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Abstract

Following facial nerve resection in the mouse, a substantial number of neurons reside in an atrophied
state (characterized by cell shrinkage and decreased ability to uptake Nissl stain), which can be
reversed by re-injury. The mechanisms mediating the reversal of neuronal atrophy remain unclear.
Although T cells have been shown to prevent neuronal loss following peripheral nerve injury, it was
unknown whether T cells play a role in mediating the reversal of axotomy-induced neuronal atrophy.
Thus, we used a facial nerve re-injury model to test the hypothesis that the reversal of neuronal
atrophy would be impaired in recombinase activating gene-2 knockout (RAG-2 KO) mice, which
lack functional T and B cells. Measures of neuronal survival were compared in the injured facial
motor nucleus (FMN) of RAG-2 KO and wild-type (WT) mice that received a resection of the right
facial nerve followed by re-injury of the same nerve 10 weeks later (“chronic resection + re-injury™)
or a resection of the right facial nerve followed by sham re-injury of the same nerve 10 weeks later
(“chronic resection + sham”). We recently demonstrated that prior exposure to neuronal injury
elicited a marked increase in T cell trafficking indicative of a T cell memory response when the
contralateral FMN was injured later in adulthood. We examined if such a T cell memory response
would also occur in the current re-injury model. RAG-2 KO mice showed no reversal of neuronal
atrophy whereas WT mice showed a robust response. The reversal of atrophy in WT mice was not
accompanied by a T cell memory response. Although the number of CD4* and CD8* T cells in the
injured FMN did not differ from each other, double-negative T cells appear to be recruited in response
to neuronal injury. Re-injury did not result in increased expression of MHC2 by microglia. Our
findings suggest that T cells may be involved in reversing the axotomy-induced atrophy of injured
neurons.
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Introduction

Increasing evidence suggests that in some forms of neuronal injury, neurons may not actually
die following nerve injury but reside in an atrophic state, characterized by extreme cell
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shrinkage and a decreased ability to take up Nissl stain (McPhail, et al., 2004). Recent studies
by McPhail et al. demonstrated that a population of facial motor neurons undergo a protracted
period of degeneration or atrophy following peripheral resection of the facial nerve in adult
mice. Re-injuring the facial nerve stimulated a reversal in the atrophic status of the injured
neurons, causing an increase in both their size and number. Reversal of neuronal atrophy has
also been demonstrated in several different models of CNS nerve injury (Hagg, et al., 1989,
Kwon, et al., 2002). The mechanisms that mediate this regenerative response after a prolonged
survival period remain unknown.

Under normal conditions, the CNS is subject to continuous immune surveillance by low
numbers of circulating peripheral T lymphocytes (Cose, et al., 2006, Hickey, et al., 1991). In
pathogenic states such as experimental autoimmune encephalomyelitis (EAE) and infection,
the presence of T cells in the brain can have detrimental effects (Martino and Hartung, 1999;
Nau and Bruck, 2002), while in other contexts, T cells have been shown to act in concert with
glial cells to promote neuroregeneration (Byram, et al., 2004, Martino and Hartung, 1999, Nau
and Bruck, 2002, Raivich, et al., 1998, Schwartz, 2003). Studies have demonstrated the
effectiveness of T cells in preventing neuronal loss following injury (Armstrong, et al., 2004,
Jones, et al., 2005, Schwartz and Moalem, 2001). To date, research has focused on elucidating
the role of T cells in preventing initial neuronal death or slowing the rate of neurodegeneration
and gradual neuronal loss following facial nerve axotomy (Jones, et al., 2005, Serpe, et al.,
1999, Serpe, et al., 2000). Given that a substantial number of facial motor neurons undergo
atrophy following axotomy and that the atrophied state of these neurons is reversible by re-
injury, T cells may also be involved in mediating the reversal of neuronal atrophy following
re-injury. In this study, we therefore used the re-injury model described previously by McPhail
etal. (2004, 2005) to test the hypothesis that the reversal of motor neuron atrophy (i.e., increase
in cell number and size) elicited by nerve re-injury would be impaired in immunodeficient
recombinase activating gene-2 knockout (RAG-2 KO) mice, which lack mature T and B cells.
Neuronal cell counts and mean cell size were compared in mice that received an initial resection
of the facial nerve followed by a re-injury of the same nerve 10 weeks later versus mice that
received only a single resection followed by a sham re-injury 10 weeks later. In a landmark
study, Raivich et al. (1998) demonstrated that T cells cross an intact blood-brain-barrier (BBB)
and home to degenerating neuronal cell bodies following peripheral transection of the facial
nerve, and established that the peak of this response occurs at 14 days post-axotomy. Measures
of neuronal survival were therefore assessed at 14 days after the 2"d surgery in both groups,
which also allowed us to assess the peak T cell response in the injured FMN. In a recent study,
our lab showed that prior exposure to neuronal injury in the FMN early in adulthood induced
a T cell memory response, characterized by a robust increase in T cell trafficking to the FMN,
when the contralateral nucleus was injured later in adulthood (Ha, et al., 2007). Interestingly,
this enhanced T cell trafficking to the injured FMN was not correlated with improved neuronal
survival. Interactions between T cells and microglia are important in the immune-mediated
improvement of motor neuron survival (Byram, et al., 2004). That we did not see an
improvement in neuronal survival in the presence of a T cell memory response could be due
to the possibility that the memory T cells encountered microglia in the contralateral FMN which
were naive to prior injury and suggests that prior injury may be needed to sensitize microglia
to encode a type of memory that permits them to interact with memory T cells to improve
neuronal survival. Thus, secondary hypotheses we sought to test were whether prior exposure
to neuronal injury could elicit a T cell memory response when the same FMN is injured later
in adulthood, and if the postulated increase in T cell homing to the FMN is correlated with the
improvement in neuronal outcome measures in the current re-injury model. Studies
documenting the presence of CD4* and CD8* T cells in the injured FMN are limited (Ankeny
and Popovich, 2007, Bohatschek, et al., 2004, Liu, et al., 2005), and none have been performed
using this resection or re-injury model. To address the aforementioned T cell memory
hypothesis and to assess the distribution of CD4* and CD8* T cells in the injured FMN, we

