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Traumatic spinal cord injury causes an inflammatory reaction involving blood-derived
macrophages and central nervous system (CNS)-resident microglia. Intravital two-
photon microscopy enables the study of macrophages and microglia in the spinal cord
lesion in the living animal. Here, we describe methods for distinguishing macrophages
from microglia in the CNS using an irradiation bone marrow chimera to obtain animals
in which only macrophages or microglia are labeled with a genetically encoded green
fluorescent protein. We also describe an injury model produced by crushing the dorsal
column of the spinal cord after a laminectomy, thereby producing a simple, easily
accessible rectangular lesion that is easily visualized. Furthermore, we will outline
procedures to sequentially image the site of injury for the study of cellular interactions
during the first few days to weeks after injury in the live animal.
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SHORT ABSTRACT:
Two-photon intravital imaging can be used to investigate interactions among different
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cell types in the spinal cord in their native tissue environment in a bone marrow chimeric
animal with a dorsal column traumatic spinal cord crush injury.

LONG ABSTRACT:

Traumatic spinal cord injury causes an inflammatory reaction involving blood-derived
macrophages and central nervous system (CNS)-resident microglia. Intra-vital two-
photon microscopy enables the study of macrophages and microglia in the spinal cord
lesion in the living animal. This can be performed in adult animals with a traumatic injury
to the dorsal column. Here, we describe methods for distinguishing macrophages from
microglia in the CNS using an irradiation bone marrow chimera to obtain animals in
which only macrophages or microglia are labeled with a genetically encoded green
fluorescent protein. We also describe a injury model that crushes the dorsal column of
the spinal cord, thereby producing a simple, easily accessible, rectangular lesion that is
easily visualized in an animal through a laminectomy. Furthermore, we will outline
procedures to sequentially image the animals at the anatomical site of injury for the
study of cellular interactions during the first few days to weeks after injury.

INTRODUCTION:

The inflammatory reaction to disease or injury in the central nervous system (CNS) is
poorly understood, especially with regards to the interactions among immune and
resident cells within the tissue. Investigations of these cellular interactions in the spinal
cord are of particular interest in the living animal. The only easily accessible CNS white
matter tract is in the dorsal columns of the spinal cord, making this an important area on
which to focus efforts on improving feasible experimental approach. These
investigations have been limited due to the technical difficulty in accessing and
stabilizing the CNS for imaging. Live imaging in the spinal cord has been described
previously '3, however, few studies have addressed cellular movement in a spinal cord
injury beyond a few hours after the initial insult. The traumatic spinal cord lesion is a
complex environment, with neurons, astrocytes, fibroblasts, NG2 progenitor cells, and
immune cells including microglia, neutrophils, macrophages, T cells, B cells and
dendritic ***. Macrophages are the subset of immune cells responsible for
phagocytosis in the lesion, infiltrating from the circulation. The role of these phagocytic
cells has been debated, with reports indicating that these cells can take on both
damaging and protective roles in the injured tissue. These roles range from increasing
secondary axonal dieback after an injury and acting in a phagocytic manner ¢, to
taking on a wound healing phenotype and decreasing functional deficits in the injured
animal 24%324,

Previously, attempts to distinguish macrophages from microglia have relied primarily on
morphology in healthy tissue. However, activated microglia and macrophages express
many of the same markers and display indistinguishable morphology after injury %2,
making the separation of different activities of these cells difficult to study based on
these factors alone *°. These cells can be separated by differential expression of CD45
using flow cytometry 333* although this approach is less useful in discriminating these
cell types in vivo. Ultilizing differential expression of CCR2 and CX3CR1 in microglia and
macrophages has also been explored, although the dynamic changes in the expression
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of these markers as monocytes differentiate into macrophages can complicate accurate
analysis *+°. Microglia are the resident immune cells in the CNS and arise from yolk sac
progenitors during fetal development, while macrophages are derived from bone marrow
progenitors and enter the injured CNS after an insult 32, An alternative approach to
using morphology to distinguish these two cell types is to replace the bone marrow with
progenitors from a donor animal expressing a traceable marker in the macrophages
derived from the donor progenitors, while preserving the CNS resident, recipient-derived
microglia. These bone marrow chimeric models are commonly utilized in many other
applications 3"*°.  This method has unique caveats associated with damage to the
integrity of the blood-brain barrier caused by irradiation or cytotoxic drugs used to
eradicate marrow progenitors in the host, thereby limiting its use in certain applications.
Recently, functional distinctions between microglia and macrophages in the CNS are
beginning to be discerned by using flow cytometry, gene chip array analysis and
chimerism methods 24%%4¥44 “which will prove very useful in the future. Although
separating these two cell types remains difficult, understanding their unique functions is
important in leading to more targeted treatments of disorders that involve both microglia
and macrophages within the CNS.

Description of cellular interactions within the spinal cord lesion has primarily come from
studies involving cell culture models. This is due to the challenges involved with imaging
both the spinal cord lesion and immune cells together in a living animal. Current rodent
models of spinal cord injury of varying type and severity include contusion models “>4°,
pin-prick injuries 2, laceration to create either a hemi-section or complete transection *,
and the dorsal column crush injury described here **84  |nflammation in the meninges
increases with the severity of injury and poses unique challenges for the implantation of
windows or surgeries for serial imaging. Some of these challenges include the infiltration
of phagocytic cells as well as the generation of fibrous tissue over the surgical site.
Some of these issues can be overcome by creating smaller lesions and covering the
exposed spinal cord with non-immunogenic surgical dressing between the dura and the
paraspinous muscles to allow for subsequent re-opening surgery, as is done here to
study the dorsal column crush injury. The ability to image only the dorsal portion of the
spinal cord also limits the choice of injury, since contusion models primarily cause
damage to the central cord, often sparing the most dorsal part of the dorsal columns,
especially at early time points after injury *>*°. Therefore, we describe a simple injury
model that yields a clean, repeatable, rectangular shaped lesion that is useful for both
the observation of cell movement within the lesion and for easy quantification of axonal
position relative to the lesion.

