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33  We describe herein a simple analysis of the heterogeneity of the murine immune B cell
34  compartment in the peritoneum, spleen, and bone marrow tissues by flow cytometry. The
35 protocol can be adapted and extended to other mouse tissues.
36
37  ABSTRACT:
38 Extensive studies have characterized the development and differentiation of murine B cells in
39 secondary lymphoid organs. Antibodies secreted by B cells have been isolated and developed
40 into well-established therapeutics. Validation of murine B cell development, in the context of
41  autoimmune prone mice, or in mice with modified immune systems, is a crucial component of
42  developing or testing therapeutic agents in mice and is an appropriate use of flow cytometry.
43  Well established B cell flow cytometric parameters can be used to evaluate B cell development
44  in the murine peritoneum, bone marrow, and spleen, but a number of best practices must be
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adhered to. In addition, flow cytometric analysis of B cell compartments should also complement
additional readouts of B cell development. Data generated using this technique can further our
understanding of wild type, autoimmune prone mouse models as well as humanized mice that
can be used to generate antibody or antibody-like molecules as therapeutics.

INTRODUCTION:

Monoclonal antibodies have increasingly become the choice therapy for many human diseases
as they become part of mainstream medicine®?. We have previously described genetically
engineered mice which efficiently produce antibodies harboring fully human variable regions
with mouse IgH constants®*. Most recently, we have described genetically engineered mice that
produce antibody-like molecules that have distinct antigen-binding®. Antibodies are secreted by
B cells and form the basis of adaptive humoral immunity. There are two distinct types of B cells,
B-1 and B-2. In mammals, B-1 cells originate in the fetal liver and are enriched in mucosal tissues
and the pleural and peritoneal cavities after birth, while B-2 cells originate in the fetal liver prior
to birth and thereafter in the bone marrow (BM). B-2 cells are enriched in secondary lymphoid
organs including the spleen and blood®®. In the BM, B-2 hematopoietic progenitors start to
differentiate to pro-B cells upon the initiation of Ig mu heavy chain rearrangement®°, Successful
rearrangement of Ig heavy chain and its assembly into the pre-B cell receptor (pre-BCR), along
with signaling and proliferative expansion, leads to differentiation to pre-B cells. After pre-B cells
rearrange their Ig kappa (lgk), or if unproductive, Ig lambda (Igh) light chains, they pair with p
heavy chain, resulting in surface IgM BCR expression. It is important to point out that IgM surface
expression is known to be reduced under conditions of autoreactivity, thus contributing to self
tolerance in functionally unresponsive or anergic B cells'*2. Immature B cells then enter a
transitional stage, where they begin to co-express IgD and migrate from the BM to the spleen. In
the spleen, IgD expression increases further and the cells mature into a second stage of
transitional B cells, followed by completion of their maturation status and development into
either marginal zone (MZ) or follicular (Fol) cells'3'*% In adult mice, in a non-diseased setting,
the number of mature B cells remains constant despite 10-20 million immature B cells being
generated daily in the BM. Of these, only three percent enter the pool of mature B cells. The size
of the peripheral B cell compartment is constrained by cell death, due in part to several factors
including self-reactivity and incomplete maturation®®'8, Flow cytometric analysis has been
extensively used to characterize and enumerate many immune cell sub-compartments in humans
and mice. While there are some similarities between human and murine B cell compartments,
this protocol applies only to the analysis of murine B cells. This protocol was developed with the
purpose of phenotyping genetically engineered mice, to determine whether genetic
manipulation would alter B cell development. Flow cytometry has also been hugely popular in
many additional applications, including in measuring cell activation, function, proliferation, cycle
analysis, DNA content analysis, apoptosis and cell sorting *%°,

Flow cytometry is the tool of choice to characterize various lymphocyte compartments in mice
and humans, including in complex organs such as the spleen, BM and blood. Due to widely
available mouse-specific antibody reagents for flow cytometry, this technique can be used to
investigate not only cell surface proteins but also intracellular phosphoproteins and cytokines, as
well as functional readouts?!. Herein we demonstrate how flow cytometry reagents can be used
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to identify B cells subsets as they mature and differentiate in secondary lymphoid organs. After
optimization of staining conditions, sample handling, correct instrument set up and data
acquisition, and finally data analysis, a protocol for comprehensive flow cytometric analysis of
the B cell compartment in mice can be utilized. Such comprehensive analysis is based on a
decades old nomenclature devised by Hardy and colleagues, where developing BM B-2 cells can
be divided into different fractions (Fraction) depending on their expression of B220, CD43, BIP-1,
CD24, IgM and IgD??. Hardy et al., showed that B220* CD43 BM B cells can be subdivided into four
subsets (Fraction A-C’) on the basis of BP-1 and CD24 (30F1) expression, while B220* CD43-(dim to
neg) BM B cells can be resolved into three subsets (Fraction D-F) based on differential expression
of IgD and surface IgM?3. Fraction A (pre-pro-B cells) are defined as BP-1- CD24 (30F1),, Fraction
B (early pro-B cells) are defined as BP-1- CD24 (30F1)*, Fraction C (late pro-B cells) are defined as
BP-1* CD24 (30F1)*, and Fraction C’' (early pre-B cells) are defined as BP-1* and CD24M"sh,
Furthermore, Fraction D (pre-B cells) are defined as B220* CD43" IgM" B cells, and Fraction E
(newly generated B cells, combination of immature and transitional) are defined as B220* CD43"
IlgM* B cells and Fraction F (mature, recirculting B cells) are defined as B220"&"CD43" IgM* B cells.
In contrast, the majority of naive B cells found in the spleen can be divided into mature (B220*
CD93") B cells and transitional (T1, T2, T3) cells depending on expression of CD93, CD23 and IgM.
Mature B cells can be resolved into marginal zone and follicular subsets based on expression of
IgM and CD21/CD35, and follicular subsets can be further divided into mature follicular type | and
follicular type 1 B cell subsets depending on the level of their IgM and IgD surface expression?*.
These splenic B cell populations express predominantly Igk light chain. Finally, B-1 B cell
populations, which originate in the fetal liver and are mainly found in the peritoneal and pleural
cavities of adult mice, have been described in the literature. These peritoneal B cells can be
distinguished from the previously described B-2 B cells by their lack of CD23 expression. They are
then further subdivided into B-1a or B-1b populations, with the former defined by the presence
of CD5 and the latter by its absence?. B-1 cell progenitors are abundant in the fetal liver, but are
not found in adult BM. While B-1a and B-1b cells originate from different progenitors, they both
seed the peritoneal and pleural cavities?*. In contrast to B-2 cells, B-1 cells are uniquely capable
of self-renewal and are responsible for production of natural IgM antibodies.

