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31 SUMMARY:
32  This protocol describes a step-by-step workflow for immunofluorescent costaining of IBA1 and
33  TMEM119, in addition to analysis of microglial density, distribution, and morphology, as well as
34  peripheral myeloid cell infiltration in mouse brain tissue.
35
36 ABSTRACT:
37 This is a protocol for the dual visualization of microglia and infiltrating macrophages in mouse
38  brain tissue. TMEM119 (which labels microglia selectively), when combined with IBA1 (which
39 provides an exceptional visualization of their morphology), allows investigation of changes in
40  density, distribution, and morphology. Quantifying these parameters is important in providing
41  insightsinto the roles exerted by microglia, the resident macrophages of the brain. Under normal
42  physiological conditions, microglia are regularly distributed in a mosaic-like pattern and present
43  asmall soma with ramified processes. Nevertheless, as a response to environmental factors (i.e.,
44  trauma, infection, disease, or injury), microglial density, distribution, and morphology are altered
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in various manners, depending on the insult. Additionally, the described double-staining method
allows visualization of infiltrating macrophages in the brain based on their expression of IBA1 and
without colocalization with TMEM119. This approach thus allows discrimination between
microglia and infiltrating macrophages, which is required to provide functional insights into their
distinct involvement in brain homeostasis across various contexts of health and disease. This
protocol integrates the latest findings in neuroimmunology that pertain to the identification of
selective markers. It also serves as a useful tool for both experienced neuroimmunologists and
researchers seeking to integrate neuroimmunology into projects.

INTRODUCTION:

Whether acute or chronic, neuroinflammation is tightly influenced by microglia, the resident
macrophages of the brain. Visualizing microglia through immunostaining is valuable for the study
of neuroinflammation with the use of light microscopy, a highly accessible technique. In
homeostatic conditions, microglia are typically distributed in a nonoverlapping, mosaic-like
pattern. They exhibit small somas that extend ramified processes?, which sometimes contact one
another?. Microglial ramified processes dynamically survey the brain parenchyma, interacting
with neurons, other glial cells, and blood vessels during normal physiological conditions3.
Microglia are equipped with an arsenal of receptors that allow them to perform immunological
tasks and respond to changes in the brain milieu, to cell death, or to tissue damage. In addition,
they exert key physiological functions, notably in synaptic formation, maintenance, and
elimination®>.

Among the available markers used to study microglia, ionized calcium binding adaptor molecule
1 (IBA1) is one of the most widely used. IBA1 is a calcium binding protein that provides
exceptional visualization of microglial morphology, including fine distal processes, as confirmed
by electron microscopy®. This tool has been instrumental in characterizing microglial
transformation, formerly called “activation”, in a vast array of animal disease models’. In the
presence of neuroinflammation, the microglial response includes: microgliosis that is defined as
an increase in cellular density, changes in distribution that sometimes result in clustering,
enlargement of the cell body, as well as thickening and shortening of processes associated with
more ameboid shapes!®3,

Immunostaining is limited by the availability of antibodies directed against specific markers.
Importantly, IBA1 is expressed by microglia but also by peripheral macrophages that infiltrate the
brain'*. While observation of IBAl-positive cells inside the brain has become a marker of
microglia in this research field, peripheral macrophage infiltration has been reported under
various conditions, even marginally in the healthy brain®~!8. Consequently, the use of IBA1 alone
does not allow selective visualization of microglia. In addition, macrophages adopt molecular and
morphological features of resident microglia once they have infiltrated the brain, thus hindering
differentiation’®. This represents a challenge when investigating the function of both microglia
and infiltrating macrophages.

While microglia and peripheral macrophages have distinct origins (e.g., from the embryonic yolk



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

sac and bone marrow, respectively?>?), there is an increasing number of findings indicating that
the two cell populations exert different roles in the brain'®. It is thus crucial to use methods that
discriminate between these two populations without invasive manipulations (i.e., bone marrow
chimeras or parabiosis) that can modulate their density, distribution, morphology, and function.
TMEM119 has emerged as a microglia-specific marker across health and disease conditions??.
When combined with IBA1, this marker becomes useful for differentiating these cells from
infiltrating macrophages, which are TMEM119-negative and IBAl-positive. While it is
developmentally regulated, TMEM119 is expressed as early as postnatal days 3 (P3) and 6 (P6),
steadily increasing until reaching adult levels between P10 and P1422. IBA1 is expressed as early
as embryonic day 10.5 (E10.5)%3. The proposed double labeling protocol is thus useful to study
these two populations throughout postnatal life.

This protocol provides a step-by-step immunostaining procedure that allows discrimination
between microglia and peripheral macrophages. It also explains how to conduct a quantitative
analysis of microglial density, distribution, and morphology, as well as analysis of peripheral
macrophage infiltration. While the investigation of microglia and peripheral macrophages is
useful on its own, this protocol further allows localization of neuroinflammatory foyers; thus, it
also serves as a platform to identify specific regions to investigate, with the use of
complementary (yet, more time- and resource-consuming) techniques.

PROTOCOL:

All experimental procedures were performed in agreement with the guidelines of the
Institutional Animal Ethics committees, in conformity with the Canadian Council on Animal Care
and the Animal Care Committee of Université Laval.

1. Immunostaining

1.1. Select three mouse brain sections containing the region of interest (ROI) (i.e., the
hippocampus) with the help of a brain atlas. Place the sections in a plastic multi-well plate and
cover them with 350 pL of phosphate-buffered saline (PBS) (Table 1).