Exp Neurol. Author manuscript; available in PMC 2008 November 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Haetal.

Page 3

compared the number of CD3* T cells, CD4" T cells, and CD8" T cells in the FMN of 3 groups
of WT mice. One group was assessed at 14 days post-resection but did not receive prior nerve
injury and served as controls (acute resection). A second group received prior nerve injury and
was assessed at 14 days after a re-injury of the same nerve (chronic resection + re-injury). The
third group was assessed at 12 weeks after a single resection (chronic resection + sham). Finally,
to determine whether prior injury alters the microglial response to re-injury, we also quantified
the number of MHC2" microglia in these subject groups.

Materials and methods

Animals

Wild-type (WT) and RAG-2 knockout (RAG-2 KO) were on a B6 background and were
obtained from Taconic (Germantown, NY). RAG-2 KO mice originated on a 129 background
and were backcrossed to the B6 background for 12 generations. Mice used in this study were
cared for in compliance with the NIH Guide for the Care and Use of Laboratory Animals and
were housed under specific pathogen-free conditions in individual microisolater cages.

Animal surgery

Mice were 8-weeks-old at the time of the first surgery. Animals were anesthetized with 4%
isoflurane. The right facial nerve was exposed and resected to prevent reconnection of the nerve
to its target, as described previously (McPhail, et al., 2004, McPhail, et al., 2005). At 10 weeks
post-injury, the nerve was re-exposed and re-injured by removing the neuroma that formed
near the proximal nerve stump (*“chronic resection + re-injury”). In a second group of mice,
we re-exposed the nerve but left the neuroma intact (“chronic resection + sham”). Raivich and
colleagues (1998) demonstrated that the peak of T cell infiltration to the FMN and neuronal
cell death occurs at 14 days after facial nerve transection. Thus, both groups of mice were
sacrificed 14 days following the second surgery, or a total of 12 weeks after the initial surgery.
In a third subset of WT and RAG-2 KO mice used as naive controls (no prior nerve resection)
to make comparisons of the T cell and microglial response, the right facial nerve was exposed
but not resected. Ten weeks later, the right facial nerve was re-exposed and resected and mice
were sacrificed at 14 days post-resection (“acute resection” group). For euthanasia, mice were
anesthetized by intraperitoneal injection of a 0.5 mg/ml ketamine cocktail (ketamine/xylazine/
acepromazine given in a 3:3:1 ratio) and were perfused with 1 X phosphate buffered saline
(PBS). Brains were collected and stored at —80°C. Using the ambiguus nucleus and the facial
nerve as the starting and ending points, respectively, 15 um coronal sections were cut
throughout the caudal-rostral extent of the facial motor nucleus. Sections were collected on
Superfrost/Plus slides (Fisher Scientific) and stored at —80°C.