Defects in B cell development can arise in many instances, including deficiencies in the
components of the BCR?®?’, perturbations of signaling molecules that impact BCR signaling
strength'#282° or disruption of cytokines that modulate B cell survival®®*3!,  Flow cytometry
analysis of the lymphoid compartments has contributed to the characterization of the B cell
development blocks in these mice and many others. One advantage of flow cytometric analysis
of lymphoid compartments is that it offers the ability to make measurements on individual cells
obtained from live dissociated tissue. The availability of reagents in an ever-expanding range of
fluorophores allows for the simultaneous analysis of multiple parameters and enables the
assessment of B cell heterogeneity. Furthermore, enumeration of B cells by flow cytometric
analysis complements other immunological assays such as immunohistochemistry methods that
visualize cell localization within lymphoid organs, detection of circulating antibody levels as a
measure of humoral immunity, as well as two photon microscopy to measure B cell responses in
real space and time32,
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PROTOCOL:

All mouse studies were overseen and approved by Regeneron’s Institutional Animal Care and Use
Committee (IACUC). The experiment was conducted on tissues from three C57BL/6J female mice
(17 weeks of age) from Jackson Laboratories. Titrate all antibodies prior to starting the
experiment to determine ideal concentration. When using compensation beads for single-color
compensation, ensure they stain as bright or brighter than your samples. Keep all buffers,
antibodies, and cells on ice or at 4 °C. After the addition of viability dye, perform all steps and
incubations at 4°C in either low light or in the dark.

1. Peritoneal cell harvest and single cell isolation

1.1. Euthanize the mouse using CO; or according to approved protocol.

1.2. Lay the mouse on its back, spray with 70% ethanol, and cut outer abdominal skin with
scissors, being careful not to cut the peritoneum.

1.3. Inject 3 mL of ice-cold wash buffer (0.5% bovine serum albumin (BSA) in DPBS [vol/vol])
into the peritoneal cavity with a 3 mL syringe fitted with a 25 gauge needle.

1.4. Gently massage the peritoneum with fingertips.
1.5. Repeat steps 1.3 and 1.4.

1.6. Insert a 3 mL syringe fitted with an 18 G needle through the peritoneum, being careful to
avoid organs and fat.

1.7. Extract the wash buffer, now containing peritoneal cells, and transfer to 15 mL conical tube
onice.

1.8. Repeat steps 1.3 and 1.4.
1.9. Cut a small hole in the peritoneum while holding up with tweezers.

1.10. Insert a disposable transfer pipette into the hole and collect the remaining wash buffer,
once again avoiding fat and organs.

1.11. Transfer the collected remaining peritoneal cells to the 15 mL conical tube on ice.
NOTE: Discard sample if blood contamination is evident.
1.12. Incubate the cells on ice until spleen and bone extraction are complete.

1.13. Centrifuge the cells at 300 x g for 8 min at 4 °C. Aspirate the supernatant.
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1.14. Resuspend the cell pellet in 1 mL of wash buffer.

1.15. Filter the cells through a 70 uM cell strainer into a clean 15 mL conical tube on ice.
1.16. Determine the cell concentration using a cell counter instrument or hemocytometer.
2. Spleen harvest and single cell isolation

2.1. Lay the mouse on its belly and cut through the peritoneum on the left backside using clean
scissors. Cut out the spleen, removing fat and connective tissue.

2.2. Transfer the spleen to a 1.5 mL microcentrifuge tube containing 1 mL of wash buffer on ice.
2.3. Incubate the spleen on ice until bone extraction is complete.

2.4. Move the spleen to automated dissociation tube with 5 mL of red blood cell lysis buffer.
Place the tube on the tissue dissociator instrument and dissociate for 60 s to create a single cell
suspension.

NOTE: It is also permissible to use other routine methods of obtaining single-cell spleen
suspensions such as smashing between frosted glass slides in wash buffer. If another method of
dissociation is used, follow the dissociation with centrifugation, aspiration, and then
resuspension in 5 mL of red blood cell lysis buffer before continuing to step 2.5.

2.5. Incubate the cells at room temperature for 3 min.

2.6. Add 10 mL of 4 °C wash buffer containing 2mM EDTA.

2.7. Transfer to a clean 15 mL conical tube.

2.8. Centrifuge the cells at 300 x g for 8 min at 4 °C. Aspirate the supernatant.

2.9. Resuspend the cell pellet in 5 mL of 4 °C wash buffer.

2.10. Filter the cells through a 70 uM cell strainer into a clean 15 mL conical tube on ice.

2.11. Determine the cell concentration using a cell counter instrument or hemocytometer.

3. BM harvest and single cell isolation

3.1. Remove the skin from the lower half of the mouse body. Trim the excess muscle from leg.

Remove the entire leg with scissors, being careful not to cut the femur. Clean the femur and
tibia by removing remaining muscle, fat, and feet.