NOTE: For optimal results, the brains should be perfused with 4% paraformaldehyde and cut to
a thickness of 50 um with a vibratome. For a 24 multi-well plate, each well can hold up to six
sections. The recommended volume of solution for each well is 350 uL (for up to three sections)
and 500 L for wells containing six sections. For a higher number of sections, it is recommended
to use a 12 multi-well plate. Make sure that the selected volume of solution for each well
completely covers the tissue and allows the sections to float. The recommended volumes apply
for every solution used in the rest of the protocol.

1.2. Wash the samples by covering them with 350 uL of PBS and let them rest by placing the
multi-well plate on top of a multipurpose shaker at room temperature (RT). Remove the PBS after
5 min and replace it 5x with fresh PBS.
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NOTE: To remove the solutions, a transfer pipette is recommended. When pouring in any
solution, make sure to place the tip of pipette against the well wall to protect tissue integrity.
Also make sure to use a new pipette for each new solution.

1.3. Remove PBS and add 350 pL of 10 mM sodium citrate buffer with pH = 6.0 (Table 1).

1.4. Seal the multi-well plate with paraffin film and let it float on a previously preheated water
bath for 40 min at 70 °C.

1.5. Let the multi-well plate cool down for approximately 15 min.
1.6. Remove the sodium citrate buffer and wash the sections in PBS as done in step 1.2.

1.7. Remove PBS and add 350 puL of freshly made 0.1% NaBH, (Table 1) and let incubate for 30
min at RT.

1.8. Remove the solution of 0.1% NaBHa4and wash the sections in PBS as done in step 1.2.
1.9. Remove PBS and add blocking buffer (Table 1) for 1 h at RT on top of a multipurpose shaker.

NOTE: Make sure to prepare doubled volumes of blocking buffer, as the same solution will be
used in the next step.

1.10. Remove the blocking buffer and replace by blocking buffer containing the mixture of
primary antibodies (1:150 mouse IBA1 + 1:300 TMEM119). Seal the plate with paraffin film and
let it incubate overnight at 4 °C.

1.11. The next day, warm samples at RT for approximately 15 min.

1.12. Wash the sections 5x for 5 min each in PBS with triton (PBST) (Table 1).

1.13. Remove PBST and add blocking buffer containing the mixture of secondary antibodies
(1:300 donkey anti-mouse Alexa 488 for IBA1; 1:300 goat anti-rabbit Alexa 568 for TMEM119) for

1.5 h at RT. Starting from this point onward, protect the samples from light.

1.14. Remove blocking buffer and wash the sections 5x as done in step 1.2, except this time with
PBST.

1.15. Remove the PBST and add 4’,6-diamidino-2-phenylindole (DAPI) [1:20000] for 5 min at RT.
1.16. Remove DAPI and wash the sections 3x for 5 min each in phosphate buffer (PB).

1.17. Mount the sections on a microscope slide. Let them dry while protected from light.
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1.18. When dried, add some drops of mounting fluorescence medium and cover with a coverslip,
avoiding bubble formation.

NOTE: Store the slides while protected from light, inside a histological slide box, at 4 °C. The
samples can be preserved for several months.

2. Imaging for density and distribution analysis

2.1. With the help of a widefield epifluorescence microscope, use a low magnification and the
DAPI channel to locate the ROI (i.e., the CA1 region of the hippocampus).

2.2. Acquire images at 20x, using a numerical aperture (NA) of 0.5, with the DAPI, 488, and 568
channels and filters, at a resolution of 0.3 um/pixel. Capture a mosaic picture covering the ROI.
Alternatively, take individual pictures that will be stitched into a larger image.

NOTE: A mosaic image is a super image constituted by smaller images. Mosaic images are usually
used to overcome the limited area of the field-of-view of high magnifications. Some software
includes a mosaic function; nevertheless, images can also be manually stitched together with
other photo editing software by stitching the individual images into one. Remember to add the
scale information to the file. For this type of analysis, it is recommended to have at least 300
microglial cells imaged per ROl/animal (corresponding to approximately 10-15 pictures for the
hippocampus, for example), with a minimum of five animals per experimental condition. Figure
1A-C shows the images of colabeled microglia.

2.3. Save the image as a TIFF file.
3. Imaging for morphology analysis

3.1. Using a confocal or structured illumination microscope, use the DAPI channel to locate the
ROI at low magnification.

3.2. Using a 40x objective (i.e., NA 1.4 oil), locate an IBA1+/TMEM119+ cell inside the ROI. While
live imaging, move in the Z-axis. As soon as the signal of the randomly selected microglia
disappears, set this Z-level as the beginning of the Z-stack. Move along the Z-axis in the opposite
direction until the signal of the microglia disappears and set that point as the end of the Z-stack.

NOTE: Figure 2A-C shows images of IBA1+/TMEM119+ microglia.

3.3. Create a Z-stack in all three channels (DAPI, 488, 568) using a 0.33 um Z-interval and pixel
size of 0.15 um/pixel. Add the scale information to the file.

NOTE: The recommended Z-interval depends on the resolving power of the objective (e.g., for a
40x objective such as NA 1.4 oil, it is 0.33 um). For morphology analysis, it is recommended to
have at least 20 cells per animal with a minimum of five animals per experimental condition.
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3.4. Save the file as a TIFF file.
4. Density and distribution analysis

4.1. Open FlJI/Imagel with the nearest neighbor distance (NND) plugin installed. Open the 20x
image.

NOTE: Use a search engine with the keyword “Nearest Neighbor Distances Calculation with
Imagel” to find the installation instructions. The plugin Author is Yuxiong Mao.

4.2. On the menu bar, select Analyze | Set measurements. Check Area, Centroid, and Perimeter.
On the tab Redirect to, click and select the opened file (Figure 3K).

4.3. If the scale is contained in the metadata of the file and not automatically set from the
metadata, on the menu bar, select Analyze | Set scale, then enter the correct information (Figure
3)).

