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Abstract

Multipotent mesenchymal stromal cells (MSC) have been presented by the

scientific community as a promising alternative in the treatment of inflammatory,
traumatic, vascular and degenerative diseases of the central nervous system
due to their anti-inflammatory, immunomodulatory and neuroregenerative
properties. One of the aspects that can affect the effectiveness of the stem cell
therapy is the transplantation route used. The aim of this study was to evaluate
the homing of canine adipose derived MSCs (AdMSCs) transplanted via
epidural injection in an experimental model of acute spinal cord injury in rabbits.
New Zealand rabbits (n=8) were subjected to the spinal cord injury induced by
compression of the 10" thoracic segment. Immediatily after the surgical
procedure, the animals were submitted to the transplantation of marked
AdMSCs with quantum dots through epidural injection between the L7-S1
spaces. Seven days after the transplant, the brain, spinal cord, lungs, kidney,
spleen and liver were collected and evaluated by bioluminescence imaging. The
spinal cord segments L7-S1 and thoracic injury site were evaluated by confocal
microscopy to identify the presence of marked canine AMSCs. Results shows
that AMSCs migrate to thoracic spinal cord segment, lungs, brain, liver and
kidneys, no bioluminescence was observed in spleen. The presence of canine
AdMSCs in spinal cord indicates the capacity of these cells to overcome the
dura mater and reach the transplantation site. The epidural delivery is feasible
and minimally invasive and might be a good candidate for cell transplantation in

the context of neurological diseases.
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cord injury, mesenchymal stromal cells.



INTRODUCTION

Multipotent mesenchymal stromal cells (also known as mesenchymal
stem cells - MSCs) are promising approach for the treatment of inflammatory,
degenerative, neurological and cardiovascular diseases due to their
immunomodulatory and regenerative potential.

The use of MSCs has been widely studied in spinal cord injury models
and in preclinical trials with good results reported in terms of morphological and
functional improvement after traumatic, ischemic and inflammatory injuries
[1,2,3,4,5,6,7].

Homing is the process by which MSCs reach the target site anfter
transmigration across the endothelium [8]. This process has been considered
crucial for the effectiveness of stem cell therapy, since the mechanism of action
of MSCs is presumably linked to their ability to produce factors that act in
paracrine or justacrine manner to the target cell. Thus, the closer the MSCs are
to the injured tissue, better results are expected [9,10,11,12].

Little is known about the exact mechanisms that MSC utilize to reach the
target tissue, however many growth factors and cytokines have already been
identified as being active in the process, such as VEGF-A, HGF, TGF-1, TNF-
a, SDF- 1 a, IL-6, IL-8, IGF 1, and receptors, adhesion molecules and
metaloproteinases such as CXCL-12, CCL-2, CCL-3, CCR4, CXC44, VCAM,
ICAM [13,14,15,16].

The data are still scarce and controversial about the fate of MSCs after
carrying out cell transplantation through different routes. When the intravenous
route is used, a large concentration of these cells is observed in the lung
[17,18,19] following the systemic distribution of part of these cells and their
subsequent disappearance.

In order to circumvent the trapping of cells in pulmonary capillaries and
encourage more cells to migrate to the injured spinal cord, many authors have
used transplants close to the injury site, through the intralesional, intrathecal or
interventricular injections [20,21].

However, direct transplantation to the injured spinal cord leads to an

additional risk to the procedure, distributes the cells in a hostile environment



and is potentially clinically unfeasible because it is necessary to subject the
patient to an anesthetic and surgical procedure [22].

Therefore, transplantation pathways that ensure that cells are delivered
close to the lesion site and that favor them crossing the blood-brain barrier are
essential [14, 23, 3].

The epidural injection is an alternative for MSCs transplantation for
neurological diseases because it is less invasive and has already been
extensively studied related with drugs delivery in anesthesia and chronic pain
control, providing good distribution of the drugs used [24].

