Whole mount fluorescent imaging of M cells on Peyer’s patches and small intestinal villi of mice
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Short Abstract:
M cells are specialized antigen-sampling epithelial cells found principally over gut-associated lymphoid tissue such as Peyer’s patches that can also develop on intestinal villi. Here we describe a method using whole mount fluorescence microscopy for imaging mouse M cells with specific lectin and antibody reagents. 
 
Long Abstract:
M cells are a specialized population of intestinal epithelial cells capable of transcytosing particulate antigen.1 They play a vital role in immune surveillance by delivering antigen from intestinal lumen into the lymphoid tissue they overlay.2 M cells can be clearly identified by their polygonal epithelial shape and the pattern in which they develop over Peyer’s patches (PP).3,4 M cells initially develop from precursor cells in specialized crypts surrounding the dome and then migrate up the sides of the dome towards the apex, resulting in a pattern of radial strips of M cells.5 Sections of PP domes only offer a two-dimensional view in which the shape of individual cells and the overall pattern of organization of M cells on the dome are difficult to appreciate; in contrast whole mount imaging reveals these features for the entire dome surface. The most commonly used reagent to identify mouse M cells on PP is a lectin, Ulex europaeus agglutinin I, or UEA-I, which binds (1,2)-fucose linkages found on the surface of M cells.6 Some specificity issues can arise while using UEA-I to identify M cells since (1,2)-fucose linkages are also found in mucus and on goblet cells and Paneth cells.7 Removal of any adherent mucus from the PP dome is one of the challenges to effectively imaging PP M cells. M cells may also develop on small intestinal villi, either naturally or under the influence of stimuli including RANKL and the enteric microflora.8,9 Attempting to image these villous M cells with a whole mount approach is more challenging than PP M cells due to neighboring goblet cells, the increased amount of mucus, and the delicate nature of the villi. Here we present a method for whole mount PP staining resulting in images of M cells without interference from mucus. A variation on this PP staining protocol is included for staining villi which involves a more rigorous cleaning process and longer fixation time. Similar methods may also be used to stain for M cells with M cell-specific antibodies. As an example, a staining technique for detection of glycoprotein 2 (GP2), a receptor found specifically on M cells10, is included in this protocol. Compared to the involved process of embedding and sectioning tissue needed to prepare either frozen or paraffin sections for staining, whole mount staining is a less time-consuming method that provides a versatile way to study the differentiation of small intestinal M cells. 