4.4. To set the scale manually based on a scale imprinted on the image, select the straight line
tool (Figure 3E), place the cursor on the edge of the scale, and, while pressing the shift key, draw
a line as close as possible to the scale on the image (Figure 3l).

4.5. Select Analyze | Measure or press the M key on the keyboard to obtain the pixel length of
the scale. A results window will pop up. Use the length and information imprinted at the scale to
set the pixel/length unit. Make sure to insert the correct length unit.

4.6. Select Image | Color | Do composite to create a composite image of all channels.

NOTE: During image acquisition, FlJI/Image) will automatically create a composite in the RGB
format.

4.7. Draw a rough perimeter of the ROl with the freehand selection tool (Figure 3D).

4.8. Enable the selection brush tool by double-clicking the oval tool on the tool bar and make
sure that the Enable selection brush box is checked (Figure 3G). This tool will be used to delineate
the ROl more precisely. Select an appropriate brush size between 200-400.

4.9. Using the selection brush, adjust the perimeter to best fit the ROI. Press T on the keyboard
to add to the ROl manager (Figure 3L).

4.10. Select Analyze | Measure or press the M key, and a results window will pop up. Copy and
paste the results on a datasheet, then save the information regarding the area (i.e., the area of
the ROI; Figure 3R).
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4.11. After copying the area of the ROI, erase the information from the results window by clicking
on it and pressing the Backspace key.

4.12. Go to the ROl manager window (Figure 3L), right-click the ROI trace, change the name to
match the image’s name, then save.

4.13. Double-click the brush tool at the tool bar. Select the black color and a brush size of 10.
Make sure that the option Paint of overlay is unchecked (Figure 3H).

4.14. In the TMEM119 channel, carefully place a black dot on the center the soma for each
TMEM119+ microglia. With the help of keyboard arrows, change to the IBA1 channel and place
a white dot on the center of the cells that are not positive for TMEM119 (to mark infiltrating
macrophages). Repeat the same procedure for all cells contained in the ROI.

NOTE: It is important that all dots (black and white) are located in the same channel. The identity
of the channel can be verified (red, blue, or green) by looking at the color of the image window
labels.

4.15. Select Image | Color | Split channel. A window for each channel will appear. Then, identify
the channel that has the dot annotations and close the other two windows.

4.16. Select Image | Type | 8-bit. Go to Image | Adjust and select Threshold (Figure 30). To
adjust the threshold, slide the button of the second bar, all the way to the left (threshold value =
0) in both bars.

NOTE: This will leave only the black dots on the image, appearing black.

4.17. Select Analyze | Analyze particle (Figure 3N). The summary window will pop up and will
give the number of points (Figure 3P). Copy and paste the information to the datasheet.

4.18. Select Plugins | NND. The NND window will pop up (Figure 3Q). Copy/paste all the
information to the datasheet. Each number represents the distance each microglia has to the
nearest neighboring microglia.

4.19. Go back to the threshold window and slide the first bar all the way to the right (threshold
value = 255 in both bars), which will leave all the white dots visible, appearing white (Figure 3M).

4.20. Select Analyze | Analyze particle. The summary window that provides the number of points
will pop up (Figure 3P). Copy and paste the information to the datasheet.

4.21. Go to the ROl manager select all the points, right-click, and save with the image’s name.
This will allow saving of all the points in a zip file (Figure 3L). Select File | Save as, and save the
file with a name that allows identification of the analyzed image.
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4.22. Obtain the density of microglia (for each image) by dividing the number of
IBA1+/TMEM119+ double-positive cells by the area of the ROI.

NOTE: The values for each picture can be averaged for each animal. The data can then be
presented as mean + standard error of the mean (SEM) of all the animals.

4.23. Determine the NND by obtaining an average per picture of the NND values of all TMEM119+
cells.

NOTE: The data can then be presented as mean + SEM of all the animals.
4.24. Calculate the spacing index using the formula: NND? x density.

NOTE: The data can then be presented as mean = SEM of all the animals. The units for this
measurement will be arbitrary units.

4.25. Quantify microglial clusters by identifying cells that have an NND under 12 um.

NOTE: Here, 12 um is selected, as it is the approximate distance between two directly juxtaposing
microglial cells touching each another with arborizations. If there are more than three microglia
that meet this condition, return to the image and verify whether these cells are part of one or
multiple clusters.

4.26. After confirming the number of clusters, write the number of clusters in the datasheet.

NOTE: The number of clusters can be divided by the ROI area to obtain the density of cells/mm?
for each animal. The data can then be presented as mean + SEM of all the animals.

4.29. To determine the percentage of peripheral myeloid cell infiltration, calculate the % of
IBA1+/TMEM119- cells over the total number of myeloid cells (TMEM119+/IBA1+ + TMEM119-
/IBA1+) for each animal.

NOTE: The data can then be presented as mean £ SEM of all the animals.

5. Morphology analysis

5.1. Open FlJI/Imagel.

5.2. Open the 40x image using Image J or FlJI. Select View stack with: Hyperstack and color
mode: Composite, then press Ok.

NOTE: All the other boxes should remain unchecked.
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5.3. Select Image | Stacks | Z project. The Z-Projection window will open. Include all slices, from
the first through last slice. The number will vary depending on the slice number of each image.
Select Projection type: Max intensity and press Ok.

5.4. Click on the new window with the Z project. Select Image | Colors | Split channels. Conduct
the traces on the images of the IBA1 channel.

NOTE: The other channels (TMEM119 and DAPI) can be kept open and consulted as needed
during the microglial morphology analysis.

5.5. On the menu bar, select Analyze | Set measurements. Check the Area, Centroid, and
Perimeter. On the tab Redirect to, select the opened file (Figure 3K).

