Journal of Visualized Experiments

Unraveling key players of humoral immunity: Advanced and optimized lymphocyte
isolation protocol from Peyer’s Patches

Article Type:
Manuscript Number:

Full Title:

Keywords:

Corresponding Author:

Corresponding Author's Institution:
Corresponding Author E-Mail:
Order of Authors:

Additional Information:

Question

Please indicate whether this article will be
Standard Access or Open Access.

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

--Manuscript Draft--

Invited Methods Article - JoVE Produced Video
JoVE58490R2

Unraveling key players of humoral immunity: Advanced and optimized lymphocyte
isolation protocol from Peyer’s Patches

Payer Patches, follicular T helper cells, germinal center B cell, lymphocyte isolation,
tissue preparation, lymphocyte subsets, lymphoid organs, gut

Vassiliki A Boussiotis, MD, PhD
Beth Israel Deaconess Medical Center, Harvard Medical School
Boston, MA UNITED STATES

Beth Israel Deaconess Medical Center, Harvard Medical School
vboussio@bidmc.harvard.edu

Vassiliki A Boussiotis, MD, PhD

Yavuz F. Yazicioglu

Halil I. Aksoylar

Rinku Pal

Nikolaos Patsoukis

Response

Standard Access (US$2,400)

Beth Israel Deaconess Medical Center, 330 Brookline Avenue, Room Dana 513,
Boston, MA 02215

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Cover Letter

EEIENl A teaching hospital of

Beth Israel Deaconess

b, 4 Harvard Medical School
Medical Center &
Department of Medicine Vassiliki A. Boussiotis, M.D., Ph.D.
Division of Hematology-Oncology Professor of Medicine
Beth Israel Deaconess Medical Center Harvard Medical School

Boston MA 02215
Phone: 617-667-8563
FAX: 617-667-9922

J Bing Wu, Ph.D.
Review Editor
JoVE

Phone: 617-401-9938
August 1, 2018

Dear Dr. Wu

We are pleased to submit our revised manuscript titled “Unraveling key players of humoral
immunity: Advanced and optimized lymphocyte isolation protocol from murine Peyer’s Patches”
for consideration in JoVE (JoVES58490).

We would like to thank you for your time on the review of our manuscript. All the points of the
reviewers and the editor have been taken into consideration and the manuscript has been revised
accordingly.

All the changes are highlighted in the revised manuscript. Below is a point-by-point response to the
reviewers’ and the editor’s comments.

Thank you for your kind consideration.
Sincerely

D> o T
t>c‘) L Sio 4\
Vicki A. Boussiotis, M.D., Ph.D.



Manuscript Click here to access/download;Manuscript;58490_R2.docx %

1  TITLE:
2 Unraveling Key Players of Humoral Immunity: Advanced and Optimized Lymphocyte Isolation
3 Protocol from Murine Peyer’s Patches
4
5 AUTHORS & AFFILIATIONS:
6  Yavuz F. Yazicioglu*?, Halil I. Aksoylar’?, Rinku Pal*?, Nikolaos Patsoukis?, Vassiliki A.
7  Boussiotis!?
8 IDivision of Hematology-Oncology, Beth Israel Deaconess Medical Center, Harvard Medical
9  School, Boston, MA, USA
10 2Department of Medicine, Beth Israel Deaconess Medical Center, Harvard Medical School,
11 Boston, MA, USA
12
13  Corresponding Author:
14  Vassiliki A. Boussiotis
15  Email: vboussio@bidmc.harvard.edu
16 Tel: (617) 667-8563
17
18 Email Addresses of Co-authors:
19  Yavuz F. Yazicioglu (Yazicioglu@stud.uni-heidelberg.de)
20  Halil I. Aksoylar (haksoyla@bidmc.harvard.edu)
21  Rinku Pal (rpal@bidmc.harvard.edu)
22 Nikolaos Patsoukis (npatsouk@bidmc.harvard.edu)
23
24  KEYWORDS:
25  Peyer’s patches, follicular T helper cells, germinal center B cell, lymphocyte isolation, tissue
26  preparation, lymphocyte subsets, lymphoid organs, collagenase
27
28 SUMMARY:
29 In this study, we present a novel and effective protocol for the isolation of lymphocytes from
30 Peyer’s Patches (PPs), which can be subsequently used for in vivo and in vitro functional assays
31  as well as flow cytometric studies of follicular T helper and germinal center B cells.
32
33  ABSTRACT:
34  In the gut mucosa, immune cells constitute a unique immunological entity, which promotes
35 immune tolerance while concurrently conferring immune defense against pathogens. It is well
36 established that Peyer’s patches (PPs) have an essential role in the mucosal immune network by
37 hosting several effector T and B cell subsets. A certain fraction of these effector cells, follicular T
38 helper (TFH) and germinal center (GC) B cells are professionalized in the regulation of humoral
39 immunity. Hence, the characterization of these cell subsets within PPs in terms of their
40  differentiation program and functional properties can provide important information about
41  mucosal immunity. To this end, an easily applicable, efficient and reproducible method of
42  lymphocyte isolation from PPs would be valuable to researchers. In this study, we aimed to
43  generate an effective method to isolate lymphocytes from mouse PPs with high cell yield. Our
44  approach revealed that initial tissue processing such as the use of digestive reagents and tissue
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agitation, as well as cell staining conditions including the selection of antibody panels, have great
influence on the quality and identity of the isolated lymphocytes and on experimental outcomes.
Here, we describe a protocol enabling researchers to efficiently isolate lymphocyte populations
from PPs allowing reproducible flow cytometry-based assessment of T and B cell subsets
primarily focusing on follicular TFH and GC B cell subsets.

INTRODUCTION

The entire gastrointestinal tract from the beginning to the end is decked with an extensive
lymphoid network that contains immune cells more than any other organ in human and mouse?.
Peyer’s patches (PPs) constitute a major component of the intestinal branch of this cellular
immune organization, so-called gut-associated lymphoid tissue (GALT)?3. Within PPs, thousands
of millions of antigens derived from dietary materials, commensal microbiota and pathogens are
being sampled continuously, and when necessary appropriate immune responses toward them
are mounted thus maintaining intestinal immune homeostasis. In that sense, PPs could be named
as “tonsils of the small intestine”. PPs consist of major sub-compartments: subepithelial dome
(SED), large B-cell follicle zones; the overlying follicle-associated epithelium (FAE) and
interfollicular region (IFR) where T cells are located®. This unique compartmentalization of PPs
enables different effector cell subsets to cooperate, thus, confers immunocompetence in the gut.
PPs lack afferent lymphatics, and due to this reason, antigens transported to PPs from small
intestine are not being conducted through lymphatic vessels in contrast to most of the other
lymphoid organs. Instead, specialized epithelial cells located in FAE, so-called M cells, are
responsible for the transfer of luminal antigens into the PPs°. Subsequently, the transported
antigens are picked up by the dendritic cells (DCs) and phagocytes that are located in the
subepithelial dome (SED) region beneath the FAE®’. This antigen sorting process by DCs in the PP
is crucial to initiate adaptive immune response® and subsequent generation of IgA secreting
cells®.

Due to the heavy antigenic burden from commensal flora and dietary material, PPs host
endogenously activated effector T and B cell subsets in great abundances such as TFH and IgA*
GC B cells'9, suggesting that PPs represent a site of active immune response®!. Detection of up to
20-25% TFH cells within total CD4* T cell compartment and up to 10-15% GC B cells within total
B cells is possible in PPs collected from unimmunized young C57BL/6 mice!?. In contrast to other
T helper cell types (i.e., Thl, Th2, Th17 cells), TFH cells show unique tropism into B cell follicles
primarily owing to CXCR5 expression, which promotes TFH cell homing along CXCL13 gradient?3.
In the B cell follicle zones of PPs, TFH cells induce IgA class switch recombination and somatic
hypermutation in activated B cells from which high-affinity IgA producing cells differentiate®®.
Subsequently, these antibody-secreting plasma cells migrate to the lamina propria (LP) and
regulate immune homeostasis in the gut©.

