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ARTICLE INFO ABSTRACT

Keywords: Laminin-111 is a basement membrane protein that participates in motor innervation and reinnervation. During
Laminin axonal pathfinding, laminin-111 interacts with netrin-1 (NTN1) and changes its attractant growth cone prop-
Netrin-1 erties into repulsion. While previous models of recurrent laryngeal nerve (RLN) transection show increased
g:;:;zm laryngeal nerve Laminin-111 and NTN1 production after injury, developmental expression in the larynx has not been defined.
Development This study investigates the expression of laminin-111 in laryngeal muscles during primary laryngeal innervation

of Sprague Dawley rats. Adult larynges and embryos were sectioned for immunohistochemistry with pIII-Tubulin,
laminin subunit a-1 (LAMA1), NTN1, and a-bungarotoxin. Sections were processed for single-molecule inex-
pensive RNA fluorescence in situ hybridization analysis of LAMA1 mRNA. LAMA1 expression increased in all
intrinsic laryngeal muscles, except the medial thyroarytenoid (MTA), at E20.5. At E20.5 there was increased
expression in the lateral thyroarytenoid (LTA) and posterior cricoarytenoid (PCA) compared to the MTA. NTN1
upregulation was limited to the LTA and lateral cricoarytenoid (LCA) at E16.5 without any increase in the MTA
or PCA. LAMA1 and NTN1 expression did not strictly follow expected patterns relative to the known timing of
innervation and does not appear to be acting similarly to its role following RLN injury. These differences between
developmental and post-injury innervation provide targets for investigations of therapeutics after nerve injury.

Vocal fold paralysis

1. Introduction

The larynx serves a critical role in phonation, airway protection, and
respiration. The ability to accomplish all of these functions is facilitated
by vocal fold movement, which is controlled by the intrinsic laryngeal
muscles supplied by two branches of the vagus nerve. While there are
anastomoses between the recurrent laryngeal nerve (RLN) and the su-
perior laryngeal nerve (SLN), all intrinsic laryngeal muscles are pri-
marily innervated by the RLN except for the cricothyroid (CT) muscles
which receive predominantly SLN innervation [1]. The RLN is suscep-
tible to injury during a multitude of surgical procedures and resulting
vocal fold paralysis is permanent in roughly 1% of all thyroid and
parathyroid surgeries and reported to be as high as 25% in some skull
base surgeries [2-4]. This results in significant healthcare costs and
patient morbity with dysphagia and dysphonia. Following severe RLN

injury the distal nerve segment degenerates, resulting in laryngeal
muscle denervation, and the proximal end undergoes spontaneous
regeneration via axonal projections towards the original target [5,6].
However, functional regeneration is complicated by disorganized syn-
kinetic motor axon reinnervation of the laryngeal muscles [7]. As a
result of this non-selective reinnervation, functional restoration of vocal
fold movement is never achieved [8-13].

The larynx is a well conserved organ making it suitable for
comparative anatomy and physiology. Previous rodent studies of the
larynx during development have described the sequence of both vocal
fold epithelial differentiation and innervation of the intrinsic laryngeal
muscles (Fig. 1) [14,15]. During rat development, the RLN approaches
the larynx and then branches dorsally towards the posterior cricoar-
ytenoid (PCA) at embryonic day (E)15.5. Ventral projections reach the
lateral cricoarytenoid (LCA) and lateral thyroarytenoid (LTA) around
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E16.5/E17.5 and once synapses are formed the neuromuscular junctions
(NMJ) mature until completion at E21.5 [16]. As observed in other
systems, the innervation of the larynx may be directed by the expression
of several proteins involved in axonal elongation and axonal guidance
such as neurotrophic factors [17-19]. One of the proteins reported to
participate in this regeneration is Netrin-1 (NTN1), a neurotrophic
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factor and member of the laminin superfamily [20,21]. In addition to its
role in CNS formation, NTN1 and its receptors play a critical role during
innervation of the periphery and reinnervation after acute injury
[22-25]. Interestingly, NTN1 and one of its receptors, deleted in colo-
rectal carcinoma (DCC), demonstrate bifunctional attractive and repul-
sive action in growth cone dynamics according to the expression of
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Fig. 1. Anatomy of the developing rat larynx Location of the larynx is found rostral to the embryo thorax and anterior to the developing spinal column (A). Both
illustrated views of the larynx (B, C, D) and hematoxylin and eosin stained larynxes (E, F, G) are shown. The represented developmental stages are E15.5 (B, E), E17.5
(C, F), and E20.5 (D, G). Constituent parts of the larynx are as follows: 1 — esophagus, 2 — thyroid cartilage, 3 — posterior cricoarytenoid muscle, 4 — airway lumen, 5 —
laryngopharynx, 6 — arytenoid cartilage, 7 — lateral thyroarytenoid muscle, 8 — cricoid cartilage, 9 — medial thyroarytenoid muscle, 10 - cricothyroid muscle, 11 —