5.6. Set the scale as described in steps 4.3 and 4.4.

5.7. Select Analyze | Measure or press the M key to obtain the pixel length of the scale. A results
window will pop up. Use the length and information imprinted at the scale to set the pixel/length
unit. Make sure to insert the correct distance unit.

5.8. To measure the soma size in the IBA1 channel, draw a rough perimeter of the soma with the
freehand selection tool (Figure 3D).

5.9. Enable the selection brush tool by double-clicking the oval tool on the tool bar, followed by
checking Enable the selection brush box (Figure 3G). Select a selection brush size between 10-20
(Figure 3B).

5.10. Using the selection brush, adjust the trace to best fit the soma. Zooming in will enable
precision during this step (Figure 2I).

5.11. Press the T key to add the soma trace to the ROl manager (Figure 3L).

5.12. Select Analyze | Measure or press the M key. A results window will pop up. Copy and paste
the results on a datasheet (Figure 3R).

5.13. To save the information regarding the soma area, go to the ROl manager window, right-
click on the ROI, change the name to match the image’s name, specify that the trace is for soma,
then save the file.

5.14. To measure arborization area in the IBA1 channel, click on a microglial process extremity
with the polygon selection tool, which will start the polygon shape (Figure 3C).

5.15. Following the tips of the microglial processes, go around the microglia by clicking at the tips
of each process extremity to form a polygon that best represents the area covered by the
microglial arborizations (Figure 2D-H).
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NOTE: Make sure that the polygon connects all the microglial process extremities. The lines
forming the polygon should never intersect. When clicking around a microglial process tip, be
careful to avoid cutting off any part of the process. It is sometimes useful to add points. The
number of points forming the polygon is not directly linked to the number of distal processes and
thus is not relevant for the study.

5.16. To close the polygon, click on the starting point of the polygon.

5.17. Press the T key to add the trace to the ROl manager (Figure 3L). Select Analyze | Measure
or press the M key. A results window will pop up. Copy and paste the results on a datasheet
(Figure 3R).

5.18. To save the information regarding the arborization area, go to the ROl manager window,
right-click the ROI, change the name to match the image’s name, specify for arborization, then
save the file.

5.19. Determine the soma area by averaging all soma areas for each animal.

NOTE: The data can be presented as mean + SEM of all the animals.

5.20. Determine arborization area by averaging all the arborization areas for each animal.

NOTE: The data can be presented as mean + SEM of all the animals.

5.21. Calculate the morphology index by using the formula soma area/arborization area for each
microglial cell and average per animal.

NOTE: The data can be presented as mean + SEM of all the animals.
REPRESENTATIVE RESULTS:

Figure 1 shows the co-labeling of microglia using IBA1 and TMEM119 in a coronal section of the
dorsal hippocampus imaged at 20x by fluorescence microscopy. A successful staining reveals
microglial cell bodies and their fine processes (Figure 1A-C). This staining allows determination
of microglial density and distribution and identification of microglial clusters (Figure 1I) and
infiltrating macrophages (Figure 1F).

Figure 2 shows IBA1+/TMEM119+ microglia (Figure 2A-C) in a stepwise example of the microglial
arborization tracing procedure (Figure 2D-H), as well as an example of cell body tracing (Figure

21), both imaged at 40x by confocal microscopy.

FIGURE AND TABLE LEGENDS:
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Figure 1: IBA1 and TMEM119 double staining of mouse brain tissue for density, distribution,
clustering, and peripheral myeloid cell infiltration analysis. (A-C) Typical microglial distribution
in the hippocampus of a C57BL/6 adult mouse. (D-F) Microglia identified as IBA1+/TMEM119+
and infiltrating macrophage identified as IBA1+/TMEM119 (white arrow) in the amygdala of a
male mouse. (G-I) Cluster of two microglia (white square) in the hippocampus of a mouse.

Figure 2: IBA1 and TMEM119 staining for microglial morphology analysis. (A-C) Microglia. (D—
I) Step-by-step example of arborization tracing with the IBA1 channel using the polygon tool in
FlJI/Imagel). (J) Example of microglia soma tracing with the IBA1 channel using the freehand
selection tool in FlJI/Imagel.

Figure 3: FlJI/Image) interface and tools for microglial density, distribution, clustering,
morphology, and peripheral myeloid cell infiltration analysis. (A—R) Compilation of all tools,
menus, and windows used for the density, cluster, and morphology analyses.

Table 1: Solutions used for immunostaining.
DISCUSSION:

This protocol can be divided in two critical parts: quality of the staining and analysis. If the staining
is not optimal, it will fail to represent microglial cells adequately, thus affecting the density,
distribution, and morphology measurements. In addition, the proportion of infiltration peripheral
myeloid cells may be underestimated. This is an optimized version of the staining protocol, but
there are several factors that may result in suboptimal images. Even though the perfusion of the
animal is not included in this protocol, if brain fixation is not well-executed, the quality of the
staining will be compromised. Additionally, sufficient perfusion is required to ensure the absence
of macrophages inside of blood vessels that may interfere with the study.

With regards to immunostaining, the most critical details include the quality of buffers, blocking
step, proper storage of antibodies, and brain sample handling. The proper preparation of buffers
and their storage has a direct influence on quality of the staining. Unless specified, some buffers
can be stored for long periods, but the use of any buffer that shows signs of contamination should
be avoided. If buffers are prepared days or weeks in advance, the pH of every solution before use
should be verified.