Identification and characterization of TFH and GC B cell populations within PPs might enable
researchers to investigate the dynamics of humoral immune responses under steady-state
conditions without the need of time-consuming immunization models traditionally used in TFH-
GC B cell studies®>*8, Analyzing TFH cells within PPs is not as straightforward as other cell subsets.
Technical challenges include identifying ideal tissue preparation conditions, surface antibody-
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marker combination, as well as selecting appropriate positive and negative controls. Both TFH
and PP research fields exhibit great variability in terms of experimental procedures and are far
from conferring a consensus to establish standardized protocols due to several reasons. First,
each cell subset within PPs tends to be affected differentially by tissue preparation conditions
requiring further modifications in a cell subset-specific manner. Second, there is a significant
discrepancy among the reported methods regarding the details of cell preparation from PPs.
Third, the number of protocol-based comparative studies investigating ideal tissue preparation
techniques and experimental conditions for PP and TFH research is rather limited.

Current protocol-based studies suggested for PP cell preparation?®~?? were not TFH- or GC B cell-
oriented. Moreover, some tissue preparation conditions recommended for PPs'®?° such as
collagenase-based digestion were found to affect the outcome of TFH identification by flow
cytometry negatively®. On this basis, we reasoned that an optimized, standardized and
reproducible protocol that can be used to study TFH and GC B cell dynamics within PPs would be
valuable to investigators working on this topic. This need gave us the impetus to generate an
improved and up-to-date protocol for the isolation and characterization of PP lymphocytes that
is finely optimized for cellular recovery, viability, and efficiency for flow cytometric
characterization of several T and B cell subsets. We also aimed to exclude several laborious
preparation steps suggested in previous protocols, thereby, reducing the required manipulations
and time for tissue and cell preparation from PPs.

PROTOCOL:

All studies and experiments described in this protocol were conducted under guidelines
according to Institutional Animal Care and Use Committee (IACUC) of Beth Israel Deaconess
Medical Center.

1. Designing Experimental Set-up and Mouse Groups

1.1. (Optional) Co-house the experimental mice to facilitate horizontal transmission of gut
microbiota between experimental mice and to reduce non-specific variability within PP
lymphocytes. Additionally, use littermate controls of the same gender to minimize variability.

2. Surgical Excision and Tissue Preparation Steps:

2.1 Surgical removal of the Small Intestine (SI)

2.1.1. Euthanize mice using CO; asphyxiation or any equivalent method approved by the
institutional animal ethics committee.

2.1.2. Transfer the mouse to a dedicated area for surgical excision. Place backside down and
sanitize the abdomen with 70% ethanol. Perform a laparotomy by cutting the abdominal skin and

peritoneum along the midline from pubis to the rib cage thus opening the peritoneal cavity.

Note: Perform the first incision on a relatively small area of the skin to avoid penetrating the
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peritoneal cavity and damaging intestinal tissue. Continue the excision until desired anatomical
border.

2.1.3. Identify the caecum, which is an ideal landmark for the detection of the terminal ileum,
which constitutes the distal segment of the small intestine.

Note: Caecum is located on the lower left side of the mouse abdomen.

2.1.4. Pinpoint ileocaecal junction and make a cut at this level as distal as possible to separate
the small intestine from the caecum. Throughout the next steps, avoid excessive physical contact
with the intestinal wall because fragile PPs collapse easily upon touch.

2.1.5. Gently remove the entire small intestine until the pyloric sphincter by cutting the
mesentery using scissors. ldentify the junction between pylorus and duodenum, and snip the
duodenum at this level, which will lead to complete detachment of small intestine from the
abdominal cavity.

Note: (i) Avoid hyperextension as this might cause the rupture of the intestinal wall. (ii) If LP
lymphocyte isolation is desired in addition to PP lymphocytes, complete removal of the
mesenteric fat is necessary. However, for PP isolation only, remaining mesenteric fat could
provide some benefits during the further isolation steps; therefore, it should be preserved.

2.1.6. Place detached small intestines in a 6-well plate filled with cold RPMI + 10% fetal bovine
serum (FBS) and gently agitate the tissues manually until all intestinal segments are submerged
in the cold media. Maintain the tissues on ice throughout the next steps.

2.1.7. After dissecting the desired number of mouse small intestines, proceed to PP excision from
collected small intestines.

2.2. Surgical Excision of PPs and Preparation of Single Cell Suspension:

2.2.1. Gently transfer the small intestine on a paper towel by gripping the mesenteric fat using
forceps and place the mesenteric side facing the paper towel. Moisten the entire intestinal
segment with cold RPMI + 10% FBS to avoid tissue dehydration and stickiness.

Note: Remaining mesenteric fat can be helpful at this stage because fat tissue segments on the
mesenteric site of SI will stick to the paper towel keeping the anti-mesenteric site facing up.

2.2.2. Identify the PPs, which appear as white multi-lobulated aggregates in a “cauliflower-like”
shape on the anti-mesenteric side of the intestinal wall.

Note: Flushing out the luminal content is not recommended until all PPs are excised. Emptying
the luminal content might cause the collapse of the PPs and will prevent the color contrast
between PPs and the intestinal wall, which is very helpful for visual identification of PPs.



177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

2.2.3. After identifying PPs on the anti-mesenteric side, place the surgical curved-end scissor on
PPs (curve should face up) restraining the PP from its distal and proximal border. (Optional) Push
the PP gently toward the blades of scissor using a fingertip. This maneuver will lead to the better
exclusion of surrounding non-PP tissue. Excise the PPs gently, excluding the surrounding
intestinal tissue.

Note: (i) This step is crucial to obtain maximal PP cell yield while minimizing the cell
contamination from neighboring intestinal compartments such as LP and intestinal epithelium,
which are also rich in T cells. (ii) From one Sl excised from C57BL/6 mouse, 5-10 PPs (average size,
multi-lobulated) can be collected. By aiming even smaller PPs (not multi-lobulated), collection of
up to 12-13 PPs per mouse (C57BL/6) is possible using this protocol.

2.2.4. Transfer the excised PPs to a 12-well tissue culture plate filled with ice-cold RPMI + 10%
FBS and maintained on ice using forceps or curved surgical scissors.

Note: (i) Immediately after excision of PPs, mucus and intestinal content on the PP surface can
be cleaned by rubbing the tissue gently on a paper towel. This step will help improve the viability
of PP lymphocytes. (ii) Instead of transferring the PPs to a plate, transferring to separated tubes
can also be considered depending on total sample number.

2.2.5. (Optional) When PP excision and subsequent placement into the well plate are completed,
the number and size of PPs collected from different experimental/mouse groups can be
documented by taking a picture of the tissue culture plate containing PPs.

2.2.6. Prepare a set of 50 mL conical tubes filled with 25 mL of RPMI + 10% FBS (pre-warmed at
37 °C). Using a pair of scissors, cut the edge of a 1000 uL tip from the distance that will allow the
aspiration of the PPs with 1 mL pipette. Aspirate the PPs with 1 mL pipette and transfer them
from the 12-well tissue culture plate to the prepared 50 mL conical tubes.

Note: Use a new tip for each mouse to avoid cross-contamination among the samples.

2.2.7. Secure the lid and place the tubes vertically in an orbital shaker at 37 °C, with continuous
agitation at 125-150 rpm for 10 min. Meanwhile, prepare a new set of 50 mL tubes and place a
40 um cell strainer on the top of each tube, through which single cell suspension will be prepared.