PROTOCOL.:

All animals should be housed and utilized in accordance with the animal care and use
committee (IACUC) at the institution. All procedures described here are approved by the
Case Western Reserve University IACUC.

1. Transgenic Animals

1.1) Use commercially available fluorescent reporter mice to label axons (Thy-1 YFP H
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%) and microglia / monocytes (CX3CR1C77/FP 51. see [ist of materials). These mice

should be intercrossed and maintained as individual breeding colonies according to
institutional animal care policies.

2. Bone Marrow Chimeras
2.1) Identify animals that are at least 8 weeks of age for use as recipient animals.

2.2) Place host animals in a circular irradiation holding cage designed to hold the mouse
in a position to ensure even, whole body irradiation.

2.3) Set timer on a Cesium (Cs-137) irradiator to administer a whole-body radiation
dosage of 800-1000 Rads to the animals according to manufacturer’s instructions
(examples shown here are 980 Rads).

2.4) Return animals to their cages to rest for a minimum of 4 hours.

2.5) Choose donor animals of the appropriate genotype (see Figure 2A) as the source of
marrow progenitor cells.

NOTE: The appropriate donors are animals expressing different lineage-specific
fluorescent reporters from the host to identify different cell populations, or one of the
same genotype as controls.

2.6) Fill one petri dish with 70% alcohol, and a second dish with 10 ml Roswell Park
Memorial Institute (RPMI) media and a 40-um cell strainer soaked in the media. Fill a 15
ml conical tube with RPMI media. Keep the dishes and tube on ice.

2.7) Sacrifice the donor animals by CO2 asphyxiation according to institutional
guidelines. Clean the skin and fur by soaking the entire animal with 70% ethanol until all
fur is wet.

2.8) Remove the skin from lower half of animal by cutting around the mid-section and
pulling skin down over the hind legs to fully expose the leg muscles.

2.9) Remove the tibia by anterior overextension at the knee joint to dislocate the bone,
then using sterile forceps and scissors, peel and cut muscles away from both ends of the
tibia. Place the bone in the petri dish with alcohol for up to 30 seconds then transfer to
the cell strainer inside the petri dish containing the media.

2.10) Dislocate the hip joint and peel away the muscles attached to the femur, placed
the femur briefly in alcohol and then place it in the same cell strainer inside the dish.

2.11) In a tissue culture hood, use sterile scissors to cut off both ends of the bones and

insert a 21-gauge needle on a 1 ml syringe into the end of the bone. Flush the marrow
into the 15 mL conical with media. Repeat the procedures for the remaining bones.
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2.12) Using the back of the plunger from a 3 ml syringe, crush bone ends in the cell
strainer on the petri dish to extract more cells.

2.13) Place the filter on top of a 50 ml conical tube and transfer media with aspirated
cells from the 15 mL conical tube. Use the back of the plunger to crush the marrow in
order to obtain a single cell suspension. Wash the 15 mL conical tube, bone fragments
and the cell strainer with 30 ml of media into a 50 ml conical tube.

2.14) Centrifuge the cells for 5 min at 500 x g to pellet cells.

2.15) Lyse red blood cells with 2 ml of Ammonium-Chloride- Potassium (ACK) lysis
buffer for 2 minutes. Quench the lysis buffer with 10 mL of media containing 10% fetal
bovine serum. Centrifuge at 500 x g for 5-10 min to pellet.

2.16) Wash cells once in 10 ml of RPMI media and twice in saline, centrifuging at 500 x
g for 5-10 min to pellet for each wash.

2.17) Resuspend cells to a final concentration of 3x10° cells in 200pL of saline.

2.18) Transfer 3x10° marrow cells via tail vein injection into irradiated recipient mice.
2.19) Place acidified water (pH 3.0) in recipient cage and allow mice to recover.
NOTE: Mice that fail the transplantation will die within 10-14 days after the procedure.

2.20) After 8 weeks, verify marrow reconstitution by examining peripheral blood immune
cells using flow cytometry (Figure 2 B-C).

3. Dorsal Column Crush Injury

NOTE: Choose appropriate chimera animals or double transgenic animals for surgery
based on the experiment desired. Animals with either labeled resident or bone marrow
derived cells were created in previous steps.

3.1) Prepare and autoclave surgical tools, including rongeurs, Dumont #4 forceps, iris
scissors, forceps for holding tissues, needle drivers and wound clips.

3.2) Prepare medications to administer to the mice for pain control. Bupernex and
Marcaine are commonly used for pain control. Use appropriate medications as required
and approved by the institutional animal care and use committee (IACUC).

3.3) Induce anesthesia with 4% isoflurane and maintain with 1-2% isoflurane to achieve
a breathing rate of 60-100 breaths per minute. Apply eye lubricant to the animal’s eyes
to prevent dryness under anesthesia and confirm anesthesia by foot pinch. Maintain the
temperature using a heating pad and monitor the temperature using a rectal probe.
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3.4) Shave the back of the mouse with an electric shaver over the targeted spinal cord
level, and then swab the area three times with povidone-iodine followed by twice with
70% alcohol. Place the animal on a sterile drape, and cover the animal with another
sterile drape with a hole cut in an appropriate location to visualize the surgical site.
Maintain all tools on sterile drapes throughout the surgery.