Additionally, regarding immunostaining, the presence of background staining remains one of the
most common problems. Background staining makes it difficult to analyze microglia, especially
their morphology, and hence will bias the results. To prevent background, it is important that the
blocking step is done correctly. The storing conditions of the antibodies also have direct effects
on their efficacy. It is advised to strictly follow the storage guidelines provided by the company
as well as avoid frequent thawing-freezing cycles. Finally, during the whole process, it is critical
to pay attention to the physical integrity of the brain sections. It is important to use caution
during each manipulation (buffer changes, washes, and mounting), especially if the experimenter
is not experienced with this procedure. It is advised to avoid leaving the samples without any
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liquid solution when changing solutions or buffers, solutions for the subsequent step should be
ready to pour into the well beforehand. The multi-well plate should be correctly sealed with
paraffin film during the overnight step to avoid evaporation that may lead the samples to dry.

Quantitative analysis of microglial density, distribution, and morphology has several advantages
over qualitative reports. To prevent bias, the researcher performing the analysis should be
blinded to the experimental condition. Thus, it is suggested to have different people perform the
analysis and change the name of the files (while keeping the original and new names in a key
sheet). The new names should have no hints of the experimental condition. The entire analysis
can be done on these blinded files, and the original image identity is revealed only after the
compilation of data and prior to statistical analysis. Although blinding is already practiced by
experienced researchers, it remains valuable advice for those performing this type of analysis for
the first time.

Controlling for the brain region is done during brain section selection and tracing of the ROI
during analysis. Make sure to use sections from the same range of Bregma levels across animals.
The same ROI should be used for the density, distribution, and morphology analyses. For density
and distribution analyses, it is particularly important to be precise when drawing the ROl in
FlJI/Image J. The use of a brain atlas is strongly recommended for both section selection and ROI
tracing. The use of DAPI also facilitates the identification of neuroanatomical landmarks. To avoid
variance, it is recommended to reject microglia that are only partially located in the ROI, as they
may differ among their microenvironment. When marking microglia for density analysis, the DAPI
channel can be used as a selection criterion. By only counting microglia that contain DAPI-stained
nuclei, all considered microglia are in the same plane, reducing the personal bias during selection.

Since measurements for the NND, spacing index, and cluster analysis are based on the locations
of dots marking individual cells, and since the distances are calculated by FlI/Imagel, it is
important to be consistent when placing these dots. Make sure to strictly place the dots in the
center of the cell body, which is determined visually. Additionally, the size of the dots should
remain consistent throughout the analysis. This will contribute to a better representation of the
spatial distribution of the microglial population. For cluster analysis, 12 um was selected as a
distance threshold based on our previous analyses. Nevertheless, if there are four or more
different cells with an NND below 12 um, all these cells could take part of a single cluster or
represent two clusters of two cells. This made it necessary to return to the images and confirm
the actual number of clusters.

Unlike density and distribution, in which the ROl is determined by neuroanatomical features
using a brain atlas, the selection of microglial cells for morphology analysis is based on the ability
to analyze the cell. All the cells that can be analyzed should be selected for analysis in a Z-stack
before moving to another Z-stack to prevent selection bias. Reasons for excluding cells include
issues with the immunostaining or tissue cutting, processing (e.g., tearing), or mounting (e.g.,
bubble formation). Ideally, brain sections with such issues should be systematically excluded
from imaging and analysis. It is also important to note that the staining for TMEM119 and IBA1
does not show 100% overlap (Figure 2A-C). Because TMEM119 does not allow visualization of
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process continuity (as well as IBA1), this makes it difficult to assess where one cell ends and where
another one starts. Thus, the morphology analysis is done using the IBA1 channel. Additionally,
all traces and dots should be saved and visualized for future revision, allowing for increasing
transparency and reproducibility of results.

This protocol provides valuable information regarding microglia and infiltrating macrophages.
Examples of its applications include detecting signs of neuroinflammation through changes in
microglia in different brain regions, studying the anti-inflammatory effects of a compound, and
studying factors that interfere with the proper function of microglia. Considering that this
protocol allows detection of infiltrating macrophages in the brain and differentiation of these
cells from microglia, additional applications include: determination if the recruitment of
macrophages occurs in a particular insult or with the use of other techniques (i.e., genetic tools),
and confirming and studying the consequences of the absence of peripheral macrophages in the
brain during insult. Keep in mind that fluorescence microscopy on its own is not sufficient to
confirm infiltration inside the brain parenchyma. When IBA1+/TMEM119- cells are observed near
the ventricles or perivascular space, higher spatial resolution techniques such as electron
microscopy are required to confirm their localization within the parenchyma. While changes in
density, distribution, and morphology are good indicators of microglial and macrophage roles,
this approach is most powerful when combined with functional investigations.
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Solutions

Blocking buffer

Citrate buffer

NaBH,

PB

PBS
PBST

TBS

Tris HCI
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Preparation
0.5% gelatin + 5% natural goat serum + 5% natural donkey serum + 0.01% Triton X-
100 in TBS [0.05 M]

1.92 g of citric acid [10 mM], 500 pL of Tween 20 [0.05% (v/v)], 700 mL of ultrapure
water, adjust pH = 6.0 with NaOH [10 N], fill up to 1 L with ultrapure water

[0.01% w/w] Disolve 0.01 g of NaBH, in 10 mL of ultrapure water, the solution
should be well mixed. This solution creates bubble; release pressure by opening
the cap after mixing

[100 mM] Disolve 23.48 g of Na,HPO, and 4.8 g of NaH,PO,-H,0 in 1 L of ultrapure
water, then fillupto 2 L, adjust pH=7.4

[50 mM] Disolve 5.87 g of Na,HPO,, 1.2 g of NaH,P0O,-H,0, 9 g of NaCl in 500 mL of
ultrapure water, fill up to 1 L with ultrapure water, adjust pH =7.4

PBS + 0.01% Triton X-100

Dilute Tris HCI [0.5 M] with ultrapure water 1:10 [0.05 M], take 1 L of Tris HCI [0.05
M] and add 8.75 g of NaCl