Still on drugs administered by this route, their systemic absorption occurs
through diffusion through epidural fat and ligaments. Locally it spreads through
the spinal meninges reaching the subarachnoid space, up to the cerebrospinal
fluid (CSF), where it is distributed throughout the spinal cord and brain using the
cerebrospinal fluid flow. The greatest barrier to the local diffusion of these drugs
is the arachnoid mater [25,26].

In this context the aim of this study was evaluate canine Adipose derived
MSCs (AdMSC) homing after epidural transplantation in a model of acute spinal
cord injury in rabbits. It is necessary to evaluate the applicability and
effectiveness of transplanted cells and to promote the homing of MSCs to a
neurological system injury site before this technique is widely used in clinical
contexts of neurological diseases, such as spinal cord injuries.

We hypothesized that canine AMSCs transplanted by epidural route are
able to distribute themselves systemically and locally and reach the spinal cord

injury site.

MATERIALS AND METHODS

Experimental design

This study was approved by the Ethics Committee on Animal
Experimentation, previously established by COBEA (Brazilian College of Animal
Experimentation), as stated in the protocol CEUA-FMB-Unesp, n°® 1286/2019.



Eight male and female rabbits from the Botucatu Genetic Group were
used, from the Central Animal Farm of UNESP - Campus Botucatu, weighing

between 2.5 - 4.0 kg and approximately 6 months of age.

The animals were kept in individual cages with dimensions of 55 x 55 x
55 cm and suspended 80 cm from the floor. The room temperature was
maintained at 20°C and with 12-hour light cycles, they received comercial diet
(Nutricoelhos, Purina Nutrimentos Ltda.), water ad libitum during the entire
study period. During the three-day postoperative period the animals also
received green leaves (kale) and were kept under the care of specialized

technicians.

Canine AdMSC immunophenotyping and multipotentiality assays

The cells were obtained from the adipose tissue of healthy dogs from
elective surgeries. The adipose tissue samples were stored in Hank's Balanced
salt solution (HBSS) (Invitrogen, Carlsbad, CA, USA) and divided into fragments
(1-2 mm?) to be digested with collagenase type 1A (Sigma Aldrich, St Louis,
MO, USA). They were kept at 37 °C and stirred every 10 minutes for 1-2 hours.

After neutralizing the enzyme with 10% fetal bovine serum (SFB) (Sigma-
Aldrich, Saint Louis, MO, USA), the material was filtered and centrifuged to
separate the cell pellet. The cells obtained were divided into 25 cm? bottles with
6 ml of medium, incubated at 37°C in a humid atmosphere, containing 95% air
and 5% CO..

The culture medium was prepared with Dulbecco's Modified Eagle,
Medium Nutrient Mixture F-12 (DMEM/F-12 Gibco; Thermo Fisher Scientific,
Grand Island, NY, USA), 10% SFB, 1% penicillin / streptomycin, 1.2 %
amphotericin (Sigma-Aldrich, St. Louis, MO, USA), and changed after the first
48 hours and then every 3 to 4 days.

The cells were trypsinized (trypsin, 0.25%, Gibco; Thermo Fisher

Scientific) when they reached 80% confluence. As soon as the cell population



was isolated, in the third passage the MSCs were characterized by
multipotentiality tests and immunophenotypic labeling. The cells samples used

were previosly characterized.

Canine cells were evaluated for surface markers in reactions containing
species-specific antibodies for rats that included: CD 90-PERCP (BD,
Pharmigen ™, San Diego, CA, USA), CD 71-FITC ( BD Pharmigen ™, San
Diego, CA, USA), CD 45-PE (BD Pharmigen ™, San Diego, CA, USA), CD 106-
PE (Abcam, Cambridge, MA, USA), CD11b-APC (Abcam, Cambridge , MA,
USA), and CD 34-FITC (Biorbyt ™, St Louis, MO, USA). Canine MSCs were
analyzed on the BD FACSCalibur flow cytometer (Becton Dickinson Company,
San Jose, USA).

