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Adipose-Derived Stem Cells Enhance Axonal
Regeneration through Cross-Facial Nerve
Grafting in a Rat Model of Facial Paralysis
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Background: Cross-face nerve grafting combined with functional muscle trans-
plantation has become the standard in reconstructing an emotionally controlled
smile in complete irreversible facial palsy. However, the efficacy of this procedure
depends on the ability of regenerating axons to breach two nerve coaptations and
reinnervate endplates in denervated muscle. The current study tested the hypoth-
esis that adipose-derived stem cells would enhance axonal regeneration through a
cross-facial nerve graft and thereby enhance recovery of the facial nerve function.
Methods: Twelve rats underwent transection of the right facial nerve, and cross-
facial nerve grafting using the sciatic nerve as an interpositional graft, with
coaptations to the ipsilateral and contralateral buccal branches, was carried
out. Rats were divided equally into two groups: a grafted but nontreated con-
trol group and a grafted and adipose-derived stem cell-treated group. Three
months after surgery, biometric and electrophysiologic assessments of vibrissae
movements were performed. Histologically, the spectra of fiber density, myelin
sheath thickness, fiber diameter, and g ratio of the nerve were analyzed. Im-
munohistochemical staining was performed for the evaluation of acetylcholine
in the neuromuscular junctions.
Results: The data from the biometric and electrophysiologic analysis of vibris-
sae movements, immunohistochemical analysis, and histologic assessment of
the nerve showed that adipose-derived stem cells significantly enhanced axonal
regeneration through the graft.
Conclusion: These observations suggest that adipose-derived stem cells could
be a clinically translatable route toward new methods to enhance recovery after
cross-facial nerve grafting.  (Plast. Reconstr. Surg. 138: 387, 2016.)
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trum of dysfunctions, ranging from subtle
dynamic facial asymmetry to complete,
dense paralysis.' Disabilities encountered include

F acial nerve injuries encompass a broad spec-
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corneal exposure, oral incompetence, and artic-
ulation difficulties.” None of these is perhaps as
significant as the social isolation these patients
often succumb to based on their perceived disfig-
urement and inability to convey emotion through
facial expression.” Because of the profound effect
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of this disorder on patient quality of life, a great
deal of effort has been focused on reanimation of
the paralyzed face.*

Patients with long-term facial paralysis are
often reanimated with a two-stage procedure
combining cross-facial nerve grafting with micro-
neurovascular muscle transfer.” The major disad-
vantage with cross-facial nerve grafting is that the
results are inconsistent. Although some surgeons
report excellent recovery,™® many others find it
entirely unsatisfactory. The leading cause of fail-
ure is suspected to be poor traversing of motor
axons from the contralateral facial nerve branches
into, across, and eventually out of the nerve graft.’

Axonal regeneration through the graft is vig-
orously supported by a large number of trophic
factors expressed locally.!” However, prolonged
denervation and poor vascularization render the
local environment unreceptive for axonal regen-
eration. For this reason, it is a logical approach to
support the graft environment by replacing host
cells with those derived exogenously. In the few
past years, adipose tissue has been identified as
possessing a population of multipotent adult stem
cells to which we assign the generic nomencla-
ture, adipose-derived stem cells.'' Adipose-derived
stem cells are an attractive cell source for tissue
regeneration because of their self-renewal ability,
high growth rate, and multipotent differentiation
properties.' In addition, they can be isolated eas-
ily by a safe and conventional liposuction proce-
dure from subcutaneous fat tissue.

Several studies have focused on different guid-
ance conduits containing adipose-derived stem
cells, which significantly enhanced nerve regen-
eration,'* and this effect has been attributed
primarily to the environmental support provided
by the adipose-derived stem cells during regener-
ation. Adipose-derived stem cells have also dem-
onstrated the ability to promote angiogenesis,
neurotrophic factor provision, and protection of
neurons.”” Based on these reports, we aimed to
provide functional benefits for axons traversing
a cross-face nerve autograft by seeding the local
environment with adipose-derived stem cells in a
model of facial paralysis.

MATERIALS AND METHODS

Animals and Overview of the Study

This study was approved by the Bagkent
University Ethical Committee for Experimental
Research on Animals. Twelve male Sprague-Daw-
ley rats underwent cross-facial nerve grafting after
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transection of the right main trunk of the facial
nerve. Animals were subdivided into two groups
according to the nature of injection; animals in
the treatment group (n = 6) received 10° adipose-
derived stem cells along the graft and suture lines.
In contrast, animals in the control group (n = 6)
received control medium. All assessments were

made 90 days after surgery.

