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Abstract

Objectives/Hypothesis: The larynx is a highly responsive organ exposed to mechanical, 

thermal, and chemical stimuli. Chemicals elicit responses both in intraepithelial nerve fibers and in 

specialized chemosensory cells, including scattered solitary cells as well as taste cells organized 

into taste buds. Activation of both chemosensory cells and taste buds in the larynx elicit cough, 

swallow, or apnea with exposure to sour or bitter substances, and even by water or sweet-tasting 

chemicals. In an effort to begin understanding their function, we sought to compare the 

distribution, density, and types of chemosensory cells and chemoresponsive nerve fibers in 

laryngeal epithelium of humans and mice.

Study Design: Animal and human laboratory analysis.

Methods: Using immunohistochemistry, we identified taste cells and polymodal nociceptive 

nerve fibers in the arytenoid area of the laryngeal epithelium of the following: 1) infants 

undergoing supraglottoplasty for laryngomalacia, and 2) a cadaveric specimen procured from a 34-

year-old donor. We then compared these findings to both preweanling and mature mouse tissue.

Results: Arytenoid tissue from both human and mouse contained many taste buds containing 

type II taste cells—bitter, sweet, or umami sensing—which were innervated by nerve fibers 

expressing P2X3 type adenosine triphosphate receptors. Type III cells (acid responsive) were also 
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present, but they were fewer in human tissue than in equivalent tissue from mice. In both species, 

the epithelium was densely innervated by free nerve endings.

Conclusions: Our findings suggest that from a standpoint of chemosensation, human and mouse 

larynges are biologically similar. This suggests that a murine model can be used effectively in 

laryngeal chemosensory research.
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INTRODUCTION

In humans, the larynx functions as both a valve to protect the airway and as a biomechanical 

vibrator to produce voice. It is also a highly responsive sensory organ triggering airway 

protective responses such as cough, swallow, and apnea when stimulated by mechanical, 

thermal, or chemical substances. In human infants, the larynx lies high and anterior at the 

level of the C1 to C4 vertebrae, with the epiglottis opposing the soft palate, allowing 

coordination of breathing and sucking in the positions commonly employed for feeding. 

Neonatal infants demonstrate both swallow and apnea responses when small amounts of 

water are injected into the pharynx,1,2 thereby protecting the lower airways from potentially 

damaging aspiration. Coughing is rare and appears to develop in infants with exposure to 

upper airway infections.3

The larynges of quadrupedal mammals demonstrate similar protective responses,4–6 but 

differ in anatomy and configuration. What is anterior in a human larynx is ventral in a 

quadruped. Compared to humans, rodents have a longer oral cavity and shorter pharynx 

along with a more rostral laryngeal complex,7 reducing the probability of aspiration.8

In humans, prolonged irritation of the laryngeal mucosa leads to inflammation ranging from 

subtle edema to severe mucosal changes. Diffuse inflammation in the larynx is commonly 

attributed to direct effects of extraesophageal reflux9; however, double-blind controlled trials 

of antireflux therapy have shown no reduction in laryngeal signs and symptoms in treated 

participants.10 The most commonly prescribed class of antireflux therapy are proton pump 

inhibitors, which act to reduce the acidity of refluxate rather than to eliminate reflux events. 

Thus, even if acidity is neutralized, potentially irritating bitter refluxate components, such as 

bile, pepsin, and trypsin, can still contact the laryngeal mucosa.

Bitter substances activate the chemosensitive cells of laryngeal taste, which are assumed to 

play a role in airway protection. The elongate cells within taste buds, taste cells, are 

classified into types based on morphologic, molecular, and functional features. Type II cells 

express G-protein coupled receptors for umami, sweet, or bitter taste transduction, whereas 

type III cells are responsible for sour taste transduction.11 The oropharynx and airways also 

contain scattered chemoresponsive cells (i.e., taste-like cells) termed solitary chemosensory 

cells (SCCs), that express taste receptors. In rats, SCCs are reported to be densely packed in 

the vicinity of the epiglottis and arytenoids.12,13 Tizzano et al.14 report that SCCs in mice 
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occur primarily in the epiglottis and portions of the arytenoids, in epithelium innervated by 

the superior laryngeal nerve.