Cell suspensions at a concentration of 1x10° cells diluted in 100 pL of
saline were used and conjugated antibodies were added to the solution
according to manufacturer's recommendations. After the analysis, the data were
evaluated by the Cell Quest Pro software (Becton Dickinson Company, San
Jose, USA).

In order to confirm multipotentiality, cultured cells were induced to
differentiate in vitro into adipogenic, chondrogenic and osteogenic strains, with
the StemPro adipogenesis®, chondrogenesis® and ostegenesis® differentiation
sets (Gibco; Thermo Fisher Scientific, Grand Island, NY, USA) following the

manufacturer's recommendations.

Passage two to six were used in in vivo experiments

Canine AdMSC labelling with quantum dots

Prior to cell transplantation, cells were trypsinized and marked with a
Qtracker 655® marker (Cell labeling kit, Molecular Probes, OR, USA cat code:
Q25029) according to the manufacturer's recommendations. The labeled cells

were resuspended in 0.3 ml of HBSS at the time of transplantation.



Spinal cord injury model

As anesthetic protocol, the animals were submitted to pre-anesthetic
medication with midazolam (Cristalia, Itapira, SP, Brazil) 2 mg / kg and
ketamine (Vetnil, Louveira, SP, Brazil) 30 mg / kg intramuscularly, anesthetic
induction with isofluorane in a face mask until tracheal intubation, maintenance

with isoflurane (Cristalia, Itapira, SP, Brazil) and inhaled oxygen.

Venous access was obtained by catheterization of the marginal ear vein
to maintain fluid therapy with lactated Ringer's solution, analgesic bolus and
infusion of analgesic solution containing fentanyl citrate (fentanyl, Janssen-Cilag
Farmacéutica, SP, Brazil) (10ug / kg) / h), ketamine (Vetnil, Louveira, SP,
Brazil) (0.3 mg / kg / h) and lidocaine (EMS, Hortolandia, SP, Brazil) (3 mg / kg /
h).

The animals were kept in prone position for trichotomy and antisepsis of
the entire dorsal region, followed by the surgical procedure for dorsal
laminectomy between T8 and T9, obtaining a good spinal exposure for the
insertion of the Fogarty 3 French catheter ( Edwards Lifesciences, CA, USA)
and careful advancement through the epidural space to T10, where the balloon
was inflated with 1 cm?® of air for 10 seconds as described by Vanicky and
colleagues in 2001, enough time to cause a spinal cord injury, then the balloon

was deflated and removed from the spinal canal.

The animals received meloxicam (Ouro fino, Cotia, SP, Brazil)
subcutaneously 0.5 mg / kg once daily for 3 days, dipyrone (Halex Istar
Industria Farmacéutica Ltda, GO, Brazil) 50 mg / kg every 12 hours for 5 days,
gabapentin 30 mg / kg every 12 hours until the end of the procedure,
enrofloxacin (Unido Quimica, Sdo Paulo, SP, Brazil) was also administered 5

mg / kg once daily for 5 days.

Canine AdMSCs epidural transplantation



The transplant was performed immediately after spinal cord injury and
under the same anesthetic protocol described for the surgical procedure. After
trichotomy and local antisepsis, the space between L7 and S1 vertebras was

puncturated.

The correct needle positioning was verified by the non-observation of
CSF in the needle tube, and the aspiration test of the physiological solution drop
by negative pressure. the syringe was attached to the needle with the cells in
suspension and the application was performed slowly and continuously with 1.5

x 108 cells per rabbit suspended in 0.3 ml of HBSS.

Collection and preparation of tissue samples

The rabbits were euthanized with an overdose of thiopental 50 mg/ml
(Thiopentax, Cristalia, Itapira, SP, Brazil) after seven days of the surgical
procedure + transplantation and were immediately perfused intracardiacally with

physiological solution followed by 4% paraformaldehyde buffered.

