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Spinal cord injury (SCI), involving damaged axons and glial scar tissue, often culminates

in irreversible impairments. Achieving substantial recovery following complete spinal cord

transection remains an unmet challenge. Here, we report of implantation of an engineered

3D construct embedded with human oral mucosa stem cells (hOMSC) induced to

secrete neuroprotective, immunomodulatory, and axonal elongation-associated factors,

in a complete spinal cord transection rat model. Rats implanted with induced

tissue engineering constructs regained fine motor control, coordination and walking

pattern in sharp contrast to the untreated group that remained paralyzed (42

vs. 0%). Immunofluorescence, CLARITY, MRI, and electrophysiological assessments

demonstrated a reconnection bridging the injured area, as well as presence of increased

number of myelinated axons, neural precursors, and reduced glial scar tissue in

recovered animals treated with the induced cell-embedded constructs. Finally, this

construct is made of bio-compatible, clinically approved materials and utilizes a safe

and easily extractable cell population. The results warrant further research with regards

to the effectiveness of this treatment in addressing spinal cord injury.

Keywords: spinal cord injury, oral mucosa, stem cells, tissue engineering, regenerative medicine

INTRODUCTION

Spinal cord injury (SCI) results in structural and functional damage to neural circuitry, arising from
axon loss, local inflammation, glial scarring, and progressive tissue cavitation extending beyond the
boundaries of the primary lesion (Cregg et al., 2014). Allograft nerve transplantation, cell therapy,
and implantation of engineered tissue have achieved partial functional recovery in SCI rodents
(Ramon-Cueto et al., 2000; Coumans et al., 2001; Cao et al., 2004; Fouad et al., 2005; Guo et al.,
2007; Pan et al., 2008; Lu et al., 2012, 2014). Cell therapy relying on autologous cells capable of
inducing neuroprotective and regenerative processes would be of significant potential for future
clinical purposes. Several types of autologous cells present attributes rendering them promising
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FIGURE 1 | Characterization of hOMSC constructs. (A) Preparation scheme of naïve and induced hOMSC constructs. (B) Viability of hOMSC after on-scaffold

induction (green indicates viable cells and red indicates dead cells), scale bar = 500µm. (C) GFP signals showing cellular projections in hOMSC-GFP engineered cells

after induction, scale bar = 10µm. (D) RT-PCR-based comparison between 3D on-scaffold-induced hOMSCs (dotted bars) and hOMSCs induced in culture plates

(solid bars): pluripotency and neural crest markers (green and magenta), neuronal markers (yellow), astrocytic markers (red), and neurotrophic factors (blue). Bars

represent fold-increase compared to naïve hOMSCs (mean ± SEM). Statistical differences between 2D and 3D induced hOMSC (n = 3/group) were assessed by

T-test (*p < 0.05). Astrocyte markers GFAP (green) and EAAT1 (red) in naïve hOMSC constructs (E) and induced constructs (F) (scale bar = 100µm, n = 5/group).

Immunofluorescence analysis of GFAP and EAAT1 staining
confirmed the astrocyte-like phenotype (Figures 1E,F).

To assess the paracrinic potential of naïve vs. induced
hOMSC grown on 3D constructs, we characterized the
profile of secreted factors. Secreted forms of HGF, GDNF,
BDNF, NT-3, VEGF, IGF-1/IGFBP3, ENA-78, and SCF-1,
known to induce neuroprotection and/or regeneration, were
significantly upregulated in induced vs. naïve cell-embedded
constructs. In addition, several secreted factors which bear both
immunomodulatory and trophic/neuroprotective/regenerative
properties, such as GM-CSF, LIF, SDF-1, IL-10, IL-6, and IL-4,
were also increased after induction (Supplementary Table 1).

Implantation of Induced Constructs
Following Complete Spinal Cord
Transection Elicits Functional Recovery
The complete spinal cord transection model is characterized
by severe axonal damage, associated with motor and sensory

function loss caudal to the injury, and by limited spontaneous
recovery (Talac et al., 2004). Immediately following complete
transection of spinal cords at T10 rats were divided into the
following groups: none (no scaffold or cells), acellular scaffold
(scaffold with no cells), naïve (scaffold with naïve hOMSC) and
induced (scaffold with induced hOMSC into a neural phenotype;
Figure 2A, Supplementary Figure 2). Complete transection was
confirmed with CLARITY and following IHC staining the
scaffold was identified in bright field view and axons were imaged
in a 3D stack using light sheet microscopy (Supplementary
Figure 3).