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

3.2. Transfer the bones to a 1.5 mL microcentrifuge tube containing 1 mL of wash buffer on ice.
3.3. Perforate the bottom of a 0.5 mL microcentrifuge tube, leaving a hole small enough for leg
bones not to protrude. Insert the 0.5 mL tube into a clean 1.5 mL microcentrifuge tube. Snip off
the end of the femur and tibia proximal to the knee and place the cut ends facing down into the
0.5 mL tube.

3.4. Centrifuge the cells at 6,780 x g for 2 min at 4 °C.

3.5. Resuspend the cell pellet in 1 mL of red blood cell lysis buffer and transfer to a 15 mL
conical tube containing an additional 3 mL of red blood cell lysis buffer.

3.6. Incubate at room temperature for 3 min.

3.7. Add 10 mL of 4 °C wash buffer containing 2mM EDTA.

3.8. Centrifuge the cells at 300 x g for 8 min at 4 °C. Aspirate the supernatant.

3.9. Resuspend the cell pellet in 3 mL of 4 °C wash buffer.

3.10. Filter cells through a 70 uM cell strainer into a clean 15 mL conical tube on ice.

3.11. Determine the cell concentration using a cell counter instrument or hemocytometer.

4. Stain cells and prepare compensation

4.1. Aliguot 10° cells of each cell type from each animal to a 96 well U bottom plate.

4.1.1. Make sure to include enough wells for all samples and controls, including full stain,
fluorescence-minus-one (FMO), unstained, and finally the optional single-color compensation
for each fluorophore used.

4.1.2. For the BM maturation panel and the spleen maturation panel, aliquot cells into 2 wells,
10° cells per well, for each full stain sample. For the single-color compensation viability

controls, add 2 x 10° cells of each cell type to individual wells.

4.2. Centrifuge the plate at 845 x g for 2 min at 4 °C. Decant the supernatant by quickly
inverting and flicking the plate over a sink, being careful not to cross-contaminate wells.

4.3. Resuspend the cells in 200 pL of DPBS (without BSA or FBS). This step is important to
remove protein before staining with amine-reactive viability dye.

4.4, Repeat steps 4.2 and 4.3.
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4.5. Repeat step 4.2.
4.6. Resuspend the cells in 100 pL viability dye diluted 1:1,000 in DPBS.
NOTE: If using cells for single-color compensation, do not add viability dye to those wells.

4.6.1. For each stain set, leave several unstained wells for a completely unstained sample and
any other controls you might need.

4.6.2. For each stain set, leave an additional unstained well for the viability FMO control.
4.6.3. For the single-color viability compensation controls: Resuspend the 2 x 10° cells,
aliquoted in step 4.1, in 200 pL of diluted viability dye. Transfer 100 pL of cells to a 1.5 mL
microcentrifuge tube, heat cells for 5 min at 65 °C, and transfer the 100 pL of heat-killed cells
back to the original well with the 100 pL remaining live cells.

4.7. Incubate cells at 4 °C, protected from light, for 30 min.

4.8. Centrifuge the plate at 845 x g for 2 min at 4 °C. Decant the supernatant by quickly
inverting and flicking the plate over a sink, being careful not to cross-contaminate wells.

4.9. Resuspend the cells in 200 pL of DPBS (without BSA or FBS).
4.10. Repeat steps 4.8 and 4.9.
4.11. Repeat step 4.8.

4.12. Resuspend the cells in 50 pL of Fc block diluted 1:50 (final concentration=10 pg/mL) in
stain buffer (0.5% BSA in DPBS [vol/vol]).

4.12.1. For peritoneal cells — also add 5 uL of monocyte blocker to reduce non-specific staining.
4.13. Incubate the cells at 4 °C, protected from light, for 15 min.

4.14. Prepare full stain master mixes and FMOs in stain buffer for a final volume of 100 ul per
10° cells. Refer to Table 1-Table 4 for the antibodly lists.

NOTE: FMOs are made by including all antibodies in a stain set except one. Prepare an FMO for
each antibody in a stain set. When a stain set contains multiple brilliant dyes, substitute 50 pL
of brilliant stain buffer for stain buffer per sample

4.15. Without removing Fc block, add 100 pL of full stain mixes and FMOs to selected wells.

4.16. Prepare single-color compensation controls for each antibody in a stain set.
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4.16.1. If using compensation beads follow the manufacture’s directions for use.

4.16.2. If using cells, add titrated antibody to 10° cells, reserved previously in step 4.6.1 without
viability dye, in 100 pL stain buffer. If all cells in the sample are positive for a particular marker,
set aside unstained cells to be used when acquiring compensation data on the flow cytometer.

4.17. Incubate the cells and beads at 4 °C, protected from light, for 30 min.

4.18. Centrifuge the plate at 845 x g for 2 min at 4 °C. Decant the supernatant by quickly
inverting and flicking the plate over a sink, being careful not to cross-contaminate wells.

4.19. Resuspend the cells and beads in 200 uL of stain buffer.
4.20. Repeat steps 4.18 and 4.19 two times.
4.21. Repeat step 4.18.

4.22. To fix the samples for analysis within 48 h, resuspend cells and beads in 200 uL of 2%
paraformaldehyde in DPBS.

CAUTION: Parafomaldehyde is a serious health hazard and flammable. Refer to the Safty Data
Sheet before use.

