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26 SUMMARY:
27  We present a flow cytometry method to identify simultaneously different cell types retrieved
28  from mouse brain or spinal cord. This method could be exploited to isolate or characterize pure
29  cell populations in neurodegenerative diseases or to quantify the extent of cell targeting upon in
30 vivo administration of viral vectors or nanoparticles.
31
32  ABSTRACT:
33  Recent advances in viral vector and nanomaterial sciences have opened the way for new cutting-
34  edge approaches to investigate or manipulate the central nervous system (CNS). However,
35 further optimization of these technologies would benefit from methods allowing rapid and
36 streamline determination of the extent of CNS and cell-specific targeting upon administration of
37 viral vectors or nanoparticles in the body. Here, we present a protocol that takes advantage of
38 the high throughput and multiplexing capabilities of flow cytometry to allow a straightforward
39 quantification of different cell subtypes isolated from mouse brain or spinal cord, namely
40 microglia/macrophages, lymphocytes, astrocytes, oligodendrocytes, neurons and endothelial
41  cells. We apply this approach to highlight critical differences between two tissue homogenization
42  methods in terms of cell yield, viability and composition. This could instruct the user to choose
43  the best method depending on the cell type(s) of interest and the specific application. This
44  method is not suited for analysis of anatomical distribution, since the tissue is homogenized to
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generate a single-cell suspension. However, it allows to work with viable cells and it can be
combined with cell-sorting, opening the way for several applications that could expand the
repertoire of tools in the hands of the neuroscientist, ranging from establishment of primary
cultures derived from pure cell populations, to gene-expression analyses and biochemical or
functional assays on well-defined cell subtypes in the context of neurodegenerative diseases,
upon pharmacological treatment or gene therapy.

INTRODUCTION:

Gene and drug delivery technologies (such as viral vectors and nanoparticles) have become a
powerful tool that can be applied to gain better insights on specific molecular pathways altered
in neurodegenerative diseases and for development of innovative therapeutic approaches!=.
Optimization of these tools relies on quantification of: (1) the extent of penetration in the CNS
upon different routes of administration and (2) targeting of specific cell populations. Histological
analyses are usually applied to visualize fluorescent reporter genes or fluorescently-tagged
nanoparticles in different CNS areas and across different cell types, identified by immunostaining
for specific cell markers*°. Even though this approach provides valuable information on the
biodistribution of the administered gene or drug-delivery tools, the technique can be time-
consuming and labor-intense since it requires: (1) tissue fixation, cryopreservation or paraffin-
embedding and slicing; (2) staining for specific cellular markers sometimes requiring antigen
retrieval; (3) acquisition by fluorescence microscopy, which usually allows the analysis of a
limited number of different markers within the same experiment; (4) image processing to allow
proper quantification of the signal of interest.

Flow cytometry has become a widely used technique which takes advantage of very specific
fluorescent markers to allow not only a rapid quantitative evaluation of different cell phenotypes
in cell suspensions, based on expression of surface or intracellular antigens, but also functional
measurements (e.g., rate of apoptosis, proliferation, cell cycle analysis, etc.). Physical isolation of
cells through fluorescent activated cell sorting is also possible, allowing further downstream
applications (e.g., cell culture, RNAseq, biochemical analyses etc.)®2.

Tissue homogenization is a critical step necessary to obtain a single cell suspension to allow
reliable and reproducible downstream flow cytometric evaluations. Different methods have been
described for adult brain-tissue homogenization, mainly with the aim to isolate microglia cells®~
1. they can be overall classified in two main categories: (1) mechanical dissociation, which uses
grinding or shearing force through a Dounce homogenizer (DH) to rip apart cells from their niches
and form a relatively homogenized single cell suspension, and (2) enzymatic digestion, which
relies on incubation of minced tissue chunks at 37 °C in the presence of proteolytic enzymes, such
as trypsin or papain, favoring the degradation of the extracellular matrix to create a fairly
homogenized cell suspension??.

Regardless of which method is utilized, a purification step is recommended after tissue
homogenization to remove myelin through centrifugation on a density gradient or by magnetic
selection®'?, before moving to the downstream applications.
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Here, we describe a tissue processing method based on papain digestion (PD) followed by
purification on a density gradient, optimized to obtain viable heterogeneous cell suspensions
from mouse brain or spinal cord in a time-sensitive manner and suitable for flow cytometry.
Moreover, we describe a 9-color flow cytometry panel and the gating strategy we adopted in the
laboratory to allow the simultaneous discrimination of different CNS populations, live/dead cells
or positivity for fluorescent reporters such as green fluorescent protein or rhodamine dye. By
applying this flow cytometric analysis, we can compare different methods of tissue processing,
i.e., PD versus DH, in terms of preservation of cellular viability and yields of different cell types.

The details we provide herein can instruct decision on the homogenization protocol and the
antibody combination to use in the flow cytometry panel, based on the specific cell type(s) of
interest and the downstream analyses (e.g., temperature-sensitive applications, tracking of
specific fluorescent markers, in vitro culture, functional analyses).

PROTOCOL:

All methods described here have been approved by the Institutional Animal Care and Use
Committee (IACUC) of Dana Farber Cancer Institute (protocol number 16-024).

1. Preparation of solutions needed for the experiment

1.1. Prepare 1x Hank’s balanced salt solution (HBSS) by diluting 10x HBSS with sterile water. Pre-
chill the solution on ice. At least 25 mL of solution are needed for each sample.

1.2. Prepare isotonic Percoll solution (IPS) by mixing 10x sterile HBSS 1:10 with density gradient
medium (i.e., Percoll). Pre-chill on ice.

NOTE: IPS can be stored for up to 30 days at 4 °C.

1.3. Prepare flow cytometry (FACS) Burkitt's lymphoma (BL) solution (1% bovine serum albumin
[BSA], 5% fetal bovine serum [FBS] in phosphate-buffered saline [PBS]). Pre-chill on ice.

