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A B S T R A C T

Allogeneic peripheral nerve (PN) transplants are an effective bridge for stimulating regeneration of segmental
PN defects, but there are currently no detailed studies about the timeline and scope of the immunological
response for PN allografting. In this study, the cellular immune response in PN allografts and autograft was
studied during the acute and chronic phases of a 1.0 cm critical size defect in the rat sciatic nerve at 3, 7, 14, 28
and 98 days after grafting autologous or allogeneic nerves without any immunosuppressive treatment. The as-
sessment was based on functional, histomorphometrical and immunohistochemical criteria. Results showed
modestly better functional outcomes for autografts with coordinate and adaptive immune response represented
by the presence of CD11c, CD3, CD4, NKp46 and CD8 cells at 3 days, CD45R positive cells and CD25 positive
cells at seven and CD45R positive cells at 14 days which seems an adaptive immune response. In contrast,
allograft in the early time points showed innate immune response instead of adaptive immune response until day
14, when there was some increase in cell-mediated immunity. In conclusion, in PN autografts the immune
system is synchronic initiating with a more robust early innate response that more rapidly transitions to adaptive
while for PN allografts the infiltration of immune cells is slower and more gradually progresses to a moderate
adaptive response.

1. Introduction

PNs are primarily composed of axons, Schwann cells (SCs), resident
immune cells and connective tissue [1]. When PNs are injured, the
principal outcomes are loss and aberration of function, which can be
permanent and lead to lifelong disability [2]. In severe cases, termed
neurotmesis by the Seddon and Sunderland classification, a nerve is
completely bisected and functionality is immediately lost distal to the
injury [3,4]. Wallerian degeneration occurs distal to the injury as SCs
dissociate from axons and the axons break down and are degraded
[5,6]. The result of Wallerian degeneration leaves the distal segment
devoid of functional axons but primed for axons to reenter and for re-
generation to occur [5,6]. Functional regeneration requires that sur-
viving proximal axons extend into the distal PN segment and regenerate
to their target motor and sensory tissues [5,6].

For segmental defects greater than ~0.5 cm, a bridging device must
be placed between the stumps in order for proximal axons to effectively
regenerate into the distal segment. Autografted PNs, typically sensory
segments of the sural or forelimb cutaneous nerves, are the gold stan-
dard for the bridging device. Biodegradable conduits and wraps are also
clinically used but are fractionally effective compared to autografts,

especially for larger defects [7]. Allogeneic PN grafts are as or more
effective than autografts owing to that they can be mixed (motor and
sensory axons) and more exactly matched for size and complex nerve
structures [8]. PN allografts, however, are rarely used clinically due to
the risks associated with immunosuppressive therapy used with allo-
geneic tissue grafts [9]. Improvements in immunosuppressive therapy
that reduce or remove risks may enable more the widespread use of this
very effective PN regeneration strategy.

While many reports show endpoint histology after PN allografts as
compared to autografts, there are currently no detailed studies on the
immunological response to PN allografts in the acute and chronic
phases. In an effort to characterize the cellular processes occurring
during the acute and chronic phases, we compared 1.0 cm critical size
defects grafted with autologous or allogeneic PNs without im-
munosuppressive therapy in a rat sciatic nerve model. Tissue was col-
lected 3, 7, 14, 28 and 98 days (fourteen weeks) after grafting for his-
tology and stained for markers of macrophages, dendritic, T cells, B
cells, Natural Killers, Schwann cells and axons. Functional outcomes of
compound muscle action potentials (CMAPS) and muscle mass were
also collected. The results indicate a substantial degree of regeneration
with allografts in the absence of immunosuppression, but shows
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distinctions in the types, quantities and timing of immune cell in-
filtration between autograft and allograft. It is anticipated that these
studies may be used as a basis of comparison for future studies assessing
the efficacy of PN allografting.