4.23. Incubate the cells and beads at 4 °C, protected from light, for 30 min.
4.24. Repeat steps 4.18 and 4.19 two times.

4.25. Place a filter plate over a clean 96 well U-bottom plate. Using a multi-pipette, transfer
each sample to a well of the filter plate.

4.26. Centrifuge the filter plate—96 well U-bottom plate setup at 845 x g for 2 min at 4 °C.
Remove the filter plate and decant the supernatant by quickly inverting and flicking the plate
over a sink, being careful not to cross-contaminate wells.

4.27. For the BM and spleen maturation panels resuspend the fully stained cells in 100 uL of
stain buffer. Combine the 2 wells for each animal into 1 well. Resuspend the remaining panels,
FMOs, and controls in 200 pL of stain buffer.

4.28. Incubate fixed cells and beads at 4 °C, protected from light, overnight.

5. Flow cytometric data acquisition

5.1. Initialize and QC the flow cytometer as per manufacturer instructions.
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5.2. Load the template specific for each panel.

5.3. Prior to recording data, ensure all events for each sample are on scale and visible on the
dot plots.

5.4. Record compensation controls for each stain panel using single stain compensations
prepared in step 4.16. Set positive and negative gates for each sample. Have the software
calculate the compensation matrix.

5.5. Start acquiring the first sample, and ensure gates are set appropriately.

5.6. Set the machine to record at least 50,000 B cell events for the peritoneal B cell panel and
spleen Igk and IgA panel; 150,000 B cell events for the BM maturation panel; and 300,000 B cell
events for the spleen maturation panel.

5.7. For each stain panel, run and record the fully stained samples for each animal, an
unstained sample, and the FMOs.

6. Analyze data

6.1. Proceed with data analysis using flow cytometry analysis software. Follow gating strategies
outlined in Figure 1-Figure 4.

REPRESENTATIVE RESULTS:

Here we present the gating strategy for characterizing B cell development in mouse peritoneum,
BM and spleen. The basis of the analysis is formed around the concept of staining with viability
dye, then gating out doublets based on the Forward-Scatter-Area (FSC-A) and Forward-Scatter-
Height (FSC-H), and finally gating out debris by selecting cells according to their FSC-A and Side-
Scatter-Area (SSC-A) characteristics, referred to here as the size gate, which are reflective of
relative cell size and cell granularity, before gating on population of interest.

Flow cytometric analysis of peritoneal B cells shows the frequencies of viable peritoneal cells,
total B cells, B-1 and B-2 subsets, as well as B-1a and B-1b cells in C57BL/6J mice (Figure 1), using
a staining panel outlined in Table 1. Average absolute cell number of these frequencies are shown
in Table 5. Perturbations in B-1 cells could be delineated by distribution of cell subsets, either by
cell frequency or absolute cells number per mouse.

Flow cytometric analysis of BM B cells shows the frequencies of viable BM cells, total B cells,
Fraction A (pre-pro-B cells and contaminating lymphocytes), pre-pro-B cells, Fraction B, Fraction
C, Fraction C’, Fraction D, immature (subset in Fraction E), transitional (subset in Fraction E), and
Fraction F B cells in C57BL/6J mice (Figure 2), using a staining panel outlined in Table 2. Average
absolute cell number of these frequencies are shown in Table 6. Perturbations in BM B cells could
be delineated by distribution of cell subsets, either by cell frequency or absolute cells number
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per leg(s).

Flow cytometric analysis of splenic B cells shows the frequencies of viable spleen cells, total B
cells, transitional B cells, T1, T2, T3 cells, mature B cells, follicular | cells (Fol 1), follicular Il (Fol II)
cells, marginal zone (MZ) precursor cells, mature MZ cells, and B-1 cells in C57BL/6J mice (Figure
3), using a staining panel outlined in Table 3. Average absolute cell number of these frequencies
are shown in Table 7. Perturbations in splenic B cells could be delineated by distribution of cell
subsets, either by cell frequency or absolute cells number per spleen.

Similarly, flow cytometric analysis of the spleen shows the frequencies of Igk™ and Igh* B cells in
C57BL/6J mice (Figure 4), using a staining panel outlined in Table 4. Average absolute cell number
of these frequencies are shown in Table 8. Perturbations in Igk* and IgA* B cells could be
delineated by distribution of cell subsets, either by cell frequency or absolute cells number per
spleen.

[Place Table 1 here]
[Place Table 2 here]
[Place Table 3 here]
[Place Table 4 here]
[Place Figure 1 here]
[Place Figure 2 here]
[Place Figure 3 here]
[Place Figure 4 here]
[Place Table 5 here]
[Place Table 6 here]
[Place Table 7 here]
[Place Table 8 here]

FIGURE AND TABLE LEGENDS:

Table 1: Peritoneal B Cell Panel

Table 2: Bone Marrow Maturation Panel

Table 3: Spleen Maturation Panel

Table 4: Spleen Igk and IgA Panel

Table 5: Absolute Cell Numbers of Peritoneal B Cell Subsets
Table 6: Absolute Cell Numbers of Bone Marrow B Cell Subsets

Table 7: Absolute Cell Numbers of Splenic B Cell Subsets
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Table 8: Absolute Cell Numbers of Igk and IgA B Cell Subsets

Figure 1: Characterization of B cell populations in the peritoneum. Viable, single cell, size gated
peritoneal B cells are first separated from contaminating cells by gating on IgM* cells. B-1 and B-
2 cells are then distinguished from each other by absence (B-1) or presence of CD23 (B-2). Next
CD5 expression is used to delineated B-1a cells (CD5*) from B-1b cells (CD5°). FMOs were used to
empirically determine where to draw gates. Numbers are percentages of each population within
the same density plot.