lateral cricoarytenoid muscle, 12 -vocal fold.
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uncoordinated-5 or the presence of laminins in the environment sur-
rounding the growth cone [26-29]. One laminin, laminin-111 identified
by its subunit a-1 (LAMA1), plays an integral role in the embryonic
basement membrane formation and functions as an axonal guidance cue
[29-31]. Laminin-111 has also been shown to interact with the NTN1/
DCC complex and convert NTN1 attraction to repulsion in retinal, vagal
sensory, and trochlear neurons [32-34]. In the rat larynx, soon after RLN
injury, NTN1 and LAMAL1 are both upregulated showing differential
temporal expression in laryngeal muscles which may influence axonal
guidance during laryngeal muscle reinnervation [35].

Increased LAMALI expression after RLN injury and its known inter-
action with NTN1 suggests laminin-111 may play a role in the reinner-
vation of the larynx. However, guidance cues expressed after RLN injury
result in RLN axons being misguided and laryngeal muscles are rein-
nervated synkinetically. Therefore, in order to better understand the
mechanism of reinnervation, we aim to investigate the correlation be-
tween LAMA1 and NTN1 expression during successful primary inner-
vation of the abductor and adductor muscles of the rat larynx.
Knowledge regarding differences between axon guidance during func-
tional primary innervation of the larynx compared to synkinetic rein-
nervation may provide targets for investigation of future therapeutic
intervention after nerve injury.

2. Materials and methods
2.1. Experimental animals

A total of six pregnant female Sprague Dawley rats were euthanized
by intraperitoneal injection of 100 mg/kg ketamine with 10 mg/kg
xylazine when litters reached E15.5, E16.5, E17.5, E18.5, E20.5, and
E22.5. This study was conducted in accordance with the Public Health
Service Policy on Humane Care and Use of Laboratory Animals, the
National Institutes of Health Guide for the Care and Use of Laboratory
Animals, and the Animal Welfare Act (7 U.S.C. et seq.). The Institutional
Animal Care and Use Committee of Columbia University Medical Center
approved the animal use protocol.

2.2. Tissue preparation

Pregnant female rats underwent transcardiac perfusion with 0.9%
normal saline followed by 4% paraformaldehyde in phosphate buffered
saline (PBS). Adult larynges and full embryos were postfixed in 4%
paraformaldehyde in PBS overnight at 4 °C, then 15% sucrose in PBS
overnight and then 30% sucrose in PBS. Embryos were truncated at the
thorax and the superior halves were embedded in optimal cutting tem-
perature compound before sectioning at 14 pm on gelatin coated glass
slides for immunohistochemistry and at 10 pm on glass slides for single
molecule inexpensive RNA fluorescence in situ hybridization (smiFISH).

2.3. Immunohistochemistry

Four embryos were used for each developmental age (n = 4). Sec-
tions were washed in PBS then incubated at 4 °C with 0.3% Triton in PBS
(PBST). Slides prepared for NTN1 were additionally post-fixed in 4%
PFA for 10 min and heat treated at 60 °C in 1x citrate buffer, before
blocking at room temperature with 1% bovine serum albumin and
0.02% PBST followed by incubation in the appropriate primary antibody
overnight. Secondary antibodies were applied before mounting with
Fluoromount aqueous mounting medium (Sigma-Aldrich, St. Louis,
Missouri). A full list of antibodies can be found in Table S1.

All 16 images of each laryngeal muscle were acquired with a fluo-
rescent microscope on day of staining with standardized exposure time.
These images were used for ImageJ analysis with threshold chosen by
the investigators to minimize background signal. Fluorescence was
measured by mean gray value (MGV), defined as the sum of gray values
divided by the total number of pixels in the selection, and subsequently
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converted to mean pixel intensity [36]. These results are reported as
optical density (OD) estimated by, OD = log10(255/mean pixel in-
tensity), for standardization of fluorophore concentration [37,38]. All
OD measurements were normalized to adult LTA or cerebellum, for
LAMA1 and NTN1, respectively.