[0.5 M] 950 mL of ultrapure water, add 78.8 g of Tris buffer hydrochloride
(C4H,;NOsCl) adjust pH =8 and fillupto 1 L



Table of Materials

Name of Material/Equipment

Alexa Fluor 488 donkey anti-
mouse

Alexa Fluor 568 goat anti-rabbit
Biolite 24 Well multidish
Bovine serum albumin

Citric acid

DAPI Nuceleic acid stain

Fine Brush

Fluoromount-G

Gelatin from coldwater fish skin
Microscope coverglass
Microslides positively charged
Monoclonal mouse Anti-IBA1

Na,H,P0,-H,0
Na,HPO,
NaBH,

NaCl

Normal donkey serum (NDS)

Normal goat serum (NGS)
Parafilm-M

Rabbit monoclonal Anti-
TMEM119

Company

Invitrogen/Thermofisher

Invitrogen/Thermofisher
Thermo Fisher

EMD Millipore Corporation
Sigma-Aldrich
Invitrogen/Thermofisher
Art store

Southern Biotech

Sigma-Aldrich
Fisher Scientific
VWR

Millipore

BioShop Canada Inc.

BioShop Canada Inc.

Sigma-Aldrich

Fisher Scientific

Jackson ImmunoResearch laboratories
Inc.

Jackson ImmunoResearch laboratories

Inc.
Parafilm

Abcam

Reciprocal Shaking bath model 25 Precision Scientific

Transfer pipette
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Catalog Numb
atalog Number Comments/Description

A21202
Al1011

930186
2930
C0759-500G
MP 01306

0100-01
G7765

1254418
48311-703
MABN92
SPM306, SPM400

SPD307, SPD600
480886

S642500
017-000-121

005-000-121

PM-999
ab209064
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Tris buffer hydrochloride BioShop Canada Inc. TRS002/TRS004
Triton-X-100 Sigma-Aldrich 18787
Tween 20 Sigma-Aldrich P7949-100ML
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We are grateful for the opportunity to resubmit our manuscript entitled “Immunofluorescence staining using
IBA1 and TMEM119 for microglial density, morphology and peripheral myeloid cell infiltration analysis in
mouse brain” by Katherine Picard, Maude Bordeleau, Kaushik Sharma, Kanchan Bisht and Marie-Eve Tremblay

and myself as a publication consideration as a methods article in JOVE.

We have thoroughly revised our manuscript using the constructive comments and suggestion provided by your
editors and the 2 reviewers. Details and responses to these comments can be found in blue font below the

reviewers’ comments.
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for your editorial reply.
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Fernando Gonzélez Ibéafiez, MSc.
PhD candidate, Université Laval
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Editorial comments:

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

2. Title: Please revise to be more concise.

A #le=Thank you for the suggestion. We have come up
with a more precise title: “lmmunofluorescence staining using IBA1 and TMEM119 for

microglial density, morphology and peripheral myeloid cell infiltration analysis in mouse
brain »

3. Please revise the Protocol (2.4, 2.5, 3.1, 3.2, etc.) to contain only action items that direct
the reader to do something (e.g., “Do this,” “Ensure that,” etc.). The actions should be
described in the imperative tense in complete sentences wherever possible. Avoid usage of
phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that
cannot be written in the imperative tense may be added as a “NOTE.”

you for the clarlflcatlon The whole protocol has been rewsed to address this issue.

4. Please add more details to your protocol steps. Please provide all volumes and
concentrations used throughout. For actions involving software usage, please provide all
specific details (e.qg., button clicks, software commands, any user inputs, etc.) needed to
execute the actions. There should be enough detail in each step to supplement the actions
seen in the video so that viewers can easily replicate the protocol. Please ensure you answer
the “how” question, i.e., how is the step performed? Alternatively, add references to published
material specifying how to perform the protocol action. See examples below.

the corresponding modifications.

5. 1.1: Please specify the region of interest of this article.

Formatted: Font: (Default) Arial, Italic, Font color: Accent 1,
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We have specified the regions of interest for example purposes and added a note that this
protocol can -is-able-to-be used within any other brain region.

1.1 Select three mouse brain sections containing the region of interest, for instance the

hippocampus, with the help of a brain atlas. Place the sections in a plastic multi-well plate and

*[
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cover them with 350 pL} phosphate buffered-saline (PBS) (Table 1).

6. 1.2: How many sections are placed in each well? How many wells are in the well plate?
How is the washing actually done? Is the PBS removed after each wash?

These important pieces of information are now clarified on lines 142-152, while -as-wellas-the
washing-step-clarifications have been introduced in all the washes steps.page-X:

7. 1.3: Please provide the composition of sodium citrate buffer and the volume added.

The composition of allferal solutions is now detailed in Thas-been-added-intable 1 and is
referenced every time a new solution is mentionedreguired. The volume required_is also now
explained -has-also-been-take-care-ofin a accordingly-by-adding-the-note on lines 146-152

and an precise volume is provided used-in every step{page-Xjregarding-volume.

8. 1.6: Is the sodium citrate buffer removed before adding PBS?

Yes, and Fhethe clarification has been added dene-accordingly.

9. 1.7: Please specify the incubation temperature. What volume of NaBH4 is added?

{
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FYes, and the clarification has been added dene-accordinghy to the step.

10. 1.8: Is the NaBH4 removed before washing the sections?

FYhes, and the clarification has been_added -dene-accordingly.

11. 1.9: Please provide the composition of blocking buffer. What volume is added?

The clarification has been added dere-accordingly. The composition of blocking buffer is now
provided in Tentable 1 and is referenced in the protocol.

