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Abstract

Macrophages play important roles in maintaining intestinal homeostasis via their ability to
orchestrate responses to the normal microbiota as well as pathogens. One of the most important
steps in beginning to understand the functions of these cells is the ability to effectively isolate
them from the complex intestinal environment. Here, we detail methodology for the isolation and
phenotypic characterization of macrophages from the mouse small and large intestine.
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1 Introduction

The mammalian intestine is constantly exposed to a variety of microbes and food antigens
[1]. Antigen-presenting cells (APCs), comprised primarily of macrophages and dendritic
cells (DCs), are central components of the mucosal immune system that foster homeostasis
in the intestine [2-9]. Just beneath the intestinal epithelial layer, the lamina propria (LP)
contains a large population of macrophages that are ideally positioned to sample luminal
contents and perform surveillance activity [10-12]. The positioning of macrophages in the
LP suggests these cells have an important role in modulating innate and adaptive immune
responses toward the microbiota [10-19]; however, the mechanisms by which these cells
interact with foreign antigens and orchestrate effective immune reactivity remains as area of
active investigation [20-25]. Paramount to identifying the functions of intestinal
macrophages is the ability to efficiently isolate these cells from a complex cellular
environment [26]. While many studies have begun to define the function of intestinal
macrophages, continued advancements in the identification and characterization of these
cells in the steady state and during inflammatory processes in mouse and humans are
desired. Here, we summarize detailed methodology for the isolation and purification of
intestinal macrophages that may be employed to investigate these important cell types and
the role they play in regulating mucosal immunity.

2 Materials

2.1 Equipment

1. MaxQ 4450 benchtop orbital shaker; any orbital shaker with sufficient capacity
should suffice.

2. LS MACS columns and a QuadroMACS separator (Miltenyi Biotec).
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LSR 11 benchtop flow cytometer (BD) or other analyzer.

FACSArria Il benchtop cell sorter (BD) or other sorter.

2.2 Reagents and Solutions

1.
2.

© © N o 0~ ©w

1x PBS, Ca?*- and Mg?*-free (CMF PBS).

Hank's balanced salt solution (HBSS) with phenol red, Ca2*-and Mg?*-free
(CMF HBSS); HBSS is commonly used for isolation of intestinal immune
cells.

CMF HBSS with 5 % FBS (CMF HBSS/FBS) and 2 mM EDTA.
Sodium bicarbonate.

1 M HEPES in 0.85% NaCl.

Fetal bovine serum, heat-inactivated.

0.5 M EDTA (pH 8.0).

Collagenase type VIII.

DNase I; Stock solution: 100 mg/mL.

Working Collagenase VIII/DNAse I solution: 1.5 mg/mL of collagenase VIII
and 40 pg/mL of DNase | in CMF HBSS/FBS.

2.3 Antibodies and Staining Reagents

1.

N o o &~ w

10.
11.

Ice-cold staining buffer: CMF PBS + 5 % FBS.

LIVE/DEAD Fixable Aqua Dead Cell Stain Kit for 405 nm excitation; Use at
1:1000 in ice-cold PBS.

CDA45-PerCP mAb (30 F11); Use at 1:100 dilution in ice-cold staining buffer.
CD103-PE mAb (M290); Use at 1:100 dilution in ice-cold staining buffer.
FcyRIN/II mAb (2.4G2); Use at 1:200 dilution in ice-cold staining buffer.
CD11c-APC mADb (N418); Use at 1:100 dilution in ice-cold staining buffer.

MHC-II (I-Ab)-Alexa Fluor 700 mAb (M5/114); Use at 1:100 dilution in ice-
cold staining buffer.

CD11b-eFluor 450 mAb (M1/70); Use at 1:200 dilution in ice-cold staining
buffer.

F4/80-PE-Cy7 mAb (BM8); Use at 1:200 dilution in ice-cold staining buffer.
CD11b microbeads.
CD11c microbeads.

2.4 Disposable Reagents

1.

50 mL conical tubes.
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Single mesh wire strainer.
Small weigh boat.

100 pm cell strainer.

40 um cell strainer.

5 mL polystyrene round-bottom tubes.

3.1 Isolation of Mouse Small and Large Intestine

1.