2. Objective

The objective of these studies was to more fully characterize the
immunological response to allogeneic PN grafts in vivo. To do this, the
cellular immune response to PN damage was studied during acute and
chronic phases following the insertion of a 1.0 cm PN autograft or al-
lograft in the rat sciatic nerve. Assessment of immune cell response and
nerve regeneration was based on functional, histomorphometrical and
immunohistochemical criteria from tissue harvested on days 3, 7, 14,
28 and 98 after surgery.

3. Material and methods

3.1. Study design

All experiments were conducted in accordance with the University
of Wyoming Institutional Animal Care and Use Committee under ap-
proved and current protocols. Female Lewis (LEW- RT1l) rats (Charles
River Laboratories, Massachusetts, USA), 200–230 g, were submitted to
sciatic nerve transection surgery and were recipients of autograft (Auto)
or allograft (Allo) transplantation. Donor PN tissue for allografts was
harvested from deceased female Sprague–Dawley (SD—RT1b) rats
(Charles River Laboratories, Massachusetts, USA), 200–230 g (Table 1).
For bulk cell infiltration studies, GFP expressing animals were obtained
from Rat Resource and Research Center (RRRC) Columbia, MO, USA
strain SD-Tg (UBC-EGFP) 2BalRrrc, common name SD-EGFP. GFP ex-
pressing animals used in the study were heterozygotes from breeding
SD-EGFP with SD animals obtained from Charles River.

3.2. Surgery and post-operative care

Before surgery, animals were acclimatized to standard laboratory
conditions and given free access to rat chow and water. The surgical
approach for exposing the sciatic nerve, length and location of the
segment excised from the sciatic nerve, the type and location of closing-
up sutures, anesthesia and perioperative management were similar to
previously described studies [10] (Fig. 1). Post-operatively, animals
were observed at least daily and treated with a single injection of
baytril (5mg/Kg) for up to 3 days following surgery, acetaminophen
(64mg/kg/day) for up to 7 days following surgery and buprenorphine
(2×/day, 0.01–0.05mg/Kg) for up to 3 days following surgery. Sterile
paper rolls and sunflower seeds were offer ad libero to the animals for
environmental enrichment. There was no autophagy or death that oc-
curred in any of the animals during all experiments.

3.3. Electromyography (EMG) to measure CMAPs

CMAPs were measured as described for Clements et al. 2016 study
[10]. Briefly, rats were anesthetized with isoflurane 2.5% and Viking-
Quest (Natus Neurology) was used to measure CMAPs of left peroneal
and tibial muscles by surface stimulation near the heel, targets of the
peroneal and sciatic branches of the sciatic nerve. The rats were posi-
tioned in decubitus frontal on the working platform in order to measure
compound muscle action potentials (CMAP) by EMG. The electrode was
placed in the posterior muscles group of the distal region after surgery
and the sciatic nerve branches were stimulated at least 6 times with the
surface electrode. The reported findings are the average of the 3 largest
CMAPs for each animal at each time point. The electrical stimulation
parameters were stimulus frequency 1 Hz, intensity lower than 24mA.

3.4. Nerve collection and euthanasia

AVWA Guidelines for the Euthanasia of Animals and NIH Guide for
the Care and Use of Laboratory Animals were followed. Nerves were
fixed in situ by exposing the nerves in isoflurane-anesthetized animals
and bathing the nerve in Trumps fixative for 30min. Nerves were then
excised from the animals and placed in Trumps fixative.

3.5. Muscle wet weight analysis

For muscle wet weight analysis Wang et al. (2017)’s protocol was
followed [11]. Briefly, Tibial anterior and gastrocnemius muscles were
dissected and isolated from right and left sides immediately after ani-
mals were sacrificed, and weighed using a microbalance (Mettler To-
ledo, Columbus, OH, EUA). Affected side and unaffected side muscle
wet weight values were compared and analyzed for each time point.

3.6. Sectioning and histology (immunohistolochemical analysis)

3.6.1. Tissue processing
Sciatic nerves were harvested, kept in Trump's fixative solution

overnight and incubated in 20% sucrose solution for at least 16 h for
cryoprotection. Samples were embedded in OCT Cryo mount® (Histolab
products AB, Gothenburg, Sweden) and frozen at −20 °C. The nerves
were cut in 8–10 μm thin longitudinal sections in a cryotome and col-
lected on superfrost plus glass (Thermo scientific, Braunschweig,
Germany) [12].