Light microscopic immunohistochemistry

Tissue sections were post-fixed in 4% paraformaldehyde (CD3 and MHC2 antibodies) or zinc
fixative (Pharmingen; CD4 and CD8 antibodies) for 1 hour at room temperature. Tissue
sections were incubated in normal goat serum (NGS) (Vector) for 1 hour at room temperature
followed by overnight incubation with anti-mouse CD3 (17A2; PharMingen), CD4 (L3T4;
Pharmingen), CD8 (H35-17.2; Pharmingen), or MHC2 I-A/I-E (M5/114.15.2; PharMingen)
primary antibody at 4°C. Sections were washed in 1 x PBS after each incubation step.
Visualization of the primary antibodies was performed by incubation of sections in goat anti-
rat secondary antibody (1:2000, Vector Labs) for 1 h at room temperature followed by
incubation in avidin-peroxidase conjugates (1:500, Sigma) for 1 h. No signal was obtained
with each of the primary or secondary antibodies alone. The chromagen reaction was revealed
by incubation in 3,3'-diaminobenzidine (DAB)-H,0, solution (Sigma; 0.07% DAB/0.004%
H,0,). Sections were counterstained with cresyl violet, dehydrated in ascending alcohol
washes, cleared in xylenes, and coverslipped.
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Quantification and statistical analysis

Results

Sections throughout the FMN were assessed by an experimenter under blind conditions. Four
sections (approximately 1/10 of the entire facial motor nucleus) were used to assess the number
of CD3" T cells, CD4* T cells, CD8* T cells, or MHC2* microglia per mouse. The number of
Nissl stained motor neurons was quantified by counting neuronal profiles that contained a
visible nucleolus in 8 representative sections throughout the extent of the FMN, as described
previously (Deboy, et al., 2006). Neuronal cell sizes were measured in 3 representative sections
of the FMN each spaced 90um apart using ImageJ software (National Institutes of Health).
Based on previous studies by McPhail et al. (2004), the medial nucleus, which is innervated
by the auricular branch of the facial nerve, remained uninjured and was thus excluded from
our analyses. The number of neurons in the injured FMN was expressed as a percentage of the
number of neurons in the uninjured, contralateral FMN. Analysis of variance (ANOVA) was
used to make statistical comparisons.

Effect of immunodeficiency on the reversal of neuronal atrophy

We compared the effect of treatment (chronic resection + re-injury vs. chronic resection + sham
re-injury) on motor neuron survival in RAG-2 KO and WT mice. As seen in Figure 1A, as
expected from the literature, motor neuron survival was significantly increased in chronically
resected WT mice that received nerve re-injury compared to those that received sham re-injury
(F(1,10)=6.083, p<0.03, 6 mice/treatment). By contrast, the level of motor neuron survival did
not differ between chronically resected RAG-2 KO mice that received re-injury (n=5) or sham
re-injury (n=6). We also compared the effect of treatment on the cross-sectional area of neurons
measured in 3 representative sections throughout the FMN in RAG-2 KO and WT mice. As
seen in Figure 1B, average cell size was significantly increased in chronically resected WT
mice that received re-injury compared to those that received sham re-injury (F(1,6)=18.981,
p<0.01, n=4 mice/treatment). By contrast, average cell size did not differ between chronically
resected RAG-2 KO mice that received re-injury or sham re-injury (n=3 mice/treatment). As
seen in Figures 2A-2B, binning of the neurons by cell size revealed a noticeable shift from
smallerto larger cell sizes following nerve re-injury in WT mice. This shiftin cell size following
nerve re-injury was not apparent in the RAG-2 KO mice (Figures 2C-2D). Figure 3 shows
representative sections of the FMN from chronically resected WT and RAG-2 KO mice that
received re-injury or sham re-injury. In Figures 3B—3C, note the increase in the number and
size of motor neurons in re-injured WT compared to sham re-injured WT mice. In Figure 3F,
motor neurons remained shrunken or appeared to be lost to axotomy in RAG-2 KO mice that
received re-injury.