Note: (i) The agitation step will remove the remaining intestinal content, mucus and cell debris,
which decrease the cell viability and recovery of PP lymphocytes if not removed. (ii) Do not apply
any kind of digestive enzymes on PP tissue because the digestion process causes a dramatic loss
of CXCR5 expression from the cell surface.

2.2.8. After the agitation, transfer the PPs to the 40 um cell strainer placed on the top of the
newly prepared conical 50 mL tubes. Using the rounded side of a 10 mL syringe plunger, gently
disrupt the PPs through the cell strainer to generate single cell suspension. Rinse the strainer
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with 15-20 mL of cold RPMI + 10 % FBS.

Note: (i) Before filtering, shake the tubes containing the PPs horizontally. This short shake will
facilitate the transfer of PPs into cell strainers. (ii) Using a 70 um cell strainer for the isolation of
non-lymphoid immune cells (e.g., monocytes, macrophages, DCs) is also desired.

2.2.9. Centrifuge the single cell suspensions at 350-400 x g for 10 min at 4 °C.

2.2.10. Carefully discard the supernatant and resuspend the cells at a concentration of 10 x 10°
cells/mL. Count the cells using a hemocytometer.

Note: (i) Prior to cell counting, the total cell number for each mouse PP group can be
approximately estimated using the following formula: “0.5-1 x 108 cells x (humber of PPs) = total
cell count”. Further dilutions with trypan blue for cell counting might be necessary. (ii) As an
alternative to manual counting, automated cell counters can be used.

2.2.11. Transfer 2-2.5 x 10° cells in appropriate volume (e.g., 200 pL) into a 96-well round-bottom
plate.

Note: For single color and negative control samples, 0.5-1 x 10° cells might be sufficient.
2.2.12. Centrifuge the plate at 350 x g for 5 min at 4 °C. Flick the plate.

2.2.13. Wash the cells in 200 uL of Staining Buffer.

3. Surface Antibody Staining

3.1 Viability Staining:

3.1.1. After the final wash, resuspend the cells in 100 puL of fixable viability dye diluted in PBS
(1:1000). Incubate for 30 min on ice or at 4 °C in the dark.

Note: (i) Intracellular staining for the detection of key transcription factors such as Foxp3 or Bcl-
6 requires fixation of the cells. In that case, non-fixable viability dyes (e.g., 7-AAD, DAPI) cannot
be used. (ii) To dilute fixable viability dye, do not use any staining buffer that contains protein.
The media used in this step must be protein-free. (iii) Exclusion of dead cells by using viability
staining is crucial because dead cells can cause serious technical difficulties in flow cytometry
analysis by emitting autofluorescence and by binding surface antibodies nonspecifically, which
might lead to false positive results.

3.1.2. Wash the cells twice with staining buffer. Centrifuge at 350 x g for 5 min at 4 °C. Flick the
plate.

3.2 Fc Block and Surface -Layer I:
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3.2.1. Prepare the Fc-block solution by diluting anti-CD16/32 antibody (1:200) in FACS buffer.
3.2.2. Resuspend the cells in 20 pL of prepared Fc-block solution. Incubate for 15 min on ice.

3.2.3. Without washing, add 80 pL of surface antibody cocktail (see Table 1 for the antibody
summary) prepared at appropriate dilutions. Incubate on ice for at least 30 min.

3.2.4. Wash twice by adding excessive FACS buffer. Centrifuge at 350 x g for 5 min at 4 °C. Flick
the plate.

3.3 Surface -Layer lI:

3.3.1. Prepare Streptavidin staining solution by diluting fluorochrome-conjugated Streptavidin in
staining buffer.

3.3.2. After the final wash, resuspend the cells with 100 pL of pre-diluted Streptavidin staining
solution. Incubate for at least 15 min on ice in the dark.

3.3.3. Wash twice with staining buffer. Centrifuge at 350 x g for 5 min at 4°C. Flick the plate.
(Optional) If intracellular staining for follicular T regulatory cell detection is not desired, after the
last wash, resuspend the cells in 200 pL of staining buffer and transfer into appropriate tubes to
acquire data in flow cytometer. When the samples are not fixed, acquisition of data by flow
cytometry should be performed within 3-4 h to obtain accurate results.

4. Cell Fixation

4.1. Prepare fixation/permeabilization (Fix/Perm) working solution using the reagents from
Foxp3/Transcription Fator Staining Buffer Set. Mix one-part of fixation/permeabilization
concentrate with three parts of fixation/permeabilization diluent to the desired final volume.

4.2. After the final wash, resuspend the cells in 200 pL of Fix/Perm working solution.

4.3. Incubate the plate on ice or at 4 °C for 20 min. Do not exceed 20 min for this step. Longer
incubation time might severely decrease the cell recovery.

4.4, Centrifuge at 350 x g for 5 min at 4 °C. Flick the plate. (Optional) After this step, fixed cells
can be stored for several days at 4 °C in staining buffer containing bovine serum albumin (BSA)
or FBS until subsequent intracellular staining or flow cytometry acquisition.

4.5. Resuspend the cells in 200 pL of permeabilization Buffer (x1) freshly pre-diluted in water.

4.6. Centrifuge at 350 x g for 5 min at RT.
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4.7. Wash once with 200 pL of permeabilization buffer and centrifuge at 350 x g for 5 min at RT.
5. Intracellular Staining

5.1. Prepare the Fc-block solution by diluting anti-CD16/32 antibody (1:200) in permeabilization
buffer.

Note: After the fixation step, the cells must be maintained in permeabilization buffer until the
end of the intracellular staining process.

5.2. After the final wash, resuspend the cells in 20 pL of Fc-block solution. Incubate for 10-15 min
at RT in the dark.

5.3. Without washing, add 80 pL of intracellular antibody cocktail (100 uL final volume) pre-
diluted in permeabilization buffer. Incubate for 30 min at RT.

5.4. Add 100 pL of Perm Buffer, and centrifuge at 350 x g for 5 min at RT.
5.5. Wash once with 200 ul of permeabilization buffer, centrifuge at 350 x g for 5 min at RT.

5.6. After the final wash, resuspend the cells in 200 uL of staining buffer and transfer the cells
into appropriate tubes (final volume of 400 uL in staining buffer) and acquire data by flow
cytometry. Samples may also be stained in 96-well plates and run without transferring into tubes
if a flow cytometer with plate reader option is available. This step minimizes cell loss during cell
transferring.

5.7. Acquire a minimum of 5 x 10° total cells on the flow cytometer to be able to perform
reproducible analysis of TFH, TFR as well as GC B cells.

REPRESENTATIVE RESULTS

In contrast to a previous protocol?®, we have observed that PPs are not evenly distributed
throughout the Sl but are localized more densely towards the distal and proximal ends of the S|
as shown in Figure 1A. Flow cytometric analysis showed that, if followed correctly, our protocol
gives a PP lymphocyte population that demonstrates forward-side scatter distribution similar to
splenocytes (Figure 2A, E, and 2D, H) with > 95% cell viability (Figure 2B and 2F). In contrast to
other SLOs, in C57BL/6 mice approximately 70-80% of total PP lymphocytes consist of B cells,
whereas CD4* T cells constitute only 10-15% of total PP lymphocytes (Figure 2C and 2G).

Please note that CD4* CD19* double positive (DP) cells constitute = 1% of total PP lymphocytes.
With certain precautions during cell preparation such as performing Fc-Block against Fc receptors
of B cells and excluding doublets, CD4* CD19* DP cell population could be minimized (Figure 3A
and B). However, a fraction of DPs that does not demonstrate forward scatter (FSC)
characteristics of doublets is unavoidable and should be gated out from the single positive T and
B cell gates (Figure 3B). Our results revealed that B cells within DP cells highly express CXCR5 on



353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396

their surface (Figure 3C) that might lead to false positive results in the TFH gate which is adjusted
based on CXCR5 expression in CD4* T cells. On the other hand, we found that GL7, a marker of
activated B cells, is also expressed in CD4* CD19* DP cells (Figure 3D), which might cause
interference with GC B cell gating.