Spinal cord, brain, kidneys, liver, spleen and lungs of each animal were
dissected. The organs were stored at 4 °C in 4% paraformaldehyde and
washed with 0.2 M PBS to be fully imaged by the FX PRO in vivo imager
(Bruker, TX, USA).

Cell tracking:

The nanocrystal-labeled MSCs were screened in organs: spinal cord,
brain, kidneys, liver, spleen and lungs seven days after the epidural transplant.
The in vivo imager fluorescence detection method (FX PRO, Bruker, TX, USA)
was used. For imaging, the values of 610 excitation wave and 700 emission

wave were used with an exposure time of 5 seconds.



The organs were arranged to be imaged side by side, and were analyzed
for fluorescence positivity or negativity compared to the same negative control
organ, thus avoiding the possibility of autofluorescence. Organs that showed
more fluorescence than the negative control were considered positive, those

equal to the negative control were considered negative.

Spinal cord (n=8), brain (n=7), liver (n=7), lung (n=7), spleen (n=6),
kidney (n=7) were imaged by means of an “in vivo” imaging analyser. The same
spinal cords were screened for the presence of nanocrystal marked AAMSCs in
two different sites, the lesion site and transplantation site (L7-S1 medullary

segment).

Morphological analyses:

Confocal microscopy evaluation:

After imaging, the medullary tissue was prepared for analysis using
confocal microscopy. The fragments of the segments corresponding to the T10
lesion site and cell transplant site (L7-S1) were stored overnight in 10% and
20% sucrose solutions, sequentially, for cryopreservation. They were frozen in
liquid nitrogen and n-hexane to be sectioned longitudinally and transversely by
the cryostat, obtaining fragments with 10 um. The samples were stored in a -80

°C freezer until use.

After the cleavage of the fragments in 10 ym thick cross sections, the
slides were processed and marked with DAPI (4 ‘, 6-diamidino-2-phenylindole)
(Invitrogen, Carlsbad, CA, USA), and analyzed using confocal microscopy
(TCS, SP8, Leica®, Wetzlar, Germany).

For each of the eight animals analyzed by confocal microscopy, two
spinal cord cuts were made, one in the L7-S1 portion and the other at the T10

lesion site. Each slide was analyzed in 3 different fields so that at the end it was



possible to make an average of the amount of fluorescence present in the cut in
question. The amount of fluorescence in the confocal microscopy images was

analyzed using the Image j program.

Hematoxylin and Eosine staining and Immunohistochemistry

Additionally, cuts of the organs were made to perform morphological
analyzes by hematoxylin and eosin (HE) staining. The slides were analyzed
qualitatively for the presence of hemorrhage and inflammation. Samples were
also processed for immunohistochemistry with specific antibody for

macrophages.

Immunohistochemical analysis for the assessment of macrophages was
carried out according to Franzoni et al. [27], with modifications. Briefly, paraffin
blocks of 5 ym were cut, which were stretched in adhesive slides (Starfrost,
Knittel). Subsequently, the slides were dewaxed and antigenic recovery was
performed with the pH 6.0 citrate solution in the pressure cooker (Pascal, Dako,
Carpinteria, CA USA).

The blocking of nonspecific proteins was performed with a ready-to-use
commercial solution (Protein Block, Dako, Carpinteria, CA USA) and the
blocking of endogenous peroxidase with hydrogen peroxide (Dynamic) at 3%,
diluted in methanol (Dynamic). The slides were incubated with the mouse anti-
macrophage monoclonal antibody (Clone MAC387, Bio-Rad Laboratories,
Hercules, CA, USA) at a 1: 300 dilution, overnight. The secondary antibody
conjugated to peroxidase goat anti-mouse (Abcam) was used in the dilution of
1: 300. The reagent 3-3 diaminobenzidine (DAB, Dako, Carpinteria, CA, USA)
was used as a chromogen and the samples were stained with Harris

hematoxylin.