3.5) Cut the skin along the midline at the desired spinal level with iris scissors to expose
the muscle on the back of the animal.

3.6) Under a dissecting microscope, cut the back muscles, including the trapezius and
the ligaments of the latissimus dorsi along the midline where they attach to the dorsal
spinal processes, and expose the vertebral column.

3.7) Remove the rotator muscles between the dorsal and transverse processes of the
vertebra to reveal the lamina of the specific vertebra to be removed (T11 in this case).
Identify T11 by the insertion of the last non-floating rib onto this process.

3.8) Insert tips of rongeurs into the space above and below the process to be removed
and lift slightly to make sure they are securely in place around the vertebral lamina but
not too deep to injure the spine. Close rongeurs in one movement to remove the lamina.

3.9) Enlarge the laminectomy as needed by using the rongeurs to remove small parts of
the remaining vertebra.

3.10) Measure 1 mm from the tips of a #4 forceps by holding them against a ruler and
marking with a permanent marker. Measure a 1 mm in separation between the two tines
by holding the forceps against the ruler and fix the maximum width of the tips to 1 mm by
sliding a rubber forceps ring into place over the shaft of the forceps.

3.11) Create a small hole by inserting a 30-gauge needle through the dura at the two
insertion points for the tines of the forceps to access the spinal cord.

3.12) Insert the forceps tines at a 90 degree angle to the dura through the holes to the
depth of 1 mm marked on the sides of the forceps, making sure the mark is above the
dura. Pinch close the forceps and hold for 10 seconds. Release, and repeat forceps
squeeze two more times for a total of three holds. Remove forceps from the spinal cord.

3.13) Soak a piece of absorbable gelatin compressed sponge in saline and place over
the injury site.

3.14) Using a running stitch, suture the muscle in place over the laminectomy and
soaked gelatin sponge with #4 synthetic non-absorbable nylon suture sutures.

3.15) Clip the skin in place using 5 mm wound clips.
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3.16) Inject 10 uL Marcaine (1.0 mg/kg) in 490 uL of saline subcutaneously around the
incision site and 5 uL Bupernex (0.1 mg/kg) intramuscularly into the gluteus muscles.

3.17) Allow animal to recover on a warm pad and monitor for any difficulties in
movement or signs of paralysis in the hind limbs. Do not leave animal unattended or in
the presence of other animals until fully recovered from anesthesia. Do not use any
animals that display observable motor deficits.

NOTE: Although this crush lesion can be performed at any level along the spinal cord,
practically, T10-L4 pose fewer technical challenges for imaging with respect to breathing
and stabilizing body movement using clamps. Clamp placement must be modified
around the rib cage to image at thoracic levels.

4. Intravital Imaging

4.1) Prepare and autoclave surgical tools, including Dumont #4 forceps, iris scissors,
forceps for holding tissue, needle drivers and wound clips.

4.2) Anesthetize the mouse as before with isoflurane. Induce anesthesia at 4-5% and
maintain at 1-2% as needed to maintain a breath rate of 60-100 breaths per minute and
a lack of response to foot pinch. Keep the mouse heated, monitor breath rate when not
imaging and continuously monitor animal temperature with a rectal probe.

4.3) Clean the skin around the wound clips with Betadine and then alcohol and remove
the wound clips according to manufacturer instructions. Once wound clips are removed,
remove hair with Nair if needed and clean the site again with povidone-iodine and 70%
alcohol.

4.4) Re-open the skin with scissors. Remove any remaining sutures from muscle and
pull muscle apart with forceps, cutting with scissors if needed.

4.5) Under a dissecting microscope, create pockets for the spinal cord clamps by cutting
the muscle with scissors at the side of the transverse processes on the vertebra one
vertebral level above and below the laminectomy.

4.6) Place clamps around each of these vertebra and tighten. Adjust as needed to allow
room for microscope objective to reach the spinal cord. Make sure that the spinal cord is
parallel to the imaging platform, and maintain tissue stability for imaging. If breathing
artifact is seen, readjust clamps accordingly to minimize motion in the imaging field.

4.7) Cover the clamps with parafilm.
4.8) Remove the absorbable gelatin compressed sponge from the spinal cord with
forceps, delicately picking off as many pieces as possible, also removing as much scar

tissue from over the meninges as possible. Cover exposed spinal cord with saline and
new sponge if needed.
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NOTE: If any bleeding occurs from the surrounding muscle, either staunch with sponge
or cauterize as needed. However, take care not to touch the spinal cord with the cautery.
Cover the spinal cord with either a piece of dampened tissue or gelatin compressed
sponge when cauterizing.

4.9) Create a well to hold the immersion fluid by first sealing the skin and tissue with
Vetbond, and then using dental acrylic to build up a well between the two clamps of the
spinal cord holder and the sides of the animal. Wait until the acrylic cures.

4.10) Fill the well with artificial cerebral spinal fluid (aCSF) and check again for any
bleeding around the surgery site.

4.11) Optionally at this point, inject fluorescent vessel dyes intravenously by tail vein
injection to highlight the blood vessels during imaging.

NOTE: Fluorescent dextran above 70kDa is often used, although quantum dots and
fluorescently labeled lectins also serve as useful vessel dyes. 50ul of 150,000 WM
TRITC- is typically injected intravenously.

4.12) To obtain physiologically relevant immune cell motility, the temperature of the
mouse must be maintained at 37°C. Move the mouse to a temperature controlled
environment under the microscope for imaging and monitor the animal for correct
anesthesia level by breath rate and foot pinch. Monitor the animal frequently during
imaging to determine depth of anesthesia, aiming to achieve a respiratory rate of 60-100
breaths per minute.