Recent research findings in the mouse indicate that detection of irritants by SCCs as well as 

by chemosensitive nerve fibers can evoke local inflammation.15 Although SCCs are 

morphologically distinct from taste buds, both SCCs and type II taste cells (responsive to 

sweet, bitter, or umami stimuli) utilize G-protein-coupled taste (T1R or T2R) receptors to 

generate responses and are identifiable by their expression of common downstream 

transduction molecules such as the G-protein α subunit, gustducin (GNAT3) or the β2 

isoform of phospholipase C (PLCβ2). When activated, SCCs release acetylcholine to excite 

the peptidergic polymodal nociceptive nerve fibers to release inflammatory peptides.16

We hypothesize that laryngeal inflammation may result similarly from activation of local 

chemosensory elements within the laryngeal epithelium. As a first step toward developing a 

mechanistic laryngeal model of neurogenic inflammation, we sought to map the distribution, 

density, and types of chemosensory cells and nociceptive polymodal nerve fibers in the 

arytenoid area of the laryngeal epithelium of infants who underwent supraglottoplasty for 

airway obstruction and/or laryngomalacia. We then compared these findings to a single 

postmortem adult specimen and both preweanling pups and adult mice to elucidate the 

translational utility of a murine model of chemoreceptor-induced neurogenic laryngeal 

inflammation.

MATERIALS AND METHODS

Human Participants

The parents of pediatric patients between the ages of 1 day and 21 years undergoing possible 

supraglottoplasty at Children’s Hospital Colorado (Aurora, Colorado) were approached for 

inclusion in this study under a protocol approved by the Colorado Multiple Institution 

Review Board (COMIRB), and informed consent was obtained from all participants. Study 

data including gestational age, sex, race, medical history, and medications were collected 

and managed using Research Electronic Data Capture (https://projectredcap.org/ ) hosted at 

the University of Colorado.

Thirty-nine patients ranging from 1 month to 20 years of age were consented for the study. 

Twenty-three participants (59%) were male, and the median age was 4.31 months. Seven 

participants were born premature (i.e., prior to 37 weeks gestation; 18%), and the median 

gestational age was 39 weeks (range, 34–41 weeks). Indications for supraglottoplasty 

included laryngomalacia (n = 15) and obstructive sleep apnea (n = 8). Other diagnoses were 

stridor and failure to thrive. A common comorbidity was reflux. Four patients had Down 

syndrome, one had a Chiari malformation, one had congenital hydrocephalus, and one had a 

dysplastic pulmonary valve. Common medications included proton pump inhibitors (n = 21), 

histamine 2 (H2) blockers (n = 7), bronchodilators (n = 5), and inhaled corticosteroids (n = 

3). Four participants were using supplemental oxygen.

Tissue was collected from the superior most mucosa of the arytenoids using cold 

microsurgical resection during suspension microlaryngoscopy (Fig. 1). Resected tissue was 

Jetté et al. Page 3

Laryngoscope. Author manuscript; available in PMC 2020 September 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://projectredcap.org/


put on ice and submerged in 4% paraformaldehyde (PFA) (cat no. 158127; Sigma-Aldrich, 

St. Louis, MO) in 0.1 M phosphate buffer (PB) (pH 7.2) within 20 minutes following the 

procedure. Fixation time in 4% PFA ranged from 3 hours at room temperature to 20 hours at 

4○C. After fixation, tissues were cryoprotected in 20% sucrose in 0.1 M PB and then frozen 

in tissue blocks of Tissue-Plus O.C.T. Compound (Fisher Scientific, Waltham, MA). Serial 

sections were cut on a cryostat at 14 to 16 μm, collected onto Superfrost Plus slides (Fisher 

Scientific)m and stored at −20°C until processing.

Although there was heterogeneity in the samples and not all samples were systematically 

analyzed section by section, the human infant data presented herein are representative of 143 

slides analyzed from 19 participants enrolled in this study.