Rats treated with constructs bearing induced hOMSCs
demonstrated higher motor and sensory recovery when
compared to all other groups (see Supplementary Table 2 for
summary of animals participating in the study); 42% of the rats
demonstrated consistent weight support of the hind limbs and
statistically significant improvements in walking abilities 3 weeks
after transplantation (Figures 2B–D, Supplementary Video 2–4).
A two way analysis of variance was conducted on the influence
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FIGURE 2 | In-vivo analysis of therapeutic effects of implanted induced constructs. (A) Implantation scheme. Following complete transection at T10, cell-embedded,

or acellular scaffolds are implanted in the transection site and sealed with an acellular PLLA/PLGA scaffold. (B) Representative images of rat posture 43-days following

implantation of an induced-construct (bottom) vs. transection only (top). (C) BBB scores over time of rats treated with induced constructs (n = 12, blue), naïve

constructs (n = 5, green), acellular scaffolds (n = 10, red), or left untreated (none, n = 16, cyan). The dotted line indicates the results of a long-term efficacy study for

the last group treated with induced constructs (n = 3). Data are presented as mean ± SEM, and two-way ANOVA with Bonferroni post-hoc test evaluated statistical

differences between the four groups over time (*p < 0.05, **p ≤ 0.01, ***p < 0.001, ****p ≤ 0,0001 between induced and acellular constructs: blue-red indication;

between induced constructs and none: blue-cyan indication). (D) Maximum BBB score per experimental group histogram (E) Coordinated gait analysis of intact

(upper left), acellular (upper right), and induced construct groups, on days 11 (lower left) and 35 (lower right) post-implantation. Gait pattern legend- hind-right (HR),

front right (FR), hind left (HL), front left (FL). (F) Results of the nociceptive perception test of the hind limbs and tail in rats treated with induced constructs vs. acellular

scaffolds (+: responsive, −: unresponsive to the stimulus, n = 4/group).

of the treatment type (no construct, acellular constructs, naïve
constructs and induced constructs) and time on the BBB scores.
The effect of treatment was significant, yielding F(3, 263) =

18.98 with p < 0.0001. The effect of time was also significant,
yielding F(7, 263) = 4.66 with p < 0.0001. We preformed post
hoc analysis with Tukey multiple comparison test to assess the

treatment efficacy over time. Statistically significant differences
between the induced vs. the no construct and the induced vs.
the acellular constructs were observed from week 3 (Figure 2C).
While the improvement reached a plateau after 5 weeks, the
improvement was long lasting and presented throughout 13
weeks until the experiment was terminated (Figure 2C, dashed
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rectangle). Brasnhan–Beatie–Basso (BBB) scores in 5/12 rats
(42%) exceeded 15 points, while several rats’ scores (4/12, 33%)
were as high as 19–20 within the induced-construct group. In
sharp contrast, none of the other treated animal groups achieved
similar BBB values and untreated rats remained paralyzed
throughout the experimental period. Constructs bearing naïve
hOMSCs (non-induced) elicited intermediate improvements,
with 1/5 rats (20%) reaching a late phase of recovery (BBB scores
≥ 17). To a much lesser extent than both cell-bearing constructs,
acellular scaffolds also prompted a small improvement (1/10 rats
[10%] BBB ≥14 and 8/10, 80% of rats reached BBB scores ≤7;
Figure 2D). The improvement demonstrated by the induced
hOMSC group was reproducible with different donors. For two
additional donors induced construct yielded BBB scores >9 in
22% of the cases (2/9 rats). Furthermore, gait and coordination
analysis of the recovered induced-construct-treated rats (BBB
>17) revealed walking patterns similar to those of intact
rats, with progressive and adaptive motor coordination over
time where hindlimb—forelimb movement is followed by a
hindlimb—forelimb movement from the contralateral side.
This behavior developed over time in the induced group, where
uncoordinated gait was present at earlier stages of recovery. In
contrast, paralyzed controls exhibited movement of the forelimbs
only (Figure 2E). Additionally, some of the recovered animals
also exhibited a “mosey walk” or abnormal stepping pattern but
yet coordinated and functional (high BBB). Coordinated gait
was observed in 5 out of 12 rats treated with induced constructs,
1 out of 5 rats treated by naïve constructs, and only 1 out of
10 rats from the acellular construct group. None of the rats
transected and left untreated (none group) showed any motor
improvement. In addition, 56 days post-implantation, 75% of
the evaluated rats treated with induced-constructs responded to
gross stimuli, while rats receiving the acellular constructs failed
to show any sensory response (Figure 2F).