Specific attention to E20.5 data was taken due to a uniform increase
in MGV following use of a new lot of LAMAL1 primary antibody. Existing
E16.5 and E22.5 embryos demonstrated 82.4% of the fluorescent in-
tensity compared to age-matched experiments with the new antibody.
Presented E20.5 data has been corrected by this figure.

2.4. Probes

In situ hybridization probes were designed using the open source
Oligostan program as per Tsanov et al [39]. We utilized this coding
package using R studio version 4.0.2 to generate probes to the rat
LAMAL1 coding transcript [40]. 24 probes were selected and conjugated
to the Flap-X sequence in a dry 96-well plate as well as the secondary
Flap-X probes conjugated to digoxigenin (IDT, Coralville, Iowa).

2.5. smiFISH and quantification

Two embryos (n = 2) with a minimum of two images per muscle
were used for analysis. Procedure for smiFISH immunostaining was
performed as described by Tsanov et al. with the following modifications
[39]. Sections were washed twice at room temperature for 5 min in PBS,
followed by 20 min in PBST, and finally 20 min in 15% formamide in 1x
saline sodium citrate (SSC). Slides were then incubated overnight at 37
°C in hybridization mixture, washed twice for 30 min at 37 °C in 15%
formamide in SSC, and then 10 min in PBST at room temperature.
Secondary antibody was applied and slides were covered using Vecta-
shield antifade mounting medium with DAPI (H-1200, Vector
Laboratories).

3D image acquisition was performed at 40x with a Zeiss LSM
confocal microscope. Z-stacks were deconvolved using ImageJ and
associated plugins, specifically DeconvolutionLab2 and PSF generator
[41]. Stacks were transformed to maximum 2D projections for final
counting. Two independent observers were blinded for puncta quanti-
fication. Mean puncta for negative controls were subtracted from each
count for normalization.

2.6. Statistical analysis

Comparison of means between multiple groups was performed using
two-way ANOVA with Tukey’s post-hoc test to assess differences be-
tween two means. A p < 0.05 was considered statistically significant.
Statistics were performed using Python and associated statistical pack-
ages [42]. See the associated python files in the data repository for
stepwise annotation of the raw fluorescent intensity analysis [43].

3. Results
3.1. Laminin-111 subunit colocalization

We sought to ensure that the expression of laminin-111 could be
reliably detected in the intrinsic laryngeal muscles. Expression for all
three laminin subunits was seen uniformly in the adult larynx and
localized to the basal lamina surrounding each muscle fiber. Colocali-
zation was found between LAMA1/LAMBI in the LTA (Fig S1 A-C) and
PCA (Fig S1 G-I), as well as between LAMA1/LAMC1 in the LTA (Fig S1
D-F) and PCA (Fig S1 J-L). No staining was observed in the cytoplasm of
the muscle fibers in adult animals.

3.2. NMJ formation and muscle maturation

The progression of laryngeal development was qualitatively and
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quantitatively assessed by examining NMJ formation with aBTX and
RLN innervation with BIIIT. At E15.5 both the PCA and LCA showed
BIIIT penetration (Fig. 2 A-B) and early consolidation of aBTX (Fig S2 B).
First signs of LTA innervation and concurrent aBTX consolidation can be
seen at E17.5 (Fig. 21, Fig S2 B). By E18.5 the medial thyroarytenoid
(MTA) began to mature with evidence of NMJ formation (Fig S2 B).

There was unchanged oBTX OD from E15.5-E18.5 in the PCA.
Similarly, aBTX in the LCA was unchanged from E15.5 through E17.5.
The first significant increase in aBTX OD occurred at E17.5 in the LTA
(0.55 + 0.03 vs. 0.69 + 0.09, p = 0.001). MTA showed significant
muscle maturation and increased NMJ intensity between E18.5 and
E20.5 (0.63 & 0.08 vs. 0.76 + 0.06, p = 0.001). All muscles, except for
the PCA, demonstrated increased aBTX OD between E20.5 and E22.5 as
embryos approached full maturation.