4.13) Locate the imaging site through the microscope eyepiece.

4.14) Adjust the 2-photon laser scanning microscope to take a z-stack image every 30-
60 seconds to obtain dynamic imaging data.

4.15) Once imaging session is completed remove the animal from the heated box.

4.16) Loosen the spinal clamps and remove the mouse from the clamps. Pull the acrylic
well away from the skin while removing the clamps.

4.17) If the mouse is to be imaged again, place saline soaked gelatin compressed
sponge over the spinal cord. Close the muscle and skin over the surgery site. Do not
leave the animal unattended or in the presence of other animals while recovering from
anesthesia. If the animal shows any signs of neurologic deficit after recovery, the animal
should be euthanized. Otherwise, euthanize the mouse in a CO;, chamber before it
emerges from anesthesia according to IACUC-approved euthanasia protocol.

4.18) Analyze fluorescent images using image analysis software by following the
manufacturer’s instructions.
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REPRESENTATIVE RESULTS:

A schematic diagram depicting the dorsal column crush lesion is shown in Figure 1A.
After the lesion, the animal is prepared and stabilized for intravital microscopy using
spinal clamps (Figure 1B). An image taken immediately after the dorsal column crush
injury shows a clearly visible rectangular lesion with forceps tine insertion points that are
clearly identifiable. Axons at the injury site are severed across the span of the entire
dorsal column (Figure 1C). The integrity of blood vessels remains intact, and no
evidence of vessel dye leakage was detected by fluorescence. To perform serial imaging
of the same lesion over weeks, the muscles and skin can be sutured over the
laminectomy for subsequent re-exposure. Similar lesion morphology is seen at later time
points (Figures 1D, 1E). 5 days after injury, the forceps insertion sites are still visible but
the lesion has begun to increase in size due to secondary injury caused by inflammation.
The axons at the caudal end of the lesion have retracted from the initial site of the injury
via a process called “axonal dieback” The axons at the rostral end of the lesion
exhibited Wallerian-like degeneration (Figure 1D, 1E). Between days 5 and 22 after
injury, the size of the lesion has stabilized. Concurrently, a large influx of CX3CR1+ cells
can be seen infiltrating in and around the crush lesion during these time points, although
the identity of these cells (microglia versus macrophages) can not be distinguished in the
preparation as shown in Figure 1.

In order to distinguish the behavior of microglia and macrophages within the crush lesion
microenvironment, a radiation chimera model was used (outlined in Figure 2A). First, the
bone marrow progenitor cells of a CX3CR1"®"" mouse are replaced with non-
fluorescent donor cells, thus only GFP+ CNS-resident microglia are visible by
fluorescent imaging. The efficiency of marrow reconstitution can be confirmed by flow
cytometry examination of the peripheral blood 8 weeks after marrow transplant (Figure
2B, 2C). In Figure 2B, F4/80 and GFP positive macrophages, highlighted in blue, are
detected in a CX3CR1"¢"P -> C57BL/6 chimeric mouse, in which some GFP negative
but F4/80 positive monocytes are also present. In Figure 2C, no double positive F4/80
and GFP positive cells are left after replacement of CX3CR1"° recipient bone marrow
with wild type bone marrow. Before injury, microglia are evenly distributed within the
spinal cord, displaying a resting, ramified morphology (Figure 2D). 8 days after injury,
only a few microglia can be detected in and around the lesion. These microglia display
an amoeboid morphology (Figure 2E). Second, bone marrow progenitor cells in a non-
fluorescent mouse are replaced by marrow cells from a CX3CR1"¢" mouse, therefore
rendering bone marrow derived CX3CR1+ monocytes / macrophages visible by GFP
fluorescence (Figure 2A). Before injury, the only GFP+ cells detected are largely
perivascular, which have been reported to be bone marrow derived and continually turn
over on a regular basis ?® (Figure 2F). After a crush injury, CX3CR1"¢"® cells can be
seen along the inside of blood vessels surrounding the lesion (Figure 2H-J), and the
lesion center is filled with infiltrating CX3CR1*®™ macrophages (Figure 2G).

Time lapse imaging of the dorsal columns can be performed for up to 6 hours. In Figure

3 we show a non-chimeric CX3CR1"®"" mouse immediately after injury in which cells
from the circulation can be seen moving out of the blood vessel towards the lesion core
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and moving within the injury site (Figure 3A, B; Supplemental Movie 1). Image analysis
utilizing fluorescence intensity to identify cells can track the paths taken by macrophages
(Figure 3A, B; Supplemental Movie 1). Statistics derived from the imaging analysis show
the average motility of macrophages in the lesion is 3.6 um/min (Figure 3D). Finally, at
22 days after injury, axons, microglia and macrophages can still be detected within the
lesion demonstrating the area of imaging is stable over long periods of time
(Supplementary Movie 2).

Figure Legends:

Figure 1: Creation and sequential imaging of the dorsal column crush injury.