Figure 2: Characterization of B cell subsets in the BM. Viable, single cell, size gated BM B cells
are separated from non-B cells by gating on B220* dump™ (where dump refers to CD3/GR-
1/CD11b/TER119) cells. CD43 and B220 expression further defines Hardy Fraction A-C’ (CD43*
B220*) and Hardy Fraction D-F (CD43'°%/ree B220***). Fraction A-C’ is further separated by
expression of BIP-1 and CD24. Fraction A (BIP-1"CD24") corresponds to pre-pro-B cells along with
contaminating cells. To separate pre-pro-B cells from contaminating cells in Fraction A, the
expression of CD93 and the absence of CD19 are utilized. Fraction B (BIP-1-CD24™) and Fraction
C (BIP-1* CD24™) correspond to early and late pro-B cells, respectively, and Fraction C’ (BIP-1*/
CD24*) corresponds to early pre-B cells. To separate Fraction D-F, expression of IgM and IgD are
utilized. Fraction D corresponds to late pre-B cells (IgM~”"°" IgD"); Fraction E (blue gate, IgMin/high
IgD’) to both immature (Imm, IgM" IgD") and transitional (Tran, IgM"" |gD") B cells; and Fraction
F (lgMn/hieh |gD*) to recirculating mature B cells. FMOs were used to empirically determine where
to draw gates. Numbers are percentages of each population within the same density plot

Figure 3: Characterization of splenic B cell maturation. Viable, single cell, size gated splenic B
cells are separated from non-B cells by gating on B220* cells. In order to identify the B-1 subset,
CD23 CD19* cells are identified and defined by expression of CD43. To classify B-2 populations,
CD19* cells are separated into transitional (CD93* B220*) and mature (CD93" B220*) B cells.
Transitional (CD93* B220") cells are further divided into T1 (IgM* CD23"), T2 (IgM* CD23*), and T3
(lgMi"t CD23*) populations. Mature (CD93" B220*) cells are separated into marginal zone
(CD21/35* IgM*) and follicular (CD21/35™ [gMI"/*) B cells. The expression of CD23 is further used
to separate MZ precursor (CD23* B220") cells from more mature MZ (CD23" B220*) cells. Follicular
populations are then delineated into Fol | (IgD* IgM™) and Fol Il (IgD* IgM*) cells. FMOs were used
to empirically determine where to draw gates. Numbers are percentages of each population
within the same density plot

Figure 4: Igk and IgA expression of splenic B cells. Viable, single cell, size gated splenic B-cells
are separated from non-B-cells by gating on B220* CD3" cells. B cells are then distinguished by
the expression of IgA and Igk. Numbers are percentages of each population within the same
density plot.

DISCUSSION:

Flow cytometric analysis of lymphoid and non-lymphoid tissues has enabled simultaneous
identification and enumeration of B cell sub-populations in mice and humans since the 1980’s. It
has been used as a measure of humoral immunity and can be applied further to evaluate B cell
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functionality. This method takes advantage of reagent availability to assess different stages of B
cell maturation in mice and humans, by way of simultaneous analysis of multiple parameters
enabling the assessment of B cell heterogeneity, even in rare populations. If used to measure
complex heterogenous samples, it can detect sub-populations within minutes, on individual
cells33, Sequential gating analysis strategy, most often applied to flow cytometric analysis, can be
simple and intuitive when a specific population has to be identified®*. Finally, another advantage
of flow cytometry is that it is easily adaptable in most academic labs, while under guidance of
experienced users. Our protocol successfully describes assessment of B cell populations in the
peritoneum, BM, and spleens of mice, by describing and enumerating B-1 populations and
delving into the development of B-2 pro-B cells, pre-B cells, immature, transitional, and mature
B cells, as well as their surface expression of Igk or IgA light chains. Flow cytometry is the most
widely used, and easiest method to apply, when investigating B cell development in mice.

While flow cytometry generates invaluable data, there are some limits to this technology when
used to investigate the heterogeneity of the immune B cell compartment. Huge data sets can be
overwhelming because 10 color staining allows the recognition of more than 1,024 different cell
populations34. One must take into consideration that some commonly used lymphoid cell
markers have proven to be less specific than originally thought. This can be resolved by employing
a multitude of cell surface markers to ascertain gating on desired populations. While flow
cytometric analysis can be simple and intuitive, another constraint to flow cytometric analysis is
that it typically allows the visualization of only two parameters at a time, though data
visualization tools such as t-SNE can be used to cluster cell populations more efficiently when
using high parameter flow cytometry. Another important limitation is that the gates used during
both the acquisition and analysis are sometimes dependent on the subjectivity of the operator.