To analyze the presence of macrophages, five high-magnification fields
were evaluated, and the number of positive cells was counted. At the end, the

result was presented with a median.



Statistical analysis:

The integrated pixel density variable was assessed in three spinal
medullas for normality using statistical tests (Shapiro-Wilk), descriptive statistics
and graphic analysis. The t test was performed for unpaired samples. The level
of significance assumed was equivalent to * p <0.05, ** p <0.01 and *** P
<0.001. The analysis was performed using the software (GraphPad Prism

version 8 for Mac, San Diego, California, USA).

RESULTS AND DISCUSSION

Canine cells showed mesenchymal fate and trilineage :

The immunophenotype profile presented by the cells confirms their
mesenchymal origin (figure 1). Immunophenotypic analysis demonstrated
positive expression for CD 90 (98,13%) and CD 71 (26,44%) and absence of
expression for hematopoietic antigens CD45 (2,04%), CD34 (5,90%), CD 106
(8,96%) and CD 11b (0,55%). Surface markers greater than 20% were

considered positive.

The induction of in vitro differentiation for adipogenic, chondrogenic and
osteogenic lines was positive (figure 2). For adipogenic differentiation,
deposition of lipid droplets within the cell cytoplasm was observed when stained
with Oil Red O stain. For osteogenic differentiation, all samples cultured in the
induction medium demonstrated intense extracellular deposition of stained
calcium in Alizarin Red S In chondrogenic differentiation, there was formation of

micromass stained by Toluidine Blue.



Figure 1. AMSCs in 20x magnification, 3rd passage. Note fibroblastoid

morphology and adherence to plastic.

Adipogenic

Figure 2. Potential for differentiation of MSC in adipogenic (A), osteogenic (B)
and chondrogenic (C) lines, 20x magnification. Note the deposition of lipid
droplets within the cell cytoplasm stained with Oil Red O (A). extracellular
calcium deposition stained in Alizarin Red S (B). Formation of micromass
stained by Toluidine Blue (C).

Histological findinds attests the presence of experimentally induced

spinal cord injury



The technique used, adapted from [28] was effective in inducing
myelopathy in all animals, characterized by paraparesis, motor deficit and
proprioception of the pelvic limbs (Figure 3). The animals showed no deficit in
urinary function, but assessing the gait and neurological status or clinical
recovery of animals is not the scope of this work, We exclusively analyzed the
cellular tracking of AMSCs.

Figure 3. Rabbit showing motor and proprioceptive deficit of the pelvic

limbs after surgically induced spinal cord injury in the thoracic spinal segment

In the morphological evaluation of the spinal cord tissue by hematoxylin
and eosin staining, inflammatory changes compatible with the tissue injury
caused, such as myelomalacea, congestion and glitter cells were observed
(Figure 4). In the brain tissue of some animals, there was the presence of
central chromatolysis, perivascular edema and glial nodules, compatible with
inflammatory changes. No relevant changes were noted in the spleen, liver,

kidneys or lung.



Figure 4. Histological evaluation of the ventral horn of the spinal cord seven
days after experimental injury. Figure A: note frequent spheroids and
vacuolation of white matter, discrete satellitosis and central chromatolysis, 200
pm scale. Figure B: note frequent spheroid and vacuolization of white matter,
central chromatolysis, extensive area of hemorrhagic necrosis (malacia)
(asterisk), mainly in gray matter with moderate gitter cells (Square), 100 ym

scale.

In immunohistochemical evaluation, samples of liver, lung and kidneys
were not positive for macrophages in histological sections. In spinal cords
samples, it was possible to identify the presence of macrophages with positive
cytoplasmic labeling for the searched antibody. The median staining was 1

macrophage per sample (0 - 15).

