparing tissue-based measurements with post-

surgical clinical outcomes, as prostate cancer is a slowly progressing disease.  

 

Photochemical bleaching of autofluorescence   

We utilized the protocol of Du, et al. (25), as described. Briefly, FFPE tissue sections were 

rehydrated by immersion through xylenes, 100% ethanol, 95% ethanol, 70% ethanol, and then 

in distilled water. Heat-induced antigen retrieval was performed in a pH 6.0 sodium citrate buffer 

heated to 100 degrees Celsius in a steamer for 15 minutes, followed by cooling to room 
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temperature. Slides were then transferred to phosphate buffered saline (PBS).  Slides were 

immersed in 30 mL of alkaline hydrogen peroxide solution in clear plastic petri dishes and 

exposed to white light by sandwiching the immersed slides between two light-emitting diode 

(LED) panels, as described (25). The slides were incubated for 45 minutes, after which time the 

bleaching solution was discarded and replaced by freshly-made bleaching solution, and the 45 

minute light exposure was repeated. Slides were then washed in PBS and immersed in PBS 

until used for immunofluorescence. Unbleached control slides were treated identically as 

bleached slides, except that all bleaching steps, including peroxide solution and LED light 

exposures were omitted. Instead, control slides remained immersed in PBS at room 

temperature in room light while the remaining slides were subjected to bleaching.  

 

Immunofluorescence  

Following photochemical bleaching, immunofluorescent staining was performed using standard 

protocols. Briefly, rabbit-derived anti-CD4 primary antibody (Sino Biological, Cat# 10400-R), 

diluted 1:200 in antibody dilution buffer (Ventana, Cat# ADB240), was applied to the slides and 

incubated for 45 minutes at room temperature.  Slides were then washed three times in Tris-

buffered saline+Tween-20 (TBST). 200 uL of anti-rabbit secondary antibody (Leica Cat# 

PV6119, diluted 1:125 in PBS) was added to each slide and incubated 30 minutes at room 

temperature. Slides were then washed three times in TBST. 150 uL of Opal520 (Akoya 

Biosciences, Cat# FP1487001KT) working solution/fluorophore was applied to each slide and 

incubated 10 minutes at room temperature followed by three TBST washes. Blocking buffer 

(Dako, Cat# S2003) was then applied for 10 minutes at room temperature, followed by rinsing 

with TBST. Mouse-derived anti-CD8 primary antibody (Dako, Cat# M7103), diluted 1:100 in 

Antibody Dilution Buffer, was then applied to the slides and incubated for 45 minutes at room 

temperature.  Slides were washed three times in Tris-buffered saline+Tween-20 (TBST). 200 uL 

of anti-mouse secondary antibody (Leica Cat# PV6114, diluted 1:125 in PBS) was added to 

each slide and incubated 30 minutes at room temperature. Slides were then washed three times 

in TBST. 150 uL of Opal570  (Akoya Biosciences, Cat# FP1487001KT) working 

solution/fluorophore was applied to each slide and incubated 10 minutes at room temperature 

followed by three TBST washes. In some sets of slides, nuclei were then counterstained with 

DAPI. Cover slips were mounted with ProLong Gold mounting medium (Thermo-Fisher Cat# 

P36930), and slides were then stored at 4 degrees Celsius in the dark until viewing and 

imaging. 
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Image capture and analysis 

Slides were imaged using a Nikon 50i epifluorescence microscope equipped with an X-Cite 

illumination system (EXFO Photonics Solutions), 10X or 20X primary objectives, and 

fluorescence excitation/emission filter sets appropriate for each separate fluorophore (CD4-

green channel, CD8-red channel, DAPI-blue channel). The same system and filter sets were 

used to capture images of tissue autofluorescence in unstained slides, either unbleached or 

bleached. Individual 12-bit greyscale images were captured using a Photometrics CoolsnapEZ 

digital camera and stored as uncompressed TIFF files through Nikon NIS-Elements imaging 

software. Quantification of image intensity signals (total intensity for all pixels in the entire 

image; as well as minimum, maximum and mean intensity values) was performed by importing 

the uncompressed TIFF greyscale images into the open source image analysis program, 

ImageJ (https://imagej.nih.gov/ij/). 3D perspectival plots of image intensities were generated in 

NIS-Elements. When capturing images, exposure times for each of the separate color channels 

were kept constant across all slides within each comparison set (e.g. bleached and unbleached 

slides) during image collection. Likewise, all comparison sets of adjacent slides from the same 

case were processed and run together in the same bleaching runs and during IF staining.  