3.6.2. Immunohistochemistry
Immunohistochemistry in frozen sections was performed for the

following antibodies: Anti-Glial Fibrillary Acidic Protein (GFAP),
polyclonal (Millipore cat#AB5541, 1:300); Anti-β III Tubulin, poly-
clonal (Millipore cat# AB9354, 1:50); Anti-rat CD4 PE (cat#12–0040-
82, 1:50), Anti-CD3 (Santa Cruz sc-20,047, 1:50); Anti-CD8 (Santa Cruz
sc-1177, 1:50); FITC conjugated anti-mouse/human CD45R (B220)
antibody (eBioscience cat# 11–0452-81, 1:50); Alexa Fluor 488 con-
jugated anti-rat CD25 (cat# 202108); Anti-NKp46 (CD335) Antibody,
clone WEN23 (Millipore, cat# MABF1970, 1:50); Anti-CD11c Antibody
(mouse), PE, clone N418 (Millipore, cat# MABF532, 1:50); Anti-
Integrin αM [CD11b] Antibody, clone OX-42, FITC conjugated
(Millipore cat# CBL1512F, 1:50).

10 μm longitudinal cryosections were cut in cryostat and mounted
on Superfrost Plus glass slides (VWR, Denver, CO, USA). Sections were
washed 3× with PBS, followed for 1 h in block solution (5% BSA with
0.1% of triton X) and incubated with primary or conjugated antibody
for 1 h at room temperature, washed three time using PBS, and the
incubate in secondary antibody (one of the follow antibodies: Alexa
flour 555 goat anti-chicken cat# 2437, Goat anti-chicken secondary
FICT cat# NB7294, Alexa flour 555 goat anti-mouse cat# A21127,
Alexa flour 488 goat anti-mouse cat# A21121; 1:500), lastly DAPI
(cat# 62248, Thermo Scientific) was added for 5min in each section.

Table 1
Group study design.

Time line Treatment Animals per group

D3 Autograft 4
Allograft 5 (4 GFP- and 1 GFP+ transplant)

D7 Autograft 4
Allograft 5 (4 GFP- and 1 GFP+ transplant)

D14 Autograft 4
Allograft 5 (4 GFP- and 1 GFP+ transplant)

D28 Autograft 4
Allograft 5 (4 GFP- and 1 GFP+ transplant)

W14 Autograph 4
Allograft 4
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3.6.3. Immunofluorescence measurement
First, from each animal at least five frames were taken using

Confocal and EVOS FL (life technology, Carlsbad, CA, USA) micro-
scopes in the Jenkins Microscopy Facility at the University of Wyoming
at 20× magnification for each antibody from the proximal stump/
junction in different regions were taken. In sequence, photo-
micrographs were analyzed using Confocal and EVOS FL (life tech-
nology, Carlsbad, CA, USA) microscopes and image J software. Lastly,
the mean grey value of each antibody/marker (integrated density (%))
was obtained by using measurement function of image J software ac-
cording to published procedures [13–16]. From each photomicrography
an average of mean grey value was used for analyzes. This method was
used to quantify with accuracy the approximated positive cell number
for each antibody/marker in the proximal stump/junction (Supple-
mentary Fig. 1).

3.6.4. Cell infiltration tracking using GFP model
For cell migration analyzes of host/donor, 5 females

Sprague–Dawley GFP+ were submitted to full transfection sciatic nerve
surgery and received 1.0 cm allograft nerve from Lewis rats. Sections
were analyzed by microphotography using EVOS FL Color Imaging
System (life technology, Carlsbad, CA, USA) microscopes.

3.7. Nerve morphometry

Nerve segments embedding and toluidine blue staining used in this
study were according to our previously published protocol [17]. Nerve
segment 2 was used for total number of axons, myelinated axon density,
percentage of myelinated axons and G-ratio measurement and patho-
logical nerve analyzes.