Isolation of Rat Adipose-Derived Stem Cells

Approximately 1 x 1 cm?® periperitoneal adi-
pose tissue was harvested. Adipose tissue was
washed in phosphate-buffered saline containing
1% penicillin-streptomycin solution (Biological
Industries, Kibbutz Beit Haemek, Israel). Tissue
samples were digested enzymatically in phos-
phate-buffered saline (Biological Industries) with
2.5 mg/ml collagenase type 2 (Sigma-Aldrich,
Taufkirchen, Germany) for 30 minutes at 37°C.
The cell suspension was filtered through a 70-pm
cell strainer (Becton, Dickinson and Co., Frank-
lin Lakes, N.J.) to separate cells from debris and
undigested adipose tissue fragments. Cells were
seeded into a 25-cm? culture flask containing
standard culture medium (Dulbecco’s Modified
Eagle Medium) supplemented with 10% phos-
phate-buffered saline, 1% penicillin-streptomycin
solution, and 1% stable glutamine (Biological
Industries). The flasks were cultured in an incuba-
tor at 37°C and 5% carbon dioxide. After 3 days of
first culture, the medium was refreshed and sub-
sequently replaced twice a week. Adipose-derived
stem cells were isolated on the basis of their adhe-
siveness to the culture plates. After cells reached
70 to 80% confluence in primary cell culture,
cells were detached by 0.025% trypsin—ethylene-
diaminetetraacetic acid. The cells were washed
with phosphate-buffered saline and replated at
a 1:4 ratio for subculture. Adipose-derived stem
cells from passage 3 were used for study.

Characterization of Adipose-Derived Stem Cells
by Flow Cytometry

Undifferentiated adipose-derived stem cells
were subjected to flow cytometric analyses for
confirming that adipose-derived stem cells main-
tain their phenotypic characteristics in vitro. After
passage 3, cells were harvested, centrifuged, and
resuspended in phosphate-buffered saline at a
concentration of 10° cells/ml. Immunophenotyp-
ing characterization of adipose-derived stem cells
was performed with antibodies against the fol-
lowing human antigens: CD11b/c, CD29, CD44,
CD45, CD73, and CD90. All antibodies were from
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BD Biosciences. Flow cytometry was performed by
using Navios (Beckman Coulter, Brea, Calif.). The
data were analyzed with Kaluza software (Beck-
man Coulter). More than 50 percent staining was
regarded as positive.

Count and Viability Assay

Viable cells were detected by using dual flu-
orescent probes of the Muse Count & Viability
Assay kit (Merck, Millipore, Darmstadt, Germany)
on a flow cytometer (Muse EasyCyte; Merck,
Millipore).

Surgical Procedure

Each animal was anesthetized with an intra-
peritoneal injection of 50 mg/kg ketamine hydro-
chloride (Alfamine 10%; Alfasan, Woerden,
Holland) and 10 mg/kg xylazine (Rompun 2%;
Bayer, Leverkusen, Germany). The entire left sci-
atic nerve was harvested from close to the spinal
cord to the distal lower extremity. The graft was
then placed in saline, and an apron incision from
auricle to auricle was made in the neck. The main
trunk of the facial nerve was exposed bilaterally,
and identification of the branches was then car-
ried out using a nerve stimulator. On the rightside,
the main nerve trunk was transected, producing
facial paralysis. On the same side, a 0.5-cm portion
of the buccal branch was transected and removed.
The graft was then reversed and coapted to the
distal stump of the transected buccal branch using
three 10-0 nylon sutures. On the contralateral
side, the buccal branch was transected. The nerve
graft was draped across the neck and coapted to
the proximal stump of the transected left buccal

N

branch (Fig. 1). Animals in the treatment group
received 1 cc of phosphate-buffered saline mixed
with 10° adipose-derived stem cells around the
graft and suture lines using a l-cc syringe with a
26-gauge needle. In contrast, animals in the con-
trol group received 1 cc of phosphate-buffered
saline.

