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Abstract

The conventional approach of double immunostaining to visualize more than one protein in tissues
or cells using antibodies from two different host species is not always feasible due to limitations
with antibody availability. Previously reported methodologies for performing multiple
immunostains on the same tissue or cells with antibodies originating from the same species are
varied in their complexity, sensitivity, and approach to prevent unwanted interactions between
antibodies. In the ever-expanding field of macrophage biology, much more is known about mouse
and human macrophages than their rat counterparts. The limited availability of validated and well-
characterized monoclonal antibodies from different species is one factor responsible for
preventing advances in rat macrophage biology. Here we describe an immunostaining method for
identifying and examining rat macrophages that is sufficiently sensitive for use in formalin-fixed
paraffin embedded tissue and that uses only commercially available reagents and antibodies. This
method can be used to help characterize both physiological and pathophysiological processes in
rat macrophages, and can be adapted for use with any two antibodies from the same species of
origin as long as one of the antibodies is biotinylated.
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INTRODUCTION

Visualizing more than one protein in the context of tissues or cells is often of great interest
in the biomedical field. The conventional approach to double immunostaining, be it by
immunohistochemistry or by immunofluorescence, is by targeting two proteins within a cell
or tissue with two antibodies from two different host species (eg. mouse 1gG and rabbit
1gG), isotypes of the same species (eg. mouse 1gG and IgM), or isotype subclasses from the
same species (eg. mouse 1gG1 and 1gG3). These combinations facilitate the double
immunostaining protocol because incubation steps with both primary antibodies, and
subsequently both secondary antibodies, can be carried out simultaneously. Unfortunately,
the aforesaid combinations are not always feasible because in some cases the antibodies
commercially available for the two proteins of interest are frequently from the same species
and isotype subclass. To overcome this limitation, several approaches have been developed
for performing immunostaining with antibodies from the same host species.

Previously reported methodologies for performing multiple immunostains on the same tissue
or cells with antibodies originating from the same species are varied in their complexity,
sensitivity, and approach to prevent unwanted interactions between antibodies. One of the
simplest but least sensitive approaches is to use direct detection (Boorsma 1984), where the
primary antibodies are directly conjugated either to enzymes (horseradish peroxidase or
alkaline phosphatase) for immunoenzymatic detection or to fluorophores for fluorescent
detection. Another approach is to use sequential immunohistochemical detection performing
the first round of staining with diaminobenzidene (DAB), which masks the first immune
complex but also prevents detection of two proteins within the same cellular compartment
(Valnes and Brandtzaeg 1982; Valnes and Brandtzaeg 1984). Other approaches rely on
either eluting (Pirici et al. 2009; Ranjan et al. 2012) or denaturing (Lan et al. 1995; Wang
and Larsson 1985) bound antibodies between rounds of staining. Others have resorted to
prebinding primary and secondary antibody pairs in reaction tubes prior to adding them to
tissues (Kroeber et al. 1998), to detecting the first primary antibody with conjugated Fab
fragments (Negoescu et al. 1994) or with tyramide signal amplification (Shindler and Roth
1996), or to combining indirect detection methods with direct detection methods (van der
Loos et al. 1987).

The characterization of rat macrophages in physiological and pathophysiological processes
is one present day task for which methods like those described in the previous paragraph are
necessary. In the ever-expanding field of macrophage biology, much more is known about
mouse and human macrophages than their rat counterparts. The limited availability of
monoclonal antibodies that are well-characterized and validated for use in rat tissue is one
factor responsible for preventing advances in rat macrophage biology. Herein we describe a
method for identifying and examining rat macrophages that is sufficiently sensitive for use
in formalin-fixed paraffin embedded (FFPE) tissue and that uses only commercially
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available reagents and antibodies. Our method relies on detecting macrophages with a
biotinylated mouse anti-rat CD68 1gG1 antibody and fluorescently-conjugated streptavidin,
after staining other proteins within macrophages or elsewhere with an unconjugated mouse
IgG1 antibody and fluorescently labeled anti-mouse 1gG secondary antibody. This method
can be adapted for use with any pair of antibodies originating from the same species as long
as one of the antibodies is biotinylated.