Effect of nerve re-injury on the T cell response in the FMN

To determine whether a T cell memory response is elicited following nerve re-injury, we
compared the effect of treatment on the number of CD3* T cells in the FMN of WT mice. Mice
that did not receive prior nerve injury were assessed for their T cell response in the FMN at 14
days post-resection (acute resection) and were used as controls. As depicted in Figure 4A, there
was a significant decrease in the number of CD3* T cells in chronically resected mice that
received re-injury (F(1,9)=7.943, p<0.05, n=6) compared to acute resection (n=5). There was
also a significant decrease in the number of CD3* T cells in chronically resected mice that
received sham re-injury (F(1,9)=11.577, p<0.01, n=6) compared to acute resection. The
number of T cells in the injured FMN was comparable between chronically resected mice that
received re-injury or sham re-injury. By 12 weeks post-injury, there was an occasional T cell
(<1 T cell/section) in the injured FMN of chronically resected mice that received sham re-
injury.
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In Figures 4B and 4C, we quantified the number of CD4* and CD8" T cells, respectively, that
were recruited to the FMN in acutely resected WT mice to determine whether there is a
predominance of either T cell subtype in the FMN. The number of CD4* and CD8* T cells
was comparable in the FMN of acutely resected mice. We also compared the number of
CD4" and CD8™ T cells in the FMN of chronically resected mice that received re-injury or
sham re-injury versus the acute resection group to determine whether re-injury alters their
distribution in the FMN. ANOVA revealed a significant decrease in the number of CD4* T
cells in chronically resected WT mice that received re-injury (F(1,8)=5.366, p<0.05, n=5) or
sham re-injury (F(1,9)=15.771, p<0.01, n=6) compared to acute resection (n=5). The number
of CD4" cells did not differ between the chronic axotomy groups that received re-injury or
sham re-injury. Similarly, there was a significant decrease in the number of CD8* T cells in
chronically resected mice that received re-injury (F(1,9)=6.376, p<0.05, n=6) or sham re-injury
(F(1,9)=7.621, p<0.05, n=6) compared to acute resection (n=5). The number of CD8* T cells
did not differ between the chronic axotomy groups that received re-injury or sham re-injury.

Effect of nerve re-injury on microglial response

To determine whether nerve re-injury alters microglial reactivity in the FMN, we compared
the number of MHC2* microglia between chronically resected WT mice that received re-injury
and acutely resected WT mice. As shown in Figure 5, although there were fewer MHC2*
microglia following re-injury in chronically resected mice that received re-injury compared to
acute resection mice, the groups were not statistically significant. ANOVA revealed a
significant decrease in the number of MHC2* microglia in chronically resected WT mice that
received sham re-injury (n=5) when compared to those that received re-injury (F(1,9)=16.771,
p<0.01, n=6) or acute resection (F(1,8)=13.236, p<0.01, n=5).

Discussion

In the current study, we demonstrated that immunodeficiency prevents the reversal of neuronal
atrophy following nerve re-injury in the mouse. Although the number and size of injured motor
neurons was not increased in response to nerve re-injury in RAG-2 KO mice, there was a
significant increase in motor neuron survival from 38 + 3.2% to 49 + 3.2% in chronically
resected WT mice that received sham or re-injury, respectively. Furthermore, there was a
marked increase in the average cell size of motor neurons from 56 £ 5.2% to 99 + 8.4% in
chronically resected WT mice that received sham or re-injury, respectively. The degree of
improvement in neuronal survival observed in our study, however, was not as robust as the
improvement seen by McPhail et al. (2004, 2005) likely because we made our assessments at
2 weeks post re-injury rather than at 1 week post-re-injury. Altogether, our data indicate that
T cells may be involved in reversing the axotomy-induced atrophy of injured neurons. In mice
given a single resection and assessed at 12 weeks post-injury, we did not detect a significant
difference in the level of motor neuron survival between WT and RAG-2 KO mice. In a study
comparing the levels of motor neuron survival in severe combined immunodeficient (scid)
mice, immune reconstituted scid mice, and WT controls, the effect of T cells in slowing motor
neuron degeneration and loss was found to be time-dependent, with a substantial reduction in
neuroprotection seen between 4 and 10 weeks post-axotomy (Serpe, et al., 2000). This time-
dependent reduction in neuroprotection coincides with the substantial reduction in T cells in
the axotomized FMN between 4 and 10 weeks (where few T cells are present by 10 weeks
post-axotomy) found by Ravich and colleagues (1998).