Protocol Text: 
1) Harvest and Preparation of Peyer’s Patches 
The epithelium overlaying Peyer’s patches (PPs) contains mostly enterocytes and M cells with few goblet cells, therefore there is less mucus over the PP to remove than on villous epithelium. Because of the domed shape of PPs, it is easier to image the epithelial surface of a PP if it is left unfixed.
1.1) Remove the whole small intestine from a BALB/c mouse in one piece, starting below the stomach and continuing to the cecum. Include a small portion of the cecum to help discriminate the proximal end of the small intestine from the distal end. Rinse the small intestine in a petri dish of cold PBS on ice.
1.2) Starting with the proximal end, isolate individual PPs from the intestines with a longitudinal cut with fine scissors, removing each PP and a surrounding border of 5 mm of villous tissue around the PP in one piece. The bordering villous epithelium surrounding the PP will allow for easier manipulation of the PP.
1.3) Immediately place PPs in a petri dish of cold PBS. PPs can be separated by their location along the small intestine to compare proximal to distal PPs, or pooled as needed.
1.4) Wash PPs in 1 mL of PBS with 0.05% Tween 20 in a microcentrifuge tube. Vortex for 30 seconds, remove solution and any debris. Repeat this step once. Rinse with 1 mL of PBS.
1.5) If staining the PPs overnight with either UEA-I or anti-GP2, it is necessary to fix the isolated PPs in 1 mL of buffered formalin for 30 minutes to preserve the morphology. Rinse with 1 mL of PBS after fixation. UEA-I staining done immediately after harvesting the tissue does not require a fixation step. Only use fixation for antibody staining if the primary antibodies to be used retain their binding specificity on fixed tissue. 
2) Harvest and Preparation of Small Intestinal Tissue
Villi are delicate and can be easily broken off by handling of the tissue. Fixing segments of opened small intestine prior to staining will preserve the villi throughout the procedure, which includes more rigorous washes to remove the mucus from between the villi.
2.1) From the remaining small intestine, cut 5 cm long segments of tissue from the areas of interest. Open the segments with a longitudinal cut and rinse in cold PBS.
2.2) Fix tissue in 1 mL buffered formalin in a microcentrifuge tube for 30 minutes at room temperature. Use of 4% paraformaldehyde as an alternative fixative yields equivalent results. Rinse with 1 mL of PBS.
2.3) Prepare a 1% N-acetyl cysteine (NAC) solution in deionized H20. Solution will initially be acidic; adjust pH to 8.0 with sodium hydroxide.
2.4) Add 1 mL of 1% NAC solution to tube and vortex for 30 seconds. Wait for 10 minutes, then vortex for an additional 30 seconds.
2.5) Rinse tissue with 1 mL of PBS.
3) Staining of Tissue
An overnight protocol is recommending only when using fixed tissue. The M cell marker mentioned in this protocol, GP2, is found both intracellularly and on the cell surface. Therefore, saponin is used to permeabilize the cells and enable access of the antibody to intracellular GP2. Staining for other M cell surface markers with antibodies may not require the use of saponin in the buffer. 
3.1) To stain for UEA-I alone, mix a staining solution of 1 g/mL rhodamine-conjugated UEA-I and 1 g/mL DAPI to PBS. Incubate tissue in 1 mL of solution while shaking at 500 rpm at 4oC for 1 hour. These speed and temperature settings are for an Eppendorf Thermomixer R kept on a bench top at ambient temperature. Rinse with 1 mL of PBS and proceed to step 4.1.
3.2) To stain for GP2 and UEA-I together, first add 1 mL of 0.2% saponin in TBB buffer to tissue. Gently shake at room temperature for 15 minutes at 500 rpm.
3.3) Prepare a staining solution of 1 g/mL unconjugated anti-GP2 in 0.2% saponin in TBB buffer. Add 1 mL of solution to tissue and shake at 4oC at 500 rpm overnight.
3.4) Wash tissue twice with 1 mL of 0.2% saponin in TBB buffer, vortexing for 10 seconds and then decanting the wash buffer. Mix a staining solution of 1 g/mL rhodamine conjugated UEA-I with 1 g/mL Alexa Fluor 647 conjugated goat anti-rat IgG and 1 g/mL DAPI in 0.2% saponin in TBB buffer. Secondary antibodies conjugated to other fluors can also be used. Add 1 mL of solution to tissue and shake at 4oC at 500 rpm for 2 hours. 
3.5) Wash tissue twice with 0.2% saponin in TBB buffer, vortexing for 10 seconds, and proceed to step 4.1.
4) Imaging of Tissue
Tissue fragments used for whole mount staining will be more autofluorescent than sectioned tissue, and careful adjustment of exposure time and background brightness is necessary to obtain clear images. While whole tissue is less sensitive to photobleaching, fluors are still susceptible to overexposure from light and can fade. Care should be taken to work quickly with the minimal amount of light necessary to excite the fluorescent tags. When staining with anti-GP2, use of ProLong Gold (or an alternate antifade reagent) is strongly recommended to minimize problems with photobleaching and allow images of the anti-GP2 staining to be recorded.
4.1) Place tissue onto a glass slide. Under a dissecting microscope, gently manipulate the tissue with plastic pipet tips to ensure the tissue is positioned with the mucosal surface facing up. PP follicles naturally have a convex shape and may need to be slightly flattened on the slide when the cover slip is added.
4.2) Segments of small intestine may become twisted during the staining process. If this happens, an effective solution that avoids damage to the epithelial cells of interest is to hold one end of a segment to the slide with one pipet tip, and gently run the other pipet tip along the serosal side to straighten the segment out without touching the villi. Segments that have flipped upside down on the slide (i.e. serosal surface facing up) will show a distinct pattern of UEA-I staining derived from Paneth cells residing at the bottom of the crypts (Figure 3B).
4.3) Add 10 L (or one drop) of ProLong Gold antifade reagent on top of the tissue and cover with a glass cover slide. Seal the edges of cover slip to glass slide with clear nail polish, being careful not to obscure tissue of interest under the cover slip. Long cover slips (24 mm X 50 mm) are suggested to fully cover all the tissue, while leaving enough space between the tissue and the edges to apply nail polish to seal the cover slip to the slide. Allow a minimum of one hour for the nail polish to dry and the ProLong Gold Antifade reagent to cure before viewing. 
4.4) Using a fluorescence microscope, single PP domes can best be viewed using a 20x lens. The UEA-I signal is strong enough that it can be routinely detected with low magnification lens, but the pattern of M cells can best be discerned with a 20x lens. To obtain a better view of individual M cells, an oil immersion lens with 40x or 60x magnification is recommended. The fluorescence from Alexa Fluor 647 is not as bright to the eye when viewed through the oculars as some other fluors because of its emission spectrum, but excellent images can be recorded with a digital CCD camera.
4.5) For imaging with a digital CCD camera, Spot Camera software (or an equivalent program) should be used. Using manual exposure mode on the lowest aperture setting, imaging of a PP dome at 20x magnification should require between 10-100 milliseconds of exposure for UEA-I rhodamine, depending on the strength of signal. If the image requires a longer exposure, increase the aperture setting to keep the exposure time below 100 milliseconds to avoid overexposing the tissue.
4.6) Images acquired using higher power oil immersion lenses require a longer exposure time (between 50-200 milliseconds) and should be acquired after any needed lower power images have been recorded. Other markers and fluors may require longer exposure lengths than what is optimal for UEA-I.