MATERIALS & METHODS

Tissue collection & preparation

All animal studies were performed in accordance with the guidelines of the Institutional
Animal Care and Use Committee at Ponce Health Sciences University and of the National
Institutes of Health. Colonic, hepatic, and cerebral tissues from male Sprague-Dawley rats
with or without experimental colitis were fixed overnight in 10% buffered formalin (0.075
M sodium phosphate buffer) at room temperature. Tissues were washed with running water
for 30 minutes, dehydrated with graded alcohols (70%, 80%, 95% x2, 100% x2) for an hour
each, cleared with methyl salicylate first for an hour and then for 30 minutes, and left
overnight in a 1:1 solution of methyl salicylate and paraffin at 37°C. The following day,
tissues were infiltrated with paraffin during two 30-minute baths and then embedded in
paraffin. Tissue sections were cut at a thickness of 2—4 microns with a microtome (Microm,
Walldorf, Germany) and mounted on charged glass slides (Thermo Scientifice, Waltham,
Massachusetts; Azer Scientific, Morgantown, Pennsylvania; VWR, Radnor, Pennsylvania).
The regions of interest sectioned were distal colon, a sagittal section through the
anteromedial aspect of the right hepatic lobe, and the middle segment of brain in the rostro-
caudal axis at the level of the hippocampus. Archived deidentified slides with human
colonic biopsy samples were used for images shown in Supplemental Figure 3.2.

Double immunofluorescence

Slides were submerged in the xylene-substitute HemoDe for 30 minutes in order to
deparaffinize the tissue section. Tissues were rehydrated by 3-minute washes in graded
alcohols (ethanol 100% %2, 95%, 80%, 70%) and a 1-minute wash in distilled water. After
washing in phosphate-buffered saline (PBS) for 5 minutes, slides were submerged in a
solution containing 10mM Citrate, 2mM ethylenediaminetetraacetic acid (EDTA), and
0.05% Tween 20 at pH 6.2, placed for 40 minutes in a water bath set to 98.5°C, and
incubated for a further 20 minutes at room temperature in order to achieve antigen retrieval.
Slides were then washed twice in distilled water for 2 minutes and once in PBS for 5
minutes. Upon drying the slides, each tissue was covered with normal goat serum (NGS,
Biogenex, Fremont, California) and incubated at room temperature for 15 minutes to reduce
non-specific staining. Afterwards, excess NGS was removed from the slides with absorbent
paper. The unconjugated primary antibody targeting inducible nitric oxide synthase (iNOS,
sc-7271, Santa Cruz Biotechnology, Dallas, TX) or Ki-67 (550609, BD Pharmingen, San
Jose, CA) was diluted 1:50 in PBS, and enough volume of this solution was added to each
tissue section to cover the entire tissue. Slides were placed in a humid chamber and
incubated overnight at 4°C. From this point onward, washes consist of submerging slides for
5 minutes twice in PBS and drying excess PBS from slides with absorbent paper. The highly
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cross-adsorbed, Alexa Fluor 488-conjugated goat anti-mouse secondary antibody (A11029,
Life Technologies, Carlsbad, CA), diluted 1:100 in PBS, was then added to each tissue
section after washing. The slides were again placed in a humid chamber and incubated for
30 minutes at room temperature and subsequently washed. Endogenous biotin was blocked
after washing the tissue by incubating the slides with reagents A and B of the Endogenous
Biotin Blocking Kit (E21390, Life Technologies) for 20 minutes each, and with each
incubation followed by a round of washing. Free Fab portions on tissue-bound anti-mouse
secondary antibody were saturated by incubating tissues for 20 minutes with a solution of
mouse IgG1 isotype control (MCA-1209, AbD Serotec, Raleigh, NC) diluted 1:10 in PBS.
After washing and blocking with NGS for 15 minutes, tissues were incubated overnight with
the biotinylated primary antibody targeting CD68 (MCA-341B, AbD Serotec) diluted 1:50
in PBS. Bound biotinylated primary antibody was detected by incubating tissues at room
temperature for 30 minutes with Alexa Fluor 594-conjugated streptavidin (S32356, Life
Technologies), diluted 1:100 in PBS, after washing the slides. Nuclei were stained with
DAPI (R37606, Life Technologies), prepared by adding four drops of DAPI per 1 mL of
PBS, for five minutes between two rounds of washes. Slides were dried, coverslipped, and
then sealed with nail polish. Prolong Gold Antifade reagent (P36934, Life Technologies)
was used as the mounting medium. This protocol is summarized in Fig. 1. Details for all
antibodies used are shown in Table 1.