3.3. Temporaspatial changes in protein expression

Analysis of LAMA1 expression showed an increase in expression from
E15.5 to E22.5 in all muscles identified (Fig. 3A). LAMA1 was expressed
at a consistently low level from E15.5 through E17.5 In the PCA, LCA,
and CT (Fig. 3B). The LTA was the sole muscle which demonstrated a
significant increase in expression at E17.5 compared to E15.5 (0.93 +
0.06 vs. 0.84 + 0.05, p = 0.003). Beginning at E18.5 there was a sig-
nificant increase in LAMA1 expression compared to the E15.5 baseline
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in the PCA (p < 0.001) and CT (p = 0.003), however, LCA expression
remained consistent from E15.5 to E18.5. The MTA is unique in that
LAMAL1 expression becomes reliably measurable only at E18.5 (Fig. 3B).
There was a significant increase in LAMALI in the MTA from E20.5 to
E22.5 (0.93 + 0.05 vs. 1.01 + 0.08, p = 0.047). For all other intrinsic
muscles there was slight, but not significant, changes in LAMA1l
expression between E20.5 and E22.5 where mean normalized OD
ranged from 0.93 to 1.04.

NTN1 expression in the LTA was greater at E16.5 when compared to
all other embryonic ages (Fig. 4A). Similarly, E16.5 expression in the
LCA was greater than all other ages except E18.5 (1.21 + 0.33 vs. 1.01
+ 0.30, p = 0.114). However, there was no difference in NTN1
expression across development in the MTA (p = 0.122), PCA (p =
0.056), or CT (p = 0.098).

NTN1 expression was only different between muscles at E16.5 (p =
0.032), with LTA expression being the greatest. LAMA1 expression was
significantly increased in the LTA compared to the PCA at E17.5 (p =
0.006). And at E20.5 the MTA had decreased expression when compared
to the PCA (p < 0.001) and the LTA (p < 0.001). All muscles showed
comparable intensity at E15.5, E16.5, E18.5, and E22.5 (Table 1).

3.4. smiFISH measurement of LAMA1 mRNA expression
LAMA1 mRNA expression was relatively stable across every age
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Fig. 2. Embryonic laryngeal maturation and innervation. E15.5 (A-C) shows innervation of both PCA and LCA with early NMJ formation. There is continued
innervation and oBTX consolidation at E16.5 (D-F) in the PCA and LCA. First evidence of LTA innervation occurs at E17.5 (I) as well as very early signs of MTA
formation (J). By E18.5 (K-N) all four muscles demonstrate localized NMJ’s with local innervation. All muscles are oriented posterior to anterior on the left side of the
larynx. Dashed lines define border of the muscle indicated in each column. Bar indicates 100 pm. LAMA1 (red); aBTX (green); BIIIT (blue).
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Fig. 3. Quantification of LAMA1 IHC expression. Expression of LAMA1 was quantified across the developmental timepoints (A). Normalized baseline OD at E15.5
was: PCA = 0.83 + 0.04, LCA = 0.86 + 0.05, LTA = 0.84 £ 0.05, CT = 0.82 £ 0.06. When compared to baseline expression in each muscle, significant increase in
expression was seen at E17.5 in the LTA (0.93 + 0.06, p = 0.003), at E18.5 in the PCA (0.98 + 0.16, p < 0.001) and CT (0.980.20, p = 0.003), and lastly the LCA at
E20.5 (1.00 + 0.08, p < 0.001). There was no further increase in LAMA1 up to E22.5 except from E20.5 to E22.5 in the MTA (0.93 £ 0.05 vs 1.01 + 0.08, p = 0.047).
Representative 10x images demonstrate LAMAI expression patterns throughout development (B). * p < 0.05 and ** p < 0.001.

studied (Table 2). There was a significant increase in the PCA at E18.5
compared to E15.5 (p = 0.034). There was no other significant change in
mRNA expression identified (Fig S3).

4. Discussion

Laminins are integral basement membrane proteins forming heter-
otrimers required for even the earliest embryonic implantation and
development [30]. These proteins also act as attractant signals both for
in vitro axonal guidance as well as during peripheral nerve regeneration
[29,31,44-46]. NTN1, a laminin superfamily member, is involved in
nervous system development and exhibits bidirectional growth cone
activity depending on the receptors encountered in its local environment
[20,21,23,26,27,30,47]. Our previous work demonstrated an increase in
LAMAL1 and NTN1 expression following rat RLN injury that was chro-
nologically coordinated with nerve reinnervation suggesting a repulsive
role for NTN1 after synapse formation [32,34,35]. While this

reinnervation leads to synkinetic, nonfunctional reinnervation, under-
standing the differences in embryonic innervation may elucidate targets
for therapeutic intervention [3,7-9].