3.8. Statistical analysis

The statistical analyses were performed using GraphPad Prism 6
(GraphPad Software, Inc. San Diego, CA). Analysis of variance
(ANOVA) with P≤ .05 was used, followed by Tukey's test when P-va-
lues were significant.

4. Results

4.1. Electromyography (EMG) to measure compound muscle action
potential (CMAP)

To determine the degree of functional regeneration, electro-
physiological CMAPs were recorded to measure the strength and speed
of the electrical signal conducted by the regenerated nerve to enervated
muscle targets. CMAPs first became evident at six weeks (W6), where

Fig. 1. Sciatic nerve surgery- (A) Left sciatic nerve was dissected and (B) bisected and 1 cm in length was removed in order to create a gap defect that was (C)
reconstructed with PN autologous graft, as control groups or with allograft nerve.

Fig. 2. CMAP results over time on autograft and allograft sciatic nerve graft transplant- Electrophysiological amplitude and latency of nerve conduction were
measured for animals the received autologous or allogeneic PN grafts and no immunosuppressive therapy. (A-B) CMAP amplitudes show significant differences for
tibial amplitudes but not peroneal amplitudes. (C-D) CMAP latencies indicate slower conduction time for allograft-treated animals at earlier time points. Error bars
depict standard error, where n≥ 4, *p≤ .05 using analysis of variance (ANOVA) followed by Tukey's test when P-values were significant.
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signals were detectable from both autograft and allograft group (Fig. 2).
CMAP amplitudes were significantly elevated in autograft groups
(Fig. 2A, B), particularly in the tibial nerve (Fig.2A). CMAP latencies
show many similar findings between groups, but several time points for
both peroneal and tibial showed allografted with longer latencies
(Fig. 2C, D). This data indicates an improved regeneration in autografts,

but a strong degree of regeneration occurring in allograft recipients,
despite that this is a critical size defect and no immunosuppressive
therapy was given.

Fig. 3. Muscle wet weight- There was less loss of wet weight of the left tibial posterior muscle on autograft (D28 0.202 g; W14 0.405 g) than allograft group (D28
0.105 g; W14 0.292 g) in special at D28 and W14 as shown in the graft and muscle photographs. Furthermore, autograft group showed heave muscles in the surgical
side over time than allograft. Error bars depict standard error, where n≥ 4, *p≤ .05 using analysis of variance (ANOVA) followed by Tukey's test when P-values
were significant.
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4.2. Muscle wet weight analysis

Deinnervated muscles rapidly lose mass and regaining of mass is an
indication of functional reinnervation. Muscle mass of the gastro-
cnemius and tibial anterior muscles are respectively innervated by the
peroneal and tibial branches of the sciatic nerve, and muscle mass was
measured after euthanasia at the indicated time points. The tibial
posterior muscle group lost mass after nerve severing more rapidly than
the gastrocnemius (Fig. 3). While some early time points interestingly
indicated a more rapid regain of muscle mass in allograft treated

groups, this tend had reversed by later time points where autograft
muscle mass recovery was significantly elevated over allograft.

4.3. Cell quantification and tracking

4.3.1. Immunofluorescence measurement
To assess cellular infiltration into the graft and regeneration, tissues

were collected at D3, D7, D14, D28 and W14 following surgery. For
immunohistochemistry, tissue was collected from region 1 of the nerve
shown in Fig. 4A and immunostained for the markers indicated in

Fig. 4. Sections of nerve analyzed- Nerve was collected from animals and processed for immunohistochemistry and nerve morphometry. (A) Nerve segments
encompassing graft (grey) and portions of proximal and distal segments of the host nerve were collected. Segment 1 was analyzed by immunohistochemistry and
histology in a longitudinal view while segment 2 was evaluated by cross section and toluidine blue, (B) Image of proximal junction of the host nerve and the graft,
using also the sutures to guide the direction and junction region, scale bar= 1000 μm.

Table 2
Markers and cell types assessed in the study.