2. Animal euthanasia by intracardiac perfusion and tissue dissection

NOTE: Eight-week-old C57BL/6J mice, either sex, were used in the experiments. Perfusion with
PBS solution is performed to eliminate blood contamination from organs, before proceeding with
tissue digestion.

2.1. Anesthetize the mouse by using a mixture of ketamine/xylazine (90-200 mg/kg ketamine,
10 mg/kg xylazine). Place the mouse on its back and tape each limb down to the support. Verify
adequate depth of anesthesia by checking the withdrawal reflex.

2.2. Make a midline skin incision at the level of the thoracic inlet to expose the sternum. Use
forceps to grasp the tip of the sternum, then make one 1 cm incision on each side of the rib cage.
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Finally cut through the diaphragm and open the sternum widely enough to visualize the heart.

2.3. Use forceps to gently grasp the heart by the right ventricle and lift it to the midline and
slightly out of the chest.

2.4. Insert a 23 G butterfly needle into the tip of the left ventricle, towards the aorta and hold
firmly.

2.5. Start the perfusion with 1x PBS. Pierce through the right auricle using scissors to allow the
perfusate to exit the circulation. Set the flow rate of PBS at 3 mL/min. Perfuse with at least 15 mL
of 1x PBS to ensure tissues are clear.

NOTE: Blanching of the liver and mesenteric blood vessels are signs of good perfusion. If
necessary, the volume of prefusion can be increased up until the fluid exiting the heart is clear of
blood, at which point the flush line can be stopped.

2.6. After perfusion, sever the brain from the spinal cord and remove the brain from the skull
with scissors and forceps. Remove the fur to increase visibility and control during the dissection
and to avoid carrying over hair contaminants. Flush the spinal cord out of its column by using a 3

mL syringe filled with PBS.

2.7. Transfer each tissue in a well of a 6-well multi-well plate prefilled with 2 mL of ice-cold 1x
HBSS and keep on ice until digestion.

2.8. Divide the brain and the spinal cord into two halves, along the longitudinal line.

NOTE: One half of each tissue is homogenized (see sections below) to allow flow cytometric
analyses; the other half can be assigned to different processing for alternative analyses (e.g.,
dipped in paraformaldehyde fixative solution for histology).

3. Enzymatic digestion of brain and spinal cord

NOTE: Volumes described in this section are enough for digestion of one-half brain or spinal cord.
3.1. Use a pair of scissors to mince the tissues into 1-2 mm thick pieces.

3.2. Cut the tip of a 1000 pL pipette with a pair of scissors to make it sufficiently large to allow
the collection of the tissue pieces. Pre-rinse the pipette tip with 1x HBSS. Then use the pipette to

transfer the 2 mL of HBSS solution containing the minced tissue to a 15 mL conical tube.

NOTE: Pre-rinsing of the pipette tip is important to prevent stickiness of the tissue pieces inside
the tip.

3.3. Wash the well with additional 2 mL of ice-cold 1x HBSS and transfer the solution to the
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corresponding 15 mL conical tube containing the tissue pieces.

3.4. Centrifuge each sample for 5 min at 320 x g at 4 °C.

3.5. Prepare enzyme mix 1 of the neural tissue dissociation kit (NTDK; Table of Materials) by
mixing 50 pL of enzyme P with 1900 uL of buffer X per sample. Warm enzyme mix 1 at 37 °Cin a
water bath. Incubate enzyme mix 1 at 37 °C for at least 10 min before use in order to allow for

the full activation of the enzyme.

3.6. Aspirate the supernatant from the 15 mL conical tube and add 1.95 mL of enzyme mix 1 to
each sample. Gently vortex to make sure the pellet is resuspended.

3.7. Incubate the samples on a wheel or shaker for 15 min at 37 °C.

3.8. In the meanwhile, prepare enzyme mix 2 of the NTDK by mixing 10 uL of enzyme A with 20
uL of buffer Y per sample; pre-warm the solution at 37 °C in a water bath.

3.9. At the end of the incubation with enzyme mix 1, add 30 pL of enzyme mix 2 to each sample.

3.10. Gently mix the samples by pipetting up and down with a 1000 uL pipette tip pre-rinsed with
1x HBSS.

3.11. Incubate the sample on a wheel or shaker for 15 min at 37 °C.

3.12. After incubation, add 10 mL of ice-cold 1x HBSS to each tube to inactivate enzyme mix 1
and enzyme mix 2.

3.13. Centrifuge each sample for 10 min at 320 x g at 4 °C.

3.14. Discard the supernatant; add ice-cold 1x HBSS to each tube up to a final volume of 7 mL
and gently resuspend the pellet by vortexing.

3.15. Continue to section 5 for debris removal.

4. Mechanical homogenization of brain and spinal cord

NOTE: Volumes described in this section are enough for homogenization of one-half brain or
spinal cord. The protocol described in this section can be used as a method alternative to the one
described in section 3, depending on user need as discussed below.

4.1. Pre-chill the glass mortar of the Dounce tissue grinder (Table of Materials) set on ice.

4.2. Add 3 mL of pre-chilled 1x HBSS to the mortar.
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4.3. Transfer the tissue (brain or spinal cord) from the well of the 6-well plate into the glass
mortar making sure it is dipped in 1x HBSS and sits at the bottom of the mortar.

4.4. Gently smash the tissue with 10 strokes of pestle A followed by 10 strokes of pestle B.
Transfer the homogenized mix into a new 15 mL conical tube.

4.5. Fill the tube to a final volume of 10 mL by using pre-chilled 1x HBSS and centrifuge for 10 min
at320xgat4 °C.

4.6. Aspirate the supernatant and add ice-cold 1x HBSS to each tube up to a final volume of 7 mL
and gently resuspend the pellet by vortexing.