Examples of TFH and GC B cell gating algorithms are depicted in Figure 4. For GC B cell gating, we
use GL7 labeling versus CD38, which identifies GC B cells as GL7* CD38 B cells (Figure 4A-B). PNA
labeling might be used instead of GL7%22 whereas CD38 can be replaced by one of the following
markers: IgD, Bcl-6, and CD95. Alternative gating strategies for GC B cells are demonstrated in
Figure S1. GC B cell ratio in PPs shows great variability in C57BL/6 mice. However, compared to
other SLOs, PPs have significantly higher GC B cell ratio with a range of 2-10% of total B cells
under steady-state conditions. Gating strategy for PP TFH cells is described as CD19- CD4* PD-1Mi
CXCR5* T cells (Figure 4A, C). “Zebra plot” was found to be an optimal demonstration method for
TFH gating as it depicts PD-1M population more discretely compared to other plot types (Figure
4C). TFR, a subset of TFH cells expressing Foxp3, are gated as CD19- CD4* PD-1" CXCR5* Foxp3* T
cells (Figure 4D). Like GC B cells, the TFH cell fraction also varies in unimmunized mouse
individuals with a range of 10-20% of total CD19- CD4* PP lymphocytes. Details of alternative
gating algorithms for TFH cells are described in Figure 4E, F and Figure S1C, D.

To avoid false positivity due to background staining and autofluorescence, isotype controls or
alternative equivalent controls such as Fluorescence Minus One (FMO) should be included in the
staining panel as a negative control for TFH and GC B cell markers (Figure 4G-J).

To optimize the conditions for PP tissue preparation, we developed a novel internally controlled
experimental strategy, in which PPs were collected from one individual mouse and pooled
separately depending on their anatomical origin (e.g., duodenal, ileal). For performing
experiments, pooled PPs were assigned to individual groups so that each experimental and
control group included an equal number of PPs from each anatomical region (Figure 5A). By this
approach, we found that collagenase-based enzymatic digestion (tested at 37.5 mg of
collagenase Il or IV per 25 mL of digestion mix = 1.5 mg/mL), which is commonly used for
lymphocyte isolation from various mucosal tissues, significantly reduced CXCR5 expression in PP
lymphocytes (Figure 5B), particularly in TFH cells (Figure 5F-1), while the expression of other
surface molecules (e.g., CD19, CD4) remained intact (Figure 5C-E). Reduction of CXCR5 detection
was prominent so that the expression of CXCR5 on collagenase-treated TFH cells was almost
indistinguishable from isotype control (Figure 5F-l). Further experiments showed that the
interference level of enzymatic digestion with CXCR5 expression was dependent on the CXCR5
antibody clone used (Figure 6A-F). Specifically, upon collagenase |l treatment, the detection
capacity of CXCR5 antibody clone 2G8 was more significantly impaired, than the detection
capacity of the CXCR5 antibody clone L138D7 (Figure 6A-D).

Enzymatic digestion not only reduced the expression of CXCR5 but also in the proportion of total
lymphocytes within PP cells as determined by the FSC-SSC characteristics, while a considerable
fraction of cells isolated from digested PPs exhibited forward and side scatter of a higher intensity
than PP lymphocytes (Figure 7A-C). The effects of collagenase on cell recovery occurred in a dose-
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dependent manner (Figure 7A, H, |, J). Enzymatic digestion increased the cell viability (Figure 7D-
E). However, this benefit was not causatively linked to collagenase digestion because the cells
isolated from PPs after the agitation without collagenase were favored similarly (Figure 7F). The
detection of the nuclear transcription factor Foxp3, which is of particular interest here because
it is usually assessed during TFH isolation to identify TFR cells, was improved by the agitation at
37 °Cregardless of the collagenase digestion (Figure 7G).

FIGURE LEGENDS

Figure 1: Macroscopic structure and anatomical distribution of murine Peyer’s Patches. (A). An
image obtained from duodenal-end of the small intestine with the stomach. Two closely-located
PPs in the duodenum are indicated with black arrows. (B). PPs collected from eleven C57BL/6
mice were stored individually in a 12 well-plate. (C). Image of freshly excised mouse PPs displayed
on a 40 um cell strainer.

Figure 2: Flow cytometric characterization and basic gating algorithm for PP lymphocytes. (A).
Dot plots demonstrate the distribution of freshly isolated unfixed PP lymphocytes along FSC and
SSC axes which exhibit great similarity to splenocytes (D). (B). Exclusion of dead cells by the
means of 7AAD expression. 7AAD" cells represent live cells. (C). CD19 and CD4-based
immunophenotyping of T and B cells among pre-gated live PP cells. (E-G). Representative flow
analysis of fixed PP lymphocytes. (H). Representative flow characteristics of fixed splenocytes.

Figure 3. CD4* CD19* Double Positive (DP) cells cause false positivity in TFH and GC B cell gating.
(A). CD4*CD19* DP lymphocytes within live PP cells are demonstrated. (B). Separation of DP cells
based on FSC characteristics as doublets and singlets. (C). CXCR5 and GL7 expression of DP cells
are depicted in histogram plots.

Figure 4. Representative TFH and GC B cell gating strategy. PPs were collected from a 3-month
old mouse and lymphocytes were isolated as described in the Protocol section. (A). CD19 and
CD4 labeling of live PP lymphocytes is depicted. (B). CD38' GL7" CD19* B cells were gated as GC
B cells. (C). TFH cells were gated as CXCR5* PD-1" CD4* cells. (D). TFR cells are a fraction of TFH
cells expressing regulatory cell-specific transcription factor Foxp3 together with TFH markers and
are gated as CXCR5* PD-1M Foxp3* CD4* T cells. (E-F). Gating strategy for TFH surface markers
confirmed in splenocytes isolated from NP-OVA-immunized mouse by the means of BCL-6
expression. (G-J). Fluorescence Minus One (FMO) controls for key TFH-TFR markers are depicted.

Figure 5: Collagenase-based enzymatic digestion leads to a massive reduction of CXCR5
detection. (A). PPs from a 2-month-old mouse located in the duodenum (= 1/3 proximal),
jejunum (= 1/3 middle) and ileum (= 1/3 distal) were collected and pooled separately. Pooled PPs
were equally distributed to the experimental groups. Enzymatic digestion with collagenase Il or
IV at 1.5 mg/mL concentration was performed with agitation for 10 min at 37 °C. (B-E). Histogram
plots depicting the expression of surface molecules (CXCR5, CD19, PD-1, CD4) of the cells isolated
from PPs that were subjected to collagenase-based digestion. (F-l1). TFH gating within the
collagenase-administered and control groups is demonstrated in zebra plots. Data represent
three independent experiments.
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Figure 6: The effect of collagenase on CXCR5 expression showed great difference depending on
the anti-CXCR5 antibody clone. PP lymphocytes collected from a 6-month-old mouse, pooled
and separated into different groups regarding antibody clone used and enzymatic digestion
application. (A-F). The proportion of TFH cells is depicted in zebra plots within pre-gated live,
CD19 CD4*T cells. (A, C & E). PP cells were stained with the Biotin-conjugated anti-mouse CXCR5
antibody (2G8 clone) and Streptavidin conjugated with BV421 fluorochrome. (B, D & F). PP cells
were stained with a primary conjugated anti-mouse CXCR5 antibody (L138D7 clone). (A-B). TFH
gating plots from undigested PP lymphocytes. (C-D). PPs digested with collagenase Il (20 mg/25
mL of digestion mix) and agitated for 10 min at 37 °C. Data represent two independent
experiments.