Antibody Cell types expressing the markers likely to be found in injured PNs

Glial Fibrillary Acidic Protein (GFAP) Schwann cells
β III Tubulin Neurons
CD4 Helper T cells
CD3 T cells
CD8 Cytotoxic T cells
CD45R (B220) Hematopoietic stem cells, B cell lineage and mature B cell
CD25 Activated T cells, Activated B cells and regulatory T cells.
NKp46 CD3-CD56+ Natural killer cells
CD11c Monocytes, granulocytes, a subset of B cells, dendritic cells and macrophages
CD11b Most macrophages and dendritic cells.
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Table 2. The host-donor boundary within longitudinal sections col-
lected as described in Fig. 4 could be visualized by the sutures (Fig. 4B)
and proximal-distal, host-donor directionality was maintained for all
sections to facilitate analysis.

At D3 at the proximal host/donor boundary of autografts, integrated
density (%) values, which represent quantity of positive cells, of CD11b
(22.049% ± 2.256%), CD3 (8.759% ± 1.347%), CD8
(14.1705% ± 4.446%) and NKp46 (17.27% ± 0.828%), marker was
higher than in proximal host/donor boundary of allografts. Values of
CD4, CD25, CD45R, GFAP, β III tubulin where similar in both graft
types, with no statistic difference, and CD11c (12,693% ± 0,332%)
marker was higher in proximal stump of host/allograft (Figs. 5–7).

At D7 in proximal stump of host/autograft CD25
(37.716% ± 6.572%) and CD45R (34.136% ± 0.856%) positive cells
were in higher quantity than in proximal stump of host/allograft.
Values of CD11b CD4, CD3, CD8, NKp46, GFAP and β III tubulin po-
sitive cells were similar in both groups, and CD11c
(18.771% ± 9355%) marker was higher in proximal stump of host/
allograft (Fig. 5; Supplementary Figs. 2 and 3).

At D14 in proximal stump of host/autograft CD45R
(25.856% ± 4.120%) positive cells were in higher quantity than in
proximal stump of host/allograft. Values of CD4, CD25, CD8, NKp46,
GFAP and β III tubulin were similar in both groups, and values of
CD11c (6516% ± 1770%), CD3 (10.118% ± 4.294%) positive cells
were higher in proximal stump of host/allograft (Fig. 5; Supplementary
Figs. 2 and 3).

At D28 in the proximal stump integrated density (%) values of
CD11b, CD4, CD25, CD45R, CD11c, CD3, CD8, NKp46 and β III tubulin
were similar in autograft and allograft groups with no statistical dif-
ference (Fig. 5; Supplementary Figs. 2 and 3). However, GFAP was
higher in the allograft group.

At W14 there was no difference in the integrated density (%) values
of all immune cells markers in both groups, but GFAP and β III tubulin
values increased in proximal stump of host/allograft and host/autograft
groups (Fig. 5; Supplementary Figs. 2 and 3).

4.3.2. Cell infiltration using the GFP model
To assess the migration of donor cells into graft tissue, GFP- grafts

Fig. 5. Quantification of immune and neuronal markers in autograft and allograft- Graphs show integrated density values of (A) CD11b, (B) CD4, (C) CD25, (D)
CD45R, (E) CD11c, (F) CD3, (G) CD8, (H) NKp46, (I) GFAP and (J) β III tubulin in autograft and allograft nerve transplant at various time points after implantation.
Error bars depict standard error, where n≥ 4, *p≤ .05 using analysis of variance (ANOVA) followed by Tukey's test when P-values were significant.
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were sutured into GFP+ donor animals and the tissue was collected at
D3, D7, D14 and D28 post implantation. The presence of GFP+ cells in
the graft (Figs. 6 and 7) indicated there were cell migration and in-
filtration from the host to the graft at D3 with an extensive increase at
D7, D14 and D28. The host nerve appeared to be a cell pathway guide
during this process. Images co-stained for GFAP indicated that Schwann
cell migration from host to donor peaked at D14 (Fig. 7). These images
also indicate that the vast majority of cells infiltrating the allograft at
these time points were not host-derived Schwann cells.