A total of three negative controls were used for each tissue stained. The first negative
control consisted of substituting the primary antibody solutions with PBS in order to assess
autoflourescence and non-specific interactions between the tissue and the fluorescently-
conjugated detection reagents. The second and third negative controls consisted of single-
stain controls in which the biotinylated primary antibody or the unconjugated primary
antibody, respectively, was substituted with PBS. These two negative controls allowed for
assessing the individual staining patterns of each antibody and for evaluating artifactual
staining resulting from interaction between the goat anti-mouse secondary antibody and the
biotinylated mouse primary antibody.

Fluorescent microscopy & imaging

Stained tissues were visualized using an Olympus BX60 microscope (Waltham, MA)
equipped with an X-cite light source (EXFO Photonic Solutions, Mississauga, Ontario,
Canada). Filter sets from Semrock, Inc. (Rochester, New York) with the following
excitation/emission wavelengths were used for detecting the stated fluorescent stain: 482nm/
536nm for Alexa Fluor 488-conjugated secondary antibodies, 562nm/624nm for Alexa Fluor
594-conjugated streptavidin, and 387nm/447nm for DAPI. Areas of interest were
photographed sequentially under each of the aforementioned filter sets using a Digital Sight
DS-Fil camera (Nikon, Melville, NY) and the NIS-Elements software package (Nikon),
where the latter was used for overlaying single-channel images to create a merged image
file.
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RESULTS

Investigating macrophage biology often requires the use of at least one antibody to identify
macrophages and a second antibody to probe for a protein of interest, whose expression
might be indicative of phenotype, proliferative status, or other characteristics. To test
whether rat colonic macrophages could be examined with two mouse 1gG1 antibodies, we
subjected FFPE tissue from rats with colitis to our sequential double immunofluorescence
protocol (Fig. 1). This protocol involves a round of indirect detection, in which an
unconjugated mouse 1gG1 primary antibody is detected with a goat-anti-mouse 1gG
secondary antibody that is conjugated to the fluorophore Alexa Fluor 488, followed by a
round of biotin-streptavidin mediated detection, in which a biotinylated mouse 1gG1 is
detected with streptavidin that is conjugated to the fluorophore Alexa Fluor 594. For our
primary antibodies we used a biotinylated anti-CD68 antibody to identify macrophages and
an unconjugated anti-iNOS antibody to probe these macrophages.

Our double immunofluorescence protocol successfully stained both macrophages and iNOS
on the same tissue without interactions and allowed for the identification of cells co-
expressing both markers in colonic tissue from rats undergoing experimental colitis (Fig.
2a—d). Areas of co-staining correspond to areas that stain positively for iNOS in the single-
stain control for iNOS (Fig. 2e—h) and for CD68 in the CD68 single-stain control (Fig. 2i-1).
Although autofluorescence is also detectable, it can be easily identified by examining the
negative control (Fig. 2m—p). CD68 staining was prevalent in the mucosa, submucosa, and
muscularis propria of the colon, whereas iNOS staining was mainly limited to the
inflammatory infiltrate at the base of areas of damaged mucosa. Furthermore, iNOS staining
was absent in the colon of normal rats (Fig. 3).

To further test our protocol, we performed double immunostaining with a different
unconjugated mouse 1gG1 monoclonal antibody. We chose to use an anti-Ki-67 primary
antibody because Ki-67, a marker of proliferation, is present to different degrees in several
normal tissues and because it is a nuclear antigen, which facilitates the identification of
artifactual colocalization (ie. the presence of nuclear CD68 staining in Ki-67-positive cells
would be indicative of artifactual colocalization). Using our protocol, we successfully
stained for Ki-67 and CD68 in colonic, hepatic, and cerebral tissue from normal rats (Fig. 4).
Staining for CD68 and Ki-67 did not colocalize within the same cellular compartment, even
when staining for both proteins was present in the same cell, indicating that absence of
unwanted interactions between the anti-mouse secondary antibody and the biotinylated anti-
CD68 mouse antibody. A diagrammatic representation of the staining protocol is shown in
Fig. 3.6a (see Online Resource 1 for an animated version of this diagram).