Contrary to our hypothesis, prior exposure to neuronal injury early in adulthood did not elicit
a T cell memory response (as assessed by the number of T cells in the FMN) following re-
injury of the same FMN later in adulthood. Despite the absence of a T cell memory response,
there was still a marked improvement in neuronal survival in WT mice. Although a T cell
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memory response is typically characterized by an increased number of T cells responding to
re-exposure to a specific antigen (Rogers, et al., 2000), it is plausible that re-injury re-activated
the few T cells that we did find in the FMN. Prior exposure to neuronal injury may have resulted
in a functional enhancement of these cells, allowing them to mediate the improvement in
neuronal survival that we observed in WT mice following re-injury. Alternatively, it is possible
that the neuroprotective benefit of T cells could be attributable to their actions following the
initial injury where they may sustain the viability of injured neurons by maintaining them in
an atrophied state (and the atrophied neurons subsequently become detectable following re-
injury). Future studies will be needed to clarify these intriguing possibilities. In a recent study,
we demonstrated that prior exposure to neuronal injury elicited a two-fold increase in T cell
homing to the FMN when the contralateral FMN was injured later in adulthood (Ha, et al.,
2007). In that double injury paradigm, the second transection was performed on the
contralateral nerve, thus exposing sensitized T cells to neurons that were naive to injury and
were presumably undergoing degeneration. Given that additional T cells did not infiltrate the
FMN following re-injury in the current model, it is plausible that T cells are not recruited in
response to neurons undergoing a reversal of atrophy (where the size and number of neurons
were increased following re-injury) but are recruited under conditions of neurodegeneration.
In keeping with this possibility, we found that B6 mice, which showed greater neuronal death
following axotomy than the 129 strain of mice, exhibited more T cells in the FMN following
nerve transection than the 129 mice, which did not display a notable T cell response (Ha, et
al., 2006). Furthermore, the survival of the majority of neurons following facial nerve axotomy
in the rat is generally associated with the lack of a prominent T cell response. By contrast,
facial nerve axotomy in the mouse results in more substantial neuronal loss that is generally
accompanied by a more prominent T cell response (Moran and Graeber, 2004). Because we
assessed the T cell response following nerve re-injury at a single time point, it is also plausible
that the T cell response occurred earlier than 2 weeks post-re-injury and provided the cytokines,
chemokines, and/or neurotrophic factors (i.e., brain derived neurotrophic factor) necessary to
mediate the subsequent reversal of neuronal atrophy.

That few T cells were observed in the FMN following re-injury does not preclude the possibility
that T cells might exert their effects peripherally at the site of nerve injury, as T cells have been
shown to accumulate at the nerve stump following peripheral nerve injury (Kleinschnitz, et al.,
2006, Moalem, etal., 2004). Moreover, facial motor neurons showed an upregulated expression
of the anti-apoptotic gene bcl-2 following induction of an inflammatory response in the facial
muscles of the rat, indicating that facial motor neurons are able to respond to peripheral immune
signals (Mariotti, et al., 2001). The effectiveness of T cells in conferring neuroprotection
peripherally (at the site of nerve injury by releasing cytokines or other factors) versus centrally
(at site of injured neuronal cell bodies) is currently unknown. An alternative, albeit unlikely,
explanation for the lack of a prominent T cell response following nerve re-injury could be that
exposure to previously injured neurons produced T cell tolerance that resulted in a decreased
number of T cells in the FMN following re-injury.

Facial nerve resection in immunologically intact mice resulted in the recruitment of CD4* and
CD8™* T cells to the FMN, although there did not appear to be a predominance of either T cell
subtype. Nerve re-injury resulted in a significant decrease in the number of both CD4* and
CD8* T cells in the FMN, but the number of either sub-type did not differ from each other.
The combined number of CD4* and CD8* T cells could not account for the total number of
CD3™* T cells in the injured FMN, suggesting the possibility that double-negative T cells (DN
T cells, CD3*/CD47/CD8™ T cells) were also recruited in response to nerve injury.
Characterizing DN T cells by immunohistochemistry has proven to be difficult, as the B220
marker that is typically used to label DN T cells is also shared by B cells. Thus, isolating cells
from the injured FMN and characterizing them simultaneously for CD3, CD4, and CD8 using
multi-color flow cytometry will be required to definitively determine the presence of DN T
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cells in the injured FMN (James, et al., 2006). DN T cells have been seen in pathological CNS
states such as lupus autoimmune encephalomyelitis, and have been suggested to be involved
in phenotype switching and inhibiting autoimmune processes (James, et al., 2006, Lider, etal.,
1991, Matsumoto, et al., 1996). The presence of DN T cells in the injured FMN may serve to
downregulate the actions of CD4* and CD8* T cells and prevent autoimmune processes in the
brain as a result of injury. Since we were only able to visualize CD4* and CD8* T cells by
post-fixing sections with zinc fixative, and not with paraformaldehyde as was done with CD3
staining, it is also possible that differences in our staining methodology prevented us from
accounting for all of the T cells in a particular section. Although Serpe et al. (2003) showed
by adoptive transfer that the CD4* T cell sub-type was sufficient to prevent neuronal loss in
immunodeficient mice, interactions between different T cell sub-types may be important to
mediate neuroprotection following neuronal injury in immunologically intact mice.