Analysis of Vibrissae Motor Performance

In intact animals, two whisker movements are
evident being large-amplitude vibrissal sweeps
through protraction and retraction cycles. In both
groups, all vibrissae of the right side acquired cau-
dal orientation and remained motionless after
transection of the facial nerve. The changes in
whisking behavior after cross-facial nerve grafting
were studied on postoperative day 90, and the
values were compared with those obtained before
surgery. To this end, one large vibrissa of the right
side was used for biometric analysis. Under light
anesthesia, all other vibrissae were clipped, and
the animals were inserted into a custom-made
restrainer for 20 minutes to pacify them. Using
a Canon EOS 60D digital camera (Canon, Inc.,
Tokyo, Japan), video images of whisking behavior
were captured. Captured video sequences were
reviewed, and 2-second sequence fragments from
each animal were selected. The stable position
of the head, the frequency of whisking, and the
degree of protraction were considered as selection
criteria. Each vibrissa in this spatial model was rep-
resented by two points; its base and the point on
the shaft 0.5 cm away from the base. The following
parameters were evaluated: (1) protraction mea-
sured by the rostrally opened angles between the

/A

Fig. 1. (Left) The right main nerve trunk was transected, producing facial paralysis.
On the same and contralateral sides, a 0.5-cm portion of the buccal branch was
transected and removed. (Right) The nerve graft was then coapted to the distal
stump of the transected right buccal branch and to the proximal stump of the

transected left buccal branch.
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midsagittal plane and the hair shaft (accordingly,
maximal protractions were represented by rather
low angle values); (2) the frequency of whisking
(i.e., cycles of protraction and retraction per sec-
ond); and (3) the amplitude (i.e., the difference
between maximal retraction and maximal pro-
traction in degrees).

Electromyographic Analysis

After induction of anesthesia, anodal and cath-
odal needle electrodes were inserted transcutane-
ously into the right vibrissal muscles. A reference
needle electrode was inserted into the sternoclei-
domastoid muscle. Bipolar electrical stimulation
was performed over the left buccal branch of the
facial nerve. The intervals between stimulation
for each recording were random, within a range
of 3 to 10 seconds. Electrically evoked electro-
myograms were obtained using the MP36 system
(BIOPAC Systems, Inc., Goleta, Calif.).

Histologic Assessment of the Nerve

The entire nerve graft, including the proxi-
mal and distal coaptation sites, was removed and
segments were taken from specific sites. Site A
was from the left buccal branch, site B was from
the proximal sciatic nerve graft, and site C was
from the distal sciatic nerve graft. These speci-
mens were placed overnight in fixative, washed in
buffer, fixed further in osmium tetroxide, dehy-
drated, and embedded in plastic resin. Then,
l-um-thick sections were cut and stained with
toluidine blue. The mean number of myelinated
axons per group was determined using a total
magnification of 450x.

Assessment of myelination was performed by
calculating the g ratio. This ratio was defined as
the ratio of the axonal diameter divided by the
diameter of the axon and its myelin sheath, and
provides a structural and functional index of what
might be considered as optimal axonal myelina-
tion. For the sciatic nerve, a g ratio between 0.55
and 0.68 was considered to be optimal.'” To calcu-
late the g ratio, digitalized images of fiber cross-
sections were obtained from site B. The g ratio
was determined on at least 100 randomly chosen
fibers per animal.

Immunohistochemical Analysis of
Neuromuscular Junctions

Neuromuscular junctions were evaluated
immunohistochemically using polyclonal anti-
vesicular acetylcholine transporter primary anti-

bodies (Abcam, Cambridge, United Kingdom).

390

Plastic and Reconstructive Surgery ® August 2016

The right buccal muscles were removed with
the buccal branch attached. The muscle seg-
ment that contains the region of innervation
was used for immunohistochemistry. Specimens
were fixed for 1 hour in 4% paraformaldehyde
in phosphate-buffered saline. Tissue was treated
overnight with blocking serum. All primary anti-
bodies were applied overnight in blocking serum
and phosphate-buffered saline at 4°C. Slides were
then rinsed for 30 minutes in phosphate-buffered
saline, and the secondary antibody was adminis-
tered in phosphate-buffered saline for 1 hour.

Statistical Analysis

Homogeneity of groups’ variances was checked
by the Levene test. Compliance with the normal
distribution of continuous variables was checked
with the Shapiro-Wilk test. When parametric test
assumptions are available, two independent group
means were compared by the ¢ test. If assumptions
are not available, the Mann-Whitney U test was
used for comparisons of groups’ medians. Depen-
dent groups were analyzed by factorial repeated
measures analysis of variance. Data analyses were
performed using SPSS Version 17.0 (SPSS, Inc.,
Chicago, Ill.). A value of p < 0.05 was recognized
as statistically significant.