This study demonstrated the expression pattern of laminin-111 and
NTN1 in the developing rat larynx for the first time. Confirmation of
developmental innervation patterns was done with quantification of
aBTX OD for NMJ maturation at expected timing of innervation. Both
the PCA and LCA received RLN innervation at E15.5 (Fig. 2) which
correlates to the stable OD through E17.5. Increased «aBTX OD in the LTA
at E17.5 also correlates with observed innervation at this timepoint.
Lastly the MTA received innervation at E18.5 and significant NMJ
consolidation between E18.5 and E20.5 (Fig S2).

Analysis of LAMA1 expression patterns showed a baseline expression
of LAMAL1 across the larynx from E15.5-E17.5 followed by upregulation
at E18.5. At E22.5 near birth, LAMA1 expression was comparable to that
of the adult rat larynx control. LAMA1 expression (Table 2) was com-
parable between all intrinsic muscles, including the CT, except in two
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Fig. 4. Quantificaiton of NTN1 IHC Expression Expression of NTN1 was quantified across the developmental timepoints (A). Significant changes in OD were only
found in the LCA and LTA. Elevated normalized OD in the LCA at E16.5 (1.21 + 0.33) was greater than baseline E15.5 (0.80 + 0.05, p < 0.001) and E17.5 (0.87 +
0.20, p < 0.001). Elevated normalized OD in the LTA at E16.5 (0.92 + 0.34) was greater than baseline E15.5 (0.92 + 0.34, p < 0.001) and E17.5 (0.97 + 0.21, p =
0.005). Representative 10x images demonstrate NTN1 expression patterns throughout development (B). * p < 0.05 and ** p < 0.001.

instances: There was intermuscle variation of LAMA1 expression where
LTA expression was greater than the PCA at E17.5 and MTA less than
that of the PCA and LTA at E20.5. As previously noted, laminin-111
activity is critical to basement membrane formation and the uniform
increase in expression identified above is compatible with continuing
maturation of the muscle fibers themselves rather than discrete upre-
gulation at the time of initial innervation.

In comparison, NTN1 expression was notably elevated at E16.5 in the
LTA and LCA, but there was no upregulation in the PCA nor in the MTA
around the timing of expected innervation. In light of the comparable
LAMAL1 expression across the larynx, the proposed mechanism of NTN1/
laminin-111 mediated repulsion requires that NTN1 expression be
increased following innervation. But the data show isolated NTN1
upregulation at E16.5 in the LCA and LTA, and lack of further changes at
E16.5 in the PCA, E18.5 in the LTA, or E20.5 in the MTA. Interestingly,
LAMAL1 expression was in fact lower in the MTA compared to the LTA at
E20.5 while NTN1 was non-significantly elevated in the LTA compared

to the MTA, which could correspond to the ultimate innervation of the
MTA. However, with no other evidence of NTN1 upregulation the hy-
pothesized temporal expression of these two trophic factors does not
explain the pattern of primary laryngeal innervation.

It should also be noted that analysis of the smiFISH experiments was
limited by a blinded two-observer method. The fluorescent intensity of
the LAMA1 mRNA and background autofluorescence of the secondary
antibody in negative controls were too similar for reliable automated
differentiation (Sup. Fig. 3). Integrity was maintained by blinding the
age and muscle of each image. The smiFISH results demonstrated that
LAMA1 mRNA was detectable, however, there were no significant dif-
ference in the number of puncta identified across development. These
results suggest that the increased expression of LAMA1 protein was not a
result of increased mRNA transcription and it could therefore be a
product of increased post-transcriptional events that were not assessed
here.
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Table 1
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Trophic factor expression in laryngeal muscles at each developmental stage Values are reported as mean normalized optical density (OD) and standard deviation (SD).
N/A indicates the muscle was not reliably identifiable at that embryonic age. * p < 0.05 and ** p < 0.001, { signifies value is also significantly different from LAMA1

OD of the LTA (p < 0.001).