A) The dorsal column crush injury is performed by removing the dorsal process of the
vertebra at the level of interest. Forceps are inserted into the dorsal column of the spinal
cord 1 mm apart and are then closed 3 times to produce the lesion shown in purple. B)
The animal is then positioned with spinal cord clamps to obtain stability for intravital
imaging. C) Immediately after injury, the forceps insertion sites (red oval) and the
rectangular crush injury volume (grey box) can be clearly identified. Axons in the dorsal
roots can be seen (white arrows), as well as the injured ends of the axons on the caudal
side of the lesion (filled arrow heads). D) 5 days after injury, the forceps insertion sites
(red oval), and the extent of the lesion (grey box) can still be easily visualized. The
lesion has increased in size since the initial insult. Axons undergoing Wallerian-like
degeneration can be seen rostral to the lesion (open arrow heads) in addition to axons in
the dorsal roots (white arrows) and the ends of injured axons (white arrowheads). E) 22
days after injury, the lesion site is still identifiable with similar dimensions to the injury
after 5 days. Note the large number of CX3CR1+ cells in and around the injured site.
Features labeled are the same as in D. All scale bars = 200 um.

Figure 2: Construction of chimeric mice to track CX3CR1"®"" expressing CNS-
resident microglia or bone marrow-derived macrophages in the dorsal column
crush lesion.

A) A schematic diagram of chimeric mice generation with either CX3CR1 expressing
microglia or macrophages. First, Thy-1 YFP H mice are irradiated and the bone marrow
is reconstituted with marrow cells isolated from a CX3CR1"°F” mouse, resulting in a
chimeric mouse whose macrophages are GFP+. Second, Thy-1 YFP H / CX3CR1"¢FP
mice are irradiated and the bone marrow is reconstituted with marrow cells isolated from
a non-fluorescent mouse, producing a chimeric mouse whose microglia are GFP+. B)
Example of flow cytometry data with F4/80+ and CX3CR1 GFP+ cells in the blood from a
chimeric animal with a CX3CR1"®F" marrow donor transplanted into an irradiated
C57BL/6 recipient. Cells derived from the CX3CRL1 positive donors that are positive for
both GFP and F4/80 are shown in the blue highlighted area. C) Example of flow
cytometry data with F4/80+ and CX3CR1 GFP+ cells in a chimeric animal with a C57BL6
donor marrow transplanted into an irradiated CX3CR1"7®"" recipient. Note the lack of
double positive CX3CR1"°™ and F4/80 cells within the blue highlighted area. D) An
intravital two-photon microscopic snapshot of a mouse from the first chimeric scheme,
showing GFP+ microglia with ramified morphology within the dorsal column (arrow
head). These cells are interspersed among axons (yellow) in the dorsal root and the
dorsal column. Scale bar = 100 um. E) Intravital imaging of the same mouse in (B) 8

+/GFP
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days after dorsal column injury reveals a few CX3CR1+ microglia with large and
amoeboid shaped cell bodies that are lacking processes (arrow head). Scale bar = 100
um. F) Snapshot of a mouse from the second chimeric scheme in (A), showing scant
GFP+ macrophages, within the CNS parenchyma. Scale bar = 100 um. G) Intravital
imaging of the same mouse in F 8 days after dorsal column injury reveals a large influx
of macrophages in and around the lesion. Scale bar = 100 um. H) A higher
magnification picture of CX3CR1 positive blood derived cells in contact with the vessels
in the uninjured animal. Scale bar = 30 um. 1) A reconstruction of CX3CR1 cells in
contact with the vessel, viewed from inside the vessel. Scale bar = 30 um. J) A
reconstruction of CX3CR1 cells in contact with the vessel, viewed from outside of the
vessel. Scale bar = 20 um.

Figure 3: Representative cell tracking data in a non-chimeric CX3CR1"" mouse
immediately after dorsal column crush injury

A) A snapshot of CX3CR1+ microglia and macrophages around damaged axons (yellow)
from Supplementary Movie 1 immediately after a dorsal column crush injury. B) The
paths (grey) taken by the CX3CR1+ cells in (A) during a 110 min intravital imaging
session. C) A time coded representation of the tracks in B. Tracks are colored based on
their time within the whole 110 minute movie, as shown in the time bar. D) Histogram of
overall motility of the CX3CR1" cells. All scale bars are 30 um.

Supplementary Movie 1. Representative intravital movie immediately after dorsal
column crush injury in the double heterozygote Thy-1Y""*/CX3CR1®"* mouse.
Intravital spinal imaging was performed immediately after a dorsal column crush injury at
T11 level. Right panel shows the movement of CX3CR1+ microglia and macrophages.
The paths of the cell movement are shown as white tracks on the left panel. The injury is
located to the upper left corner. CX3CR1+ cells can be seen moving into the site of the
injury along these tracks. Axons are shown in yellow. Scale bar = 40 um. Total time:
110 min. Playback speed: 300X.

Supplementary Movie 2: Representative intravital movie at 22 days after dorsal
column crush lesion in the double heterozygote Thy-1"""* x CX3CR1%"* mouse
Shown here is a representative movie taken in a mouse 22 days after the initial dorsal
column crush injury at spinal level T11. The injury is located at the upper right corner of
the frame. Axons (yellow) ascending rostrally are shown at the bottom right. The dorsal
vein and blood vessels are labeled with TRITC-dextran (red). CX3CR1+ cells within the
lesion move at a slower speed compared to those immediately after injury. Scale bar =
50 um. Total time: 90 min. Playback speed: 600X.