10.

Prepare the following reagents and equipment:
. Warm Ca2*/Mg?2*-free PBS (CMF PBS) to room temperature.

. Warm Ca2*/Mg?2*-free HBSS with 5 % FBS (CMF HBSS/FBS) and
2 mM EDTA to room temperature.

. Warm Orbital shaker to 37 °C.
Euthanize mice and spray 70 % ethanol onto the abdomen (see¢ Note 1).

Make a horizontal incision in abdomen with a scissor and peel back the skin
and cut open the peritoneum.

Cut the intestine at the pyloric sphincter to separate the stomach from the upper
small intestine (see Note 2).

Carefully remove the mesentery using forceps and cut at the ileo- cecal valve
to separate the small intestine from the large intestine.

Continue to tease apart the mesentery from the large intestine and make a cut at
the anal verge. Place the large intestine in CMF PBS on ice while first
attending to the small intestine.

Place the entire small intestine on paper towels pre-wet with CMF PBS.
Remove the Peyer's patches along the anti-mesenteric side of the small
intestine and cut open longitudinally using scissors and forceps (see Note 3).

Place the intestine in a Petri dish containing room temperature CMF PBS and
rapidly move the intestine around using forceps until the PBS becomes cloudy
with luminal contents. Move the intestine into a new Petri dish with fresh CMF
PBS and repeat this process until the PBS no longer becomes cloudy (usually
3-5 Petri dishes).

Cut the small intestine into approximately 1.5 cm pieces and place into a 50
mL conical tube containing 30 mL of pre-warmed CMF HBSS/FBS and 2 mM
EDTA (see Note 4).

Cut open the colon longitudinally using scissors and wash off feces and mucus
in CMF PBS at room temperature as per steps 7 and 8 of Subheading 3.1 (see
Note 5).
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3.2 Removal of Epithelial Layer

1.

Place each 50 mL conical tube horizontally into an orbital shaker and stabilize
using tape. Shake at 250 rpm for 20 min at 37 °C in order to begin removing
epithelial cells and intraepithelial lymphocytes.

After the shaking is done, pour the contents of each 50 mL conical tube
through a wire mesh strainer to recover the 1.5 cm pieces of intestine while
allowing the epithelial cells and intraepithelial lymphocytes pass through. If
analyses of epithelial cells and/or intraepithelial lymphocytes are desirable
place a collection tube under the wire mesh strainer during this step.

Repeat steps 1 and 2 of Subheading 3.2 one additional time for a total of two
shaking cycles.

At this stage, the intestine is stripped of most of the epithelial cell layer and is
ready for tissue digestion.

3.3 Digestion of Intestinal Tissue

1.

Prepare the following reagents and equipment:

. Pre-warmed working Collagenase VIII/DNAse I solution (see Note
6).

. Pre-warmed CMF HBSS/FBS and 2 mM EDTA.

. Pre-warmed orbital shaker at 37 °C.

. Ice-cold CMF HBSS/FBS.

Transfer the 1.5 cm pieces of intestine to a small plastic weigh boat after
dabbing away excess media using a paper towel (see Note 7).

Rapidly mince the 1.5 cm pieces of intestine using sharp dissection scissors
directly in the weigh boat for approximately 10-20 s and then add minced
intestine to 20 mL of pre-warmed collagenase solution (see Note 8).

Horizontally place each 50 mL conical tube into an orbital shaker and digest at
200 rpm for 10-20 min at 37 °C (see Notes 9 and 10).

Vortex remaining intestinal tissue for 5-10 s to ensure thorough dissociation
and then filter through a 100 um cell strainer directly into a 50 mL conical tube
(see Note 11).

Add CMF HBSS/FBS to top off each 50 mL conical tube and then centrifuge
at 1500 rpm for 5 min at 4 °C (see Note 12). Repeat this wash step once more.

After pouring off the supernatant, resuspend the cell pellets in ice- cold CMF
HBSS/FBS and place samples on ice (see Notes 13 and 14).

3.4 Antibody Staining for Multi-Color Flow Cytometric Analyses

1.