Cadaveric Specimen

Following COMIRB approval, a single whole excised larynx was procured from a 34-year-

old male donor within 2 hours postmortem and immediately immersion fixed in 4% PFA in 

0.1 M PB (pH 7.2) for 24 hours. The specimen was then washed in 0.1 M phosphate-

buffered saline (PBS), and one arytenoid was dissected and cryoprotected in 20% sucrose in 

0.1 M PB. Tissues were cut into serial sections for immunohistochemical analysis as above.

Mice

All mice were housed at the University of Colorado Anschutz Medical Campus, and all 

procedures were approved by the Animal Care and Use Committee at the University of 

Colorado School of Medicine. Four mice were used for final analysis. Two were aged 2 

months and two were 15 days old at the time of sacrifice. Younger mice were preweanlings 

and were selected due to their younger developmental stage similar to the infants enrolled in 

the study.

Mice were either anesthetized with sodium pentobarbital, intraperitoneal injection at 50 

mg/kg, and transcardially perfused with 4% PFA or euthanized by CO2 inhalation. Larynges 

were extracted before immersion in 4% PFA for 2 hours. After fixation and post-fix PFA 

treatment, tissues were transferred to a 20% sucrose solution overnight at 4°C before being 

cut into 12- to 16-μm sections on a cryostat.

Immunohistochemistry

Slides were washed 3 times in 0.1 M PBS (pH 7.2), and sections were incubated in blocking 

buffer (2% normal donkey serum, 1% bovine serum albumin, 0.3% Triton in 0.1 M PBS) for 

1 hour at room temperature. Sections were then exposed to primary antibodies in blocking 

buffer (see Tables I and II for dilutions) at 4°C for 12 to 36 hours. Control slides were 

incubated with blocking buffer without primary antibody. After three washes in PBS, 

sections were exposed to secondary antibodies diluted 1:400 in blocking buffer (Tables I and 

II) for 2 hours at room temperature. Slides were washed in PB and coverslipped with 4′,6-

diamidino-2-phenylindole (DAPI) Fluoromount-G (SouthernBiotech, Birmingham, AL). All 

images were collected with an Olympus epifluorescence microscope (Olympus, Tokyo, 

Japan) equipped with a Q-imaging monochrome camera and/or with an Olympus Fluoview 
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or Leica S5 (Leica, Wetzlar, Germany) confocal laser scanning microscope. Brightness and 

contrast were adjusted by Adobe Photoshop (Adobe Systems, Inc., San Jose, CA).

RESULTS

Taste Buds

Taste buds occur within the arytenoid epithelium in both human and mouse, regardless of 

age, and were similar across species. Immunohistochemical analysis with various antibodies 

revealed type II and type III taste cells within buds and dense innervation of the arytenoid 

epithelium. Of the 19 human infants analyzed, 16 showed morphological evidence of taste 

buds. The single adult specimen also showed taste buds in the arytenoid epithelium. 

Similarly, all four specimens procured from mice demonstrated evidence of taste buds on the 

arytenoids.

In both human and mouse arytenoid samples, taste buds were spaced irregularly across the 

epithelium, with some areas showing a high density, whereas other regions had no taste buds 

at all. Based on spacing between taste buds, the maximum observed density of taste buds in 

arytenoid tissue from both mice and human infants was roughly estimated (by applying an 

Abercrombie correction) to be five taste buds per 100 μm2 (Fig. 2 and Fig. 4C). In mice, 

clusters of taste buds were most prevalent on the dorsal surface of the arytenoids at the 

esophageal face of the arytenoid complex (Fig. 4C,F).

Type II Taste Cells

Taste buds in humans and in mice exhibited numerous type II (bitter, sweet, umami 

detecting) cells (Fig. 2, Fig. 4C) evidenced by staining for GNAT3 or PLCβ2. In both 

species, these substances mostly colocalized (Figs. 3A and 4A). In neither humans nor mice 

did we observe isolated GNAT3- positive SCCs within the arytenoid epithelium as would be 

expected for SCCs. All GNAT3-positive and PLCβ2-positive cells were contained within 

multicellular aggregates that we identified as taste buds. Infant mice were similar to adult 

mice in terms of colocalization of type II taste cell markers, GNAT3 and PLCβ2 (Fig. 4A,E), 

and presence of multiple type II taste cells within buds (Fig. 4B,D).

Type III Taste Cells

In human infants we detected rare type III cells (acid responsive) identified as being 

immunoreactive for PKD2L1 or CA4 (Fig. 3B,D). In contrast, in mice, numerous type III 

cells occur within each taste bud (Fig. 4C). We used multiple probes to identify type III cells 

including CA4, PKD2L1, SNAP25, and PGP9.5. In one infant human specimen, CA4 

stained type III taste cells within buds (Fig. 3B). In another infant human specimen, we 

found a single PKD2L1-positive cell in the epithelium, possibly representing an SCC (Fig. 