4.7. Continue to section 5 for debris removal.

5. Debris removal

NOTE: Removal of debris, composed mainly of undigested tissue and myelin sheaths, is a critical
step to allow efficient staining of the tissue homogenate for subsequent flow cytometric
analyses.

5.1. Filter each sample through a 70 um cell strainer to remove any undigested tissue chunk. This
step is particularly important especially when working with spinal cord tissues since these
samples are more likely to contain undigested nerve fragments or meninges that could affect the

subsequent steps.

5.2. Make sure that the final volume is 7 mL in each sample tube. If not, fill with ice-cold 1x HBSS
up to 7 mL.

5.3. Add 3 mL of pre-chilled IPS to each sample to make a final volume of 10 mL of a solution
containing density gradient medium at 30% final concentration. Gently vortex the samples to

make sure they are homogenously mixed.

5.4. Centrifuge samples for 15 min at 700 x g at 18 °C making sure to set the acceleration of the
centrifuge to 7 and the brake to 0.

NOTE: Centrifugation should take approximately 30 min.
5.5. Delicately remove the samples from the centrifuge.

NOTE: A whitish disk composed of debris and myelin should be visible floating on the surface of
the solution. A pellet (containing the cells of interest) should be visible at the bottom of the tube.

5.6. Carefully aspirate all the whitish disk of debris and then the rest of the supernatant making
sure not to dislodge the pellet. Leave about 100 pL of solution on top of the cell pellet to avoid
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the risk of inadvertently dislodging it.

5.7. Add 1 mL of FACS BL, resuspend the pellet by pipetting up and down with a 1000 pL pipette
tip and transfer samples to 1.5 mL tubes.

5.8. Centrifuge for 5 min at 450 x g at room temperature (RT).

5.9. Gently aspirate the supernatant and resuspend the pellet in appropriate buffer compatible
with downstream analyses (see section 6 for the protocol used for flow cytometric evaluation of
multiple cell types).

6. Staining for flow cytometric evaluation of multiple cell types

6.1. Resuspend the pellet obtained in step 5.9 with 350 uL of FACS BL. Add Fc-block to each
sample at a final concentration of 5 pg/mL.

NOTE: At least 100 uL of the sample should be used for one staining, to make sure to process
enough cells to allow reliable analyses.

6.2. Incubate the sample for 10 min at 4 °C before proceeding with the staining.
6.3. Prepare an antibody mix according to Table 1.

6.4. Add antibody mix to each tube, vortex for 5 s and incubate the samples for 15 min at 4 °Cin
the dark.

6.5. Add 1 mL of PBS to each tube, vortex and centrifuge for 5 min at 450 x g at RT.
6.6. Meanwhile prepare streptavidin mix according to Table 1.

6.7. Discard the supernatant and resuspend the pellet in the streptavidin mix prepared in step
6.6. For each sample, use the same volume as the one used for the staining in step 6.4.

6.8. Vortex for 5 s and incubate the samples for 10 min at 4 °C in the dark.
6.9. Add 1 mL of PBS to each tube, vortex and centrifuge for 5 min at 450 x g at RT.

6.10. Discard the supernatant and resuspend the pellet in FACS BL. Use 300 pL of FACS BL for
each 100 pL of sample stained.

6.11. Add 7-amino-actinomycin D (7-AAD) solution to each sample. Use 5 pL of 7-AAD for each
300 pL of sample prepared in step 6.10.

6.12. Store samples at 4 °C in the dark until cytofluorimetric analysis. Perform the analysis within
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16 h from sample preparation, to guarantee >60% cell viability.

REPRESENTATIVE RESULTS:

We compared two different homogenization methods (DH versus PD) applied to mouse brain
and spinal cord, to test the efficiency in retrieving different viable cell types suitable for
downstream applications. To do so, we exploited a 9-color flow cytometry panel designed to
characterize, in the same sample, different CNS cell types including microglia, lymphocytes,
neurons, astrocytes, oligodendrocytes and endothelium.

Brain and spinal cord tissues were retrieved from different mice (n 2 6), split in two halves
longitudinally, weighed and processed in parallel by applying either mechanical disruption using
the Dounce homogenizer (DH method) or gently minced and digested enzymatically using the
commercial NTDK based on papain (PD method) (Figure 1A). After debris removal, cells from the
brain or the spinal cord were diluted 1/10 or 1/2-1/5, respectively, in Trypan blue to determine
cell yield and viability with a Neubauer chamber (Figure 1B,C). The DH method overall produced
a higher cell yield from both brain and spinal cord. However, majority of the cells retrieved were
dead, resulting in only 13.8% + 3.3% of viable cells in the brain and 10.5% * 1.5% in the spinal
cord (Figure 1B). Many of the dead cells formed aggregates (Figure 1C); this phenomenon could
be due to the presence of highly interconnected cell networks (like the endothelial and glial cells
lining the CNS vasculature) that could not be disaggregated by the shearing force applied with
the DH. These aggregates of death cells were likely not removed by the density gradient and
ended up in the final cell pellet used for cytofluorimetric analysis. On the contrary, the PD method
determined an overall better preservation of cellular viability (90.6% * 0.6% in the brain and
85.2% * 2.8% in the spinal cord). Papain is able to digest the extracellular matrix and cell-to-cell
junctions efficiently, leading to a more uniform single cell suspension. Some of the cells that die
during the mincing process could be further digested by papain leading to formation of cell debris
that are more efficiently separated through the density gradient. Overall, this likely determined
a better preservation of cell viability with PD method, despite a slightly lower cell yield as
compared with the DH method.