For successful adaptation or replication of this protocol, there are several critical parameters
that have to be taken into consideration3>. Careful consideration must be taken into panel
design and fluorochrome selection. It is imperative to pair dim or important antigens with
bright fluorochromes. Antibody titration must be carried out to avoid excess antibody binding
to cells non-specifically, potentially increasing background staining and decreasing resolution.
Antibody titration is carried out by staining a known number of cells with decreasing
concentrations of antibodies, to determine the best separation index3®. This should be repeated
for every lot of antibody. During sample preparation and staining, it is important to assure a
single cell suspension by avoiding Ca** and Mg**. Additionally, addition of EDTA can help
prevent cell aggregation and enzymatic activity which can lead to antibody-mediated
stimilulation and internalization of labeled markers. Prior to data acquisition, samples must be
properly suspended, filtered and free of aggregates. Spillover of signal from one parameter to
another is resolved by using compensation controls, in the form of single stained cells or
commercially available compensation beads3>. Another important consideration is to have
proper controls in each experiment. Unstained cells establish the baseline of autofluorescence.
Isotype controls are no longer considered appropriate controls for gating due to non-specific
binding. The most important step in helping to make accurate gates is the use of FMO controls.
In an FMO control, all conjugated antibodies are present in the stain except the one which is
being controlled for. FMO controls enable the measurement of the spread of all the
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fluorophores into the missing channel and hence allow for setting up gates accordingly. It is
critical that enough cells are acquired for added accuracy. As a rule of thumb, at least 2,000
events of the population of interest should be collected. Lastly, compensation controls,
whether beads or cells, should be exactly matched to the fluorochromes being utilized and
controls must be at least as bright as the experimental samples®’.

Overall, using flow cytometric analysis of B cell compartments is widely used in the immunology
field. This technique can be used to investigate perturbations in humoral immunity in both wild
type and genetically modified mice, under non-disease states and upon immunological challenge.
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Figure 1: Characterization of B cell populations in the peritoneum. Click here to access/download;Figure;Figure 1.psd =
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Figure 2: Characterization of B cell subsets in the BM. Click here to access/download;Figure;Figure 2.psd =
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Figure 3: Characterization of splenic B cell maturation. Click here to access/download;Figure;Figure 3.psd %
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Figure 4: Igk and Igl expression of splenic B cells. Click here to access/download;Figure;Figure 4.psd =
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TABLE 1: Peritoneal B Cell Panel

Table 1. Peritoneal B Cell Panel

Antibody Fluorophore clone
CD19 APC-H7 1D3
B220 APC RA3-6B2
IgM PeCy7 1/41

IgD PerCpCy5.5 11-26c¢.2a
CD43 FITC S7

CD23 BUV395 B3B4
CD11b BV711 M1/70
CD5 BV605 53-7.3
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Table 2. Bone Marrow Maturation Panel

Antibody Fluorophore clone
CD19 APC-H7 1D3
B220 APC RA3-6B2
IgM PeCy7 1/41

IgD PerCpCy5.5 11-26c¢.2a
CD43 FITC 1B11
CD24 (HSA) PE 30-F1
C-Kit BUV395 2B8
BP-1 BV786 BP-1
CD93 BV711 AA4.1
dump channel

CD3 AF700 17-A2
CD11b AF700 M1/70
GR1 (Ly6C/6G) AF700 RB6-8C5

Ter119 AF700 TER-119
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Table 3. Spleen Maturation Panel

Antibody Fluorophore clone
CD19 APC-H7 1D3
B220 APC RA3-6B2
IgM PeCy7 1/41

IgD PerCpCy5.5 11-26c¢.2a
CD43 FITC S7

CD23 BUV395 B3B4
CD21/35 BV421 7G6
CD11b AF700 M1/70
CD5 BV605 53-7.3

CD93 PE AA4.1
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Table 4. Spleen Igk and Igk Panel

Antibody Fluorophore clone
CD19 APC-H7 1D3
B220 APC RA3-6B2
IgM PeCy7 1/41

IgD PerCpCy5.5 11-26c¢.2a
CD3 PB 17-A2
Kappa FITC 187.1

Lambda PE RML-42
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TABLE 5: Absolute Cell Numbers of Peritoneal B Cell Subsets Click here to access/download;Table;Table 5 .xIsx %

Table 5. Absolute Cell Numbers of Peritoneal B Cell Subsets
Absolute Cell Number

Animal Number | Viable peritoneal cells B cells B-1a cells B-1b cells B-2 cells
1 1.02E+07 4.67E+06 1.28E+06 8.95E+05 2.35E+06
2 9.92E+06 4.52E+06 1.49E+06 9.60E+05 1.91E+06
3 1.15E+07 4.56E+06 1.71E+06 9.19E+05 1.78E+06

Average 1.05E+07 4.58E+06 1.49E+06 9.25E+05 2.01E+06
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TABLE 6: Absolute Cell Numbers of Bone Marrow B Cell Subsets Click here to access/download;Table;Table 6.xIsx %

Table 6. Absolute Cell Numbers of Bone Marrow B Cell Subsets

Absolute Cell Number
Animal Viable bone
Number marrow cells B cells Fraction A Pre-pro Fraction B Fraction C Fraction C' Fraction D Immature Transitional Fraction F
1 5.05E+07 9.70E+06 1.13E+06 1.95E+05 2.22E+05 9.14E+04 6.31E+05 1.59E+06 4.56E+05 7.81E+05 4.03E+06
2 5.39E+07 1.03E+07 1.14E+06 2.29E+05 2.89E+05 1.22E+05 8.40E+05 2.11E+06 5.39E+05 8.07E+05 3.67E+06
3 5.93E+07 1.01E+07 1.10E+06 2.12E+05 2.84E+05 1.05E+05 9.02E+05 2.72E+06 5.94E+05 7.62E+05 2.59E+06
Average 5.46E+07 1.00E+07 1.12E+06 2.12E+05 2.65E+05 1.06E+05 7.91E+05 2.14E+06 5.29E+05 7.83E+05 3.43E+06
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TABLE 7: Absolute Cell Numbers of Splenic B Cell Subsets