Performing our double immunostaining protocol without incubating the tissues with the
mouse IgG1 isotype control after the first round of staining resulted in marked artifactual
colocalization (Fig. 5). Nuclear CD68 staining is prevalent (Fig. 5b) and colocalizes with
Ki-67-positive nuclei (Fig. 5a,d). Taken together, this data indicated that the artifactual
colocalization was attributable to interactions between free Fab fragments on bound anti-
mouse 1gG secondary antibody with biotinylated mouse 1gG1 primary antibody targeting
CD68 (Fig. 6b, Online Resource 2).
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In addition to the examples discussed above, we have also successfully applied our protocol
to staining colonic tissues from rats (Online Resource 3) and humans (Online Resource 4)
with other pairs of mouse (Online Resource 3A-D, Online Resource 4A-D) and rabbit
antibodies (Online Resource 3E-L, Online Resource 4E-L). Details on the antibodies used
are listed in Online Resource 5. Lastly, we include in Online Resource 6 a list of
biotinylated antibodies with which we have not been able to obtain single
immunofluorescent staining.

DISCUSSION

In the present study we have described a method for staining two proteins on FFPE tissue
using two primary antibodies of the same origin species and isotype. We have applied this
method to the specific example of analyzing macrophages in tissue from the rat large
intestine (colon), liver, and brain. The essence of our method consists of combining indirect
detection, using an unconjugated primary antibody and fluorescently-conjugated secondary
antibody, with biotin-streptavidin-mediated direct detection, using a biotinylated primary
antibody and fluorescently-conjugated streptavidin.

Others have previously used this approach for double staining with antibodies originating
from the same species. Campana and Janossy (1986) described a method for staining human
leukemic blasts by using indirect detection with a fluorescein isothiocyanate (FITC)-
conjugated secondary antibody on cell suspensions followed by biotin-avidin mediated
direct detection with tetramethylrhodamine (TRITC)-conjugated avidin on cytospins. In this
case, the use of this particular approach was not essential as both primary antibodies were of
different isotypes: Campana and Janossy used an unconjugated primary antibody of the IgM
isotype and a biotinylated primary antibody of the 1gG1 isotype. Wirden and Homberg
(1993) published a method with a similar approach for performing double
immunofluorescence on paraformaldehyde-fixed brain tissues from Schistocerca gregaria.
They also used an FITC-conjugated secondary antibody for the indirect detection, but used
streptavidin, instead of avidin, that was conjugated to Texas Red, rather than TRITC. Most
recently, Frisch and colleagues (2011) developed a method for performing triple
immunofluorescence with primary antibodies from the same species. In addition to
combining indirect detection with biotin-streptavidin-mediated direct detection, they added a
digoxigenin-mediated indirect detection step to enable detection of a third protein. In
contrast to the method by Frisch et al., we find that saturating the free Fab segments on
tissue-bound secondary antibody after performing the indirect staining is essential, which is
consistent with the methods described by Campana and Janossy and by Wiirden and
Homberg.

Our described method differs from the aforementioned studies in three key aspects. First, we
used a commercially available, biotinylated primary antibody, whereas the biotinylation of
the primary antibodies described in the previously mentioned studies was performed by the
authors themselves. In fact, all the materials and reagents used in our method are
commercially available, which should facilitate the use of our protocol in other laboratories.
Second, we used primary antibodies of mouse origin on rat tissue, whereas the other studies
used antibodies from rabbit origin on rat or S. gregaria tissue, or from mouse origin on
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human tissue. Given the homology between mice and rats, performing indirect staining with
mouse IgG antibodies on rat tissue requires the use of anti-mouse 1gG secondary antibodies
that are cross-adsorbed against rat 1gG antibodies in order to avoid non-specific detection of
endogenous antibodies. Third, we used tissues that were fixed in formalin and embedded in
paraffin, a process that is known to mask tissue antigens (Rait et al. 2004; Shi et al. 1991,
Sompuram et al. 2004). Therefore, enzymatic amplification, such as that provided by
peroxidase- or alkaline phosphatase-mediated immunohistochemistry, is often preferred for
immunostaining FFPE tissue even after performing antigen recovery steps. Nonetheless, our
method demonstrated that it was sufficiently sensitive to detect both proteins of interest
without the need for enzymatic amplification.