DISCUSSION:

Imaging interactions of different cell types in their native tissue compartments during
ensuing pathology in real-time has generated great interest. Within the dense network of
the CNS, cell-cell contact and signaling with adjacent cells are essential for normal
function and for understanding CNS pathology. Here, we described the use of 2-photon
laser scanning microscopy for the observation of cellular movement within a mechanical
lesion in the spinal cord. In addition to the quality of the surgery and tissue preparation,
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mechanical stability of the tissue is paramount for successful time-lapse microscopy,
particularly the isolation of spinal cord from breathing motion artifact. Stability can be
assessed by looking for movement of the spinal cord under a dissecting microscope that
corresponds to the heart rate or breathing of the animal. Stability should be assessed
both while performing the surgery and also immediately before beginning imaging. If the
animal is not stable, adjustments should be made to the placement and tightness of the
spinal cord clamps. Cell-type specific fluorescent reporter mouse models coupled with
bone marrow chimera approaches have allowed the identification of monocytic cells
versus microglia and axons. Previous studies have revealed that blood derived
monocytes and not microglia are responsible for secondary axonal damage after trauma
using the methodology described here “*. Dextran conjugated vessel dye allows for
vessel identification both to provide landmarks and to identify breaches in vessel
integrity. The selection of the appropriate fluorescent reporter mouse model is critical to
allow the proper identification of the desired cell types to be imaged.

Development of fluorescent mouse models that are appropriate for the studies being
undertaken is also critical to the success of experiments. Distinguishing between the
two phagocytic populations of CX3CR1"7™ cells in the CNS has traditionally been
difficult. As shown here, a common immunological technique, irradiation chimeras, can
be utilized to distinguish radio-resistant, CNS-resident microglia from bone marrow-
derived macrophages. The irradiation procedure has the potential to damage the blood
brain barrier and alter cell phenotypes, so use of this model should be considered
carefully. The extent of these changes differs with irradiation dose, duration of recovery
period and their impact on different inflammatory models has not been fully studied. The
effects of irradiation on CNS blood brain barrier can be minimized by shielding the head
during irradiation, and this has been shown to decrease cell infiltration into the spinal
cord after irradiation, even if the spinal cord is not directly shielded 2. Here we have
observed that the number of cells infiltrating into the CNS at steady state as a result of
chimera generation is insignificant in contrast to the number of cells entering the lesion.
Other alternative models to consider include drug-induced chimeras *? or parabiotic
mouse models 3,

Here, we have presented a specific, simple and reproducible small injury model that
results in a lesion to the dorsal white matter of the spinal cord that is easy to image using
the two photon microscopy. This method also provides a quantifiable lesion to assay the
degree of axonal dieback in the dorsal columns that in the literature has been coupled
with complementary fixed tissue analysis *°*84348>% " |n this model, animals display only
minimal deficits and require no special care after injury. Future studies utilizing the
dorsal column crush injury and imaging techniques described here may be powerful
screening tools to assess the efficacy of treatment for spinal cord injury. These
treatments may include small molecule inhibitors, drugs, cell products, tissue grafts and
combinatorial treatments. The interplay between macrophages, microglia and neurons
are also likely to play a role in other disease models in the spinal cord, including multiple
sclerosis, tumors, meningitis and amyotrophic lateral sclerosis, and this technique may
play a role in the study of these diseases as well.
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employed at the time of the creation of the Materials; “JoVE"
means Mylove Corporation, 2 Massachusetts carporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; "Parties”
means the Author and JoVE; “Video” means any video{s} made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affilistes or agents, individually or in
collaboration  with the Author or any other parties,
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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
Articte, desires to have the JoVE publish the Article and create
and transmit videos based on the Aricle. 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 () to publish,
reproduce, distribute, display and stora the Article in all forms,
formats and media whether now known or hereafter
developed {including without limitation in print, digital and
efectronic 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 alf 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
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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.

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 4 copy of the Article on the
frstitution’s website or the Auther's personal website, in each
case provided that a link to the Article on the JoVE website is
provided snd 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
acknowledpes and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nzture, 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 alf 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 sgreeing 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 Videa in all forms,
formats and media whether now known or hereafter
developed (including without |imitation 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 sl or any portion of the Video and exercise all
of the rights set forth in () above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Waorks 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 publie all such rights in the
Video as provided in, but subject to all limitations and
requiremeants set forth in, the CRC License,

7. Government Emplayees. 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
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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
shalt be limited to the maximum rights permitted under such
statute. In such case, all provisions contained herein that are
not in confiict with such statute shall remain in full force and
effect, and all grovisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, cammercial 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, refating to his or her appearance in the Video or
otherwise refating to the Materials, under all applicable
privacy, likeness, personality or similar laws,

9. Author Warranties. The Author represents and warrants
that the Article Ts original, that it has not been published, that
the capyright interest is owned by the Author {or, if more than
one author is listed at the beginning of this Agreement, by
such authors coliectively) 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 gnly authors of the Materials. If more
than one suthor 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, andfer modification of all or any
portion of the Materials does not and will not violate, infringe
andfor 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 afl government, institutional and other
regulations, including, without [imitation all institutional,
labaratary, hospitat, ethical, human and animal treastment,
privacy, and all other rules, regulations, |aws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10, loVE Biscretion. If the Author requests the assistance of
loVE in producing the Video In the Author's facility, the Author
shall ensure that the presence of JaVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. [f more than one
author is listed at the beginning of this Agreement, IoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
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such author, loVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JOVE. IoVE 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, leVE has sole discretion as to the
method of making and publishing the Materisls, including,
without fimitation, to all decisions regarding editing, lighting,
fitming, timing of publication, if any, length, quality, content
and the like,

11. |ndemnification. 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 IoVE 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 foVE, making of videos by JoVE, or publication in
JoVE ar elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a videq by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
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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
loVE'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,

12. Eees. To cover the cost incurred for publication, JoVE
must receive payment before praduction 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 submittad Materials after
final peer review spproval will result in a US$1,200 fee to
cover pre-preduction expenses incurred by JoVE. If payment is
not received by the compietion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. 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 faw provision thereunder. This Agreement may be
executed in counterparts, each of which shalt be deemed an
original, but ali 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 ariginal signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Rebuttal Comments
Click here to download Rebuttal Comments: Response to Reviewer Comments.docx

Responses to Reviewer Comments:
Editorial comments:

1) Since this manuscript has been requested for priority filming please address the editorial and peer
review comments at your earliest.