Functional Recovery Is Associated with
Structural Organization of and Electric
Conduction through the Transected Site
To determine the functional basis of the observed recovery,
structural analysis of the spinal cord and electrical signal
propagation were evaluated in vivo. Temporal structural
remodeling of the spinal cord was assessed by MRI diffusion
tensor imaging (MRI-DTI) performed 3 and 56 days after
surgery in the same animals. In all cases, no fibers connecting
the injured spinal cord were observed 3 days after transection
with our resolution, suggesting complete transection. Complete
transection was also verified using CLARITY (Supplementary
Video 5). In contrast, partial connection of rostral and caudal
fibers was only present on day 56 in the same rats treated
with induced hOMSCs (Supplementary Videos 6, 7). On day
56, fractional anisotropy (FA) recordings 1–4mm caudal to
the injury site were significantly higher in induced-hOMSC
construct-treated rats compared to the acellular group, but were
still lower than in intact rats (intact rats exhibit FA of 0.7,
indicative of organized spinal cord tissue with high anisotropy.
Induced hOMSC exhibited FA of 0.32–0.39, higher than the

acellular group with FA between 0.23 and 0.25, p < 0.05,
Figure 3A, Supplementary Figure 4).

To assess functional electrical transmission, motor cortices of
rats treated with either induced-hOMSC constructs or acellular
scaffolds were stimulated with single pulse stimulation. Motor-
evoked potentials (MEPs) were recorded from the isolated sciatic
nerve at the hind limb level (Figure 3B). Functional electrical
transmission assessments demonstrated high-amplitude signals
propagating through the sciatic nerve of rats treated with
induced constructs, vs. hardly detectable signal propagation in
the acellular group (2.19± 0.43 and 0.79± 0.35mV, respectively,
a statistically significant difference P < 0.04; Figures 3C,D).
The electric signal in the former group was abolished by
a second transection at C5 rostral to the initial transection
(0.14 ± 0.05mV, statistically significant difference vs. hOMSC
measurement before retransection, P< 0.009 and non-significant
difference vs. the acellular group). This suggests the connectivity
between the motor cortex through the spinal cord to the sciatic
nerve was exhibited in the induced group and was severed by
transection at an arbitrary midpoint.

Re-establishment of Neuronal Integrity and
Glial Scar Inhibition Underlie the Observed
Recovery
Histology and quali-quantitative immunofluorescence tools were
then used to identify cellular mechanisms associated with the
recovery of the neuronal circuitry at the injury/implantation
site (Figures 4, 5). While some degree of tissue cavitation was
observed at the injury site in all the evaluated groups, new
tissue with an organized ventral white matter structure was
identified in the induced hOMSC construct-treated group only.
Neuronal markers beta-III tubulin (TUJ1) and neurofilament-
200 (NF200) showed increased expression at the implantation
site of the construct bearing induced hOMSCs, but were barely
identified in the acellular or naïve groups (Figure 4A). Moreover,
10-fold increase in TUJ1 levels were observed in regions caudal
to the lesion site in the induced-construct treated animals when
compared to the acellular group (Figure 4A). Similar expression
profiles were obtained for the axonal elongation marker NF200,
GAP43, myelin basic protein (MBP) and the neuroprogenitor
marker nestin (6, 3, 8–15, and 3–6 fold increase respectively to the
acellular group; Figures 4A,B). Immunofluorescence staining
of longitudinally sectioned spinal cord tissue samples from
rats treated with an acellular PLLA/PLGA scaffold or induced
construct showed GAP43-positive fibers passing through the
dense glial scar tissue into the PLLA/PLGA scaffold. More
remarkable GAP43-positive fibers were present in higher
numbers in the induced construct group as compared to the
acellular group (Figure 4C).