RESULTS

Characterization of Adipose-Derived Stem Cells
by Flow Cytometry

The adipose-derived stem cells isolated from
rat adipose tissue were large and flattened and
had a fibroblast-like shape. No significant morpho-
logic changes were detected throughout the pas-
sages. The flow cytometric analysis data indicated
that the cells expressed some commonly accepted
mesenchymal stem cell markers such as CD29,
CD44, CD73, and CD90. [See Figure, Supplemen-
tal Digital Content 1, which shows representative
flow cytometric analyses of cell-surface markers in
adipose-derived stem cells at passage 3. Adipose-
derived stem cells expressed mesenchymal stem
cell markers, including CD29 (91.7 percent),
CD44 (90.4 percent), CD73 (90 percent), and
CD90 (92.7 percent), but were negative for CD
11b/c (4.7 percent) and CD45 (0.9 percent),
http://links.lww.com/PRS/B779.]  Viability — was
quantified by flow cytometric analysis after stain-
ing with count and viability kit before application,
and 92.6 percent live cells were detected. (See
Figure, Supplemental Digital Content 2, which
shows viability quantification after staining with
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the viability kit; 92.6 percent viable cells were
detected, http://links.lww.com/PRS/B780.)

Analysis of Vibrissae Motor Performance

Before facial nerve transection, vibrissal motion
was in the form of highly coordinated whisking
with a frequency of approximately 6 Hz. The maxi-
mal protraction was approximately 60 degrees.
The mean amplitude of whisking measured
approximately 54 degrees. In the control group,
large functional deficiency was evident from the
significantly larger angle at maximal protraction
(84 £ 4 degrees) and the smaller amplitude of
vibrissae movement (17 + 3 degrees) (p < 0.001).
The frequency of movements was similar to intact
animals. In contrast, all animals that received adi-
pose-derived stem cells showed a significantly (p <
0.001) better recovery of the biometric parameters

Protraction
Degrees

Retraction

l

Intact Animals

compared with the animals in the control group
(maximum angle of protraction, 77 + 3 degrees;
amplitude, 30 + 4 degrees) (Fig. 2).

Electromyographic Analysis

The mean compound muscle action poten-
tial amplitude of the adipose-derived stem cell-
treated group (5.37 + 0.65 mV) was significantly
higher (p < 0.001) than that of the control group
(3.11 £ 1.21 mV). The mean compound muscle
action potential duration of the treatment group
(4.53 + 0.37 msec) was significantly shorter
(< 0.05) in comparison with that of the control
group (5.03 £ 0.57 msec). With respect to com-
pound muscle action potential latencies, there was
no significant difference between values recorded
in both treatment (2.02 + 0.20 mV) and control
(1.85 £ 0.35 mV) groups. Significantly higher

Intact
Animal

Protraction

Degrees

Retraction

Control Group

Protraction
Degrees

Retraction

!

Treatment Group

Treatment

Fig. 2. Graphs of the changes in angles of the vibrissae during explorative cyclic whisking. (Above) In this case of an intact
animal, the frequency was 5 Hz, the protraction was 61 degrees, and the amplitude was 50 degrees. (Center) Faint whisker
movements during an active exploration of a representative animal 3 months after cross-facial nerve grafting only. (Below)
Movement of a large vibrissa with a frequency of 5 Hz, a protraction of 73 degrees, and an amplitude of 29 degrees in a repre-
sentative animal 3 months after cross-facial nerve grafting and adipose-derived stem cell application.
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(p < 0.05) threshold levels were obtained in the
adipose-derived stem cells—treated group (1.07
+ 0.26 V) in comparison with the control group
(0.63 £0.18 V) (Fig. 3).