Representative Results: 
M cells can be easily identified on PP domes with rhodamine-conjugated UEA-I. Figure 2A shows an image of an individual PP dome obtained with a 20x lens; both the polygonal shape of the individual M cells and the radial pattern of the M cells on the individual PP domes are visible. Figure 2B shows a few individual M cells at a higher magnification. Figures 2C and 2D show the UEA-I and anti-GP2 staining patterns of a single dual stained PP dome using a 20x lens. The anti-GP2 staining detected with an Alexa Fluor 647 conjugate has been pseudocolored green to enhance its visibility. Most but not all of the cells in the field are positive for both markers. M cells on villi from RANKL-treated mice are identifiable by their polygonal shape (Figures 3C and 3D). Dual staining of RANKL-induced M cells on villi using UEA-I and anti-GP2 (Figures 3D-3F) yields images showing cells which are clearly positive for both markers as well as others which stain more strongly for one of these markers, indicating the value of using multiple markers to assist in the identification of M cells on villi.

Tables and Figures:  
Figure 1: Schematic summary of the protocol for staining of M cells on PPs and villi.
Figure 2: M cells on Peyer’s patch domes. PPs from BALB/c mice were stained with UEA-I (A) or UEA-1 and anti-GP2 in saponin-containing buffer (C,D) and imaged at 20x (A). A higher magnification image shows the polygonal shape of individual M cells (B). 
Figure 3: M cells on small intestinal villi. Systemic treatment with recombinant GST-RANKL fusion protein (100 g per day for 4 days) can induce large numbers of villous M cells on villi9, stained here with UEA-I and DAPI as a counterstain (A). A whole mount image of the serosal surface of the small intestine shows UEA-I+ Paneth cells in the crypts (B). Under higher magnification, the polygonal shape of M cells is apparent (C). M cells can be stained with both UEA-I (D) and anti-GP2 (E). A merge of these images along with the DAPI counterstain (F) shows some UEA-I and GP2 dual positive cells (large arrowheads), and some cells that are only UEA-I positive. Round goblet cells or mucus drops (small arrowheads) stain with UEA-I, but not anti-GP2.