The lowest levels of the glial scar marker chondroitin sulfate
proteoglycan (CSPG) as well as GFAP and were measured
in the induced hOMSC group as compared to all other
groups by 3- to 5-fold reduction (Figure 5A). GFAP levels
and the number of CD11b-positive microglial cells were also
reduced in this group, while marked microglial presence was
noted around naïve hOMSCs (Figure 5A). CD11b was also
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FIGURE 3 | In vivo imaging and electrophysiology. (A) FA analysis obtained from MRI data of intact rats, rats treated with induced constructs (n = 3, mean ± SEM)

and rats treated with acellular scaffolds (n = 3/group, mean ± SEM). Data are presented as mean ± SEM, one-way ANOVA with Bonferroni post-hoc test evaluated

statistical differences between the groups at each respective position (*p < 0.05). (B) Electrophysiology scheme. The rat motor cortex was stimulated by single spikes.

The contralateral sciatic nerve was exposed and MEPs were recorded. Following recording, the spinal cord was retransected at C5 and stimulation and recording

were performed again to verify signal propagation through the spinal cord. (C) Representative recordings of the sciatic nerve in intact rats (blue), rats treated with

induced constructs (brown) or with acellular scaffolds (black), and re-transected rats treated with induced constructs (green). (D) Quantification of MEP amplitudes in

rats treated with induced constructs (n = 3), acellular scaffold (n = 3) and retransected induced constructs (n = 3). Data are presented as mean ± SEM, one-way

ANOVA with Bonferroni post-hoc test evaluated statistical differences between the groups (*p < 0.05, **p < 0.01).

markedly reduced but to no statistically significant degree
(Figure 5B). To evaluate the migration of induced-hOMSC into
the spinal cords, constructs engineered with GFP-labeled cells
were implanted and monitored. While a few GFP-positive cells
were identified at a distance of up to 4mm both rostral and
caudal to the implantation site, 28 days after transplantation, the
majority of cells remained within the implanted construct area
(Supplementary Figure 5).

DISCUSSION

In this study, we report that transplantation of artificial tissue
constructs secreting trophic factors formed a growth-permissive
microenvironment that counteracted inhibitory signals and
promoted connectivity restoration across the injury spinal cord
site (Jones et al., 2001). In most cases, these effects translated to
substantial functional improvement, enabling paraplegic rats to
walk independently and regain sensory perception (Figures 2,3).
Functional recovery (BBB scores between 14 and 21) was
achieved in 0, 10, 40, and 42% of the rats implanted with no
construct or with an acellular, naïve and induced construct,
respectively (Figures 2C,D). Specifically, 5 of 12 rats (42%)
treated with the induced constructs demonstrated BBB scores

exceeding 17, a compiled reflection of improved coordinated gait,
plantar placement, weight support, recovery of toe clearance,
trunk stability, and predominant parallel paw and tail position,
suggesting regained cortical motor control (Basso et al., 1995;
Li et al., 2014). Previous attempts to treat SCI have thoroughly
evaluated a large variety of cells, both in combination with
TE and with ectopic expression of therapeutic genes (Tetzlaff

et al., 2011; Granger et al., 2014). Here we engineered a multi-
effector construct exhibiting an average BBB score of 9.7, with

some animals exhibiting 19–20 BBB scores and normal motor
coordination (Figure 2). Yet, focus on the mean BBB scores does
not reflect the binary or on/off outcome of our treatment. The

induced constructs promoted remarkable recovery in 42% of the
rats, and show no efficacy in the remainder of the rats within
the same group. This binary effect compels further investigation,
since understanding of the underlying mechanisms causing
substantial improvement in some animals and no practical
improvement in others can render this method into an effective
treatment. In contrast, transected but untreated rats from the
none group showed limited spontaneous recovery, confirming
again the complete transection of the spinal cord in the tested
groups. Interestingly, although most of the rats transplanted with
empty scaffolds did not show major improvements (80% with
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FIGURE 4 | Spinal cord immunofluorescence demonstrating neuronal integrity and axonal elongation-associated markers. DAPI is marked in blue in all

immunohistochemistry images. (A) Images of spinal cord immunofluorescence staining 8 weeks after implantation of induced constructs and acellular constructs (in

descending order): Human nuclear staining, TUJ1 and NF200, GAP43, MBP, nestin and spinal cord beta III tubulin. Scale bar = 200µm, magnification insets scale

bar = 40µm, n = 5/group. (B) Computer-based quantification of staining (n = 5/group). Top—axonal and neuronal axonal elongation markers, middle—MBP-positive