An aliquot of 100 pL from the brain and spinal cord cell suspensions was stained with the antibody
mix (Table 1) and analyzed by flow cytometry with a 9-color panel. Figure 2A shows the gating
strategy used to identify the different cell types from the brain and spinal cord cell suspensions.
Briefly, the first gate identifies the general population according to forward scatter (FSC) and side
scatter (SSC), excluding small cell debris. Then live (7-AAD-) cells are identified. Within total live
cell population, CD45+ and CD45- cells are highlighted. Within the CD45+ gate, CD45+CD11b+
microglia/macrophages and CD45+CD11b- lymphocytes are identified. Within CD45- gate, cells
are discriminated according to positivity for ACSA2 (astrocytes) or O4 (oligodendrocytes). CD45-
ACS2-04- cells are further subdivided according to positivity for Thyl (neurons) or CD31
(endothelium). Remaining Thy1-CD31- cells are classified as “other cell types”, not accounted by
our antibody mix.

As shown in Figure 2B, with DH method about 38% of the viable cells retrieved from the brain
and about 32% of the viable cells retrieved from the spinal cord were of hematopoietic origin
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(CD45+). On the other hand, PD method allowed to retrieve a significantly high yield of viable
cells in both tissues, with a very large fraction represented by non-hematopoietic CD45- cells
(about 82% in the brain and 92% in the spinal cord). Remarkably, CD45+CD11b+
microglia/macrophages represented the most abundant viable cell fraction with the DH method
(Figure 2C). However, PD method produced a more heterogeneous representation of cell types,
including ACSA+ astrocytes, O4+ oligodendrocytes, CD31+ endothelial cells and Thyl+ neurons
(Figure 2C). Interestingly, viable neurons and endothelial cells were hardly detectable with the
DH method.

The DH method relies on mechanical grinding of the tissue between the glass pestle and mortar
of the Dounce homogenizer to obtain tissue homogenization. This could cause some shear stress
that will likely damage and affect viability of large or very sensitive cells such as neurons or cells
of the neurovasculature. We evaluated the cellular viability (percentage of 7-AAD- cells) within
each cell subpopulation identified through the antibody panel (Figure 3). Hematopoietic cells
(CD45+) isolated from brain and spinal cord, including microglia/macrophages (CD45+CD11b+)
and other non-myeloid cells (CD45+Cd11b-), displayed very high viability independently from the
homogenization method that was used (Figure 3A). On the contrary, the DH method determined
a significant reduction of viability of CD45- populations (Figure 3B) whereas the PD method
determined an extensive preservation of different CNS cell types. In detail, neurons and
endothelial cells were the subpopulations most significantly affected by DH and preserved by the
PD method.

A schematic presentation of the critical steps required for proper sample preparation and
efficient debris removal are summarized in Figure 4.

FIGURE AND TABLE LEGENDS:

Figure 1: Yield of cells retrieved from brain and spinal cord is affected by the homogenization
method. (A) Experimental outline. Mice were anesthetized and intracardiacally perfused with
PBS to remove intra-vascular circulating blood cells. The brain and spinal cord were carefully
dissected and split in two halves longitudinally. Tissues were homogenized using either Dounce
homogenizer (DH) or papain digestion (PD) as detailed in the main text. Myelin and tissue debris
were then removed by centrifugation in a 30% density gradient medium solution resulting in a
heterogeneous cell suspension containing different cell types that could be analyzed by flow
cytometry. (B) Histograms showing the yield of cells retrieved from the brain or the spinal cord
upon tissue homogenization with the DH or PD method. The mean + SEM of at least 6 animals
per condition is represented. (C) Representative brightfield microscope photomicrographs of
Trypan blue positive (dead) and negative (live) cells retrieved from brain or spinal cord by the
two methods. Scale bar = 100 um.

Figure 2: Relative proportions of different cell types retrieved from the CNS are affected by the
tissue homogenization method. (A) Representative flow cytometry plots showing the gating
strategy to identify different cell subpopulation within cell preparations obtained from brain or
spinal cord: cell population is gated on FSC and SSC physical parameters, followed by selection
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for 7-AAD- live cells; then cells are discriminated according to positivity for CD45 marker;
microglia/macrophages are identified as CD11b+ cells within the CD45+ fraction whereas
lymphocytes are CD11b-. Astrocytes, oligodendrocytes, endothelial and neuronal cells are
identified as ACSA2+, 04+, CD31+ or Thyl+ cells within CD45-, respectively. (B) Histograms
showing the percentage of CD45+ and CD45- cells within total live or dead cell populations, in
brain or spinal cord upon homogenization with the DH or PD method. The statistical analysis of
the results shown in the graphs is reported in Table 2. (C) Pie charts showing the percentage of
different viable cell subtypes within total cell population, in brain or spinal cord upon
homogenization with the DH or PD method. The percentage of total dead cells is also reported.
N > 6. CD45+CD11b+ = microglia/macrophages; CD45+CD11b- = lymphocytes/non-myeloid cells;
CD45-ACSA2+ = astrocytes; CD45-04+ = oligodendrocytes; CD45-Thyl+ = neurons; CD45-CD31+
= endothelial cells; Other = cells negative for all above-mentioned markers. The statistical analysis
of the results shown in the graphs is reported in Table 2.

Figure 3: Cellular viability of different CNS cell types is affected by the homogenization method
applied. (A) Histograms showing the percentage of 7-AAD- live cells within CD45+ hematopoietic
populations including CD11b+ microglia/macrophages and CD11b- non-myeloid cells. (B)
Histograms showing the percentage of 7-AAD- live cells within CD45- non-hematopoietic
populations including astrocytes, oligodendrocytes, neurons, endothelial and other cell types. *
=p<0.05, ** = p <0.01, Mann-Whitney between DH and PD.

Figure 4: Schematic representation of the critical steps required for proper tissue processing. A
list of the most critical steps required for proper tissue processing and efficient removal of debris
is shown. It is important to identify properly the debris disk (black arrow) and the cell pellet (blue
arrow) formed after centrifugation of the samples on the 30% density gradient. The debris disk,
together with the rest of the supernatant, must be carefully removed by aspiration without
dislodging the cell pellet to avoid sample loss.