Although the astrocytic response to re-injury was examined by McPhail et al. (2004), the
response of microglia, the resident immune cells of the CNS, had not been addressed. Prior
exposure to neuronal injury did not result in enhanced MHC2* expression by microglia
following re-injury. Comparisons between acutely resected and re-injured mice did not reveal
an increase in the number of MHC2* microglia, but we did observe a significant increase in
re-injured mice, compared to mice that were assessed at 12 weeks post-resection, suggesting
that microglia were re-activated in response to nerve re-injury. By contrast, McPhail et al.
showed that the astrocytic response, as assessed by glial fibrillary atrocytic protein (GFAP)
expression, remained high following injury and did not increase following re-injury. Microglia
possess the ability to phagocytose neuronal debris and can present neural antigen to infiltrating
CD4* T cells via the MHC2 complex (Olson and Miller, 2004, Streit, et al., 1999). Moreover,
microglia produce brain derived neurotrophic factor (BDNF), a potent growth factor of motor
neurons, in response to neuronal injury (Batchelor, et al., 1999, Yan, et al., 1993, Yan, et al.,
1994). That microglia were reactivated in response to nerve re-injury suggests their
involvement in reversing neuronal atrophy.

In conclusion, we demonstrated that the reversal of neuronal atrophy following nerve re-injury
is impaired by immunodeficiency. The reversal of neuronal atrophy was not associated with
increased T cell homing to the FMN indicative of a T cell memory response in the brain.
Additional study is needed to determine possible peripheral actions of T cells on injured
neurons. Our findings suggest a potentially important and novel role of T cells in reversing the
process of neuronal atrophy. Further characterization of the effect of T cells on atrophied
neurons may have important implications for understanding the role of T cells in influencing
neuronal integrity and function and could help guide future intervention strategies.
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Figure 1.

Quantification of mean cell counts (A) and mean cell size (B) in chronically resected WT and
RAG-2 KO mice that received nerve re-injury or sham re-injury. Each bar in A represents the
S.E.M. of 6 WT mice/treatment and the S.E.M. of 6 (chronic resection + sham) and 5 (chronic
resection + re-injury) RAG-2 KO mice. Each bar in B represents the S.E.M. of 4 WT mice/
treatment and the S.E.M. of 3 RAG-2 KO mice/treatment. *p<0.05, **p<0.01
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Figure 2.

Facial motor neurons binned according to cell size following sham re-injury and re-injury.
Note that the distribution of neurons in the injured FMN shifts from small to large cell sizes
and is normalized to the contralateral uninjured side following re-injury in B6 but notin RAG-2

KO mice.
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Figure 3.
Photomicrographs of Nissl stained facial motor neurons in WT and RAG-2 KO mice. The
facial motor nucleus is oriented so that the medial sub-nucleus is located on the right. There
was a significant loss and shrinkage of neurons in WT and RAG-2 KO mice that received a
chronic resection + sham injury (12 weeks after initial resection; B & E) compared to their
respective contralateral controls (A & D). Following nerve re-injury, the number and size of
injured motor neurons were markedly increased in WT (C) but not in RAG-2 KO mice (F).
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Quantification of CD3*, CD4*, and CD8* T cells in the FMN of WT mice. For A and C, each
bar represents the S.E.M. of 5 (acute resection) and 6 (chronic resection + re-injury, chronic
resection + sham) mice. For B, each bar represents that S.E.M. of 5 (acute resection, chronic
resection + re-injury) and 6 (chronic resection + sham) mice. *p<0.05, **p<0.01 (compared

to acute resection)
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Figure 5.

Quantification of MHC2" microglia in the FMN of WT mice. Each bar represents the S.E.M.
of 5 (acute resection, chronic resection + sham) and 6 (chronic resection + re-injury) mice.
*p<0.01 (compared to acute resection and chronic resection resection + re-injury)
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