4.4. Nerve morphometry

The middle section of each graft was cross sectioned as indicated in
Fig. 4 and stained with toluidine blue to reveal nerve morphometry
(Fig. 8A–J). When calculating the total number of axons, there were
more axons from D3 to D28 on PN autograft than PN allograft (Fig. 8K).
Myelinated axon density showed a significant difference emerged at D7
with more myelinated axons on the autograft until the terminal time
point (Fig. 8L). Regarding the percentage of myelinated axons, there
were more myelinated axons on allograft from D3 to D14 (Fig. 8M). G-

ratio increased over allograft at day 14 (Fig. 8N). This reversed at D28
and both groups displayed similar G-ratios at the W14 terminal time
point. This data again indicates improved regeneration in autografts
over allografts, but allografts without immunosuppression were still
able to stimulate substantial regeneration.

5. Discussion

Nerve regeneration and recovery of function is an orchestrated
series of events involving myelin remodeling, axonal regeneration and
interactions between PN cells, immune cells, endothelial cells and fi-
broblasts [5,6,18–20]. In our detailed histological evaluation of the
timeline of cell infiltration into PN autografts and allografts, several
distinctions between the two emerged as illustrated in supplementary
Fig. 4. There were significant elevations in immune cell density in au-
tografts at D3 as compared to allografts, most notably for markers of
macrophages and dendritic cells (CD11b), natural killer cells (NKp46)
and cytotoxic T cells (CD8+). The increase in CD3+ in autograft vs
allograft was most likely attributed to CD8+ as CD4+ levels did not
significantly differ at D3. Previous studies with conduits and coapted

Fig. 6. Cell migration host proximal stump to donor graft- Grafting of GFP- allografts into GFP+ hosts shows cellular infiltration. (A) At D3, some migration was
observed. An expressive increase was at (B) D7, (C) D14 and (D) D28, dashed squares indicate boundary region, scale bar= 400 μm.
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bisections affirmed that macrophages accumulate 2–3 days after injury
and play an important role in facilitating regeneration [21,22]. From
D3 to D28, the cellular response tended to taper downward for all
immune cell markers in autografts except for CD25 which spiked at D7.
CD25 is a marker of regulatory T cells (Tregs) which may account for
this trend as Tregs regulate and inhibit effector T cells and antigen
presenting cells [23]. Together, this data suggests that while the early
immune response to autografts is more robust than for allografts, the
response tapers down over time.

One of the most interesting aspects of the response to allografts was
that the presence of effector T cells (CD4+, CD8+) was not con-
sistently elevated compared to autograft. Acute graft rejection is pri-
marily mediated by these cell types and as there was no im-
munosuppression, it was surprising to see that these cell types did not
spike in allotransplanted PNs as has been noted for allotransplantation
of skin and other tissues [24,25]. This points to a certain degree of
immune privilege of PNs and is supported by the functional data; even
without immunosuppression, the degree of CMAP (Fig. 2) and muscle
mass recovery (Fig. 3) was very close to that of the autografts. Dis-
parities between autografts and allografts generally tended to lessen in
magnitude at the later time points, suggesting that continued

remodeling and regeneration continue to occur in allografts. Recently
published clinical studies also indicate substantial functional re-
generation using human cadaveric PN allografts to bridge segmental PN
defects without immunosuppressive therapy in humans [26]. While our
studies used CMAPs and muscle mass as functional outcomes, this study
of 16 patients provided robust sensory and motor outcomes from the
patients.

The reasons for this apparent immune privilege are unclear as PN
cells and tissue have several immunogenic hallmarks. Within PNs, all
nucleated cells would display via MHC I whereas resident macrophages
and dendritic cells would be capable of presenting via MHC I and II
[27]. In vitro mixed lymphocyte reactions showed mice PN cells to be
robustly immunogenic [28]. Schwann cells are one of the most im-
munogenic of PN cells in these reactions and additionally have the
capacity to present antigens via MHC II in certain circumstances
[29,30]. Our data shows that T cells accumulate in both autografts and
allografts but are only elevated in allografts compared to autografts at
D14 for CD3+ and D28 for CD8+ T cells (Fig. 5F, G). In contrast,
effector T cells are highly elevated in other transplanted tissues after
clonal expansion of allospecific T cells [31,32]. This does not appear to
occur to the same extent with PN allografts, suggesting that T cells are