Table 7. Absolute Cell Numbers of Splenic B Cell Subsets

Click here to access/download;Table;Table 7.xIsx %

Absolute Cell Number
Animal Viable Spleen Transitional B Precursor marginal Mature marginal
Number Cells B cells cells T1 cells T2 cells T3 cells Mature B cells Follicular Il cells zone cells zone cells B-1 cells
1 9.16E+07 4.61E+07 3.66E+06 1.55E+06 1.10E+06 7.16E+05 4.06E+07 5.27E+06 2.17E+06 3.98E+06 8.83E+05
2 9.97E+07 5.18E+07 4.88E+06 1.97E+06 1.57E+06 1.00E+06 4.49E+07 7.33E+06 3.42E+06 3.84E+06 8.15E+05
3 1.02E+08 5.34E+07 4.64E+06 1.98E+06 1.41E+06 8.54E+05 4.62E+07 5.84E+06 3.58E+06 4.02E+06 1.01E+06
Average 9.77E+07 5.04E+07 4.39E+06 1.83E+06 1.36E+06 8.58E+05 4.39E+07 6.15E+06 3.06E+06 3.94E+06 9.02E+05
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TABLE 8: Absolute Cell Numbers of Igk and Igl B Cell Subsets Click here to access/download;Table;Table 8.xIsx %

Table 8. Absolute Cell Numbers of Igk and IgA B Cell Subsets
Absolute Cell Number

Animal Number | Viable spleen cells B cells Igk" B cells IgA" B cells
1 9.16E+07 4.97E+07 4.51E+07 2.46E+06
2 9.97E+07 5.63E+07 5.08E+07 3.16E+06
3 1.02E+08 5.91E+07 5.33E+07 3.24E+06

Average 9.77E+07 5.50E+07 4.97E+07 2.95E+06
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Table of Materials

Name of Material/ Equipment
0.5 mL safe-lock Eppendorf tubes
1.5mL Eppendorf tubes
15 mL Falcon tubes
18 gauge needle
25 gauge needle
3 mL syringe
70 pM MACS SmartStrainer
96 well U bottom plate
ACK lysis buffer
Acroprep Advance 96 Well Filter Plate
B220
BD CompBead Anti-Mouse Ig/x

BD CompBead Anti-Rat Ig/x
Bovine Serum Albumin
BP-1

Brilliant Stain Buffer
C-Kit

CD11b

CD11b

CD19

CD21/35

CD23

CD24 (HSA)

CD3

CD3

CD43

CDh43

CD5

CD93

CD93

DPBS (1x)

Company
Eppendorf
Eppendorf
Corning

BD

BD

BD

Miltenyi Biotec
VWR

GIBCO

Pall Corporation
eBiosciences
BD

BD
Sigma-Aldrich
BD

BD

BD

BD

BiolLegend

BD

BD

BD

BiolLegend

BD

BiolLegend

BD

BiolLegend

BD

BD

BiolLegend
ThermoFisher

Catalog Number
22363611
22364111
352097
305196
305124
309657
130-110-916
10861-564
A1049201
8027
17-0452-82
552843

552844
A8577
740882
566349
564011
563168
101222
560143
562756
740216
138504
561388
100214
553270
121206
563194
740750
136504
14190-144
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Comments/Description

0.5 mL microcentrifuge tube
1.5 mL microcentrifuge tube
15 mL conical tube

70 uM cell strainer

red blood cell lysis buffer
filter plate

compensation beads
compensation beads
BSA

brilliant stain buffer

DPBS
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eBioscience Fixable Viability Dye eFluor 506
Extended Fine Tip Transfer Pipette
FACSymphony A3 flow cytometer

Fc Block, CD16/CD32 (2.4G2)

FlowJo

gentleMACS C Tubes

gentleMACS Octo Dissociator with Heaters
GR1 (Ly6C/6G)

IgD

IgM

Kappa

Lambda

paraformaldehyde, 32% Solution
Terl19

True-Stain Monocyte Blocker
UltraPure EDTA, pH 8.0

Vi-CELL XR

ThermoFisher
Samco

BD

BD

Flowjo
Miltenyi Biotec
Miltenyi Biotec
BioLegend
BiolLegend
eBiosciences
BD

BiolLegend
Electron Microscopy Sciences

BiolLegend
BiolLegend
ThermoFisher
Beckman Coulter

65-0866-14
233

custom order
553142

130-096-334
130-095-937
108422
405710
25-5790-82
550003
407308

15714
116220
426103
15575038
731050

viability dye

disposable transfer pipette

flow cytometer

Fc block

flow cytometer analysis software
automated dissociation tube
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Oct 26, 2020

Dear Dr. Bajaj,

Subject: Re-submission of JoVE61565.

Title: Flow cytometric characterization of murine B cell development

Authors: Faith M. Harris, Karoline A. Meagher, Maggie Zhong, Benjamin J. Daniel, Mark
Eckersdorff, Jesse A. Green , Vera Voronina, Chunguang Guo, Andre Limnander and Lynn E.
Macdonald

Thank you for the invitation to submit the manuscript and for previously sending it out for
editorial and peer review.

The authors would like to thank the reviewers for their time, comments and expertise. The
reviewer’s comments have helped us further strengthen our manuscript. The manuscript has
been improved according to the suggestions of the Editor and reviewers. The specific responses
to the reviewer’s comments are below.

Editorial comments:

1. Manuscript was revised by proofreading.

2. Manuscript was re-formatted as per JoVE .

3. Manuscript was revised to include alternate methods in the protocol section.

4. Manuscript was revised by removing all commercial language, including trademark symbols
(™), registered symbols (®), and company names before an instrument or reagent. We have also
removed Veloclmmune® and Kappa-on-Heavy (KoH) terminology in the body.