Canine AdMSCs migrated sistemicaly and to central nervous system after

epidural transplantation



Organs in the imaging analyser were positive for the fluorescent canine
AdMSCs in liver (n=6/7), spinal cord (n=2/8), brain (n=6/7), kidney (n=6/7) and
lung (n=4/7), and Fluorescence was not observed in any of the imaged spleens
(n=6) (figure 6).

Two out of eight spinal cord were positive for canine ADMSCs (Figure 6).
Of these two animals, one was positive at the spinal cord injury site and the
other one was positive from the proximity of the T10 injury site to the cervical

segment (figure 5).

Brains were positive in six of seven imaged animals corresponding to
85.7%, the livers and kidneys were positive in six of the seven animals tested
(85.7%). The lungs, on the other hand, showed 57,14% positivity, with four

organs positive out of seven imaged (Figure 6).

Despite the low positivity of spinal cords in the imaging analyser, By
means of confocal microscopy it was possible to attest to the presence of
Qtracker-labeled MSCs in all imaged spinal cords. The confocal was also
performed on two brain samples, and it was also possible to confirm the

presence of these cells in brain parenchyma as seen at the imaging analyser.

The results of fluorescence imaging of the organs combined with those of
confocal microscopy in the present study demonstrate the ability of MSCs
derived from canine adipose tissue to distribute systemically from puncture and
epidural transplantation between the L7-S1 vertebrae and to reach the nervous

tissue.
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Figure 5. Representation of the spinal cord arrangement in in vivo imager. In A
and C are pictures of spinal cords of rabbits number one (R1) and two (R2) and
their respective negative controls (NC) before being imaged; in B and D the
images obtained after the fluorescence analysis of these same rabbits and their
respective negative controls are represented. Note that animal number two was
negative in the bioluminescence analysis and animal one was positive in the
proximal half of the spinal cord. The arrows represent the site of spinal cord
injury in T10 and the asterisks the terminal medullary portion, corresponding to

L7-S1, a cell transplant site performed by the epidural route.
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Figure 6. Representation of spinal cords, brain, liver, kidneys, lungs
analyzed in in vivo imager. On the left, negative control organs, in the middle,
organs from rabbits 1 to rabbit 8. Organs that were equal to the negative control
were considered negative and those with more fluorescence than their negative
control were considered positive. Intensity scale for spinal cord graded from 8.7
x 107 to 1.2 x 108 photons / second / mm?, for brain: from 1.0 x 108 to 1.5 x 108
photons / second / mm?, for liver from 3.5 x 107 to 1.0 x 108 photons / second /
mm?, for spleen from 2.0 x107 to 1.0 x 108 photons / second / mm?, for lungs
from 1, 5 x 107 up to 4.5 x 107 photons / second / mm? and for kidneys from 1.3

x 107 up to 5.0 x 107 photons / second / mm?2.

Canine AdMSCs migrated sistemicaly and to central nervous

system after epidural transplantation, confocal microscopy

As for confocal microscopy, the eight spinal cords were imaged,

obtaining images for each animal for the lesion site in the T10 medullary




segment and the site of application of the MSCs in the L7-S1 medullary

segment.

Through confocal microscopy, in all of the animals researched by this
technique, it was possible to verify the presence of cells marked with
nanocrystal in medullary tissue both at the application site in L7-S1 and at the

injury site in T10.

Animal number one was not positive in fluorescence imaging for the
transplantation site, but MSCs markings in this region were observed by the
confocal microscopy technique. Animal number 3 was positive in fluorescence
only at the injury site, but through confocal microscopy, marked cells were seen
both at the application site and at the injury site (figures 7 and 8). The other
spinal cords were negative in bioluminescence chamber but positive for the
presence of Qtracker at the injury site and also in the L7-S1 segment in

confocal microscopy.
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Figure 7. Confocal microscopy images of the spinal cord of animal number 1 in
L7-S1 portions (cell transplant site of the MSCs marked with Qtracker 655) and
site of spinal cord injury in the T10 segment. In A, section of the application site,
note blue fluorescence of the nucleus marking with DAPI staining, in B, note red
fluorescence of the Qtracker marker. In C, combined image of the two
markings.

