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Abstract 

Co-localizing two distinct antigens in formalin-fixed paraffin-embedded tissues via immunohistochemical     

techniques is challenging for light microscopy.  Two distinct antigens detected by two chromogen precipitates 

may mask each other under white light because darker chromogens obscure lighter colored ones.  As discovered 

by others, this can be overcome by use of a fluorescent chromogenic precipitate in combination with a DAB pre-

cipitate to co-localize two antigens.  We applied this technique to detect a subtype of tumor associated macro-

phages via co-localization of F4/80 and Arginase-1, of which the F4/80 antibody was functional only in immuno-

histochemistry but not immunofluorescence.  Imaging the fluorescent-labeled antigen in the red UV filter over-

comes the masking problem due to the brown precipitate under white light.  Another limitation of detecting mul-

tiple colors under white light is that histochemical stains such as the hematoxylin and eosin (H&E) protocol rou-

tinely used in grading tumors excludes antigen detection via immunofluorescence.  The blue and red hues of the 

H&E stains are crucial for determining the extent of  morphological dedifferentiation and thus provide most of 

the information.  We present evidence that a permanently fluorescent immunohistochemical chromogen can be 

incorporated into a histochemical stain such that the chromogen does not affect histochemical coloration, yet is 

co-localizable under UV light.  This  combination gives the pathologist the option of detecting a clinically relevant 

antigen within a histochemical stain and has the potential to improve tumor grading systems by providing better 

resolution regarding tumor subtypes. 
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In situ localization of different antigens is crucial for 

studying normal and diseased states of tissues, since or-

gans often have distinct compartments or cell types that 

serve specific functions by exclusively expressing certain 

proteins.  Dual antibody localization is a very important 

means of evaluating expression patterns of two distinct 

antigens in formalin-fixed paraffin-embedded (FFPE) sec-

tions.   However, detecting two distinct antigens in the 

same place via immunohistochemistry is difficult and inef-

ficient since the co-localized chromogens mask each other 

under white light.  A common alternative approach for 

overcoming this challenge is indirect labeling via fluores-

cent secondary antibodies.  However, not all antibodies 

are functional under immunofluorescence protocols for 

FFPE tissue.   Thus, many antibodies are of limited use for 

in situ co-localization.   

Tumor associated macrophages (TAMs) are an exam-

ple for which multi-labeling is important for studying cell 

types that differentiate by expressing specific combina-

tions of antigens.  There are at least six different function-

ally specific subtypes of TAMs, each expressing genes that 

are either common or unique to multiple subtypes.  TAM 

subtypes have been reported to exhibit either pro- or anti-

tumorigenic properties (reviewed in [1]).  These attributes 

are heavily influenced by the local microenvironment, 

which modulates the expression of specific TAM genes.  

Thus, the complex nature of TAMs requires multi-labeling 

of distinct antigens in order to assess the activity and dis-

tribution of TAMs in cancers.    

Two general classes of macrophages are involved in 

tumorigenesis (reviewed in [2]).  The inflammatory phe-

notype is called M1, while the anti-inflammatory and pro-
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Figure 1 

Figure 1.  Co-localization of two distinct antigens in formalin-fixed paraffin-embedded tissue by dual 

immunohistochemistry.  Tumor associated macrophages in mouse mammary tumors were dual stained for F4/80 

and Arginase-1 (Arg1) via a horseradish peroxidase-conjugated secondary antibody and an alkaline phosphatase-

conjugated secondary antibody, respectively.  The brown precipitate of the DAB chromogen labeled F4/80, while the 

red precipitate of the Vector Red substrate labeled Arg1.  (A) Macrophages were double labeled and viewed under 

white light.  The brown precipitate masked co-localized red precipitate (yellow arrow).  (B) Fluorescence of the red pre-

cipitate allowed for clear detection of Arg1 under the UV illumination (yellow arrow).  (C & D) High sensitivity of the 

fluorescent red precipitate under UV illumination allows for detection of barely visible red staining under white light 

(yellow arrows).  (E & F) The brown precipitate is no auto-fluorescent and has no cross-reactivity with the red precipi-

tate, thus not yielding false positive co-localization (brown arrows); nor is the hematoxylin nuclear counterstain auto-

fluorescent.  Bar, 20 m.  

tumorigenic phenotype is called M2 [3].  A canonical 

marker of M2 macrophages is Arginase-1 (Arg1) [4, 5], 

which is an enzyme that catalyzes L-arginine into urea and 

L-ornithine [6]; the latter of which is the substrate for pro-

ducing polyamines that are necessary for cell proliferation 

[7].  F4/80 is a cell surface membrane protein that has 

long been a canonical marker for detecting mature macro-

phages [8].  There are dozens of commercially available 

anti-F4/80 antibodies, some of which are not functional 

for indirect immunofluorescence and thus are limited to 
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Figure 2 

Figure 2.  Barely visible chromogen staining does not affect histochemical coloration but can be        

robustly detected by UV illumination.  Serial sections of a mouse mammary tumor were stained for the monocyte 

marker, Cd11b, using a fluorescent chromogen substrate, then counterstained with hematoxylin.  A time course of 0 

(data not shown), 3 (A&B), 4 (C&D), or 5 (E&F) minutes of incubation with Vector Red substrate revealed a threshold 

of effectiveness between 4 and 5 minutes.  G&H, I&J, and K&L are magnified insets of A&B, C&D, and E&F, respective-

ly.  Bar, 30 m. 

immunohistochemical detection via chromogenic precipi-

tates when it comes to in situ localization.  This limitation 

makes co-localization with other canonical markers nearly 

impossible under white light.  Fluorescence activated cell 

sorting (FACS) analysis of single macrophages extracted 

from tissues or tumors is an effective means of quantifying 

the expression of multiple antigens on one cell.  However, 

there are cases when the question of interest requires lo-

calizing the macrophages in situ, especially when studying 

the role of the microenvironment on macrophage mor-

phology and activity [9].  