Fig. 7. GFAP positive cells and cell migration host proximal stump to donor graft- Grafting of GFP- allograft into GFP+ hosts show GFAP and GFP positive cells in the
host and graft proofing GFAP positive cells migrating from the host to the grafting, with a pick at day seven. Some migration was observed at (A) D3, with an
expressive increase at (B) D7 and (C) D14 and decrease at (D) D28. Dashed squares indicate proximal host/donor boundary region, scale bar= 400 μm.
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Fig. 8. Morphometry of regenerated nerves within autografts and allografts- (A-J) 10× images of the nerve cables of autograft and allografts at various time points.
Inset image is 100×. Quantification of the averages for the groups at each time point shows significant differences between autografts and allografts for (K) total
axon count, (L) density of myelinated axons, (M) percentage of axons that were myelinated and (N) G-ratio error bars depict standard error, where n≥ 4, *p≤ .05
using analysis of variance (ANOVA) followed by Tukey's test when P-values were significant.
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accumulating in in both graft types consistent with innate mechanisms
of lymphocyte accumulation due to endothelial activation and tissue
injury rather than due to MHC-mediated mechanisms [33]. Additional
experiments assessing the allospecificity and clonal nature of effector T
cells within allografts would help to clarify this issue.

It has been suggested that the immune privilege of allogeneic PNs is
due to the epineurium present around PNs, which is may slow immune
cell infiltration [34]. We observed that the majority of immune cells
infiltrated the graft from the ends, potentially supporting this sugges-
tion that the epineurium is not an accessible route for effector T cell
infiltration. However, the extent to which this affects the outcome is
unknown as T cells are certainly present in significant amounts within
allografts. Another possible explanation would be an over proliferation
of Tregs which repress effector T cells [23,35,36], but CD25 did not
increase in allografts, suggesting this is not the cause. Our data shows
that T cells accumulate within allografts but do not expand to rapidly
and robustly eliminate allogeneic cells.

Allogeneic Schwann cells present an interesting case. Previous stu-
dies have shown that allogeneic Schwann cells persist for longer than
expected after PN allografts [37]. This is paradoxical given the im-
munogenicity of Schwann cells and our data shows that effector T cell
populations are present within allografts. A possible explanation is that
donor-derived Schwann cells that successfully remyelinate a host axon
may sufficiently reduce their immunogenicity to avoid being targeted
by the host immune response. Densitometry of GFAP in our study in-
dicated very little change in GFAP expression in allografts for all time
points (Fig. 5I) but did not quantify donor vs host. However, the in-
filtration studies using GFP hosts indicated a robust amount of host-
derived Schwann cells infiltrating the graft at D14 (Fig. 7C). For this
degree of infiltration to be occurring and for overall Schwann cell
densitometry to remain constant it would suggest donor-derived
Schwann cells were being eliminated. Increases in CD3+ and CD8+
cells in allografts at D14 as compared to D3 and D7 would support this
(Fig. 5F, G). This potential trade off of donor Schwann cell elimination
and host Schwann cell infiltration may be the underlying cause for the
delays in functional regeneration that are observed in PN allografts
without immunosuppressive therapy in comparison to autografts or
allografts treated with immunosuppressive therapy.

The immune response is key for nerve transplant success, but there
are other points to consider such as nerve length, vascular micro-
environment, stressed cells accumulated in grafting scenarios, which
immediately impacts regeneration [38]. In conclusion, the findings
exposed in this study suggest that the immune response for PN auto-
grafts is rapid in onset and declines thereafter while in PN allografts
without immunosuppression the cell-mediated response is slower to
accumulate and does not cause additional T cell infiltration as com-
pared to autografts. This lack of a disproportionate T cell -mediated
response could be the key for why substantial regeneration and func-
tional recovery occur in PN allotransplants without immunosuppres-
sion.
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