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Whole-mount techniques to evaluate
subepithelial cellular populations in
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Traditional immunohistochem-
istry on thinly cut frozen or paraffin-
embedded sections has proven to be an
invaluable technique for the analysis of
cell-specific protein expression. While
this technique performs well for specific
point identification of cells within
tissues, the feasibility of examining the
entirety of large tissues or examining
tissues in three dimensions is limited
by the sectioning of the sample. Whole
mounts of entire tissues combined
with immunohistochemical techniques
overcome some of these limitations.
This approach is particularly useful in
organs with a large surface area and
regional diversity, such as the gastro
intestinal tract. Despite these advan-
tages, the use of whole mounts to
evaluate aspects of the adult gastroin-
testinal tract have been largely limited
to the study of submucosal neurons
(1-3) or to the study of the overlying
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epithelium (4-7); studies of the diverse
cellular populations within the mucosa
have been hampered by technical
issues. Techniques to study the neurons
in the small bowel rely on removing the
mucosal layer; therefore this approach
is not useful to studying any cellular
components of the mucosal layer. Our
initial attempts to stain subepithelial
cellular populations without removal of
the epithelium were universally unsuc-
cessful, suggesting that antibodies
cannot effectively penetrate the serosa
or the intact epithelium and associated
mucous layer. To circumvent these
limitations, we developed a technique
that allows removal of the epithelial
barrier while maintaining the underlying
cellular components with their three-
dimensional (3-D) structure. Combining
this technique with standard immuno-
histochemistry has facilitated the
rapid identification of specific cellular

components, as well as the 3-D and
regional organization of these cellular
components within the intestinal lamina
propria (8—10). The initial technique we
described (8) allowed for only limited
evaluation of tissues by low-power light
microscopy. The protocol outlined here
represents a significant advance, as it is
amenable to examination by low-power
dissecting microscopes and high-power
light or fluorescent microscopes. In
addition, the detection strategies are
not limited to chromogenic substrates,
but can use fluorescent detection alone
or in combination with chromogenic
detection. This significantly expands the
utility and versatility of this technique
and allows for the study of the macro-
scopic regional distribution and micro-
scopic organization of multiple cellular
populations within the entire intestine
in one study.

Here, we describe this procedure
in detail (see Protocol 1 for a brief
overview of the procedure). To
minimize the degradation of the
intestine, it is crucial that all solutions
be cold (4°C) or warmed to 37°C in the
steps before the fixation process, and
that all steps are performed quickly up
to the point of fixation of the intestine.
Practice may be required to perform
these techniques in a timely manner. To
make the plates to mount the intestine,
dissecting wax (Carolina Biological
Supply, Burlington, NC, USA) is
melted by placing it in a beaker in a

Figure 1. Examples of the intestinal whole-mount protocol and the flexibility of detec-
tion strategies. (A) View of the entire murine small intestine whole mount after removing
the epithelium and after fixation. (B) Detection of B220, an isoform of CD45 expressed on
the surface of B cells, with the enhanced 3,3’-diaminobenzidine tetrahydrochloride (DAB)
metal chromogen under low-power microscopy (20x) using a dissecting microscope al-
lows for rapid detection of clusters of positively staining B cells throughout the intestine.
(C) A higher power (400x) examination of the proximal portion of the same intestine in
panel B reveals the architecture of individual villi is preserved and the organization of the
positively staining cells in orientation to villi structure. (D) Distal intestine stained with anti-
B220 (brown) using DAB-enhanced metal substrate and anti-immunoglobulin M (IgM; red)
using Fast Red substrate (Pierce) as a second chromogen, examined at 400x. Differences in
the number of B220-positive cells between panel C, proximal intestine, and panel D, distal
intestine, are reflective of regional differences in the distribution of B cells throughout the
intestine and illustrate the utility of this approach. (E) CDI11c (the integrin o-X chain, a
widely used cell surface marker for dendritic cells) detected with DAB metal, appears as
dark spots under fluorescent microscopy. Sections were co-stained with fluorescently de-
tected anti-B220 (red) and nuclei fluorescently labeled in blue, as detected by Hoechst dye
(Sigma-Aldrich, St. Louis, MO, USA) incorporation, and examined at 400x. (F) Fluorescent
staining with anti-CD11c (green) and anti-CD90 (red), with nuclei in blue as detected by
Hoechst dye incorporation, examined at 400x.
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boiling water bath and then poured into
a square (9 X 9 cm) Petri dish (Fisher
Scientific, Pittsburgh, PA, USA) until
approximately one-half full and allowed
to cool. Multiple plates can be made
ahead of time and used as needed. The
intestine is removed intact and placed in
cold phosphate-buffered saline (PBS)
in a Petri dish, where it is flushed and
opened. If the integrity of the Peyer’s
patches is important in the study, then
the intestine should be opened along
the mesenteric border to preserve these
structures, which lie preferentially on
the anti-mesenteric border. Once the
intestine is opened, exposing the lumen,
it is then transferred to the mounting
plate containing cold PBS (Fisher
Scientific). The intestines are mounted
on dissecting wax in the square Petri
dish lumen-side-up using 0.22-mm
pins (Carolina Biological Supply).
The intestine, pinned to the plate, is
incubated with shaking (90 rpm) in
warmed (37°C) Hank’s balanced salt
solution (HBSS; Fisher Scientific)
containing 5 mM EDTA at 37°C for
12 min. We have found that this 12-
min incubation time can vary between
10-15 min as needed to allow effective
removal of the epithelial cells. After the
12-min incubation, the lumenal surface
of the intestine is then washed vigor-
ously with the HBSS containing 5 mM
EDTA using a 30-cc syringe and 23-
gauge needle to remove the epithelial
cells. The intestine is rinsed once
with cold PBS and then submerged in
10% formalin-buffered saline (Fisher
Scientific) and placed at 4°C for at least
1 h; this can be extended to an overnight
incubation if desired (Figure 1A).
Following the fixation, the intestine
is washed for 5 min in a solution of 1
M NaCl, 1 M Tris, pH 7.2, and 0.5%
Triton® X-100 (TBST) three times.
The addition of Triton X to the buffer
at this point is necessary to facilitate the
penetration of the antibody to the under-
lying cellular components. If detection
using a horseradish peroxidase (HRP)-
based substrate is anticipated, endog-
enous peroxidases can be quenched by
treating the intestines with a solution
of 1% H,0, (Fisher Scientific) diluted
in methanol at room temperature with
shaking for 15 min. The intestine is
subsequently washed three times for 5
min in TBST, followed by a blocking