Figure 7. Collagenase-based digestion and agitation at 37 °C influence cell viability, recovery
and intracellular staining efficiency. A 3-month-old C57BL/6 mouse was sacrificed; PPs were
collected and pooled as described in Figure 5A. (A). After the collection of PPs, the tissues were
agitated in the presence of collagenase Il (37.5 mg/25 mL of digestion mix) for 10 min, FSC and
SSC characteristics of fixed PP cells are depicted in (A) and viability staining plot is depicted in (D).
(B, E). After the collection of PPs, the tissues were kept on ice without agitation or enzymatic
digestion; FSC and SSC characteristics of fixed PPs cells are depicted in (B) and viability staining is
depicted in (E). (C, F). After the collection of PPs, tissues were agitated at 125-150 rpm for 10 min
at 37°Cin the absence of collagenase; FSC and SSC characteristics and viability staining of fixed
PP cells are depicted (C, F), respectively. (G). Comparison of Foxp3 expression in regulatory T cells
isolated from agitated and unagitated PPs without collagenase administration is depicted in the
histogram plot. (H-J). PPs collected from a 6-month old C57BL/6 mouse and were treated with
different concentrations of collagenase Il: 25 mg per 25 mL digestion mix, 15 mg per 25 mL
digestion mix or no collagenase. FSC and SSC plots which reveal the effects of enzymatic digestion
on PP cell recovery and yield are depicted.

Figure 8: The molecular model and the complete amino acid sequence of CXCR5. (A). Seven-
pass transmembrane protein structure of CXCR5 is modeled. (B). The complete amino acid
sequence of CXCR5 is demonstrated. The sequence of extracellular regions is indicated in red and
extracellular amino-acids with presumable collagenase sensitive chemical bonds are
demonstrated in yellow.

Table 1: Antibody summary. The dilutions, clones and fluorochrome conjugations for the
relevant antibodies and viability dyes are indicated. The optimal dilution might vary depending
on experimental conditions and lot quality of the product. Primary BV421-conjugated L138D7
clone at 1:20 dilution showed comparable CXCR5 detection capacity with the biotin-conjugated
2G8 clone at 1: 50. Therefore, primary-conjugated L138D7 can be used as alternative to biotin-
conjugated 2G8 clone.

Figure Supplementary 1 (S1): Alternative gating strategies for TFH and GC B cells. (A). Live PP
lymphocytes from a 3-month-old mouse on the C57BL/6 background are depicted. (B-C). GC B
cells are gated as CD38 GL7* (B) and BCL-6* GL7* B cells (C). (D-E). TFH cells are depicted as PD-



485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528

1hi CXCR5* (D) and as ICOS*CXCR5* (E).

DISCUSSION

Here, we describe a protocol optimized for flow cytometric characterization of TFH and GC B
cells. One of the major advantages of our protocol is that it enables the isolation of up to 10’
(average 4-5 x 10°cells) total PP cells from a single mouse (C57BL/6 strain) without any digestive
process. We observed that the total cell yield was positively correlated with the number of PPs
and could be estimated from the following simple equation which is helpful for experimental
planning: “total PP cell count per mouse = 0.5-1 x (humber of excised PP per mouse) x 10%”. This
high cell yield was complemented with enhanced cell viability (>95%). Improved cell recovery and
viability allowed performing flow cytometric analysis of various lymphocyte subsets in PPs using
diverse antibody staining panels in parallel.

Compared to a recent PP isolation protocol published by De Jesus et al.?° and previous
reports®?!, our protocol gave considerably higher total cell yield and viability, in spite of the
absence of the digestion with collagenase. Although the identification of PPs might be “tricky”
for the first-time investigators, the learning curve for this protocol is pretty steep, and if
mastered, our technique allows the identification and surgical excision of PPs from the small
intestine in a short time. If the desired PP number is not reached after the first attempt, we
suggest repeating the PP identification step focusing on the distal and proximal end of the SI. In
our practice, almost in every mouse, two closely located PPs in the duodenal end (Figure 1A) and
at least 2-3 PPs within the last 5 cm of the ileum were detectable.

TFH staining can be more demanding than other cell subsets within the PPs, thus requiring extra
attention'®. If certain steps are missed during tissue processing and cell isolation, results might
be quite misleading. Hence, we suggest researchers to pay attention to the following
experimental “tips”. Since key TFH and GC B cell markers such as CXCR5 and GL7 can be expressed
in both B and T cells, it is critical to include a B cell marker in antibody panels to avoid false
positive results due to the contaminating CD19*CD4* DP cells?* (Figure 2). Please note that gating
strategies based on T cell markers only?> will not provide sufficient exclusion of DP cells since
these cells also highly express T cell markers including CD3 (data not shown) and CDA4. In addition
to the exclusion of DP cells, flow cytometry results should be validated and confirmed by
employing appropriate negative controls (e.g., isotype controls, FMOs). Not only false positivity
but also misplaced TFH gate can lead to false results and conclusions. Adjustment of TFH gate
could sometimes be challenging especially if TFH cell population is not abundant, thereby not
appearing as a discrete population in flow cytometry. To circumvent this limitation, the addition
of multiple TFH markers (e.g., BCL-6, PD-1, ICOS) into antibody panel might provide alternative
gating opportunities and increase accuracy?®. For practical reasons, BCL-6 was found to be an
ideal co-staining marker for alternative TFH gating as it can be used for gating GC B cells
concurrently® (Figure S1C).

Furthermore, having a positive control sample containing a high TFH proportion could provide
researchers good navigation for placing TFH gate correctly. In our experiments, we used PP
samples from aged mice (older than 6-months) as a positive control since we have found that
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aging causes the enhancement of TFH cells within PPs up to 40% of total CD4* T cells in steady
state (data not shown). We also encourage the researchers that have further interest in technical
details of TFH staining to look at the methods in the published protocol book for TFH cell
staining®®.

Testing experimental hypotheses in PP can be relatively challenging and might require a very high
number of mice per group to reach statistical significance?!. By taking advantage of the high cell
yield of our protocol, we circumvented this obstacle with the following experimental strategies.
First, we excised PPs and sorted them separately depending on their anatomical origin (e.g.,
duodenal, jejunal and ileal). Then, we equally distributed these pooled PPs into different
experimental and control groups. This internally controlled experimental strategy enabled us to
minimize the inter-individual difference in mice while all cells were obtained from a single mouse.
Furthermore, variability between different intestinal compartments (e.g., duodenum vs. ileum) -
previously reported to be significant? - was prevented as experimental and control groups
consisted from an equal number of PPs per anatomical region (Figure 5A). By performing
replicates of independent experiments, using the same approach, we improved the reliability and
significance of our results. Besides eliminating nonspecific variations, this methodology also helps
spare mice, reagents and time.