3D). In mice, we found SNAP25 and PGP9.5 to be robust markers for type III cells (Fig. 

4C), whereas PKD2L1 and CA4 demonstrated weaker staining within buds (Fig. 4E).

Innervation

Acetylated tubulin and PGP9.5 are ubiquitous markers of nerve fibers in diverse species. 

Nerve fibers stained for acetylated tubulin were present in both human and mouse laryngeal 
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tissue (Figs. 2, Fig. 3A,D, Fig. 4B–D). Similarly, PGP9.5 antisera labeled nerve fibers 

including numerous free nerve endings in human (Fig. 3E) and in mouse (Fig. 4C) 

specimens. The purinergic ionotropic receptor, P2X3, is expressed by gustatory nerve fibers 

as well as by many polymodal nociceptors.17,18 In both humans and mice, nerve fibers 

positive for P2X3 occur within the arytenoid epithelium and taste buds (Figs. 3B and Fig. 

4C1,C2). The density of P2X3-positive nerve fibers within the taste buds in human samples 

appeared higher than in mice. In human tissues, SNAP25 antibodies labelled intraepithelial 

nerve fibers (Fig. 3B), whereas in mice, SNAP25 also stained some type III taste cells.

DISCUSSION

This study compares the expression of taste cell and neuronal markers in human arytenoid 

tissue to that in mice to identify similarities in chemoresponsive architecture between the 

two species and in immature and mature specimens for each species. The major similarities 

included the presence of numerous type II taste cells within taste buds and colocalization of 

type II taste cell markers PLCβ2 and GNAT3. Differences were characterized by variability 

in taste bud innervation, where human taste buds had a greater degree of P2X3 and 

acetylated tubulin fiber innervation relative to mouse. The density of the taste buds was 

variable across infants, with certain areas and certain specimens demonstrating a high 

density of taste buds. In mice, specific locations on the arytenoids (e.g., esophageal face of 

the arytenoid complex), contained a higher density of taste buds than other regions of the 

complex. The taste-like SCCs, which are prevalent in the respiratory mucosa, were not 

present on the arytenoid process of either mouse or humans.

Previous investigators have reported the presence of taste buds in the infant larynx. Lalonde 

and Eglitis19 published a single case study of a newborn infant, noting taste buds in the 

epiglottic valleculae, epiglottis, aryepiglottic folds, posterior and lateral walls of the 

pharynx, posterior commissure down to the cricoid cartilage, anterior commissure, and 

ventricular folds.19 A more recent immunohistochemical investigation of vocal fold 

innervation examined cadaveric laryngeal tissue procured from three preterm infants and 

revealed increased nerve fiber density in the posterior glottis.20

Although the presence of laryngeal taste buds has been established both in this study and 

historically, the function of these taste receptor end organs has not fully been elucidated in 

humans. Two major hypotheses were initially developed concerning the function of 

extralingual taste buds. One hypothesis posited that laryngeal taste buds are phylogenetic 

residue with no functional role, whereas the other suggested they are taste organs that 

augment laryngeal closure reflexes during deglutition.21,22 Wilson22 reported that he 

dropped tastants onto his larynx and could taste each, though the sensation was reduced 

compared to tongue.

In human infants, the larynx lies high in the neck to allow nasal breathing simultaneously 

with suckling. Coordinated movement of the arytenoids to prevent liquid from entering the 

airway during the transfer of a bolus of liquid is a major facet of the suck–swallow reflex. 

The presence of taste buds in arytenoid tissue may represent a protective mechanism, 

whereby stimulation of taste receptor cells results in closure of the glottis to prevent liquid 
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from entering the airway. Supporting the hypothesis that extraoral taste buds serve a 

protective function, Perkett and Vaughan23 first documented a chemoreflexive response to 

water in 10 preterm infants. Dickman and Smith24 demonstrated an excitatory response in 

the superior laryngeal nerves of hamsters upon application of distilled water to the larynx. 