Table 1: Recipe for preparation of mixes for flow cytometry staining. The table describes the
optimal concentrations of antibodies and streptavidin used to allow flow cytometric analyses of
multiple cell types. Please refer to Table of Materials for details on catalogue numbers of each
reagent mentioned in the table.

Table 2: Statistical analysis of different populations retrieved by applying the DH or PD method.
The table describes the statistics for the graphs shown in Figure 2B and Figure 2C. The average
and SEM of at least six independent samples is represented. The p value and details on statistical
test applied for each comparison are also reported.

DISCUSSION:

Herein we describe a protocol for the co-purification and concurrent flow cytometric analysis of
some of the most relevant CNS cells from mouse brain and spinal cord. Traditionally, histological
analyses have been applied to describe the distribution of nanoparticles or the transduction
efficiency of viral vectors in the CNS>!3, or to provide insights on morphological and molecular
changes occurring in specific cell types during a pathology or upon pharmacological treatment!4.
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However, histology lacks processivity and it does not allow comprehensive examination of
multiple features in the same histological samples, due to the limited number of markers that
can be concurrently analyzed. Our approach can be complementary to traditional histologic
analyses and it can be coupled with several downstream applications (sorting, primary culture,
biochemical or next-generation-sequencing analyses) to expand the compilation of information
that can be obtained from individual samples. However, some key factors listed below must be
considered as they can critically impact the success of this approach:

1. Amount of starting tissue. We have optimized the cell separation to start with as little as half
spinal cord or half brain. In our experience, processing half brain or half spinal cord from an adult
8-week-old mouse with the PD method yields 1-6 x 10° viable cells from the brain and about
0.1-0.5 x 10° viable cells from the spinal cord after the density gradient step. We have not
measured cells yield after applying the PD method on tissues from newborn or mice younger
than 8 weeks. However, in our hands, the outcome is proportional to the weight of the starting
tissue. Thus, for younger animals (e.g., 10-day-old pups) the entire brain or spinal cord should be
processed to guarantee a good cell yield for reliable downstream analyses. If necessary, pooling
tissues from multiple animals would help increasing cell yields. In our experience, this protocol
can also be applied without modifications to isolate cells from the brain or spinal cord of rats, as
far as the proportion of reagents used per weight of starting tissue is respected. For tissues more
than 250 mg of weight, scaling reagents up or splitting the tissue in multiple samples (each
weighting <250 mg) is suggested.

2. Removing meninges/residual tissue chunks before the density gradient. In our experience, the
PD method hereby described is not able to digest efficiently meninges or very highly myelinated
tissues such as the nerves and nerve roots emerging from the spinal cord. When these tissues
are present, some undigested sticky pieces may remain in the cell suspension retrieved after the
enzymatic digestion steps, before debris removal. Removing these chunks by filtering the
solution through a 70 um cell strainer (as suggested in step 5.1) is critical for a successful cell
preparation. In fact, if not removed, meninges or tissue pieces will hinder efficient density
gradient separation resulting in poor cell yields.

3. Timing, temperature and sterility. It is very important to perform all steps in a timely fashion
using the right temperature settings and incubations as suggested. This is critical to ensure high
cell viability and integrity of the sample. Depending on the downstream application, performing
all the steps under a sterile hood and with sterile reagents might be necessary (e.g., establishing
primary cell cultures). Extended incubation in the enzymatic digestive solution beyond the
suggested time (section 3) could result in a drop of cell viability. The epitopes of some surface
antigens could be sensitive to papain resulting in loss of signal at flow cytometry. For specific
applications requiring additional markers other than the ones described in this article, testing the
performance of different antibody clones is recommended before starting the experiment. It has
been reported that the density gradient medium could contain some traces of endotoxins that
may trigger activation of immune cells (microglia/macrophages). Appropriate internal controls
should always be added in the experiments whenever these populations are analyzed, to exclude
possible effects induced by the procedure. Sticking with the suggested temperatures and
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washing density gradient medium leftovers immediately after the debris-removal step is usually
enough to avoid overt immune cells activation. However, in case the downstream applications
(e.g., RNAseq or functional analyses) are affected by this step, the user should switch to a low-
endotoxin density gradient medium preparation (suggested in Table of Materials).

4. FACS antibodies and machine. The flow cytometry staining protocol hereby presented makes
use of antibody concentrations and color conjugations that worked best with cell yields retrieved
in our laboratory experience and with FACS machines available in our institute. The user should
titer the antibodies in his/her hands before starting a new experiment, as the concentration
might need to be slightly adjusted. Besides, we encourage to use always single-color staining
controls in each experiment to verify that all antibodies and the compensation set-up of the FACS
machine is working adequately. It has to be noticed that the CD90 (Thy) antigen used for
detecting neurons exists in two different isotypes, namely CD90.2 or CD90.1 depending on the
mouse strain: the most commonly used mouse strains, such as C57BL6/J express CD90.2; mouse
strains such as AKR/J, PL, and FVB/N express CD90.1. Thus, the user should carefully verify the
mouse strain and choose the appropriate anti-CD90 antibody (as suggested in Table of Materials)
before starting the experiments.

In summary, the protocol here presented takes advantage of a gentle enzymatic digestion
followed by a 9-color staining allowing efficient simultaneous flow cytometric evaluation of
different cell types from mouse brain and spinal cord. The protocol could be exploited to monitor
in a streamline and comprehensive manner the efficiency of cell targeting by nanoparticles or
viral vectors administered in the CNS*. Moreover, the protocol could be easily adopted for very
delicate downstream applications, such as cell sorting, ex vivo subculture, single cell RNAseq,
resulting of utmost importance not only for preclinical assessment of cell-targeting by
therapeutics but also for in-depth characterization of pathological processes in
neurodegenerative diseases.