During the development and optimization of our protocol, our results revealed that collagenase
II- and IV-based digestion strikingly reduced CXCR5 expression (Figure 5B) while other surface
molecules for detection TFH and GC B cells remained intact (Figure 5C-E). In a recently reported
JoVE protocol®?, collagenase Il was shown to be very effective for lymphocyte isolation from PPs
and LPs. However, collagenase Il has previously been reported to have a high tryptic activity,
which results in cleavage of several surface molecules. Given its surface-molecule friendly
nature?’ due to the lower tryptic activity and more common usage in the literature?®-3,
Collagenase IV had also been included in addition to collagenase Il in our study and used in the
concentrations as recommended in these previous reports. The use of collagenase and
equivalent enzymes has been a contradictory issue in mucosal immunology due to the unwanted
effects of the digestion on immune cells such as altered surface molecule expression3%27,

It was previously reported that the use of different types of collagenase could interfere with flow
cytometric CXCR5 detection within human gut3? and tonsil samples®®. Conversely, other studies
demonstrated the isolation of TFH and GC B cells from PPs without the use of collagenases?433.
However, until now no comparative approach had been undertaken to assess whether the
inclusion or exclusion of collagenase digestion would represent the optimal condition for
isolation of CXCR5-expressing TFH cells from murine PPs. Mouse CXCR5 is a 374 amino acid long
seven-pass membrane protein with relatively short extracellular regions compared to other
transmembrane proteins such as CD4, CD19 that are abundantly expressed in lymphoid cells in
PPs (data obtained from UniProt). In Figure 8A-B, a molecular model and total amino acid
sequence of mouse CXCR5 are depicted with the presumed target sequences of collagenase-
based digestion, which tends to dissociate chemical bonds between glycine (Gly) and neutral
amino acids?*. The seven-pass transmembrane molecular structure resulting short extracellular
domains might be responsible for making CXCR5 molecule vulnerable to enzymatic digestion
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(Figure 8A). Intriguingly, we found that detection of CXCR5 expression after collagenase
treatment is dependent on the antibody clone used. Although 2G8 and L138D7 clones showed
similar performance in the undigested PP group, as determined by the detection of comparable
TFH fractions, in the digested PP group, L138D7 clone revealed approximately 3x (= 9%) higher
fraction of TFH cells within CD4* T cells than the 2G8 clone (= 2%) (Figure 6). This finding suggests
that reduced CXCR5 staining might be secondary to modified three-dimensional epitope
configuration by the enzymatic activity of collagenase. Our results indicate that collagenase-
based digestion must be avoided during PP preparation.

The interference of collagenase dissociation with CXCR5 molecule detection was circumvented
by excluding the digestion step. However, it should be noted that for some tissues such as LP,
mechanical disruption is not sufficient to isolate the cells and for such tissues, enzymatic
digestion would be required®. In the future, it will be essential to test alternative digestion
conditions as well as digestion-compatible antibody clones to bypass this technical limitation for
tissues requiring enzymatic digestive processes. Until then, imaging techniques such as immune
fluorescence microscopy will stay as the method of choice for TFH detection in these tissues. In
addition to isolating LP cells, the isolation of some hematopoietic cell subsets such as DCs and
plasma cells from PPs require enzymatic digestion®*. When employing our protocol, researchers
who desire to isolate these cell subsets from PPs should include the appropriate enzymatic
digestion step?°. Possible interference of enzymatic digestion with the expression of DC markers
should be taken into consideration and digestion conditions should be optimized as needed.
When isolation of TFH and GC B cells is desired in addition to a cell subset that requires
collagenase digestion3®, PPs collected from each mouse could be separated in two groups for
processing with and without collagenase treatment in parallel panels.

The effects of collagenase on PP lymphocytes were not restricted to surface molecule expression.
Our results revealed that enzymatic digestion caused a relative decrease in the lymphocyte
proportion within PP cells in a dose-dependent manner (Figure 7). The decrease of the
lymphocyte fraction might be a consequence of collagenase-mediated release of other types of
hematopoietic cell subsets such as phagocytes and DCs from PPs that are larger and more
granular than lymphoid cells. It is also possible that collagenase digestion mediated cell release
from neighboring LP and IE compartments, which could contribute to the change of FSC-SSC
profile. This cell contamination from other gut compartments might also cause interference in
the flow analysis of PP lymphocytes. On that basis, to maximize cell purity, we also avoid the
addition of reagents such as EDTA or DTT that are widely used to extract epithelial cells and
mucus?®, keeping tissue preparation conditions as physiologic and unmanipulated as possible.
Despite these adverse effects of enzymatic digestion, beneficial effects on PP lymphocytes were
also discovered such as improvement of intracellular staining and cell viability (Figure 7D-F, G).
However, further analyses revealed that these effects were attributed to the agitation process at
37 °Cindependently of enzymatic digestion because cell viability and intracellular Foxp3 staining
were favored to a comparable extent when cells were agitated in the absence of collagenase.
Mechanistically, the beneficial effect of agitation might be due to the improved removal of
intestinal content and mucus from PPs.
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In summary, we have described a streamlined protocol for the isolation of lymphocytes from PPs.
Isolated cells can be stained for flow cytometric characterization of several cell subsets or can be
subjected to cell sorting and subsequently employed in various in vitro and in vivo functional
assays.
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Biolegend
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PBS Corning
FBS Atlanta Biologicals

Orbital shaker

VWR
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Title of Article:

Author(s):
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ARTICLE AND VIDEO LICENSE AGREEMENT

Unraveling key players of humoral immunity: Advanced and optimized lymphocyte isolation protocol from Payer's Patches

Yavuz F. Yazicioglu, Halil I. Aksoylar, Rinku Pal, Nikolaos Patsoukis, Vassiliki A. Boussiot

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: \/ Standard Access

Item 2 (check one box):

Open Access

\/ The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

612542.6

ARTICLE AND VIDEO LICENSE AGREEMENT

statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
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We would like to thank the reviewers for the careful evaluation and their thoughtful suggestions for
the improvement of our manuscript. All the points of the reviewers have been taken into consideration
and the manuscript has been revised accordingly. All the changes are highlighted in the revised
manuscript. Below is a point-by-point response to the reviewers’ and the editor’'s comments.

Reviewer #1

We would like to thank this reviewer for their favorable comments “The protocol provides valuable
technical advice, is clearly written and | would recommend its publication after a minor revision.”

Minor Concerns: Trapecar et al. have published a protocol describing isolation of lymphocytes.... An
Optimized and Validated Method for Isolation and Characterization of Lymphocytes from HIV+
Human Gut Biopsies M Trapecar, S Khan, NR Roan, TH Chen, S Telwatte, M Deswal, M Pao,...AIDS
research and human retroviruses 33 ($1), S-31-S-39.

This citation is included in our revised manuscript as reference #32.

Reviewer #2

The authors seek to establish an advanced and optimized lymphocyte isolation protocol from Peyer's
Patches: they show that collagenase digestion can critically impair the ability to detect germinal
center and Tfh cells, as several surface markers are degraded.

Major Concerns:

1. Germinal center and Tfh cells are usually isolated from peripheral LN and spleen without the need
of digestion. Moreover, it is widely accepted that germinal center B cells are extremely sensitive to
digestion, as they quickly die at 37C. So, to any B cell biology, digesting a tissue to isolate GC cells
would be a non-starter: a quick literature search will show that GC analysis in PP does not require
digestion (see Bergquvist et al. ] Immunol 2006; 177:7772-7783; Kawamoto et al.Science 336 (6080),
485-489). The only reason to digest PP is to isolate Dc and plasma cells that tend to adhere stronger
to stromal cells, exactly in the same way this is done in spleen.

We agree with the reviewer that several studies in the literature did not use digestion for isolation of
GC and TFH cells. However, in other studies collagenase digestion was used in this context (Couter, C. J.
et al. J. Vis. Exp. 5411454114, 1-5 (2016)). In the reference mentioned by the reviewer (Kawamoto et
al.Science 336 (6080), 485-489), no detailed information is provided regarding collagenase digestion
for GC lymphocyte isolation from PP but a previous publication is cited (Fagarasan et al Nature 413,
639 (2001)), which employed the method described in Kamata et al. J Immunol August 1,

2000, 165 (3) 1387-1394). Notably, in this publication, although isolation was performed without
collagenase digestion, incubation with EDTA and agitation at 37°C for 15 minutes was employed. This
approach closely resembles the preferred method determined by the comparative studies described in
our protocol.