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

Reviewers' comments:

Reviewer #1:

The use of two photon microscopy for intravital imaging is a growing technique that offers many benefits
to observing changes in cell to cell interactions in normal or traumatized tissues. The present study
attempts to illustrate a distinction between intrinsic micro glial cells and invading macrophages after
spinal cord injury. There are only minor issues with the text however the images and accompanying
Figure Legends provide little detail about what is presented and the overall quality of the images is low.
Specifically there should be higher magnification images of cell-blood vessel interaction presented in
Figure 2 D, some indication of the same region being examined in Figure 1D and E, an indication of how
retracting axons in 1E are distinguished from those in 1D and some more information about the route of
migration taken by the CX3CR1 cells in Figure 3B. At least indicate the start point for the cells observed.
This will require some change of images and improved text.

> We appreciate Reviewer 1’s comments. We have now included higher resolution images of cells in
contact with the blood vessels in revised Figure 2, showing the close proximity between these cells and
the blood vessels. These changes can now be found in Figure 2 H-J. The start position and direction of
the cellular movement are now included in Figure 3 C. The tracks are displayed using color-coding based
on time, thus allowing for the direction and the relative time of movement to be visualized. We have also
addressed these changes in the text.

For minor points in the text,
1) the second sentence of the abstract is a run on of thoughts.

> We have addressed this in the text.
2) page 7 paragraph 2, it is not possible to see cells adhering to the inside of blood vessels

> We have changed the wording to state that the cells are seen within the blood vessels, not necessarily
adherent to the vessels (page 9). We have also updated Figures 2 H-J to address this point.

3) 4.13 add the volume of fluorescent dye used for intravenous injection
> We have now addressed this in the text (step 4.11).

4) page 8 paragraph 1, if the stability of the spinal cord is critical then more details should be provided to
assist the reader in knowing what to look for for stability and how to achieve it.

> We have now addressed this on page 11 of the text.


http://www.editorialmanager.com/jove/download.aspx?id=186097&guid=300c2764-800e-4d01-812b-d4e74ae5712f&scheme=1

Reviewer #2:

Manuscript Summary:

This protocol explores the use of bone marrow chimera mice to explore microglia and macrophage
responses after a compression model of spinal cord injury with two-photon laser microscopy. All of these
concepts are of particular importance in the research fields and would be of particular interest for a video
protocol. The manuscript is also well written and the protocol is clear and easy to follow. There are a few
minor concerns that are described in more detail below.

Major Concerns:
None.

Minor Concerns:
1.Some of the wording is awkward, such as the second sentence of the abstract or the second sentence of
the introduction. Careful proof-reading of the manuscript is recommended.

> We have made changes in the text to address these errors, and fixed multiple minor errors throughout
the manuscript text.

2.The authors state that "Recently, functional distinctions between microglia and macrophages in the CNS
are beginning to be discerned...". As many of the references provided for this statement are at least 10
years old, this does not seem to be ‘recent’ or a ‘beginning’ and the wording should be reconsidered.

> We agree with the reviewer, and the wording has been changed in the text to better reflect the
chronology of the citations.

3.The authors state that contusion models often spare the dorsal columns, which is inaccurate. To the best
of this reviewer's understanding, most contusion models actually target the dorsal columns more than any
other region. The authors may wish to reconsider this statement.

> Although it is a common impression that the contusion model targets dorsal columns, it is not actually
true. Although in the contusion model the impact device does come in direct contact first with the dorsal
columns, the dorsal column tissue actually moves away during the impact and is often spared, especially
on the very dorsal portion of the cord. In fact, the majority of tissue damage occurs in the central cord,
possibly including the most ventral portion of the dorsal columns. The lesion then extends laterally into
the surrounding white matter during secondary injury. Indeed, myelinated axons with relatively normal
morphology are only found in the dorsal columns of contused animals, except in cases of severe
contusion injuries (please consult the following reference: Ek CJ, Habgood MD, Callaway JK, Dennis R,
Dziegielewska KM, et al. (2010) Spatio-Temporal Progression of Grey and White Matter Damage Following
Contusion Injury in Rat Spinal Cord. PLoS ONE 5(8): €12021. doi:10.1371/journal.pone.0012021)

We have now changed the wording in the text to make this statement clearer.
4.A statement indicating how the correct or target vertebra was identified should be included.
> We have added this statement to step 3.8.

5.Statements about temperature maintenance during surgical approaches should be included in all surgical
protocols.



> This statement was originally included in step 4.12. We have now added additional language to step
3.4.

6.A dosage/volume for fluorescent dye injection may be useful in step 4.11.
> We have now added this information in step 4.11.

7.The recommended breathing rate varies throughout the protocol, from 60 - 100 breaths/minute. This
should be kept constant throughout the protocol, unless there is a rationale for the change?

> We thank the reviewer for noticing this error. We have now standardized the rates to 60-100 bpm
throughout the text.

8.In step 4.13, the yellow fluorescence should be an indication of axons rather than neurons.

> We did not mention yellow fluorescence in step 4.13. We have now changed the wording in the
introduction regarding the yellow fluorescence.
9.In figure 1, please indicate the identity of the green fluorescent cells.

> We have now added the labels in the figure.

10.In figure 1, the authors at first state that the lesion grows over time and then later state that the lesion
has similar dimensions over time. Please clarify.