A fraction of the whole CNS cell population is not discriminated by this protocol (see “other” cell
types in Figure 2); this can be explained by the presence of other cell subtypes that are present
in the CNS but are not captured by the antibodies we used. In our preliminary analyses, about
14% of the “other cells” fraction is positive for CD73, a mesenchymal cell marker enriched in the
neurovasculature and involved in several neuroinflammatory processes'®!’. Moreover, we
hypothesize that the “other cells” fraction could also comprise less differentiated cells, like
progenitors at different stages of maturation, such as nestin+ neural stem cells, nestin+
vimentin+ radial glia progenitors, doublecortin+ neural progenitors, NG2+ oligodendrocyte
precursor cells, among others. These cell sub-types could be easily investigated by applying our
flow cytometry protocol, since we chose a configuration of fluorescent dyes that allows to
accommodate up to two additional cell markers conjugated with either the fluorescein
isothiocyanate (FITC) or phycoerythrin (PE) fluorophores.

Overall, our approach could provide a new tool for more comprehensive investigations in the
context of the CNS (in health and disease) taking advantage of a well-consolidated technology
allowing both qualitative and high-throughput quantitative assessments such as flow cytometry.
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Initial Final .
. . . . Dilution
Antibody mix concentration [concentration factor
(ng/mL) (ng/mL)
anti CD45/BV510 200 2 100
anti CD11b/APC.780 200 2 100
anti CD31/Bv421 200 2 100
anti ACSA2/APC 150 0.75 200
anti O4/biotin na na 40
anti CD90.2/PE.Cy7 200 2 100
Initial Final .
- . . . Dilution
Streptavidin mix concentration |concentration
factor
(ng/mL) (ng/mL)
Streptavidin/Alexa 680 [1000 1 1000
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Statistics for Figure 2B

BRAIN (% cells)

CD45+ CD45-
LIVE DEAD LIVE DEAD
mean *SEM mean + SEM mean *SEM mean +SEM
Method DH 15.20 +2.32 1.90 +0.30 24.78 +4.045 51.58 £6.033
PD 15.20 +2.65 2.33 £1.10 68.53 +3.618 13.93 +2.180
Mann-Whitney ns ns FEE **
p-value 0.9989 0.738 0.0006 0.0015
SPINAL CORD (% cells)
CD45+ CD45-
LIVE DEAD LIVE DEAD
mean *SEM mean *SEM mean *SEM mean *SEM
Method DH 15.00 +£8.21 1.41 +£0.11 31.64 +8.21 51.95 +16.52
PD 7.49 +£4.99 1.15 +0.68 84.27 +9.39 7.09 +£3.75
Mann-Whitney ns ns * ns
p-value 0.5548 0.7236 0.0438 0.1144
Statistics for Figure 2C
BRAIN (% cells)
CD45+ CD45-
CD11b+ CD11b- ACSA2 04 Thy1 CD31 Other Dead
mean *SEM mean *SEM mean *SEM mean *SEM mean *SEM mean *SEM mean *SEM mean *SEM
Method DH 19.32 +3.88 1.17 £0.27 9.52 +2.68 3.41 £1.01 1.39 £0.77 0.48 +£0.29 10.52 £4.49 53.83 £+5.79
PD 10.88 +2.03 1.65 +£0.48 8.17 +2.66 6.54 +0.76 6.37 £1.76 8.27 +1.25 33.28 +6.34 23.72 +5.31
Mann-Whitney ns ns ns * ** FEE ** **
p-value 0.1206 0.4819 0.5894 0.0264 0.0093 0.0003 0.0084 0.0022
SPINAL CORD (% cells)
CD45+ CD45-
CD11b+ CD11b- ACSA2 04 Thy1 CD31 Other Dead
mean *SEM mean * SEM mean *SEM mean * SEM mean * SEM mean *SEM mean * SEM mean * SEM
Method DH 21.23 +6.25 2.51 +0.57 4.26 +£2.34 9.40 +1.89 2.82 +1.51 0.97 +£0.50 22.74 +9.04 35.28 +1.89
PD 9.63 +1.67 2.77 +0.48 4.23 +£1.59 28.62 +3.57 1.26 +0.49 6.94 +2.14 26.39 +8.17 19.09 +4.76
Mann-Whitney ns ns ns * ns * ns ns
p-value 0.1905 >0.9999 0.7302 0.0159 0.7302 0.0317 0.7302 0.1111
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Company

Catalog Number

Comments/Description

10X HBSS (Calcium, Magnesium chloride, and Magnesium Sulfate-free)
70 um Cell Strainer

ACSA/ACSA2 anti-mouse antibody
Bovine Serum Albumin

CD11b rat anti-mouse antibody

CD31 rat anti-mouse antibody

CDA45 rat anti-mouse antibody
CD90.1/Thy1.1 rat anti-mouse antibody
CD90.2/Thy1.2 rat anti-mouse antibody
Conical Tubes (15 mL)

Conical Tubes (50 mL)

Dounce Tissue Grinder set (Includes Mortar as well as Pestles A and B)

Fc (CD16/CD32) Block rat anti-mouse antibody
Fetal Bovine Serum

Neural Tissue Dissociation Kit (P)

04 anti mouse/rat/human antibody
Percoll

Percoll

Percoll PLUS

Streptavidin

Gibco
Corning

Miltenyi Biotec
Sigma Aldrich
Invitrogen

BD Bioscience
Biolegend
Biolegend
Biolegend
CellTreat
CellTreat

Sigma-Aldrich

BD Pharmingen
Benchmark

Miltenyi Biotec

Miltenyi Biotec
GE Healthcare
Sigma

Sigma
Invitrogen

14185-052
431751

130-117-535
A9647-1KG
47-0112-82

562939

103138

202518
1005325
229411

229422

D9063-1SET

553142
100-106

130-092-628

130-095-895
10266569
65455529

GE17-5445-01
S3258

APC conjugated

APC-eFluor 780 conjugated
BV421 conjugated

Brilliant Violet 510 conjugated
PE/Cy7 conjugated

PE/Cy7 conjugated

Biotin conjugated

sold as not sterile reagent

sterile reagent (to be used for applications requiring sterility)
reagent containing very low traces of endotoxin