Previous studies that reported isolation of PP lymphocytes with collagenase digestion (e.g. Couter, C. J.
et al. J. Vis. Exp. 5411454114, 1-5 (2016)) did not perform a comparative analysis between the efficacy
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of methods (i.e. with and without collagenase treatment). Thus, it has remained unclear which was the
optimal approach. However, studies, which examined the contribution of DCs to the GC reaction in PPs
and used collagenase Il digestion (Reboldi, A. et al. Science (80). 352, (2016):
http://dx.doi.org/10.1126/science.aaf4822), showed that the TFH fraction within PPs was only 3.8% of
total T cells, which is significantly lower than the physiological fraction (approximately 20%). Our
studies and the development of our protocol were triggered by such previous observations. We have
added information in the discussion (lines 545-556 and ref # 33) as suggested by the comments of this
reviewer.

Regarding the impact of temperature on B cell viability, which is the second concern of this reviewer,
we would like to clarify several points: In our experimental conditions, incubation at 37°C with gentle
agitation for 10 minutes rather improved instead of compromising viability of GC/PP lymphocytes
(Figure 7E and F). In addition, previous studies on in vitro GC differentiation cultured at 37°Cup to 6
days did not compromise cell viability (Sage et al. Nat Immunol 14(2):152-161. doi: 10.1038/ni.2496).
Similarly, collagenase-based digestion, which requires incubation for 30-40 min at 37°C, did not have
an impact on cell viability in this protocol (Couter, C. J. et al. J. Vis. Exp. 5411454114, 1-5 (2016)).
Notably, in the GC B cell publication mentioned by the reviewer (Kawamoto et al.Science 336 (6080),
although isolation was performed without collagenase digestion, incubation with EDTA and agitation at
37°C for 15 minutes was employed.

We agree with the comment of the reviewer “The only reason to digest PP is to isolate Dc and plasma
cells that tend to adhere stronger to stromal cells, exactly in the same way this is done in spleen”.

Since our studies showed a significant impact of collagenase digestion on CXCR5 expression, in our
protocol, we suggest that when DC isolation is desired, half of the PPs can be processed with
collagenase digestion, while the other half can be processed without collagenase digestion and used
for TFH cell isolation, avoiding the compromise of CXCR5 expression. Because CXCR5 expression is a
key marker for TFH cell identification, we have added few points the discussion of our revised
manuscript regarding the impact of collagenase digestion on TFH cell characterization (lines 558-578).

2. On the same line: it is known that Collagenase type Il has high clostripain and trypic activity and is
rarely used for lymphocyte isolation; Collagenase type 4 or Collagenase D are preferred and should
only be used. It many figures it is unclear if the one used is collagenase type Il or type IV: in Fig.7H for
example, in 15 mg of collagenase (unknown kind) does not affect the lymphocyte population. Many
groups use 0.5 mg/ml of Collagenase IV or D to isolate LP as well to isolate splenic DC and PC: the
authors should try this concentration before arguing that *any* digestion is bad for PP lymphocytes.

The reason for which we used primarily Collagenase |l was that a recent Jove paper (Couter, C. J. et al.
J. Vis. Exp. 5411454114, 1-5 (2016)) recommended usage of Collagenase Il for LP and PP preparation at
a concentration of 37.5 mg/25 ml. Because we were also concerned about the high tryptic activity of
collagenase Il, in our experiments, we also included Collagenase IV, which is known to have milder
effects on surface molecules. We found that collagenase IV reduced TFH fraction (identified by the
expression of CXCR5 and PD-1) more severely than Collagenase Il (Figure 5G-I), suggesting that
cleavage of surface molecules is not only dependent on the enzymatic activity of collagenase but also



on the amino acid sequence and structure of individual surface molecules. Consistent with our
findings, previous studies have shown that collagenase IV digestion caused massive decrease in surface
expression of CXCR5 in the lymphocytes isolated from human gut biopsies (Trapecar et al AIDS
research and human retroviruses 33 (S1), S-31-S-39). We have outlined the differences in the effects
induced by the two types of collagenase and the justification for comparing these digestion outcomes
in lines 545-556 of our revised manuscript. Also, we added all details regarding collagenase type and
concentration in the relevant figure legends.

Regarding collagenase concentration, we tested Collagenase type Il at 0,6 mg/ml and noticed that it
interfered with TFH identification. Collagenase IV reduced TFH fractions more significantly than
Collagenase Il when used in similar concentrations (fig. 7G-7H). We would like to clarify that we did not
claim that “any digestion is bad”, as mentioned by the reviewer. Instead, in the discussion of our
manuscript we stated that further studies could identify alternative conditions of enzymatic digestion
that do not interfere with TFH cell identification (lines 581-595).

3. The authors argue that the possible digestion of neighbor lamina propria or intraepithelial
lymphocytes makes a strong rationale to avoid digestion: this is not a strong rationale, it is quite a
nonsense. Despite digestion not being not required for GC and Tfh, GC and Tfh are easily
distinguishable from LP and IEL: GC B cells express CD19 as well as B220, whereas the only resident B
cell origin cells in LP, plasma cells, do not express B220 and have an intermediate to low CD19 level.
Similarly, no TfH cells are present in LP or IEL. In addition, the frequency of T cell in the LP, even
considering the whole Sl is not that high compare to other hematopoietic and non-hematopoietic
cells: if the PPs are excised properly, contamination from IEL is not an issue. This can be easily tested
by freezing freshly excised PP, cut section and stain for IF/IHC with anti T cell antibody.

We respectfully disagree with the reviewer’s comment that our concern about the effects of digestion
on LP and IEL “is quite a nonsense”. The presence of TFH cells in LP has been documented in previous
publications in mouse and human systems (Hirota, K. et al. Nat. Immunol. 14, 372-379 (2013);
Trapecar, M. et al. AIDS Res. Hum. Retroviruses 33, 5-31-S-39 (2017)), which noted that distinguishing
TFH cells isolated from LP vs. PPs after digestion might be challenging.

We agree with the second comment of the reviewer in point 3 that most of the resident B cells in LP
are plasma cells and can be distinguished from GC B cells located in the PPs based on B220 or CD138
expression. However, when collagenase is applied, plasma cells from LP will be released, which will
result in B cell contaminating the PP plasma cell pool. This will preclude analysis of plasma cell
compartment specifically within PPs.

Although the frequency of T cells in LP and the whole Sl are not as high as in other tissues (e.g. spleen
or lymph nodes), a significant number of T cells is present in the LP and IEL. Couter, C. J. et al. (J. Vis.
Exp. 5411454114, 1-5 (2016) showed that 10* CD8* T cell can be isolated per cm LP of small intestine.
Other studies have shown that 50% of total LP cells are CD3* T cells (Boll et al. Scand. J. Immunol. 42,
191-201, 1995) and CD4* T cell fractions were found to be comparable to CD8* T cell fractions. In PPs,
up to 10% of total lymphocytes are CD4+ T cells and in young mouse max. 20% of these CD4+ T cells
are TFH cells. Previous studies (Reboldi et al: http://dx.doi.org/10.1126/science.aaf4822) indicated that




the high density of T cells in neighboring gut tissues (LP and IEL) will likely lead to contamination of
excised PP cell populations if appropriate technical precautions are not taken. For the above reasons,
we think that it will be helpful to the users of this protocol to clarify these issues. We have added a
relevant point in the discussion (lines 596-606).

Minor concern:
CXCR5 downregulation prevents the authors to identify Tfh: however, PD1 staining is still quite good,
and it could be used in combination with Bcl6.

Although PD-1 is expressed by TFH cells, CXCR5 expression is indispensable for the identification of
TFH & TFR cells and cannot be substituted by either PD-1 or BCL-6. These molecules can only be used in
combination with CXCRS5 to detect TFH cells. (Sage, P. T. & Sharpe, A. H. Trends Immunol. 36, 410-418
(2015); Espéli, M. & Walker, J. M. Methods and Protocols. (2015). doi:10.1007/978-1-4939-2498-1).