Histologic Assessment of the Nerve

Mean axon counts from the selected cross-
facial nerve grafting sites for the two groups are
depicted graphically in Figure 4. In both groups,
the mean numbers of axons in segment A were not
statistically significantly different. In the control
group, the mean number of axons in segment B
was more than double the mean number of axons
in segment A. However, statistical analysis failed to
reveal a significant difference between the two seg-
ments. In the treatment group, the mean number
of axons just distal to the proximal coaptation, seg-
ment B, was approximately three-fold greater than
that just proximal to the coaptation. This differ-
ence was statistically significant (p < 0.05). In both
groups, fewer axons were counted in segment C
than in segment B. Statistical analyses revealed that
these declines in axon numbers from the proximal
portion to the distal portion of the graft were not
significant. The mean number of axons in segment
C of the treatment group was significantly greater
than the mean number of axons in segment C of
the control group (p < 0.05). Morphometric analy-
sis did not show significant differences in terms of
fiber size between both groups.
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A mean g ratio of 0.62, which lies within the
optimal range for the sciatic nerve, was obtained
for nerve fibers of the treatment group. In con-
trast, the mean g ratio of the control group (0.49)
was below the optimal range (Fig. 5). The differ-
ence between the two groups was statistically sig-
nificant (< 0.001).

Immunohistochemical Analysis of Motor
Endplates

Immunohistochemical staining results with
anti-vesicular acetylcholine transporter antibod-
ies revealed different staining patterns with tis-
sues obtained from both groups. Focal and weak
expression of vesicular acetylcholine transporter
molecules was detected in the neuromuscular
junctions of adipose-derived stem cell-treated ani-
mals. In contrast, no expression was observed in
tissues of the control group (Fig. 6).

DISCUSSION

The biometrics of whisking behavior provides
a sensitive analysis tool with which to study facial
nerve regeneration.'® Under normal physiologic
conditions, the vibrissae of the rat are erect, with
anterior orientation. Their simultaneous sweeps,
known as whisking, occur five to 10 times per
second.” The striated muscle fibers that mediate
protraction form a sling around the rostral aspect

Fig. 3. (Left) Compound muscle action potential comparisons between two groups identified significant differences in the values
of amplitude, duration, and threshold (*p < 0.001, **p < 0.05). (Right) Representative recordings of compound muscle action
potentials in control and adipose-derived stem cell-treated animals.
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Site A: The left buccal branch of the facial nerve.
& Site B: The proximal part of the sciatic nerve graft.
U Site C: Thedistal part of the sciatic nerve graft.
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Fig. 4. (Left) Graphic comparisons of mean numbers of myelinated axons per segment of the nerve. (Right) Transverse sections of
the sciatic nerve graft. Note that no significant regenerating units are seen in the control group. There are a few large myelinated
fibers with irregular myelin (arrows) suggestive of atrophy. However, there are small thinly myelinated fibers (<) and several large
myelinated fibers with highly irregular myelin (arrows) in the treatment group, indicating regeneration and atrophic changes,

respectively. Scale bar = 50 pm.

of each hair follicle; contraction of these muscles
by means of the buccal branch of the facial nerve
pulls the base of the follicle caudally, moving the
distal aspects of the whisker hair forward. By con-
trast, retraction of the vibrissae depends primarily
on passive elastic properties of deep connective
tissue.' In this study, the role of adipose-derived
stem cells in the functional outcome of cross-
facial nerve grafting was shown dramatically by the
return of more “normal” whisking, with greater
range of motion.

Electrophysiologic assessment showed that
higher compound muscle action potential ampli-
tudes were recorded in the adipose-derived stem
cell-treated group in comparison with the control
group. Because compound muscle action poten-
tial amplitudes reflect the number of innervated
muscle fibers,? these data are consistent with our
vibrissal movement data and suggest that adipose-
derived stem cell treatment influences the func-
tional outcome of cross-facial nerve grafting. In
contrast, the duration of compound muscle action
potentials was shorter in animals in the treatment
group, demonstrating that there was a better syn-
chronization of the fibers in this group, resulting
in improved function. The threshold value can
vary according to numerous factors, such fiber
diameter and myelin thickness.? Because motor
nerves are composed of myelinated type A fibers
with a diameter of 1 to 20 pm,* higher thresholds

in the treatment group show that regeneration
occurred mainly in small-diameter fibers.