Alexa Fluor 680 conjugated


https://www.editorialmanager.com/jove/download.aspx?id=1081713&guid=19fc86ea-e2d4-4b8e-ae5a-6472f6526e59&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1081713&guid=19fc86ea-e2d4-4b8e-ae5a-6472f6526e59&scheme=1

Author License Agreement (ALA)

r #200

, MA 02140

jove

VISUALIZED EXPERIMENTS www.jove.com

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement MP.pdf

o148 508 ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Simultaneous flow cytometric characterization of multiple cell types retrieved from
mouse brain/spinal cord through different homogenization methods

Author(s):

Francisco J Molina Estevez, Tyler D Mathews, Alessandra Biffi, Marco Peviani

ltem 1: The Author elects to have the Materials be made available (as described at

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

E Standard Access

Iltem 2: Please select one of the following items:

|:| Open Access

EThe Author is NOT a United States government employee.

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
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and / or the Video; “Parties” means the Author and JoVE;
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in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

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

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and|c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding

the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author's personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

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

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

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.5.C. 403, then the
rights granted hereunder shall be limited to the maximum
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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 JaVE 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 1oVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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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
shallinclude 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 USS51,200 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 sighed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
MARCO PEVIANI
Department: PEDIATRIC ONCOLOGY
Institution: DANA-FARBER CANCER INSTITUTE
Title: INSTRUCTOR OF PEDIATRICS
i
Signhature: W&/‘ () Y@(M/—- Date: May 29t 2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Dana-Farber/Boston Children’s Cancer and Blood Disorders Center
450 Brookline Ave, SM11

Boston, Massachusetts 02215

Phone: 617-632-2204

Boston, July 14" 2019

To the editors of
JoVE

Dear Editors,

enclosed please find the revised manuscript “Simultaneous flow cytometric
characterization of multiple cell types retrieved from mouse brain/spinal cord through different
homogenization methods” by Molina Estevez, Mathews et al., submitted for consideration to JOVE as

regular article.

We thank the reviewers for carefully reading our manuscript and for providing their feedback and

suggestions. We have addressed reviewers’ comments and edited the text and figures accordingly.
Please find below a point-by-point answer to editor’s and reviewers’ comments and questions.

Yours sincerely,

Marco Peviani

AR


https://www.editorialmanager.com/jove/download.aspx?id=1081692&guid=ee2b1692-e9d2-4fcb-9c68-d6396d57203f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1081692&guid=ee2b1692-e9d2-4fcb-9c68-d6396d57203f&scheme=1

Editorial comments:

1.

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

Answer: the manuscript has been proofread and edited to ensure there are no spelling or grammar

issues.

Please revise lines 132-141 to avoid textual overlap with previously published work.
Answer: lines 132-141 have been revised and sentences have been rephrased to avoid textual overlap

with previously published work, as requested.

Please define acronyms/abbreviations upon first use in the main text.
Answer: we checked the manuscript to ensure that acronyms and abbreviations are defined upon first

use.

Please use the active/imperative voice and complete sentences throughout the protocol.
Answer: we checked the manuscript to make sure the active/imperative voice and complete sentences

are used throughout the protocol.

2.1: Please specify the age, gender and type of mouse.
Answer: we added the sentence “8w-old C57BL/6J mice, either sex, were used in the experiments” at

line 127 of the revised manuscript.

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.

Answer: as per editor’s request, we highlighted in yellow the protocol text to be featured in the video.

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.



10.

11.

Answer: as per editor’s request, we ensured that the highlighted text forms a cohesive narrative.

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.

Answer: as per editor’s request, we ensured that all relevant details required to perform the steps in

the highlighting are included.

Figure 1: Please define error bars in the figure legend.
Answer: as per editor’s request, we defined the error bars in the revised figure 1 and corresponding

legend.

Table 1: Please abbreviate liters to L (mL) to avoid confusion.

Answer: we abbreviated liters to L in the revised Table 1.

Table of Materials: Please sort the materials alphabetically by material name.

Answer: as per editor’s request, the list of materials have been sorted alphabetically.

Reviewers' comments:

Reviewer #1:

Major Concerns:

1.

Figure 1B showed that the yield of cells retrieved from the brain or the spinal cord upon tissue
homogenization with DH is significantly higher that with the PD method (107 versus 105), this can
be a limit, can you suppose which cell types are completely lost by the PD method?

Answer: we currently don’t have any data supporting the loss of specific cell types with the PD
method. However, prompted by reviewer’s observation, we carefully examined under the microscope
the cells retrieved after the DH or PD method. As it can be observed from the microscope pictures
shown in the revised Fig. 1C, the DH method determines the death of many cells both in the brain
and in the spinal cord. Many of these cells form aggregates; this phenomenon could be due to the
presence of highlighly interconnected cell networks (like the endothelial and glial cells lining the

CNS vasculature) that cannot be disaggregated by the shearing force applied with the DH. These



aggregates of death cells will likely not be removed by the Percoll density gradient and end up in the
final cell pellet used for cytofluorimetric analysis. On the contrary, the PD method is able to digest
the extracellular matrix and cell-to-cell junctions efficiently, leading to a more uniform single cell
suspension. Some of the cells that die during the mincing process could be further digested by the
papain used with the PD method, leading to formation of cell debris that are more efficiently
separated through the Percoll gradient, determining an overall lower yield of cells retrieved, as
compared to the DH method. This comment has been added in the revised manuscript, in the

paragraph that describes the results of Fig. 1 B, C.