Here we report the in situ co-localization of F4/80 and 

Arg1 in TAMs via immunohistochemistry of two distinct 

chromogens.  The anti-F4/80 antibody (AbCam, Catalog 

#: ab6640) works well for immunohistochemistry but 

does not work for indirect immunofluorescence (data not 

shown).  FFPE sections were de-paraffinized with several 

incubations of histoclear.  Samples were then hydrated in 

an ethanol gradient, followed by antigen unmasking with a 

20 minute boil in citric acid solution.  Vector Labs 

(Burlingame, CA) manufactures Vectastain ABC Kits for 

easily detecting antigens via chromogen precipitates of 

assorted colors.  Both the aforementioned anti-F4/80 an-

tibody and the anti-Arg1 (ProteinTech Group, Catalog #: 

16001-1-AP) antibody work well in immunohistochemistry 

on FFPE sections via chromogen precipitates.  However, 

since these two antigens are co-expressed in TAMs, the 

two chromogen precipitates are directly on top of each 

other with the darker color masking the lighter color 

(Figure 1A).  To circumvent this masking effect, we stained 

F4/80 via a horseradish peroxidase (HRP)-conjugated 

Vectastain system (Catalog #: PK-4004) that catalyzed 

DAB (3,3' Diaminobenzidine), resulting in a brown precip-

itate.  We then subsequently stained those sections for 

Arg1 via an alkaline phosphatase-conjugated Vectastain 

system (Catalog #: AK-5001) that catalyzes a compound 

called Vector Red (Vector Labs, Burlingame, CA) and 

yields a red precipitate.  The unique aspect of Vector Red 

is that its precipitate is fluorescent and can be detected via 
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the red filters of ultraviolet light (UV).  Thus, we were able 

to fully visualize expression of the red precipitate under 

UV illumination (Figure 1B).  This approach is also more 

sensitive as it allows for detection of low Arg1 levels that 

are not readily visible under white light (Figure 1C&D).   

The brown precipitate resulting from processing of the 

DAB substrate is not inherently fluorescent and has no 

cross-reactivity for the fluorescent red precipitate (Figure 

1E&F), and thus does not result in false positive co-

localization.  Nuclei were counterstained with hematoxy-

lin, which is also not fluorescent. 

Though we have immunolocalized two distinct anti-

gens specific to TAMs, this approach (as reported by the 

manufacturer’s product web site) can be applied to any 

two antigens for which there are antibodies that can detect 

their respective antigens in FFPE sections with an im-

munohistochemical protocol.  This technique effectively 

detects very low expression of the antigen that is labeled 

with the red precipitate and is useful for visualizing the 

complex patterns of subcellular co-expression, cellular 

morphology, and cellular localization in situ.   Further-

more, the fluorescence does not fade over time, so the 

samples can be re-analyzed indefinitely.   

Since the Vector Red substrate results in a precipitate 

that can be detected under UV even when the antigen is 

expressed at extremely low levels, we hypothesize that a 

relatively short incubation time with the Vector Red sub-

strate could be combined with a histochemical stain such 

that the red chromogen is barely visible under white light, 

but robustly detected under UV illumination.   To test this 

hypothesis we detected the monocyte marker, Cd11b 

(AbCam, Catolog # ab75476), in serial sections of a mouse 

mammary tumor that were counstertained by hematoxy-

lin.  A time course of 0, 3, 4, or 5 minute incubations with 

the Vector Red substrate yielded an optimal degree of 

staining such that the precipitate was barely visible under 

white light, but clearly present under UV illumination after 

5 minutes of incubation but not before (Figure 2).  Thus, 

this fluorescent chromogen may potentially be incorpo-

rated into routine histochemical stains such as the     he-

matoxylin and eosin (H&E) protocol so that pathologists 

have the option of including the expression of clinically 

relevant antigens into their tumor grading systems.  Eosin 

has been reported to be auto-fluorescent in tissues stained 

with H&E, especially in collagenous regions and to varying 

degrees in other tissue compartments or cell types [10-12].  

This non-specific auto-fluorescence may pose a problem 

for incorporating a fluorescent chromogen into the H&E 

protocol.  But since the Vector Red substrate is fluorescent 

only in the red UV filters, imaging a field of view in both 

red and green filters should allow differentiation of specific 

versus non-specific auto-fluorescence.   

Further work will be required to optimize the incorpo-

ration of a permanently fluorescent chromogen into the 

H&E protocol.  This novel approach allows for detection of 

antigens on tumor associated immune cells that are known 

to mediate therapeutic response but have not been incor-

porated into tumor grading systems derived by H&E stain-

ing.   
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