We have applied our method for double immunostaining with two mouse 1gG1 antibodies to
the analysis of macrophages in the rat. Specifically, we have coupled a monoclonal antibody
against the panmacrophage marker CD68 with a monoclonal antibody against inducible
nitric oxide synthase as a method of identifying proinflammatory macrophages (Mills et al.
2000). We have also used an antibody against Ki-67 as a means of investigating the
proliferative potential of CD68-positive cells and the relation of CD68 positive cells with
other proliferating cells. The former point is of interest given that certain mouse
macrophages have been shown to be capable of proliferation (Jenkins et al. 2011). Given
that the macrophage marker is commercially available in the biotinylated format, this
method could be adapted to probe macrophages with any other mouse antibody. Therefore,
our method allows for future studies to investigate the presence within macrophages of
cytokines, transcription factors, other markers of proliferation, or any other protein for
which a validated antibody exists. It is our hope that this method can be employed to further
advance our knowledge of the biology of rat macrophages to a point comparable to our
current knowledge of mouse and human macrophages. Lastly, this method can be adapted
for use with any two antibodies from the same species of origin as long as one of the
antibodies is biotinylated.

The following are a few recommendations and tips meant for those seeking to implement
this protocol in their laboratories. First of all, we highly recommend that each antibody be
optimized first by single immunofluorescence prior to performing the full protocol. Second,
we have made an effort to select isotype controls that are as similar as possible to the
biotinylated antibody to be used. Specifically, we select isotype controls that are of the same
species, isotype, isotype subclass, and manufacturer as the biotinylated antibody to be used
as the second primary antibody. In terms of specificity, we have successfully used isotype
antibodies that are not known to detect any known antigen, that detect antigens from species
other than that of the tissue being stained (isotype antibody targets a human antigen but is
used on rat tissue, on which it does not target any antigens), and that detect antigens on the
tissue being stained (isotype antibody targets a human antigen and is used on human tissue).
Third, although we have found similar sensitivity when staining for the same antigen with
either an unconjugated primary antibody and a fluorophore-conjugated secondary antibody
or with a biotinylated primary antibody and fluorophore-conjugated streptavidin, staining
antigens that are more prevalent with the biotinylated antibody as a second primary antibody
may allow using lower concentrations of isotype antibody to saturate free Fab fragments on
tissue bound secondary antibody.
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Refer to Web version on PubMed Central for supplementary material.
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Day 2

Block endogenous biotin

\ 4
Block with isotype control antibody

\ 4
Block with normal goat serum

A 4

Probe with biotinylated primary antibody

Day 3

Fig. 1.

Add mounting media and coverslip

Schematic representation of protocol for staining formalin-fixed paraffin-embedded tissue
by double immuno uorescence with two mouse monoclonal antibodies
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Fig. 2.
Double immunofluorescent staining of macrophages using two mouse monoclonal

antibodies targeting CD68 and inducible nitric oxide synthase (iNOS) in formalin-fixed
paraffin embedded colon from a colitic rat. Images depict serial sections inflammatory
infiltrate within colonic mucosa damaged by colitis induction. Staining for INOS
(unconjugated primary antibody, green), CD68 (biotinylated primary antibody, red), and
DAPI (blue) is shown in the first, second, and third columns, respectively. Overlays of the
green, red, and blue channels are shown in the fourth column. a—d Staining for CD68, iNOS,
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and DAPI reveals the presence of several macrophages (CD68-positive cells) co-expressing
iNOS. e-h The iNOS single-stain control (tissue did not receive CD68 antibody) reveals
iNOS staining in areas of colocalization seen in a—d. i—l The CD68 single-stain control
(tissue did not receive iNOS antibody) reveals CD68 staining in areas of colocalization as
well as in areas negative for iNOS as seen in a—d. m—p Negative control tissue (did not
receive either of the primary antibodies) demonstrates some autofluorescence that can be
distinguished from areas of true positivity (orange color in p). Scale bar = 100um
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CD68 DAPI Merge