Transfer cells into a 5 mL polystyrene round-bottom (FACS) tube or if staining
multiple samples use a 96-well VV-bottom plate.
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Wash cells twice using ice-cold CMF PBS.

Incubate samples with LIVE/DEAD Fixable Aqua Dead Cell Stain for 15 min
on ice in the dark (see Note 15).

Wash cells twice in 200 pL ice-cold CMF PBS.

Block non-specific binding of antibodies to cells by using 2.4G2 anti-
FcyRIN/I in ice-cold staining buffer for 10 min on ice.

Wash cells in ice-cold staining buffer.

Incubate samples with specific antibody staining cocktail for 20 min on ice in
the dark.

Wash cells with ice-cold staining buffer twice and resuspend samples in 400
uL of ice-cold staining buffer and pass through 40 um filter cap on FACS
tubes.

Acquire samples on LSR 11 cytometer (BD) or other appropriate FACS
analyzer and analyze as defined by gating strategy in Subheading 3.5 and Fig.
1.

3.5 Antibody Staining for Multi-Color Flow Cytometric Analyses

1.

After gating out dead cells, create another dot plot and further gate on CD45*
and 1-Ab* cells, which encompasses both macrophages and DCs (Fig. 1a).

Next, using a separate dot plot, gate cells that express either CD11b and/or
CD11c. When this population is further analyzed for CD103 and F4/80
expression, two major subsets of cells (R1 and R2; Fig. 1a) will be evident.
Cells in the R1 gate are CD103* F4/809uIV~ cells, which are mostly DCs, while
cells in region R2 are CD1037F4/80* cells, which are mostly macrophages.

Analyze regions R1 and R2 further for CD11c and CD11b expression to
further differentiate macrophage and DC subsets, respectively [27].
CD103*F4/80%ulV~ cells in R1 universally express high levels of CD11c and
are either CD11b + or CD11b%u!V/-, Alternatively, CD103-F4/80™ cells in R2
universally express high levels of CD11b and are either CD11c" or CD11cint
(Fig. 1b).

Recently several additional markers including CD14, CD26, and CD64 have
been used to discriminate intestinal macrophages and DCs [28, 29]. As shown
in Fig. 1c, these markers can be used to further confirm the DC and
macrophage subsets (see Note 16).

3.6 Magnetic Bead-Based Enrichment of Intestinal Macrophages

(Optional—only if more highly-purified cells are desired for functional studies).

Prepare the following reagents and equipment;

Ice-cold staining buffer (CMF PBS + 5 % FBS).
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1. Incubate the cell suspension obtained from step 7 of Subheading
3.3 with CD11b and/or CD11c MACS beads according to the
manufacturer's instructions (see Note 17).

2. Wash cells with ice-cold staining buffer followed by centrifugation.

3. Discard supernatant and resuspend the cell pellet in 1 mL ice-cold
staining buffer and pass through a 100 pum cell strainer followed by
a 40 pum cell strainer (see Note 18).

4. Enrich for magnetic bead-attached cells by positive selection using
MACS LS magnetic column.

5. Repeat step 4.2 and discard supernatant.

6. Incubate cells with surface marker antibodies as described in
Subheadings 3.4 and 3.5.

7. Wash magnetic bead-enriched cells twice with ice-cold staining
buffer. Resuspend cell pellets in 500 pL ice-cold staining buffer
without sodium azide, and pass through 40 pm cell strainer into a
FACS tube (see Note 19).

8. Proceed to FACS-sorting on the BD ARIA Il Cell Sorter to sort
intestinal macrophage (or DC) subsets of interest.

1. Steps 1-9 of Subheading 3.1 must be performed as quickly as possible to
minimize the extent of cell death and to achieve maximum cell yield.

2. Be careful when removing the mesentery from the gut wall. Hold the intestine
with one pair of forceps while gently pulling the mesentery with another pair.

3. To easily visualize Peyer's patches for removal, begin removing them from the
ileum first and push darker luminal contents toward the jejunum and duodenum
in order to contrast the light Peyer's patches from the lumen.

4, Each small intestine after being cut into 1.5 cm pieces is placed into a single 50
mL conical tube. When isolating more than 1 small intestine, it is important to
not place more than one small intestine per single 50 mL conical tube. This
prevents increased cell death.