We would like to highlight that during revision of this manuscript we realized that the graph in
Fig.1B was displaying the total number of cells retrieved per sample irrespective of the normalization
for the weight of tissue, contrary to what reported on the y axis. We apologize for this issue. We have
rectified the graph in Fig. 1B of the revised manuscript to make sure that the number of cells
normalized on 100 mg of tissue weight is displayed. Since we analyzed additional brain and spinal
cord samples to take the pictures showed in the revised Fig. 1C, we decided to include the new results
in the revised graph shown in Fig. 1B. Accordingly, the text describing this graph has been edited in
the revised manuscript to reflect the results shown in Fig. 1B.

In fig 2b you showed that CD45+ cells are very low, so most of these cells can be not recoreved by
the PD: author may discuss about that.

Answer: the percentage of CD45+ cells shown in Fig. 2B is calculated as relative percentage on the
total number of live cells retrieved in the sample. With the DH method, CD45+ cells represent about
30% of the few viable cells surviving in the sample. On the other end, with the PD method, a higher
number of live cells is retrieved; CD45+ cells being only a small fraction of the total. We agree with
reviewer’s comment that the graph in Fig. 2B might wrongly induce to think that the recovery of
CD45+ is lower with the PD method as compared to the DH method. Given that dead cells represent
an important fraction of the total population retrieved with DH, we decided to revise Fig. 2B to show,
within the same graph, both the live and dead fraction of CD45+ and CD45- cells. The revised graph
helps to better appreciate how both methods allow retrieval of a similar fraction of live CD45+ cells;

however, the PD method is able to yield a significantly higher fraction of viable CD45- cells.



3. Flow showed that the myeloid cell fraction CD45+/CD11b (FIG.2C) is extremely low in brain and
spoinal after the PD method. P values would help in this analysis to better comprehend the
comparison between the two methods, please add and discuss.

Answer: following reviewer’s suggestion, we added a table (Table nr. 2) showing the results of the
statistical analysis comparing the yields of different cell populations retrieved with the two methods.
Similarly to Fig. 2B, we decided to reshape the graphs in Fig. 2C (pie-charts instead of histograms)
by displaying not only the different cell types retrieved within the viable cell fraction, but also the
fraction of dead cells, to allow better understanding of the actual proportion of different cell types

retrieved with the two methods.

4. Fig 2c showed that almost the 50% of cells yelded with PD are "others", they are an important
proportion: are you sure this method is good for the recovery of what you really need? Have you an
idea of what "other cells" could be? This analysis could reveal the PD being more suitable for the
recovery of different cell types, such as mesenchimal or stromal cells (being bigger and less sensitive
to aggressive methods), you should control CD73 antibody in order to test this hypothesis.

Answer: we thank the reviewer for this observation. The antibodies we used to identify different cell
populations recognize well defined cell-specific antigens expressed by terminally differentiated cells.
However, we are aware that the brain and spinal cord contain many other cell types, including
progenitor cells at different stages of differentiation, such as Nestin+ neural stem cells,
Nestin+Vimentin+ radial glia progenitors, Doublecortin+ neural progenitors, NG2+
oligodendrocyte precursor cells. As suggested by the reviewer, mesenchymal cells could also be part
of the cell fraction resulting negative for all the markers used in our flow cytometric analysis.
Following reviewer’s suggestion, we processed the brain of 3 mice with PD method and analyzed it
by applying the flow cytometric analysis described in our manuscript, adding to the antibody mix also
a rat anti-mouse CD73-FITC conjugated antibody (clone TY/11.8, Mylteni Biotech, cat. #130-102-
535). The spleen from one mouse was analyzed in parallel, as positive control for CD73 (Yamashita
et al., EurJimm 1998). As shown in the figure below, the anti CD73-FITC antibody identifies a
fraction of CD3+ cells in the spleen, as expected (Yamashita et al., EurJImm 1998). Interestingly, in
the brain we detected about 14% of CD73+ cells within the “other cells” fraction retrieved through
the PD method (see table below). Even though not all the “other cell types” could be accounted for,
this analysis supports the existence of other CD45- cell types that could be further investigated upon
isolation through the PD method.

These considerations have been added in the discussion section of the revised manuscript.
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A. Flow cytometric analysis of CD73 in the
spleen of a C57BL/6) male mouse. Single
cell suspension from the spleen was
stained with CD45, B220 (B cell) and CD3 (T
cell] markers with or without anti-CD73
antibody. B. Flow cytometric analysis of
CD73 in the brain of C57BL/6) male mice.
Tissues were processed with PD method
and stained with an antibody mix
comprising anti-CD45, CD11b, O4, ACSAZ,
CD31, Thyl antibodies with or without anti-
CD73 antibody.

Mouse ID | % CD73+
Brain/ + CD73 ab within “other cells”
1 10.6
2 15.6
3 16.3
- Average 14.2
SD 3.1




Reviewer #2:

Minor Concerns:

1. Regarding Method 5.5, It is unclear whether or how to remove the myelin-containing debris on the
surface of the centrifuged solution.
Answer: based on reviewer’s comment, we rephrased the sentence describing removal of myelin-
containing debris and we added a new figure (Fig. 4) showing a scheme with the critical steps of this

protocol, including how to recognize the myelin-containing debris fraction and remove it properly.

2. This manuscript lacks readability because it has a lot of parenthetical phrases (using parentheses and
commas) and slash-divided phrases. The authors had better reconstruct the structure of each sentence
to gain better readability.

Answer: we thank the reviewer for highlighting this issue with manuscript readability. Accordingly,
we have edited the text and rephrased the sentences containing parentheses and slash-divided

phrases to increase readability.