5. Manuscript was revised to include a clear statement of the overall goal of this method, the
rationale, advantages over alternative techniques, a description of the context of the technique
in the wider body of literature, information to help readers to determine whether the method
is appropriate for their application.

6. Manuscript was revised such that the protocol section is in the imperative tense.

7. Manuscript was revised such that the protocol only contains action items that direct the
reader to do something.

8. Manuscript was revised by adding more details to the protocol steps.

9. Manuscript was revised to ensure that individual steps of the protocol only contain 2-3
actions sentences per step.

10. Manuscript was revised by highlighting the filmable content.

11. Manuscript was revised such that figure legends include a title and a short description of
the data presented.

12. Manuscript was revised such that the results show a summary of the experiment, in line
with the title of the manuscript. Additional controls were added.

13. Copyright permission is no longer needed as the experiment was re-done in WT mice (not
previously published).
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14. Manuscript was revised such that the discussion includes the critical steps, limitations of the
technique and clearer significance of the technique.

15. Manuscript was revised such that journal titles are not abbreviated in the reference section.
16. Manuscript was revised such that the materials table is in alphabetical order.

Reviewer #1:
Major Concerns: none

Minor Concerns:

1. An alternate method of spleen processing has been added.

2. Greek characters/ symbols were corrected.

3. The names of the populations were revised from “R” to the name of the population.

Reviewer #2:

1-All references to Veloclmmune®mice and Kappa-on-Heavy were removed from the abstract.
2- Manuscript was revised by deleting “Thus, the size of the B cell compartment should remain
unchanged under steady state conditions.”

3- Manuscript was revised such that immature and transitional do not sound like synonyms.

4- Manuscript was revised to make it clear that flow cytometry and immunohistochemistry
have two non-overlapping purposes.

5- Manuscript was revised to emphasize that the enclosed protocol is for mouse, not human, B
cells.

6- The original manuscript (and the re-submission) did list Fc block in the materials section.

7- The names of the populations were revised from “R” to the name of the population.

8- The experiment was reproduced in WT vendor mice rather that genetically engineered mice.
9- Manuscript was revised to include R. R. Hardy gating, nomenclature and references.

10- Manuscript was revised to include all leukocytes in the gate.

11- Manuscript was revised to include viability dye.

12- Manuscript was revised such that Figures 1 and 2 cannot be easily combined into a single
figure.

Reviewer #3:
Major Concerns: none
Minor Concerns: none

Reviewer #4:

Major Concerns:

1. Manuscript was revised to include quantitative analysis of B cell populations.
2. Manuscript was revised to include FMO controls.

Minor Concerns:
1. Manuscript was revised to included published scenarios where B cell development is altered.



2. Manuscript was revised to include the strain background and age of mice

Reviewer #5:
Major Concerns: None.

Minor Concerns:

1. Manuscript was revised to make a distinction between phases of animal development and
location of B cell differentiation.

2. Manuscript was revised to include R. R. Hardy gating, nomenclature and references.

3. Manuscript was revised to state Fraction F are mature, recirculating B cells.

We hope that our modifications make our manuscript in its current form more suitable for
publication in JoVE.
Your truly, on behalf of the authors.

Karoline Meagher, Ph.D.
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first fifteen years of his career working in labs in the fields of DNA repair and VD)
recombination, Aging, and Metabolic Disease before joining the Technology Development
Center at Regeneron.

Jesse Green obtained his PhD in Biomedical Sciences from the University of California, San
Francisco, where he worked in Jason Cyster’s lab to study the regulation of spatial organization
and growth homeostasis in germinal center B cells. He then performed his post-doctoral
studies in Alexander Rudensky’s lab at Memorial Sloan Kettering Cancer Center in New York,
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antibody discovery, immune cell engineering, and T cell-driven allergic responses.
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a Scientist to an Associate Director of a Technology Development group. Her work focused on
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Chunguang Guo joined the Veloclmmune-NEXT technology development group at
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characterization of mouse models that produce fully human T cell receptors, antibodies, and
antibody-like molecules; reagent screening and condition optimization for ex vivo gene therapy
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generation CAR-T, TCR-T, and antibody therapies. Chunguang Guo obtained his PhD in
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to functionally characterize a novel gene in colon cancer development. His postdoctoral training
at Harvard Medical School focused on mechanisms of antibody recombination and DNA repair.

Dr. Andre Limnander joined Regeneron Pharmaceuticals in 2014 and is currently Senior Staff
Scientist in Immunology and Inflammation. His work focuses on the sources of pathogenic
antibody production in autoimmunity and allergy. Prior to joining Regeneron, he worked at the
University of California, San Francisco (UCSF) where he characterized molecular mechanisms
that control B cell and T cell tolerance. He obtained his PhD at Columbia University in 2005,
where he worked on signaling mechanisms enabling leukemic cell transformation.

Lynn Macdonald is Vice President, Research at Regeneron Pharmaceuticals heading the
Veloclmmune-NEXT technology development group, Neuroscience group, Molecular Profiling &
Data Sciences group, DNA core & Automation group. Since joining Regeneron in 1999, she has
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technologies. Specifically, Lynn played a critical role in developing VelociGene®, a novel
technology for the modification of the mouse genome, and subsequently worked as part of a



team that used VelociGene® technology to develop the Veloclmmune® Mouse. This humanized
mouse strain has been used to develop fully human antibodies that can be rapidly translated
into treatments for human disease.
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Item 2: Please select one of the following items:

D 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.

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 Mylove 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

612542.6

of the Article, and in which the Author may or may not
appear.

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.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such 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. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. 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.
10. 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 use, 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.

11. 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

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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
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.

12; 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, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JOVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a USS$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE'’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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