Discussion: 
Visualizing intestinal M cells by whole mount microscopy can be a useful technique when studying the development of M cells. Recently we have used UEA-I staining to establish that RANKL, a cytokine in the TNF superfamily, is necessary for the development of M cells.10 Other factors influencing the differentiation pathway of M cells in vivo can similarly be studied by staining intestinal tissue for the presence of M cells. By allowing for in vivo manipulation and experimentation, whole tissue imaging is preferable to cell culture systems that only mimic limited aspects of M cell function.
Most intestinal M cells are found over PP domes in radial strips converging on the apex of the dome and can be easily identified with the lectin UEA-I (Figure 2A). Because goblet cells are rare on PP domes, most UEA-I staining is from polygonal M cells. Whole mount examination of PP domes reveals there is some variation of UEA-I intensity on individual M cells (Figure 2B).
Identifying M cells on small intestinal villi can be more difficult, due to increases in the amount of mucus and the number of goblet cells compared to a PP dome. Here an NAC solution is used to disrupt the mucous layer on the small intestine. Too much NAC can be detrimental to the integrity of the tissue, and there is no need to use NAC on PPs where a dilute Tween 20 solution is enough to remove most of the mucus. Despite vigorous washing to remove mucus, mucus spots/goblet cells may still appear on the tissue (Figure 3F). Delicate villi can easily be torn away from the tissue in this process; increasing fixation time or decreasing the time the tissue is exposed to the NAC solution are two modifications that can be made if large patches of torn villi are seen when the tissue is examined under the microscope.
When staining M cells on mouse tissue, one consideration should be the strain background of the mice used. BALB/c mice are often selected because the fucosylation of M cells detected by UEA-I is more uniform and easier to detect compared to other inbred strains such as C57BL/6. Other strains of mice may contain epithelium which is more widely fucosylated, with UEA-I binding to more enterocytes than just M cells.
It may be necessary to include additional markers besides UEA-I in whole mount staining studies for definitive identification of M cells on villi.  In this contribution, a method for staining for GP2 was included. Because saponin is required for visualization of intracellular receptors such as GP2, the disruption of the cell membrane with saponin can result in blurrier UEA-I staining (Figure 2D, 3D-3F), although these images still clearly show UEA-I+ GP2+ M cells. This protocol can easily be adapted as needed to image M cells with multiple markers in a variety of mouse models, making it a useful technique to examine the differentiation of M cells, to identify M cell precursors and to establish which factors are important in the induction of M cells.
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Table of specific reagents and equipment:
	[bookmark: 0.2_table01]Name of the reagent
	Company
	Catalogue number

	Tween 20
	Sigma
	P7949

	10% Buffered Formalin Solution
	Sigma
	HT5014

	Paraformaldehyde
	Sigma
	P6148

	N-Acetyl Cysteine
	Sigma
	A7250

	Saponin
	Sigma
	84510

	TSA Blocking Buffer (TBB)
	Perkin Elmer
	FP1012

	UEA-I, Rhodamine-labeled
	Vector Laboratories
	RL-1062

	DAPI
	Calbiochem
	268298

	Anti-mouse GP2 (clone 2F11-C3)
	MBL International
	D278-3

	Alexa Fluor 647 goat anti-rat IgG
	Invitrogen
	A21247

	ProLong Gold antifade reagent
	Invitrogen
	P36930

	Microslides, 25 mm x 75 mm
	VWR
	48312-002

	Cover slips, 24 mm x 50 mm
	VWR
	102810-9

	Clear nail polish
	New York Color
	271A

	Thermomixer R shaker with cooling
	Eppendorf
	022670107

	Fluorescence microscope
	Nikon
	80i

	SPOT Pursuit CCD Digital Microscope Camera
	Diagnostic Instruments
	16.6 4Mp Slider
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