12. Line 169: Please list an approximate volume to prepare.

specmed the volume reqwred as well as added a noteernete that helps the reader to

determine the volume required for each_step-and-help-them-determine-the-volume-they
regdire

13. 1.12: Is the blocking buffer removed before washing?

The clarification has been added dene-accordingly.

14. 1.15: What volume/concentration of DAPI is added?

The concentration has been added accordingly, [1:20000]. Thank you for pointing eut-thisthis
out.

15. 1.16: Is DAPI removed before washing?

The clarification has been addeddene accordingly.

16. 2.2: How to create a mosaic picture? Is a software used?



We have added a definition of mosalc picture as WeII as Qrowded -the-two2 optlons to
generate ebtain-one.-Me

17. 4.9: Please specify the brush size used.

haveuadded—semeue*tra—elaﬂﬂeaneeWe have prowded a range to help the reader select an
appropriate selection brush size.

18. 4.22: Please specify the threshold selected.

The clarification has been added dere-accordingly_in both steps referring to threshold.

4.18 Go to image>type and select 8-bit. Go to image>adjust and select threshold (Figure 30).

To adjust the threshold, slide the button of the second bar, all the way to the left, threshold
value: 0 in both bars. This will leave only the blacks dots on the image, appearing white.

4.21 Go back to the threshold window, slide the first bar all the way to the right (threshold
value 255 in both bars, this will leave all the white dots visible, appearing white (Figure 3M)),

19. Please combine some of the shorter Protocol steps so that individual steps contain 2-3
actions and maximum of 4 sentences per step.

Thank you for the_suggestion.-eemment: We have_now combined the shorter steps,
particularly those inen the analysis section that describeeentains easy software instructions.

20. After you have made all the recommended changes to your protocol section (listed
above), please highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text
(including headers and spacing) to be featured in the video. Bear in mind the goal of the
protocol and highlight the critical steps to be filmed. Our scriptwriters will derive the video
script directly from the highlighted text.

{
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adapt to the video format.

21. Please highlight complete sentences (not parts of sentences). Please ensure that the
highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the
next. The highlighted text must include at least one action that is written in the imperative
voice per step. Notes cannot usually be filmed and should be excluded from the highlighting.

Thank you for the suggestion._Complete sentences have been selected to aid in the scripting
process.

22. Please include all relevant details that are required to perform the step in the highlighting.
For example: If step 2.5 is highlighted for filming and the details of how to perform the step
are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be
highlighted.

Corrected. All steps with their respective notes have been highlighted accordingly. ( Formatted: Font: Italic, Font color: Accent 1

Noted-

23. Figure 2 and Figure 3: Please reference them in the protocol as they show the protocol
not the results.

The changes have been made dene-accordingly.

24. Please remove the solutions information from Table of Materials. Please compile them in
Table 1 and reference Table 1 when these solutions are used.

The new table has-been-dene-and-will be uploaded with the resubmission.

25. For in-text references, the corresponding reference numbers should appear as
superscripts after the appropriate statement(s) in the text (before punctuation but after closed
parenthesis). The references should be numbered in order of appearance.



The modifications have been done accordingly.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The paper describes a step by step protocol for staining, imaging and analysis of resident vs
non-resident brain macrophages. The protocol will be of interest to scientists studying
microglia. Below are some comments regarding this article

Thank you for your positive feedback. We have taken in consideration all your comments_as

detailed below. -ard-integrated-them-in-this-manuseript

Minor Concerns:
1) The paper would benefit from more editing as there were typos, grammatical mis-steps.

We apologize for the oversight and Fhank-yeufor-peinting-this-eut—We-have thoroughly
revised the manuscript-anrg-werked-en-this-issue.

2) Description of Solutions appears to be cut off. Please correct this.

Thank you for pointing this out. We have now included ereated-a table detailing all with-the
solutions.=

3) For the lay reader, why is 0.1% NaBH4 used on line 163?

The reason for using NaBH4 is to reduce autofluorescence which improves the overall quality
of the image._This explanation has been added.

4) For imaging starting on line 198, please include the NA for all objectives used and pixel
sample size for x,y,z. What excitation/emission filters used, laser lines if confocal? Also, when
referring to a "fluorescent microscope” (line 200), which one is used: widefield or confocal?

We have specified the type of microscope and added the NA for all objectives used, as well
as the pixel size as it follows:

2.2 Acquire images at 20X, numerical aperture (NA) 0,5, using the DAPI, 488 and 568 {Formatteq: Font: (Default) Arial, Italic, Font color: Accent 1,
channel and filters, pixel size 0.3 pm/pixel. English (United States)




3.2 Using the 40X objective, NA 1,4 oil, locate an IBA1+/TMEM119+ cell inside your ROLI.
While in live imaging, move in the Z-axis. As soon as the signal of the randomly selected
microglia disappears, set this Z-level as the beginning of the Z-stack. Move in the Z-axis in
the opposite direction until the signal of the microglia disappears and set that point as the end
of the Z-stack.

3.3 Create a Z-stack, in all 3 channels (DAPI, 488, 568), using a 0.33 um Z-interval, pixel size
0.15 ym/pixel.

5) Line 341, what is rationale for NND under 12pm?

« Formatted: Space Before: Auto, After: Auto, Pattern: Clear
(White)

%Femesennﬂg—%—ef—that—dﬁtanee—mls isa result malnly of experlmental

observations. We have defined 12 um as it is the approximate distance betweenef 2 directly

juxtaposing microglial cells touching one another with their arborizations-bedies.

6) Figure 1, please remove the upper arrowhead since it actually points to a
TMEM119+/IBALl+ cell, it is just dim in the green channel. However, the bottom arrowhead
appears to truly represent a IBA1+/TMEM119- cell.