Reviewer #3

1. Manuscript Summary: In this manuscript, authors describe a method to isolate B and T cells from
Peyer's patches (PP) ..... use very strong terms, such as "revolutionize the PP research field", which
should be avoided in any rigorous scientific publication.

In the discussion of the revised manuscript (lines 581-594) we added a comment regarding the type of
cells that can be isolated from PP by using or not using digestion. Also, we rephrased the overstated
comments and toned down the strong terms used in the original manuscript.

Major concerns:

1. Introduction: PP are very poorly introduced without any notion of their structure (i.e. FAE, SED,
follicles, IFR) and their specificity (i.e. M cells, specialized SED phagocytes, initiation of the mucosal
immune response and IgA-secreting cell generation). Many references are lacking (at least some
recent reviews on the topic and seminal works on CXCR5 role in B and Tfh cell recruitment in the
follicles and on the role of PP Tfh in IgA-secreting cells generation, etc...). This should be added in the
introduction to highlight the importance of working on PP immune cells.

As requested by the reviewer, in the introduction of the revised manuscript we added the background
information in the field together with the relevant references (lines 60-82).

2. Introduction: Throughout the introduction (1.95-96; 1.98-102; 1.106-108), in order to promote their
own method authors, tend to criticize previous methods...very strong words throughout the

manuscript, such as "enormous"”, "revolutionize", "dramatic", which should be avoided.

These issues have been properly corrected and rephrased and the contribution of our method to the
field has been outlined.

3. Protocol: Mouse strain should be indicated since numbers and positioning of the PP vary greatly
between mouse .....PP cell type proportion varies between mouse strains.



Mouse strains were indicated in the relevant figure legends and in the protocol section (lines 185-187).

I. 155: the anatomical location of the caecum is NOT highly variable in mice....only occasionally found
in the lower center or on the lower right side.

We corrected this point in the revised manuscript (line 139).

I. 160: the best way to collect Peyer's patches from the gut is to take them out without removing the
small intestine, just by following the anti-mesenteric side of the small intestine from the caecum to
the stomach. By doing so, there is no risk to miss one PP or to damage it. The scissors are placed flat
on the intestinal wall surrounding the PP, so that only PP is excised. It is a much faster process than
the one proposed by the authors (avoid steps 5 to 7 of (i) and 1 and 2 of (ii)) and the tissue is better
preserved (only one step to the dissociation process).

We respectfully disagree with the with Reviewer on this point because excising the PPs without
removing the small intestine will require excessive handling of the small intestine to position PPs
properly for the excision. As we indicated in our protocol, excessive handling might cause collapse of
PPs, and for this reason, collecting PPs without Sl removal would not be a safe approach, especially for
non-experienced researchers. When small intestine is completely removed, which requires less than 1
minute, PPs can be defined and eventually excised more efficiently. Also, if the desired number of PPs
is not achieved, one can quickly repeat several times the PP identification step in the entire SI.

4. Results: 1.370, by adding collagenase other cell types are released, such as phagocytes and stromal
cells. These cells are of course larger and more granular than lymphocytes.... a misinterpretation of
their isolation procedure comparison.

We clarified this issue in result section (581-594).

5. Discussion: The discussion is too long for very little interest and bibliography... collagenase IV,
collagenase Il has been used for years to isolate cells from PP).

We corrected these issues and added the relevant citations (lines 545-556). The original Discussion
section was shortened but new points were added, as requested by the other reviewers.

1.486-1.500: Contamination of PP cells by other small intestine compartments when collagenase is
used ... in absence of tissue-dissociating enzymes many cell types, among which phagocytes and
stromal cells, are not released from the tissue ... observed by the authors.

We agree with this statement of the reviewer and clarified this issue in lines 581-606 in the Discussion
section.

Minor Concerns:
1. Protocol: 1.276: this step is cell fixation. Thus, there is no cell viability to consider here.



We changed viability to “recovery”.

2. Results: 1.319, it's been known for decades that PPs are not evenly distributed in the mouse small
intestine...."in contrast to previous protocols" should be avoided.

We agree with this comment of the reviewer regarding the uneven distribution of the PPs in the mouse
small intestine. Our goal was to make a distinction from a previously published protocol, which claimed
that PPs are evenly distributed in the small intestine (De Jesus, M., Ahlawat, S. & Mantis, N. J. Isolating
And Immunostaining Lymphocytes and Dendritic Cells from Murine Peyer’s Patches. J. Vis. Exp. 1-8
(2013). d0i:10.3791/50167). We properly clarified this point.

3. Discussion: 1.406, the last 5 cm of the terminal ileum contains at least two PP and more often
three.

It is our understanding that in sources of mouse anatomy, terminal ileum is described as an anatomical
region that is shorter than 5 cm -rather around 1 cm. (Revised guides for organ sampling and
trimming in rats and mice Part 1, Exp Toxic Pathol 2003; 55: 91-106, URBAN & FISCHER
http://www.urbanfischer.de/journals/exptoxpath).

We agree that one can find 2-3 PPs in the last 5 cm of the intestine, as the reviewer indicated, but we
think that this region does not represent the terminal lleum. As indicated by the reviewer, in the
revised manuscript we changed our description to reflect this point (lines 501-504).
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Editors Comments:

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the
submitted revision may be present in the published version.

We performed these quality checks as indicated by the editor.

2. Figure 6: There is no panel G as described in its figure legend. Please revise either Figure 6 or its
figure legend.

We corrected the figure legend and removed description of panel G.

3. Please provide Table 1 as an .xlIs or .xIsx file.

We provided the requested table.

4. Please provide an email address for each author.

We provided an email address for each author.

5. Please rephrase the Abstract to more clearly state the goal of the protocol.

We rephrased the abstract as requested.

6. Please rephrase the Introduction to include a clear statement of the overall goal of this method.
We rephrased the introduction to clearly state the goal of the method, as requested.

7. Please use S| abbreviations for all units: L, mL, uL, h, min, s, etc.

We used the standard international unit abbreviations as requested.

8. Please include a space between all numbers and their corresponding units: 15 mL, 37°C, 60 s; etc.
We corrected this format in the relevant places of the text as requested.

9. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For
example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using
bullets, dashes, or indentations.

We corrected the protocol accordingly.

10. Lines 134-144, 232-236, 267-270, 288-291: The Protocol should contain only action items that
direct the reader to do something. Please either write the text in the imperative tense as if telling

Click here to access/download;Supplemental File (Figures,
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someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.), or move the solutions,
materials and equipment information to the Materials Table.

These sections were removed and materials and equipment were included in the appropriate table.
11. Please specify all surgical instruments used.

We included information about the surgical instruments.
Information about the type of surgical instruments used has been provided in the materials list.

12. Lines 293-294: Please specify the amount/volume of antibody and buffer added.

As requested, we included this information in the relevant sections of the protocol.

13. Please include single-line spaces between all paragraphs, headings, steps, etc. After that, please
highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the
essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most
cohesive story of the Protocol.

We made these changes as indicated.

14. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one
highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please
ensure that the highlighted part of the step includes at least one action that is written in imperative
tense. Please do not highlight any steps describing euthanasia.

We made these changes as indicated.

15. References: Please do not abbreviate journal titles. Please include volume and issue numbers for
all references.

We made these changes in the citation format as indicated.
16. Please revise the table of the essential supplies, reagents, and equipment. The table should
include the name, company, and catalog number of all relevant materials in separate columns in an

xIs/xlsx file. Please provide lot numbers and RRIDs of antibodies, if available.

We revised the table as indicated and provided all the available information. Lot numbers are not
available.