elongated processes, bottom—nestin-positive cells. (C) Immunofluorescence staining of longitudinally sectioned spinal cord tissue in rats with acellular PLLA/PLGA

scaffolds (left) or induced constructs (right) 8-weeks after lesion. Dotted line indicates scaffold area. Axonal elongation marker GAP43 (green) and DAPI (blue), scale

bar = 200µm, zoom in inset = 50µm. Data are presented as mean ± SEM, one-way ANOVA with Bonferroni post-hoc test evaluated statistical differences between

the groups (*p < 0.05, **p < 0.01, ***p < 0.001).

BBB <7), 20% of the rats treated with scaffold only exhibited
substantial improvements, but to a lesser degree than the other
groups. Indeed, previous studies demonstrated that scaffolds
alone are able to promote axonal elongation and functional
recovery in rodents (Lavik et al., 2002; Teng et al., 2002) and
primates (Slotkin et al., 2017).

The recovery reported here for the induced group was
also accompanied by an improvement in sensory responses
to gross external stimuli in 75% of the treated rats, while all
the other groups failed to show such responses (Figure 2F).

Furthermore, our findings (Figures 2,3) resonate with 11 studies
reporting a positive correlation between electrical conduction
and functional effects elicited by cell transplants after SCI
(Granger et al., 2014). MEPs travel in both dorsolateral
and ventral pathways and are routinely used to evaluate
reticulospinal and corticospinal tract integrity (Garcia-Alias
et al., 2006). The amplitudes of the propagated MEPs recorded
in the induced group were lower than those observed in
the intact animal, but significantly higher than those of the
acellular group. This suggests at least partial connectivity
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FIGURE 5 | Spinal cord expression of glial scar and inflammation-associated markers. (A) Spinal cord immunofluorescence staining 8 weeks after implantation of

different treatment groups (in descending order): CSPGs and GAP43, and GFAP and CD11b, DAPI is marked in blue in all immunohistochemistry images (scale bar =

200µm, magnification insets scale bar = 40µm, n = 5/group). (B) Computer-based quantification of staining (n = 5/group). Data are presented as mean ± SEM,

one-way ANOVA with Bonferroni post-hoc test evaluated statistical differences between the groups (*p < 0.05, **p < 0.01).

between the motor cortex and motor neurons innervating
the hindlimbs Moreover, MEP propagation was completely
abolished after rostral spinal cord re-transection, indicating the

motor evoked potential traveled through corticospinal tracts
across the lesion, and rejecting possible assumptions correlating
functional recovery with spinal locomotion effects (Fehlings
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et al., 1988; Courtine et al., 2009; Ziegler et al., 2011; Lu et al.,
2012).

Histological, CLARITY and MRI-DTI analyses provided
additional evidence of the complete interruption of axonal
bundles at the transected level in non-walking animals, while
fibers bridging the injury site were detected in walking rats
(Figures 3,4, Supplementary Figure 3). The clearly abnormal
stepping pattern typically observed in the induced group animals
may suggest lack of restoration of propriospinal or modulatory
control, or a hypersensitivity phenomenon. Yet, partial structural
restoration of the connectivity, combined with small-amplitude
MEPs were sufficient to elicit substantial functional recovery in
the whole animal (Figure 3). The explanation to this dissimilarity
between this substantial functional recovery and the limited
recovery of the electro-physiological properties (as well as the
axonal connectivity as provided in the MRI study) is still
unknown. It might be attributed to partial reconnection to
a spinal cord pattern generator that governs the locomotion
(Rybak et al., 2006).