Following up on this work, Davies et al.25 identified a laryngeal chemoreflex (LCR) in 

preterm infants characterized most frequently by swallowing, central apnea, and airway 

obstruction in response to pharyngeal stimulation with water and saline. The LCR, which is 

initiated by chemoreceptors, protects the airway from aspiration; however, it has also been 

implicated in hypoxia associated with sudden infant death syndrome.26 Infants undergoing 

supraglottoplasty for laryngomalacia are subjected to removal of multiple taste buds. 

Although these procedures are necessary for airway maintenance, the removal of potentially 

protective tissue from the junction between the airway and esophagus should not be 

overlooked.

Inhaled, ingested, and refluxed irritants come into contact with the laryngeal mucosa and 

have the potential to be detected by chemical receptors. Acids in refluxate would likely 

activate both taste buds (sour-responsive type III cells, bittersensing type II cells) and 

polymodal nociceptive free nerve endings expressing acid-sensitive Trp channels or acid-

sensing ion channels. Many of the patients enrolled in the current study were taking proton 

pump inhibitors or H2 blockers, which would stop or reduce acid secretion in the stomach, 

resulting in refluxate that is less acidic. Until 4 to 6 months of age, an infant’s diet consists 

primarily of human milk, infant formula, or a combination of both. When casein, a protein in 

milk, or soybean protein in infant formula is hydrolyzed with pepsin and/or trypsin, 

hydrolysates are perceived as bitter.27 Another component of refluxate is bile acids, which 

themselves are bitter. These findings suggest that the refluxate of infants treated with acid 

reflux medications could still stimulate bitter receptors in the larynx including those in type 

II taste cells or SCCs.

Interestingly, we did not identify any morphologically distinct SCCs in the arytenoid mucosa 

of humans or mice using GNAT3 or PLCβ2. This finding is similar to cow, wherein SCCs 

were detected in the trachea and bronchi but not in the arytenoids.28 Conversely, in the rat, 

GNAT3-immunoreactive SCCs were present throughout arytenoid tissue, although few were 

specifically located in the region investigated in the current work (i.e., at the tip of the 

corniculate process of the arytenoid cartilage).13 Tizzano et al.14 reported SCCs within the 

laryngeal epithelium, and specifically in the area of the arytenoids referred to as the 

hypoglossal region, which likely refers to the lingual face of the arytenoids. Finger et al.18 

also described gustducin-expressing SCCs in the laryngeal epithelium of transgenic mice. 

Having sectioned whole specimens, we observed GNAT- and PLCβ2-reactive SCCs in the 

mouse airway, particularly in the trachea and subglottis; thus, it is possible that the 

differences observed between these studies relate to sampling location.

Similarities in arytenoid taste bud density and structure exist between human infants and the 

single human adult specimen and between mouse pups and adult mice. This finding is 

important because it supports the notion of conducting future laryngeal chemosensory 

research on mature adult mice. In sheep, the numbers of epiglottal taste buds increase across 

the lifespan starting during the prenatal period.29 Conversely, density decreases as a function 
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of age, likely due to growth of the epiglottis over time.29 A study of human epiglottal taste 

buds procured from 237 cadaveric specimens that ranged in age from 10 to 98 years also 

demonstrated decreased density in older adults (mean age of 80 years) compared to younger 

adults (mean age of 26.4 years).30 The results of the present study indicate that sensory 

receptors associated with apnea in animal models are present in arytenoid tissue in humans, 

and it is possible that, when stimulated by mechanical or chemical (e.g., refluxate) irritants, 

evoke a neurogenic inflammatory response in local tissue.

CONCLUSION

Taste buds are abundant in the arytenoid mucosa of humans and contain numerous type II 

and fewer type III taste cells. These structures are densely innervated and likely contribute to 

airway protection and coordination of vital laryngeal functions. Their role in neurogenic 

inflammation remains to be determined; however, a mouse model for examining this 

mechanism is warranted given the similarities between the two species.
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Fig. 1. 
Comparison of laryngeal anatomy between human infants and mice. (A) Frontal view 

showing the relative position and anatomy of the larynx in an infant. The horizontal line 

indicates the level of the panel at right depicting the location of tissue procurement in human 

infants undergoing supraglottoplasty. (B) Ventral view of a mouse showing the position of 

the larynx. Inset at right shows an equivalent view of the mouse larynx indicating the relative 

position of the arytenoids and other key laryngeal structures. Printed with permission. © 

2018 Chidsey Medical Media. All Rights Reserved.
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Fig. 2. 
Taste buds in human arytenoid tissue. The main figure is a section from a full-term, 5-

month-old infant. Staining for markers of type II taste cells, GNAT3 (green) and PLCβ2 

(red, upper left inset), show numerous taste buds within a small area of the epithelium. An 

antibody directed against acetylated tubulin (red, main figure) demonstrates dense 

innervation of immunoreactive taste cells. In some regions of the epithelium the taste buds 

are densely packed, making up a density of approximately five taste buds per 100 μm2. 