5. When isolating more than one colon, up to three colons can be combined per
single 50 mL conical tube.

6. We have had success with both type VIII and type 1V collagenase from Sigma-
Aldrich. While optimized lots of type VIII and type 1V collagenase can both
provide excellent digestion of the mouse small intestine, in our experience,
collagenase type IV provides superior digestion of the mouse large intestine.

7. Make sure that as much excess media is dabbed away to ensure the most
uniform cutting of tissue.
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It is important to use sharp scissor that efficiently and thoroughly mince
intestinal tissue. Also, it is important that the minced intestine is added into the
collagenase solution immediately before placing in the orbital shaker. If more
than one intestine is being processed, minced intestines can be left in the
plastic weigh boats until they are all ready to be placed into their respective
collagenase tubes.

Optimizing the concentration of collagenase and the duration of tissue
digestion is important to obtain optimal cell yield without compromising
viability and surface antigen expression. Under- digestion yields a low total
cell number while over-digestion dramatically increases the number of dead
cells and the quality of the FACS staining is compromised. Overall cell yield,
viability, and surface antigen expression are affected by several factors
including the source, type, concentration and enzymatic activity of
collagenase, the duration of tissue digestion, the degree of mincing, the
temperature of media, and the status of inflammation in the intestine [26].
Based on our experience, the concentration of collagenase is usually in the
range of 1-1.5 mg/mL, and optimization of the different factors mentioned
above for tissue digestion is important to ensure the highest quality and
reproducibility of data.

One of the most important parameters for consideration in this protocol is the
manufacturer, type, and specific lot of collagenase. Extreme variability in
collagenase activity exists between different manufacturers, types of
collagenase, and production lots, thus the potency of digestion may vary
greatly and requires optimization.

If intestinal tissue is already dissociated after this step there is no need to
perform vortexing.

If a solid pellet is not observed for colon samples after centrifugation, invert
the sample several times and centrifuge again for 5 min.

Pouring off the supernatant is an important checkpoint for the quality of the
cell digestion. The goal is a tightly packed cell pellet with a small ring of
RBCs.

In our experience, use of a ~45/70 % Percoll gradient to further enrich for
macrophages and dendritic cells leads to reduced cell yield, likely as a result of
a fraction of these cells residing on top of the upper 45 % layer.

Make sure to perform live/dead staining in PBS without serum. For a positive
control for dead cell staining, we place a separate aliquot of cells into a 100 °C
heat block for 1 min and then place these “dead” cells on ice and add in an
equal amount of cells that were not heat-killed to ensure nice positive and
negative peaks for live/dead staining. For all FACS staining, unstained
intestinal cells may be utilized as a negative control to assist in the proper
placement of the gates to separate positive and negative populations.
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16. DC subsets express high levels of CD26, while macrophage subsets express
high levels of CD14 and CD64. Other markers such as CD68, CX3CR1, and
CD272 may also be used to identify DCs and macrophages [3, 4, 30].

17. If simultaneous enrichment of macrophages and DCs is desired, magnetic
beads targeting CD11b and CD11c can be added at the same time. We have
had success using 50 pL of beads + 450 pL buffer per each intestine.

18. In order to prevent clogging of the MACS LS columns, it is incredibly helpful
to pass cells first through a 100 um cell strainer followed by a 40 um cell
strainer before adding cells onto the column.

19. For functional studies where healthy, live cells are required, it is imperative to
use ice-cold staining buffer without sodium azide.
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LP Lamina propria

Sl Small intestine
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Fig. 1.

Representative analysis for macrophages and DCs in the intestine by multi-color flow
cytometry. (a) Small intestinal lamina propria living CD45 + MHCII+ cells were analyzed
for CD11c and CD11b expression and consequently the resulting populations were separated
for CD103+ DCs (R1) and F4/80+ macrophages (R2). (b) CD103+ DCs (R1) and F4/80+
macrophages (R2) were divided by CD11c and CD11b expression. (c) Expression of CD14,
CD26, and CD64 was analyzed for CD11b- DC, CD11b + DC, CD11c + macrophages, and
CD11c- macrophages with colors corresponding to the populations defined in panel b
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