Fig. 3.
Double immunofluorescent staining of macrophages using two mouse monoclonal

antibodies targeting CD68 and inducible nitric oxide synthase (iNOS) in formalin-fixed
paraffin embedded colon from a normal rat. Images depict serial sections of normal colonic
mucosa and submucosa. Staining for iNOS (unconjugated primary antibody, green), CD68
(biotinylated primary antibody, red), and DAPI (blue) is shown in the first, second, and third
columns, respectively. Overlays of the green, red, and blue channels are shown in the fourth
column. a—d Staining for CD68, iNOS, and DAPI reveals the presence of several
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macrophages (CD68-positive cells) lacking iNOS staining. e—h The iNOS single-stain
control (tissue did not receive CD68 antibody) confirms the lack of iNOS staining observed
in a—d. i-l The CD68 single-stain control (tissue did not receive iNOS antibody) shows
CD68 staining consistent with that shown in a—d. m—p Negative control tissue (did not
receive either of the primary antibodies) demonstrates some autofluorescence that can be
distinguished from areas of true positivity (orange color in p). Scale bar = 100um
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Fig. 4.
Double immunofluorescent staining of macrophages using two mouse monoclonal

antibodies targeting CD68 and Ki-67 in formalin-fixed paraffin embedded colon, liver, and
brain from normal rats. Staining for Ki-67 (unconjugated primary antibody, green), CD68
(biotinylated primary antibody, red), and DAPI (blue) is shown in the first, second, and third
columns, respectively. Overlays of the green, red, and blue channels are shown in the fourth
column. a—d Staining for CD68, Ki-67, and DAPI in colonic tissue reveals the presence of
several macrophages (CD68* cells) in the lamina propria and abundant proliferating

Histochem Cell Biol. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Isidro et al.

Page 16

(Ki-67%) epithelial cells in the bottom half of the colonic crypts. e-h Staining for CD68,
Ki-67, and DAPI in hepatic tissue shows various macrophages (CD68* cells) in the
interstitium and several proliferating (Ki-67*) hepatocytes, including mitotic figures. il
Staining for CD68, Ki-67, and DAPI in the cerebral cortex demonstrates occasional CD68*
cells and Ki-67* cells. m—p Staining for CD68, Ki-67, and DAPI in the CA2 region of the
hippocampus demonstrates the presence of some proliferating cells (Ki-67*) and the
occasional macrophage (CD68%). Scale bars = 50um
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Acrtifactual co-localization resulting from interaction between tissue-bound anti-mouse
secondary antibody and biotinylated CD68 antibody in formalin-fixed paraffin embedded
colon from a normal rat. Images depict crypts and lamina propria in normal colonic mucosa.
Staining for Ki-67 (unconjugated primary antibody, green), CD68 (biotinylated primary
antibody, red), and DAPI (blue) as well as an overlay of the green, red, and blue channels
are shown in a—d, respectively. Nuclear CD68 staining in b coincides with Ki-67-positivity
in crypt nuclei in a and indicates artifactual co-localization, which results when free binding
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sites on tissue bound anti-mouse secondary antibody are not saturated with isotype mouse
IgG1. Scale bar = 50um
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Fig. 6.

D?agrammatic representation of the steps employed for performing double
immunofluorescent staining with two mouse 1gG1 antibodies, with each step enumerated
with blue circles. a llustration of staining protocol in which an unconjugated isotype control
antibody is used to prevent interactions between tissue-bound anti-mouse secondary
antibody and the biotinylated mouse antibody. First, the unconjugated primary antibody is
added to the tissue to detect the first protein of interest. Second, the conjugated secondary
antibody is added to the tissue to detect the unconjugated primary antibody. Third, an
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unconjugated isotype control is added to saturate the free Fab fragments on tissue-bound
anti-mouse secondary antibody. Fourth, biotinylated primary antibody is added to the tissue
detect the second protein of interest. Fifth, conjugated streptavidin is added to the tissue to
detect the biotinylated primary antibody. See Online Resource 1 for an animated version of
this diagram. b Illustration of staining protocol that results in artifactual colocalization (as
seen in Fig. 5) caused by interactions between tissue-bound anti-mouse secondary antibody
and the biotinylated mouse antibody. First, the unconjugated primary antibody is added to
the tissue to detect the first protein of interest. Second, the conjugated secondary antibody is
added to the tissue to detect the unconjugated primary antibody. Third, the biotinylated
primary antibody is added to the tissue, where it not only binds to its target protein but also
to the free arms on the secondary antibody that is bound to the tissue. Fourth, conjugated
streptavidin is added to detect the biotinylated primary antibody, resulting in red
fluorescence in iINOS-positive areas as well as in CD68-positive areas. See Online Resource
2 for an animated version of this diagram
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