MRI-FA values demonstrated improved directionality of
axon tracts in the induced-hOMSC group, which positively
correlated with TUJ1, NF200, GAP43, and MBP staining and
motor function, indicating active axonal elongation processes
as previously reported (Figures 2–4, 3A, Supplementary Figure
4; Nevo et al., 2001; Kozlowski et al., 2008; Kelley et al.,
2014). At the same time, the induced hOMSC group displayed
the lowest levels of the axonal elongation inhibitory factor,
CSGPs, and the lowest degree of co-localization with GAP43
(Figure 4). In contrast, strong co-localization of CSPGs and
GAP43 was observed in all the other control groups, suggesting
axon growth neutralization or collapse, highly resembling those
of the dystrophic end bulbs or “sterile clubs” first reported by
Ramon y Cajal (Ramón Y Cajal, 1928; Davies et al., 1999). In
rats treated with the acellular PLLA/PLGA scaffolds and induced
constructs, GAP43-positive fibers traversed the dense glial scar
tissue into the scaffold area, suggesting that the scaffold itself
plays an important role in tissue regeneration, resonating with
the findings by Teng et al. who reported that the scaffold alone
promoted functional recovery by reducing epidural and glial scar
formation (Teng et al., 2002). Yet, as compared to the acellular
group, a larger number of GAP43-positive fibers were detected in
the induced construct group, probably due to paracrine activity
of the induced hOMSCs within the scaffold (Figure 4C). In
line with these observations, astrocytes, and to some extent,
microglial reactivity were reduced, potentially avoiding a hostile
environment for neuronal plasticity and repair (Figure 5). In
addition, induced constructs may support recruitment and/or
proliferation of nestin-positive progenitors (Figure 4), and their
respective differentiation at the injury site (Matsumura et al.,
2010). Grafted cells were mostly detected at implantation site,
indicating the effectiveness of the scaffolds in retaining the cells
and enhancing the local paracrine effect mediated by secreted
factors.

Analysis of the induced constructs by a protein array provided
additional evidence of a paracrine effect, with increased secretion
of BDNF, NT-3/4, GDNF, VEGF, HGF, SDF-1, and G-CSF
(Kitamura et al., 2011; Jeong et al., 2012; Silva et al., 2014).

BDNF, NT-3/4, VEGF, and HGF have been shown to induce
the growth of neurites and NF200/GAP-43 axons, and to
promote myelination and regeneration of CST, rubrospinal, and
reticulospinal tracts. These factors were also associated with
reduced inflammation, glial reactivity, and reduced expression of
the glial scar molecules in the spinal cord (Kobayashi et al., 1997;
Liu et al., 1999; Facchiano et al., 2002; Jin et al., 2002; Tuszynski
et al., 2003; Kitamura et al., 2011; Jaerve et al., 2012; Jeong et al.,
2012; Kadoya et al., 2016). SDF-1 can promote axon outgrowth in
the presence of myelin inhibitors, as well as support and attract
endogenous nestin-positive neural precursor cells to the injury
site (Jaerve et al., 2012), as observed in our analysis.

The clear binary or on/off effect observed within the
treated animals, ranging from unresponsive rats to highly
responsive ones may have been the results of heterogeneous or
variable 3D cell seeding and differentiation within the scaffold.
More importantly, their precise implantation position at the
spinal level, may have selectively induced partial repair and
reconnection of specific spinal tracts, as previously described
(Kobayashi et al., 1997; Liu et al., 1999; Facchiano et al., 2002; Jin
et al., 2002; Tuszynski et al., 2003; Kitamura et al., 2011; Jaerve
et al., 2012; Jeong et al., 2012). Since the minimum requirements
for eliciting substantial recovery have yet to be defined, subtle
differences in the scaffold and its position related to the spinal
cord stumps may have selectively favored restoration of some but
not all tracts.

Considering the complexity of tissue repair in spinal cord
injuries, it is likely that the observed functional changes
were elicited by the synergistic activity of several factors
differentially secreted by induced constructs leading to
neuroprotection, gliomodulation, and consequential stimulation
and/or repressed inhibition of axonal elongation processes
(Tetzlaff et al., 2011). Furthermore, a minor recovery of the
electro-physiological properties probably induced by axonal
elongation or by neuroprotective mechanisms elicited functional
recovery, even in the scaffold only group. As demonstrated
in this study, immediate provision of these cues after injury
minimizes secondary degeneration and stimulates endogenous
regenerative/repair mechanisms. The treatment design exploited
an implant fabricated of FDA-approved, biocompatible, and
biodegradable materials with easily accessible adult stem cells,
which are induced through a medium-based protocol. This
multi-effector approach showed encouraging preliminary
results and warrants further investigation to shed light on
the mechanisms underlying the observed recovery, to enable
improved efficacy and to define the intervention optimal for
treatment of spinal cord injury.
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Center, Poria, Israel. Animal procedures were carried out in
accordance with the protocol approved by Technion IACUC.
MRI studied were done in accordance with protocol approved
by Tel-Aviv University IACUC.
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