 

Results 

We tested the effectiveness of a previously published tissue photochemical bleaching protocol 

(25) in reducing endogenous autofluorescence in archival FFPE human prostate tissues. We 

used serial four micrometer thick sections from paraffin blocks that were at least five years old, 

placed on charged microscope slides and stored in a -20 degree Celsius freezer for greater than 

three months prior to use.  As described in Materials and Methods, the published protocol 

involves two cycles of immersion of the tissue slides in an alkaline hydrogen peroxide bleaching 

solution for 45 minutes while exposed to a bright white LED light source. As shown in Figure 1, 

we observed significant qualitative reductions in autofluorescence in the red and green channels 

when the same tissue sections were compared before and after bleaching. In order to quantify 

the amount of of autofluorescence reduction, digital images were captured for three different 

spectral regions commonly used in immunofluorescence studies (red, green, and aqua) from the 

same physical location within the adjacent bleached and unbleached tissue specimens. For 

each color channel, the camera exposure times were identical for both the bleached and 
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unbleached specimens, and all slides within the same batch were run simultaneously. Each 

image was subsequently analyzed using the open source, Java-based image processing and 

analysis software, ImageJ. Pixel intensities in each image were analyzed to determine total, 

mean, minimum and maximum pixel signal intensities. As shown in Figure 2, mean, maximum 

and total autofluorescence intensities were markedly reduced, in all three colors assessed, in 

the bleached samples compared to the unbleached adjacent tissue sections. This reduction in 

autofluorescence is largely due to suppression of the most intense areas of autofluorescence, 

as reflected in the ~80% loss of maximum autofluorescence signals, in all three-color channels.  

Examples of the overall reduction of endogeneous autofluorescence by bleaching is provided by 

the 3D fluorescence intensity contour plots in Figure 3. To assess the durability of the observed 

reduction in autofluorescence we re-evaluated these same slides after one month of storage at 

four degrees Celsius and found no appreciable restoration of autofluorescence in the bleached 

tissue sections (data not shown). 

In addition to following the published photochemical bleaching protocol, we also explored 

variations on the protocol including, varying the number of treatment cycles between one to 

four, treating the slides with hydrogen peroxide solution only, or with LED light exposure only 

(slides immersed in PBS), as well as substituting bright afternoon sunlight as the light source in 

the standard protocol. When comparing different numbers of treatment cycles, we found that a 

single cycle was markedly less effective than two cycles in reducing autofluorescence, while 

three cycles exhibited only minor additional autofluorescence suppression, compared to the 

standard two cycles, and no noticeable additional suppression with the addition of one more 

cycle (four cycles total, data not shown).  Although we did observe noticeable diminution in 

autofluorescence for slides treated with either bleaching solution alone or LED light exposure 

alone, neither single treatment produced the dramatic decreases seen when both are used in 

combination (data not shown). Interestingly, conducting two cycles of bleaching and substituting 

bright sunlight exposure in place of the LED light source resulted in nearly complete elimination 

of autofluorescence in the tissue (data not shown).    

To test the compatibility of the published protocol with subsequent immunofluorescent staining, 

we conducted immunofluorescence on serial sections of fixed prostate tissues either 

unbleached or bleached with two hydrogen peroxide/LED light cycles, as per protocol. As seen 

in Figure 4A, in the unbleached sample (top image), specific identification of the three true 

CD4-positive T cells stained in green (red arrows), is difficult to observe due to significant 

interference from background endogenous fluorescence; whereas, bleaching prior to 
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immunostaining facilitates identification of the five CD4-positive T cells, due to the increased 

signal-to-noise obtained by suppression of the autofluorescence in this adjacent section. Figure 
4B shows results in a section from a separate fixed prostate tissue specimen, dual-stained for 

both CD4-positive (green) and CD8-positive (red) T cells. As observed in the unbleached tissue 

section (top panel), this case harbors intense autofluorescence in both the green and red 

channels, making it extremely difficult to clearly identify the presence of either type of 

lymphocyte by their respective immunostains. In contrast, an adjacent section from the same 

tissue block that was bleached prior to multiple IF staining (lower panel) demonstrates 

dramatically improved signal-to-noise achieved, thus facilitating the identification of both types 

of lymphocytes present in the sample. This case further highlights the benefit that bleaching 

provides in cases where the IF signals are weak-to-moderate (here, white arrows indicate 

examples of CD4-positive T cells moderately stained in green). Other than the specimen shown 

in Figure 1A-C, for all cases where specimens are directly compared, image sets were 

collected in the same imaging sessions, using identical exposure times for each separate color 

channel, merged into single multicolor composite images and treated identically in post-

processing. For the slides shown in Figure 4, cell nuclei were stained in blue with the 

fluorescent DNA-binding dye, DAPI. No significant reductions in DAPI fluorescence were 

observed when unbleached and bleached samples were compared (data not shown). 