Axon counts from the different segments
of the nerve provided evidence that administra-
tion of adipose-derived stem cells significantly
increases the number of axons that enter the
nerve graft. These data suggest the possibility
that adipose-derived stem cells exerted their
greatest influence on axonal sprouting and sub-
sequent growth through the coaptation between
the facial nerve and the nerve graft. In the treat-
ment group, there were nearly three times as
many axons in the nerve graft just distal to the
proximal coaptation. These data suggest that
adipose-derived stem cell administration caused
each severed axon in the buccal branch of the
facial nerve to give rise to an average of nearly
three daughter axons that crossed the proximal
coaptation site. The current data suggest further
that adipose-derived stem cells may, in some way,
inhibit the connective tissue reaction at the coap-
tation site, and thereby allow significantly more
daughter axons to breach this region. There is
another interesting set of data from the current
study showing a significantly greater number
of axons in the distal portion of the nerve graft
in rats treated with adipose-derived stem cells.
More axons not only breached the proximal
coaptation but also arrived at the distal end of
the nerve graft.
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Fig. 5. (Above) The g ratio is consistently reduced in the control group (yellow) compared with the
adipose-derived stem cell-treated group (blue) for virtually all axon diameters. (Below, left) The
mean g ratio of adipose-derived stem cell-treated fibers (0.62) was within the optimal range for the
sciatic nerve. In contrast, the mean g ratio of the control group (0.49) was below the optimal range.
(Below, right) Electron micrographs depicting a single sciatic nerve fiber in both groups. Note that
the myelin thickness is matched to axon diameter in the adipose-derived stem cell-treated group
(*p < 0.001). The blue area indicates the optimal range of the g ratio for the sciatic nerve.

It is a widely held view that the g ratio is a
highly reliable ratio for assessing axonal myelina-
tion.” In the treatment group, irrespective of fiber
diameter, the myelin thickness is matched to axon
diameter so that g ratios fall within the optimal
range. As g ratios can be affected by the patho-
logic shrinkage of axonal caliber, we evaluated the
distribution of axon size, and we did not find any
difference between the two groups, suggesting
that the ratio differed according to the thickness
of myelin sheath.

One of the major requirements for optimal
functional recovery after cross-facial nerve graft-
ing is that the regenerating axons make func-
tional connections with their muscle fibers. In
the adipose-derived stem cell-treated animals,
we confirmed the presence of acetylcholine in
the neuromuscular junctions with immunohis-
tochemistry. Besides being the main excitatory
neurotransmitter in the peripheral nervous sys-
tem, acetylcholine is capable of inducing neurite
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outgrowth and promoting the formation of syn-
apses.? Moreover, it has been shown that acetyl-
choline can control Schwann cell development
and differentiation.” This dual role of acetylcho-
line may have contributed to functional outcomes
of this study.

In this study, all assessments were performed
90 days after surgery. This period was planned,
taking into consideration the rate of axonal regen-
eration. In rats, the rate of axonal regeneration
has been assumed to be constant and is generally
estimated to be 3 mm/day.*® Therefore, all axot-
omized rat sciatic motoneurons would require
approximately 17 days to regenerate their axons a
distance of 50 mm. In addition, Gordon et al. doc-
umented that a period of 4 weeks is required for
regenerating axons to cross a surgical suture site.*
For this reason, the time required for regenerat-
ing axons to cross two suture lines and traverse a
nerve graft up to 5 cm in length was calculated to
be 3 months.
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Fig. 6. (Below) Focal expression of vesicular acetylcholine trans-
porter molecules was located in the neuromuscular junctions of
adipose-derived stem cell-treated animals (arrows). (Above) In
contrast, no expression was observed in tissues of the control
group. Scale bar = 50 um.

Our findings indicate that adipose-derived stem
cells act through multiple mechanisms to benefit
animals with facial paralysis after crossfacial nerve
grafting. Adipose-derived stem cell transplantation
increased the number of axons that breach the coap-
tation site and enter the graft, optimized myelina-
tion to achieve maximal functional and structural
efficiency, and supported the functional integrity of
denervated neuromuscular junctions. We think that
these beneficial effects are achieved mainly by the
differentiation of adipose-derived stem cells into a
Schwann cell-like phenotype, which promotes neu-
rite outgrowth®*" and myelination.”"** In addition
to their ability to differentiate, adipose-derived stem
cells can secrete a plethora of growth factors that can
mediate angiogenesis, wound healing, tissue regen-
eration, and immune cell reactions.?*** In the con-
text of the nervous system, it has been shown that
adipose-derived stem cells produce a wide variety of

neurotrophic factors that can enhance neurite out-
growth and provide neuroprotection.”*” However,
the problems encountered in using a cross-facial
nerve graft after facial paralysis to restore function,
however, are more complex. Further studies are
needed to determine the underlying mechanisms.
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