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16Much of our understanding of gut-microbial interactions has come frommousemodels. Intestinal
17immunity is complex and a combination of host genetics and environmental factors play a
18significant role in regulating intestinal immunity. Due to this complexity, nomousemodel to date
19gives a complete and accurate representation of human intestinal diseases, such as inflammatory
20bowel diseases. However, intestinal tissue from patients undergoing bowel resection reflects a
21condition of severe disease that has failed treatment; hence a more dynamic perspective of
22varying inflammatory states in IBD could be obtained through the analyses of pinch biopsy
23material. Here we describe our protocol for analyzing mucosal pinch biopsies collected
24predominantly during colonoscopies. We have optimized flow cytometry panels to analyze up
25to 8 cytokines produced by CD4+ and CD8+ cells, as well as for characterizing nuclear proteins
26and transcription factors such as Ki67 and Foxp3. Furthermore, we have optimized approaches to
27analyze the production of cytokines, including TGF-beta from direct ex vivo cultures of pinch
28biopsies and LPMCs isolated from biopsies. These approaches are part of our workflow to try and
29understand the role of the gut microbiota in complex and dynamic human intestinal diseases.
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36 1. Introduction

37 Ulcerative colitis and Crohn's disease are the two conditions
38 that comprise inflammatory bowel diseases. Collectively they
39 affect approximately 1.4 million people in North America alone
40 with prevalence on the increase (Lakatos, 2006; Loftus, 2004).
41 IBD is a complex disease and there is a poor understanding of its
42 etiology. Host genetics and immune responses combine some-
43 how with environmental factors to contribute toward the onset
44 of IBD (Sartor, 2006). Genetically susceptible individuals even-
45 tually mount an aberrant immune response against intestinal

46flora and/or dietary antigens causing the archetypal pathology
47associated with IBD (Duchmann et al., 1995; Maul and
48Duchmann, 2008; Mow et al., 2004). Activated CD4+ T helper
49cells in the lamina propria and epithelium of the gut mucosa are
50key mediators of intestinal inflammation (Funderburg et al.,
512013; Zenewicz et al., 2009) and we are performing in-depth
52analysis of their cytokine production to draw comparisons
53between active and inactive disease states. (Leung et al., 2014)
54Mouse models of IBD have improved our understanding of
55intestinal immunity but none are a perfect representation of
56the human diseases (Jones-Hall and Grisham, 2014; Kuhn et al.,
571993; Ostanin et al., 2009; Okayasu et al., 1990). Characteriza-
58tion of human samples from both diseased and healthy tissues
59is critical for our understanding of human intestinal immunity.
60Unlike mouse experiments, where the entire length of the
61colon can be dissected, human tissue samples are difficult to
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62 obtain and can bemuchmore scarce. Analysis of tissue from the
63 human gastrointestinal tract requires harvesting cells from
64 either surgical specimens or pinch biopsies. While surgical
65 specimens provide larger amount of tissue for greater cell yield,
66 they represent a patient population that has failed treatment
67 and does not provide a dynamic picture of all the disease states
68 in IBD. Pinch biopsies allow us to analyze specific areas of the
69 intestinewithout surgical intervention and thus,mucosal pinch
70 biopsies can provide researchers with a better picture of
71 varying disease conditions; remission, active and inactive
72 colitis. Furthermore, pinch biopsies allow us to sample a single
73 patient multiple times over the course of months or even years
74 providing valuable longitudinal data. However, the major
75 drawback of working with pinch biopsies is that the amount
76 of tissue obtained is limited. It is, therefore, paramount to
77 optimize protocols to ensure maximum cell yield to allow for
78 accurate analysis without compromising the functional prop-
79 erties of the isolated cells, and also to obtain the maximum
80 amount of information from the isolated cells.
81 Here we describe our optimized protocol for analyzing
82 pinch biopsies obtained during colonoscopies.We now analyze
83 up to 8 cytokines by flow cytometry, gating on CD4+, CD8+
84 and CD3+ and CD3-cells in a single panel. We utilize a second
85 panel that allows us to examine nuclear proteins and
86 transcription factors such as Ki67 and Foxp3. Furthermore, we
87 have optimized approaches to analyze the production of
88 cytokines, including TGF-beta from direct ex vivo cultures of
89 pinch biopsies and LPMCs isolated from biopsies.