LAMA1 NTN1
Age Muscle Normalized OD (SD) p value Tukey’s Post Hoc Normalized OD (SD) p value Tukey’s Post Hoc
E15.5 0.294 0.512
PCA 0.83 (0.043) Reference 0.86 (0.18) Reference
LCA 0.86 (0.048) 0.448 0.80 (0.050) 0.900
LTA 0.84 (0.050) 0.785 0.92 (0.34) 0.900
MTA N/A N/A N/A N/A
E16.5 0.285 0.032
PCA 0.85 (0.054) Reference 1.13 (0.26) Reference
LCA 0.84 (0.038) 0.900 1.21 (0.33) 0.863
LTA 0.87 (0.032) 0.437 1.31 (0.27) 0.270
MTA N/A N/A N/A N/A
E17.5 <0.001 0.391
PCA 0.85 (0.056) Reference 1.12 (0.60) Reference
LCA 0.91 (0.064) 0.061 0.87 (0.20) 0.399
LTA 0.93 (0.061) 0.006* 0.97 (0.21) 0.770
MTA N/A N/A N/A 0.460
E18.5 0.351 0.775
PCA 1.03 (0.16) Reference 0.97 (0.20) Reference
LCA 0.93 (0.16) 0.900 1.01 (0.30) 0.900
LTA 1.01 (0.12) 0.900 0.98 (0.32) 0.900
MTA 0.90 (0.12) 0.664 0.93 (0.20) 0.900
E20.5 <0.001 0.567
PCA 1.01 (0.047) Reference 0.95 (0.26) Reference
LCA 1.00 (0.082) 0.900 0.91 (0.14) 0.900
LTA 1.04 (0.031) 0.641 0.97 (0.24) 0.900
MTA 0.93 (0.048) < 0.001%t 0.87 (0.14) 0.780
E22.5 0.184 0.787
PCA 1.01 (0.086) Reference 0.86 (0.17) Reference
LCA 0.95 (0.083) 0.290 0.82 (0.050) 0.800
LTA 1.00 (0.045) 0.900 0.84 (0.10) 0.900
MTA 1.01 (0.083) 0.900 0.82 (0.05) 0.851

Table 2

Assessment of temporal changes in LAMA1 mRNA expression in the intrinsic
laryngeal musculature. Values are reported as mean puncta quantified and
standard deviation (SD). of N/A indicates puncta were not reliably identifiable
at that embryonic age. * p < 0.05 and ** p < 0.001.

Muscle Age Puncta (SD) p value Tukey’s Post Hoc
LTA 0.871
E15.5 4.83 (5.62) Reference
E18.5 3.33 (2.95) 0.900
E20.5 5.19 (2.51) 0.900
E22.5 4.54 (4.12) 0.900
MTA 0.131
E15.5 N/A N/A
E18.5 12.65 (13.71) Reference
E20.5 3.18 (3.06) 0.136
E22.5 3.08 (2.74) 0.149
LCA 0.118
E15.5 1.25(1.13) Reference
E18.5 7.22 (7.60) 0.144
E20.5 3.32(2.11) 0.874
E22.5 1.86 (2.44) 0.900
PCA 0.051
E15.5 0.86 (1.41) Reference
E18.5 6.75 (5.89) 0.034*
E20.5 5.39 (4.10) 0.192
E22.5 3.00 (2.19) 0.734
CT 0.350
E15.5 4.0 (4.19) Reference
E18.5 15.25 (13.37) 0.843
E20.5 7.00 (3.36) 0.900
E22.5 25.75 (28.22) 0.369

5. Conclusion

Herein we investigated the role of LAMA1 and NTN1 in the devel-
oping rat larynx and found differential expression of LAMA1 at E20.5

with decreased MTA expression compared to the LTA and NTN1 upre-
gulation was limited to the LTA and LCA at E16.5. There was also sig-
nificant upregulation of LAMA1 expression by E18.5 in most intrinsic
laryngeal muscles. The observed LAMA1 upregulation in both the
abductor and adductors and isolated NTN1 upregulation at E16.5 was
unexpected. The repulsive interaction between NTN1 and LAMA1 is not
observed across primary laryngeal innervation and differs starkly from
that observed during dysfunctional reinnervation after RLN injury.
These differences present targets for future investigation of therapeutics
after such injury.
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