> We meant to indicate that the lesion increases in size over the first week following trauma, and then the
lesion size stabilizes thereafter. We have now clarified this point in the figure legend.

11.In figure 1, the authors include reference #51, but it is unclear what this reference is in support of.
Please clarify.

> We apologize for this typo. This reference is now removed.
12.1n figure 2, the experimental design in the image is reversed from that in the legend.
> We thank the reviewer for noticing this error, and we have now fixed the error in the figure legend.

13.1n the discussion, the authors refer to shielding of the brain to protect microglia from irradiation
induced damage or number reduction. However, the focus of this manuscript is the spinal cord, so it
would be more appropriate to discuss the impact of irradiation on spinal cord microglia and how that
might alter the outcomes of this study.

> We appreciate the point the reviewer is making. We discussed irradiating the brain since our study did
not shield the spinal cord. Other studies have shielded the brain during irradiation and then investigate
changes in the spinal cord. Presumably, some of the changes observed in the spinal cord are due to
irradiation effects in the brain. We have changed the text to make this point clearer. Shielding the spinal
cord separately would be technically challenging due to its position in the center of the body. See
reference 53.

Reviewer #3:
In this paper the authors present a simple injury model that allows the observation and quantification of



cell movement within a spinal cord lesion and quantification of axonal position relative to the lesion. This
is a nice technique and the authors provide clear and easy to follow protocols to their procedures. A few
issues should be addressed to improve the clarity and presentation of the work.

-The authors should clearly label the figure panels. For example, indicate what is stained in green and
yellow and include arrow heads/asterisks to indicate observations reported in the text e.g. indicate on the
figure the axons at the caudal end that have retracted and axons at the rostral end undergoing Wallerian
degeneration (lines 391-393).

> We have now clearly labeled microglia, macrophages, blood vessels and axons in the figures. In
addition, we have labeled, by solid and open arrows, portions of the axons undergoing either the wallerian
degeneration or the retraction bulbs. We have also made corresponding changes in the figure legends.

-Figure 2B and 2C: indicate/label cell clusters to improve clarity of the FACS data e.g. colour coding of
cell clusters would be informative.

> We have now highlight the relevant region of the flow plot and have also indicated such in the legend.

-Fig 2D-G: Provide more detail and better labelling in this figure. It is not clear how the authors conclude
that CX3CR+GFP cells adhere to the inside of blood vessels after injury in 2G (line 415-416).

> We have added Figure 2 H-J to show this more clearly.
-Line 462-462: it would be helpful to indicate the dorsal root axons in the figure.
> We have now marked the axons with arrows in both Figures 1 and 2.

-Line 464: also indicate "large and amoeboid shaped cell bodies™ in the image and provide more
description on what criteria were used to identify this distinct morphology.

> We have now marked cells with arrows in the figure, and have added more descriptions in the figure
legend. We realize the morphologic description of activated microglia can be subjective, and for these
incidental observations, no specific calculation / quantitation of cell morphology were made.

-1t would strengthen the manuscript if the authors included slowed down movie frames so that the reader
can identify an example of a moving cell; the authors could also indicate the track that would be
quantified from these images.

> We have now provided a movie with a slower frame rate. We have also included an inset showing a cell
moving along a single track.

-The authors claim that "This method...provides a quantifiable lesion to assay the degree of axonal
dieback in the dorsal columns when coupled with complementary fixed tissue analysis". They should
either demonstrate this by showing how axon die back can be assayed, or remove this claim.

> We have now highlighted and clarified the fact that quantifying the degree of axonal dieback in the
dorsal column using fixed tissue analyses have commonly been shown in the literature but is not directly
relevant to the current protocol.

-Remove "dynamic" from the title and tone down the claim throughout the manuscript that this study
shows "dynamic interactions between microglia/macrophages and axons". This is a nice methodology



paper with a thorough description of procedures, but it does not provide new data on how inflammatory
cells interact dynamically with axons.

> We have now removed “dynamic” from the title and shortened the discussion regarding this point. We
have also clarified our point that the discussion surrounding the “dynamic” nature of microglia /
macrophages interaction with axons was in reference to a published paper (Evans et al. Exp. Neurol.
2014; 254:109).

Minor:
A number of sentences in the manuscript do not make sense and/or are poorly phrased; a thorough proof
read and grammatical check should be performed. A few examples:

> We have now made changes to the abstract, and have corrected wording and typographical errors
throughout the text.

Abstract: Intravital twophoton microscopy allows for the study of macrophages and microglia in the
traumatic spinal cord lesion in the living animal using two-photon microscopy can be performed in adult
animals with a traumatic injury to the dorsal column.

Line 63-64: "...increasing its relevance as an anatomical site of which to focus efforts on improving
feasible experimental approach”

Line 61-62: "Investigations of these cellular interactions in the intact spinal cord are of particular interest
since this is the only easily accessible CNS white matter”. What does this mean? How can imaging
inflammatory events in the "intact” white matter be of any use?

> QOur statement was intended to point out the fact that long-distance axons within a white matter tract
cannot be imaged in the cortex intravitally. The spinal cord is therefore the easiest area in which to access
these tracts for the study of diseases involving the white matter. The word “intact” was meant to refer to
the animal, not the spinal cord. We have now clarified this in the text.

Over-use of the word "traumatic™ in long abstract and throughout the manuscript; this description is not
commonly applied to a dorsal column crush injury, but for more severe contusion-type injuries.

Even more so, the "pin-prick™ injury is not a model of traumatic spinal cord injury (line 108).

> We have taken steps to reduce the use of the word, “traumatic”.