90 2. Materials and methods

91 2.1. Isolation of lamina propria mononuclear cells (LPMCs) from
92 biopsy tissue

93 • Abbreviations
94 LPMC—lamina propria mononuclear cells, RT—room temper-
95 ature, DMSO—dimethyl sulfoxide
96 PMA—phorbol 12-myristate 13-acetate
97 • Materials
98 Supplies:
99
100

102 Item103 Source

104 15 mL conical tube105 BD Falcon
106 50 mL conical tube107 BD Falcon
108 100 μm cell strainer109 BD Falcon
110 1 mL syringe111 BD Falcon
112 3 mL transfer pipet113 BD Falcon
114 96-well tissue culture V-bottom plates115 Corning116
117

118

119 Reagents:
120
121

123 Item124 Source

125 Collagenase VIII126 Sigma-Aldrich
127 DNase128 Sigma-Aldrich
129 Percoll130 GE Healthcare
131 10× PBS132 Gibco
133 1× PBS134 Gibco
135 RPMI-1640 medium with L-glutamine, 500 mL136 Mediatech
137

138(continued)

139Item 140Source

141Heat inactivated fetal bovine serum 142BenchMark
143100× penicillin/streptomycin/glutamine 144Invitrogen
1452-Mercaptoethanol 146Sigma-Aldrich
147Glycerol 148Sigma-Aldrich 149
150

151

152Solution and media preparation:
153Complete RPMI
154500 mL RPMI-1640
15510% fetal bovine serum
156100× penicillin/streptomycin/glutamine
15750 μM 2-mercaptoethanol
158FACS buffer
159500 mL PBS
1605 mL fetal bovine serum
1610.05% NaN3

162PROCEDURE
163Before starting:

164• Note that biopsy tissue should be collected in 15 mL conical
165tubes with complete media.
166• Resuspend collagenase VIII powder in RPMI-1640 at a
167concentration of 100,000 units/mL and resuspend DNase in
16810% glycerol at a concentration of 150 mg/mL.

169Steps 1–19: Isolation of LPMCs

1701. Prepare collagenase-DNasedigestionmixwith 100 units/mL
171of collagenase and 150 μg/mL DNase in 10 mL complete
172RPMI per sample.
1732. Transfer 10mL of the collagenase-DNase digestionmix to a
17450 mL conical tube.
1753. Transfer biopsy tissue to the collagenase-DNAse digestion
176mix tube and shake vigorously.
1774. Incubate at 37 °C for 1 h.
1785. During the 1 h incubation, prepare the 100% Percoll
179solution (9 parts Percoll, 1 part 10× PBS). Dilute the 100%
180Percoll solution to a 40% solution and an 80% solution with
181complete media. Note: By making the Percoll solution at
182this time, the solutions will then be at RT by the time the
183Percoll step arrives.
1846. Take out the 50 mL conical tube from the incubator and
185shake vigorously.
1867. Place a 100 μm cell strainer over a new 50mL conical tube.
1878. Pour the collagenase-DNase digestion mix through the
188100 μm cell strainer.
1899. Mash any undigested tissue through the filter using the
190bottom of a 1 mL syringe.
19110. Add 10mL 1×PBS through the 100 μmcell strainer towash
192out any cells stuck on the filter.
19311. Spin tube for 10 min at 600 RCF at RT.
19412. Aspirate supernatant carefully down to the pellet level.
19513. Resuspend pellet in 5 mL of the 40% Percoll solution and
196pipet up and down to mix. Transfer mix into a new 15 mL
197conical tube.
19814. Very slowly, underlay 5 mL of the 80% Percoll solution
199below the 40% Percoll solution. Note: Do not pipet out all of
200the solution from the pipet. Save a small amount of liquid
201inside the pipet, as pipetting out the complete 5mL solution
202will cause bubbles, whichwill interferewith the interphase.
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