Thank you for pomtmq this out, we have decided to change the i |maqe to avoid any confusion.
Figure 1D-F. -w v A '

7) Figure 1, For showing microglial clusters, wouldn't a nuclear (DAPI) image be needed to
identify the soma?

Thank you for this suggestion. We have now replaced the images to include DAPI (Figure 1G-

0.

8) Note that some references in text are not in reference list (Tay et al, 2017)

We apologize for the oversight and have corrected the reference list.

Minor edits:

Line 67, 68, 75, 77: "allows one to"

Line 156, 159: "plaque” should be "plate”

Line 175 suggest "warm up" rather than "temperate"



All of these corrections have been implemented. suggestions-have-been-included-Thank you.

Query is it really PBS with 0.01% Triton X-100 or 0.1% as commonly used?

It is_indeed 0.01% Triton.n

Line 190: probably just say "let dry protected from light" (overnight is really arbitrary)

The sentence was reworded as suggested. Fhis-suggestion-has-been-taken-in-acecount:

Line 202: What is a "mosaic picture”

The definition of mosaic picture has been included in the manuscript; ‘a mosaic imageisa «—

super image constituted by smaller images. Mosaic images are usually used to overcome the
limited area of the field of view of high magnifications. Some software include a mosaic
function, nevertheless images can also be manually stitched together with other photo editing
software (Lines 218-221)-“{page>%).-

[ Formatted: Space Before: 0 pt, After: 0 pt, Pattern: Clear ]
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{ Formatted: Font: Italic, Font color: Accent 1
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Reviewer #2:

Ibanez et al., authors of the manuscript, "Double immunofluorescence staining against IBA1
and TMEM119, followed by the analysis of microglial density, distribution and morphology, as
well as peripheral myeloid cell infiltration in mouse brain tissue," provide a comprehensive
immunohistology protocol to effectively examine microglia and myeloid cells. These methods
will be a valuable contribution to the field as they will encourage a uniform approach to
examine microglia and myeloid cells in the brain. Overall, | have a few minor suggestions to
improve the manuscript.

Thank you very much for the positive feedback. We appreciate your suggestions and have
made the corresponding modifications_as detailed below.

1) The authors note that infiltrating macrophages in the brain express IBA1, but they should
elaborate noting that macrophages infiltrating the brain will adopt some molecular and
morphological features of resident microglia (warranting differentiation with TMEM119).

o ) J




Thank you for this suggestion. This will certainly be useful for readers. We have addressed
this in this sentence: ‘In addition, macrophages adopt molecular and morphological features

of resident mlcroqlla once they have infiltrated the braln thus hlnderlnq the|r dlﬁerentlatlonAs

2) A further consideration is the extent to which macrophages infiltrate the brain or reside at
the blood-brain interface. For instance, in Fig.1 the cells noted as IBA1+/TMEM119- appear to
be in perivascular spaces (Fig.1A) and near ventricles (Fig.1C-E). It is unclear how to
determine if these cells have infiltrated the brain. The authors should discuss this limitation.

Thank you for your observation. We have addressed this by-discussing-itin lines 564-567 by
adding “Keep in mind that; fluorescence microscopy on its own is not sufficient to confirm

infiltration inside the brain parenchyma. When —ferIBA1+/TMEM119- cells are observed near

the ventricles or-and perivascular space, higher spatial resolution -ether-techniques such as

flow-eytometry-and-electron mlcroscopv are requwed to COI’]fII’mf-GF thelr Iocallzatlon within the

parenchyma,tlcus
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3) From our experience IBA1 and TMEM119 immunolabeling work well without incubation of
sodium borohydride or sodium citrate buffer (perhaps rationale is warranted). Also, we
typically use antibody dilutions of 1:1000 for IBA1 overnight, may be a consideration to add a
range of titers for antibodies.

Thank you for your suggestion and sharing your experience. In our hands, NaBHg helps to
reduce the autofluorescence, while ard-sodium citrate enhances the bufferto-increase-the
specific signal thus improving the image quality. We however added a note that the protocol
can work without. For the concentration of IBAL1 antibody, in our experience this was the
concentration that worked best for this particular IBA1 brand-ef-antibodyies and also with this
particular combination of antibodies._ We nevertheless added a note that more diluted
concentrations up to 1:1000 can also work.

4) The authors should verify that all citations are included in the References section, it
appears that the group of references (Yakasaki et al, 2014; Wohleb et al, 2012; Shemer et al,
2018; Geissmann et al, 2010) are not listed.

We apologize for the oversight. The reference section is now updated.

CFhorleeu e this ebesamion thas bocnnion enen o
5) May consider shortening the title.

Fhank-youfor-this-suggestionExcellent idea, the title-is now shorterhas-been-changed.
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ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

tandard Access

item 2: Please select one of the following items:

EI Open Access

&The Author is NOT a United States government employee.

DThe 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.

I:IThe 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 Materfals 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
he 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 loVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parttes, 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 Partyin 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 extensicns thereto} ficense (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 madifications
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 abova, 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 an 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 loVE'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” hox 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 extensicns thereto)
license {a) to publish, repreduce, 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 {¢) 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.5.C. 403, then the
rights granted hereunder shall be limited to the maximum

W am
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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
1oVE 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,
inteliectual 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
accardance 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 gquestions, 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, fighting, filming, timing of publication, if any,
tength, quality, content and the like.
12, Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and ali 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 harmiess JoVE from and
against any and all claims, costs, and expenses, including
attorney's fees, resulting from the breach by the Author of
any reprasentation 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, egquipment,
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
1oVE, 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 cleaniiness or by contamination due to

B 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 loVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication 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 US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and pubfication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shafl 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.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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1. Upload an electronic version on the JoVE submission site
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3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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