 

Discussion and Conclusions 

In biomedical studies employing multiplex IF, endogenous tissue autofluorescence often 

interferes with detection of the desired antibody-derived fluorescent signals by decreasing 

signal-to-noise, in the worst cases preventing detection of the IF signals altogether. We have 

observed this to be especially problematic when performing cell phenotyping via multiplex IF on 

fixed human prostate cancer tissue sections. Our laboratory conducts molecular patho-

epidemiologic studies in prostate cancer requiring multiplex IF staining of hundreds of FFPE 

prostate specimens, sourced from large clinical and epidemiologic cohorts. The tissue samples 

in these cohorts are typically FFPE blocks sourced from surgical pathology archives, and have 

been in storage for many years to decades. Prostate cancer largely afflicts older men, thus 

these tissues have accumulated substantial amounts of age-related autofluorescent material 

over the many decades of the patients’ lives. An effective method for reducing or eliminating 

autofluorescence in archival FFPE human prostate tissues would be of great benefit. Recently, 

Du et al. described a method for reducing autofluorescence in FFPE tissue specimens and is 
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compatible with IF (25). Here, we demonstrate that this method is highly effective at decreasing 

the endogenous autofluorescent background in sections cut from archival FFPE prostate tissue 

blocks. We find that the published method, featuring two sequential 45 minute rounds of 

bleaching via slide immersion in alkaline hydrogen peroxide solution with simultaneous 

exposure to a bright white LED light source, reduces the brightest autofluorescence signals by 

80%, in multiple wavelengths across the visible spectrum that are commonly used in IF. 

Additionally, we find that this effect is durable for at least one month (the longest time point 

assessed). By varying the number of bleaching cycles, we determined that a single cycle is 

markedly less effective at reducing autofluorescence, whereas, three or more cycles provide 

little added benefit compared to the two cycles recommended in the published protocol. 

Interestingly, we found that substituting bright mid-day sunlight in place of the artificial LED light 

source resulted in a near complete suppression of all autofluorescence in the tissue section. 

While obviously difficult to routinely and reproducibly use sunlight in practice, this finding 

strongly suggests that artificial light sources that more closely replicate the spectrum and/or 

intensity of natural sunlight may provide further decreases in autofluorescence, and thus 

warrants further study. 

As previously demonstrated by Du et al for other tissue types, we demonstrate that this 

photochemical autofluorescence bleaching method is compatible with subsequent multiplex IF 

staining, as well as nuclear staining by the DNA-specific dye, DAPI. Importantly, we show that 

bleaching FFPE prostate tissue sections prior to IF markedly increases signal-to-noise, thus 

facilitating detection of the desired IF signals, in multiple color channels, and is particularly 

helpful where the autofluorescence is very intense and/or the IF signals are weak. 
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Figure Legends 

Figure 1. Photochemical bleaching markedly reduces autofluorescence in FFPE prostate tissue. 
Fluorescence images of an unstained section of FFPE prostate, imaged either before bleaching 
(upper image) or after bleaching (lower image). A) Green fluorescence channel; B) Red 
fluorescence channel; C) Combined images from green and red channel. For each color 
channel, exposure times used were identical for collecting images before bleaching and after 
bleaching. All images were captured using a 10X objective. 

 

Figure 2. Quantification of the amount of autofluorescent reduction in FFPE prostate sections 
due to photochemical bleaching. Fluorescence intensity data from images of a bleached, 
unstained tissue sections of an FFPE prostate specimen (different specimen than used in 
Figure 1), in three different color channels (red, green and aqua). Values for mean, minimum, 
maximum, and total fluorescence intensities were calculated from whole 20X images and are 
plotted relative to the respective values calculated for an adjacent unbleached section. All 
images were captured from the same area of the specimen. 

 

Figure 3. 3D contour representations of reduction in autofluorescence by photochemical 
bleaching in FFPE prostate sections. Shown here are fluorescence contour plots comparing an 
unbleached FFPE tissue section (upper panels) and a bleached adjacent section (lower panels). 
A) Green channel; B) Red channel. For each color channel, exposure times used in image 
capture were identical for unbleached and bleached slides and the plots for each color are 
scaled to the same minimum and maximum values on the z-axis. All images were captured 
using a 20X objective. 

 

Figure 4.  Autofluorescence photochemical bleaching is compatible with immunofluorescence 
and facilitates identification of fluorescently stained target cells in FFPE prostate sections. A) 
Adjacent sections, either unbleached (upper) or bleached (lower), that were then stained with an 
anti-CD4 antibody and detected by green immunofluorescence. Red arrows indicate all true 
CD4-positive cells, as determined by co-localization with cell nuclei stained in blue with DAPI. B) 
Adjacent sections, either unbleached (upper) or bleached (lower), that were then stained using 
dual-immunofluorescence with an anti-CD4 antibody (green) and an anti-CD8 antibody (red). 
White arrows in the lower image indicate representative CD4-positive cells with weak-to-
moderate immunofluorescence staining that are nonetheless clearly visible.     
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Figure 1A (Green channel)

Before bleaching

After bleaching
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Figure 1B (Red channel)
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Figure 1C (Red and green channel combined)
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Figure 2
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Figure 3A (Green channel)
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Figure 3B (Red channel)
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Figure 4A
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Figure 4B
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