In D, section of the spinal cord injury site, note blue fluorescence of the DAPI
marker, in E, red marking of the nanocrystal Qtracker 655 and in F image

combined with the two markings. Scale 50um.
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Figure 8. A. Fluorescence intensity of confocal microscopy images of
rabbits number 1 (R1), 2 (R2) and 3 (R3) at the injury site and at a cell
transplant site in the L7-S1 medullary segment. In B, Quantitative analysis of
the fluorescence intensity of canine MSCs marked with Qtracker 655 at the

application site and at the spinal cord injury site seven days after the




experimental injury and transplantation. The values of the integrated pixel

density were represented as mean = SD. p> 0.5.

Discussion

Although the mechanisms that govern the cellular homing of MSCs to the
injury site are not known for certain, it is known that the presence of tissue
damage induces the local production of chemokines that act by attracting MSCs

to the injury site through the mechanisms previously explored [8].

We induced a spinal cord injury using the compression model of the
arterial embolectomy catheter and evaluated the ability of MSCs to migrate to

this spinal cord segment and its distribution to other organs.

Previous studies have demonstrated the ability of MSCs to migrate to the
medullary tissue from intrathecal transplantation [20, 21,3]. However, the
epidural route by lumbar puncture in the context of transplantation of MSCs is
still poorly studied. Bach et al. 2019 [6] published good results for ambulatory
improvement of dogs after epidural transplantation of AdMSC, but the
transplantation was done at the trans-operative injury site in spinal
decompression surgery. To authors' knowledge, the fate of AMSCs via the

epidural route in the L7-S1 intervertebral space has not yet been explored.

The cells marked with nanocrystal transplanted by the epidural route

were distributed systemically to kidneys, liver, lung, brain and spinal cord.

The systemic distribution can be explained by the diffusion of cells
through epidural fat, vessels and local arteries. The systemic distribution of
drugs after epidural injection is well described mainly in the context of the use of

anesthetics for surgery or analgesia [25].

Mainly by confocal microscopy, MSCs were observed in the medullary
parenchyma, the cells transplanted by epidural route may have been distributed

between the meninges up to the CSF, being thus distributed throughout the



medulla. In this process, the arachnoid mater is the main meningeal barrier to

diffusion.

In the present study, Qtracker 655 nanocrystals were used as a marker
of MSCs due to their ease of internalization in the cell cytoplasm and because
of their low cytotoxicity [29]. Good results regarding the traceability of MSCs
using the nanocrystal Qtracker have already been reported for bone marrow

derived MSCs in a tendonitis model in horses [30].

In vivo imager was used to investigate the presence of nanocrystal
labeled MSCs. Imaging by detecting fluorescence in vivo has been presented
as a good option for tracking of neural stem cells. The technique demonstrated
a good relationship between the amount of fluorescence detected and the

amount of cells present in the tissue in question.

It could be speculated that the small amount of spinal cord marking by
the in vivo imager is explained by the use of the transplant through the epidural
route and possible difficulty of MSC in crossing the dura mater and reaching the
medullary tissue. The amount of fluorescence, and therefore of cells labeled in

the spinal cord, needed to be confirmed by confocal microscopy.

Through confocal microscopy, it was possible to verify the presence of
cells marked in medullary tissue in all animals, both at the application site and
at the injury site. The results of fluorescence imaging of the organs combined
with those of confocal microscopy in the present study demonstrate the ability of
AdMSC to distribute systemically from puncture and epidural transplantation

between the L7-S1 vertebrae and to reach the nervous tissue.