step in TBST containing 1% bovine
serum albumin (BSA) (TBST-BB) for
30 min with shaking at room temper-
ature. The protocol can be stopped at
this point, and the tissue stored at 4°C
in TBST-BB for extended periods of
time. Further steps are largely deter-
mined by the detection method used
to identify antibody staining and how
the tissue will be analyzed. A standard
protocol for staining these specimens is
given below.

Primary antibodies diluted in TBST-
BB are incubated with the intestine
overnight at 4°C. On the following
day, the intestine is washed as before
in TBST, and the secondary antibody
or conjugate, if required, is added in
blocking buffer and placed on the tissue
for at least 1 h with shaking at room
temperature. After a 1-h incubation,
the intestine is washed three times in
TBST, and detection is performed using
chromogenic or fluorescent substrates.
Whole mounts can now be analyzed
or further stained. If counterstaining
is not desired, the chromogen-stained
intestines can be put in distilled water,
covered, and placed at 4°C for as long
as 6 months. The protocol allows
for significant flexibility in how the
antibodies can be detected and the tissue
analyzed. We have found detection
using the chromogen 3,3’-diamino-
benzidine tetrahydrochloride (DAB)-
enhanced metal substrate (Pierce,
Rockford, IL, USA) to be advantageous
for identifying cellular staining at low
power using light microscopy (Figure
1B). This allows for easy examination
of the entire intestinal surface for the
evaluation of the regional distribution
of cellular components under low-
power objectives (Figure 1B) and can
easily be combined with examination
under higher power objectives to
evaluate the organization of cellular
components (Figure 1C). The flexibility
of the protocol allows for detection
of additional antibody staining with
a second chromogen (Figure 1D)
or with high-power fluorescent
microscopy with a second or third
fluorescent reagent (Figure 1, E and F).
We observed that TBST is no longer
required after the initial staining and
detection, and switching to PBS can
improve the intensity of counterstaining.
If a biotinylated reagent is used for the

initial detection and counterstaining,
available biotin and avidin are blocked
using the Avidin/Biotin Blocking kit
(Vector Laboratories, Burlingame,
CA, USA). For convenience, staining
can be performed on a smaller piece
of tissue in a microcentrifuge tube; the
tube containing the tissue can be shaken
on a benchtop rotator during each
incubation. If a nuclear counterstain is
desired for fluorescent detection, the
intestine can be treated for 10 min in
bizbensamide (Fisher Scientific) and
washed in PBS. To view the intestine
using high-powered light or fluores-
cence microscopy with an upright
microscope, the tissue can be mounted
between two slides by applying a
small bead of glue around the slide
edges to keep the intestine secure and
hydrated for viewing (Figure 1, C-F).
If a combination of chromogenic and
fluorescent detection strategies are used
together, the chromogenically stained
cells will appear as dark areas under the
fluorescent filters, or alternatively they
can easily be identified by switching to
standard light microscopy (Figure 1E).

Combining the above technique
to remove the epithelial barrier with
basic immunohistochemical protocols
has proven to be a rapid and cost-
efficient method for evaluating the
regional distribution and organization
of cellular components within the
intestine. Similar to the experience with
techniques for the study of neuronal
organization, our approach can be
easily adapted to evaluate other hollow
organs within the gastrointestinal tract.
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Protocol 1. Brief Overview of Small Intestine Whole-Mount Procedure
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at 37°C shaking (90 rpm).

Wash in cold PBS once.
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10. Wash in TBST three times.

15. Wash in TBST three times.

1.  Remove small intestine as a whole; place in cold phosphate-buffered saline (PBS).
Flush intestine with cold PBS and open along anti-mesenteric border.
Pin intestine lumen-side-up from proximal to distal ends on mounting plate.

Incubate intestine in Hank’s balanced salt solution (HBSS) + 5 mM EDTA for 12 min

Remove epithelial cells with needle and syringe.

Place in 10% formalin-buffered saline at 4°C for at least 1 h.
Wash in 1 M NaCl, 1 M Tris, pH 7.2, and 0.5% Triton X-100 (TBST) three times.
Incubate in 1% H,0, in methanol for 15 min.

11.  Wash in TBST containing 1% bovine serum albumin (BSA) (TBST-BB) for 30 min.
12.  Incubate intestine in primary antibody overnight at 4°C.

13. The following day; wash in TBST three times.

14. Incubate in secondary antibody at room temperature for 1 h.

16. Develop using a chromogen or fluorescent substrate.
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