The evidence of fluorescence in kidney, lung, liver and brain organs in
the in vivo imager device can be explained by the presence of Qtracker-labeled
MSC in its cytoplasm in the organ in question. These may have gone through
the process of active migration to other target tissues other than the injury site
at T10, or they may have gained blood flow through vessels in the epidural
region and be sequestered in capillaries and venules, this phenomenon is well

described for the lung when the intravenous route is used [19,31].



The time elapsed from the transplant to the tracking for these in the
target tissue is important. In our study, we chose to evaluate cell migration

seven days after transplantation.

In addition, we also performed an experiment with a rabbit that
underwent surgical procedure and cell transplantation with rabbit MSCs via the
epidural route as previously described and sacrificed three days after the
procedure. The same organs were investigated in this animal and it was verified
by the fluorescence imaging the presence of markings only in the lung,
corroborating to the possibility of the cells doing a transient homing to the lung.
Through confocal microscopy, markings compatible with the qtracker on the

spinal cord of this animal were visualized.

The literature varies in relation to the time it takes the cell to reach its
target organ, MOTHE and collaborators in 2011 [3] screened neural progenitor
cells derived from spinal cord and MSCs derived from bone marrow after
intrathecal transplantation by lumbar puncture in a spinal cord injury model and
found a greater number of cells transplanted into the spinal cord at 27 days
compared to 13 and 17 days. In our study the cells were tracked at 7 days post

transplantation.

Further studies should be done to explore the potential for cell migration
at other time frames, such as 24 hours, 30 days after transplantation. It would
also be interesting to evaluate cell migration without the production of tissue

injury as compared to the results found in the present study.

In rats, the sequestration of MSCs in pulmonary capillaries has been
demonstrated, probably due to the large size of the cells in relation to the

capillaries [19] and their low deformation capacity [17].

In the study by GAO et al., 2001 [17], immediately after the intrarterial,
intravenous or intraperitoneal transplant of MSCs marked with 111In-oxine, only
lung marking was observed. After 48 hours, intense liver staining and less lung
staining were observed compared to the analysis immediately after

transplantation. Kidneys and spleen also showed radioactivity within 48 hours.



In our study, we did not observe spleen marking, but we did have positive

results regarding kidneys and livers.

The fact that cell transplantation occurred shortly after the surgical
procedure and therefore, of tissue injury, makes the microenvironment hostile
for transplanted cells [22]. It is important to note that, due to the methods used
in the present study, it is not possible to determine whether the marked cell is

alive or dead, mainly because it is a xenotransplant.

However, the immunohistochemical evaluation (IHQ) for the presence of
the macrophage marker was negative for kidneys, lung, brain, spleen and liver,
which can attest that the perceived fluorescence comes from the cell that has
migrated systemically. The IHQ technique had a low positive for the presence of
macrophages in spinal cords, which may suggest that MSC migrated to the

injury site and did not provoke a local cellular immune response.

In the case of cell death and consequent phagocytosis by the
mononucleated cell, the Qtracker in the cytoplasm of the MSC can mark the
defense cells and the perceived fluorescence is due to the migration of the

mononuclear cell.

Surprisingly, a large number of animals were marked in the brain. Six
brains out of seven were positive for the presence of fluorescence and the
presence of labeled cells was confirmed by the confocal microscopy of two
brains. These findings may corroborate the migration of MSCs to the brain and
justify the use of this route in cell transplants in the clinical cases of brain

disorders.

CONCLUSION

AdMSCs are able to migrate from the epidural space and reach target
organs such as the injured spinal cord and brain, so that the epidural route is an
alternative for cell transplantation to systemic routes such as the intravenous or
intrarterial route in the context of inflammatory diseases of the nervous system.

It is a viable and safe alternative because it does not require an invasive



surgical procedure to perform cell transplantation, sedation is sufficient to
perform the technique. Further studies need to be conducted in order to assess
the potential for functional recovery, neuro-regenerative role and safety of the

technique before the procedure is used in the clinical routine.
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