Upper right: confocal image taken from the arytenoid tissue of a 34-year-old male donor. 

Type II taste cells (GNAT3-positive = green) are innervated by nerve fibers shown by 

acetylated tubulin (red) staining and occur within epithelium that is densely innervated with 

PGP9.5-positive (magenta) nerve fibers.
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Fig. 3. 
Human infant arytenoid taste buds, taste cells, and polymodal nociceptive nerve fibers. (A) 

Confocal image from a 5-month-old, fullterm infant showing near complete colocalization 

of GNAT3 (green) and PLCβ2 (red) staining. This suggests that gustducin is the 

predominant taste-associated G-protein in these tissues. (B) Taste buds from a full-term, 3-

month-old infant. Few taste cells express CA4 (green), a marker for sour-responsive type III 

taste cells. SNAP25 (red) stains nerve fibers showing dense innervation of taste buds. (C1, 

C2) Two adjacent taste buds from a full-term, 3-month-old infant. Confocal imaging shows 

dense innervation of GNAT3-positive (green) type II taste cells within taste buds by P2X3-

positive (red) nerve fibers. (D) Image from an 8-month-old, premature infant showing a 

densely innervated (nerve fibers from acetylated tubulin staining = pink) taste bud with 

GNAT3-positive (green) type II taste cells. Nearby in the epithelium, a PKD2L1-positive 

(red) solitary cell that is not innervated by acetylated tubulin-positive (magenta) neural 

fibers. (E) At right is a taste bud with PLCβ2-positive (red) taste cells, closely associated 

with PGP9.5-positive (green) nerve fibers. At left, numerous free nerve endings, also stained 

by PGP9.5, extend upward ending near the luminal surface of the epithelium (arrows). The 

lower arrow indicates a subepithelial axon bundle.
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Fig. 4. 
Mouse arytenoid taste buds, taste cells, and polymodal nociceptive nerve fibers. (A) 

Confocal image from a 15-day-old mouse pup depicting a taste bud with near complete 

colocalization of GNAT3 (green) and PLCβ2 (red), along with innervation by acetylated 

tubulinpositive (blue) nerve fibers. (B) Confocal image of a taste bud from 15-day-old 

mouse pup depicting GNAT3-positive (green) type II taste cells innervated by P2X3-positive 

(red) nerve fibers. (C) Confocal image depicting innervation of a taste bud by acetylated 

tubulin (red) in a 2-month-old (adult) mouse. Although there are more type II taste cells in 

the bud (green), the innervation pattern is similar to the 15-day-old mouse shown in (A). (D) 

Confocal image of three adjacent taste buds situated just proximal to the esophageal face of 

the arytenoid complex in a 2-month-old (adult) mouse. These taste buds include multiple 

GNAT3-positive (red) type II taste cells, some SNAP25-positive (green) type III taste cells, 

and dense innervation by PGP9.5-positive (blue) nerve fibers. PGP9.5-positive nerve fibers 

also innervate the epithelium surrounding the taste buds reaching near the surface of the 

tissue. (E) Confocal image from a 15-day-old mouse pup showing CA4-positive (type III) 

cells adjacent to PLCβ2-positive (type II) cells within a taste bud. (F) Two adjacent taste 

buds on the esophageal-adjacent surface of the arytenoid in a 2-month-old (adult) mouse. As 

with the 15-day-old mouse, taste buds shown in (A) and the human infant taste buds in 

Figure 3A, GNAT3 and PLCβ2 demonstrate near-complete colocalization in type II taste 

cells. These taste buds are also innervated by small substance P-positive (magenta) neural 

fibers (arrows).

Jetté et al. Page 13

Laryngoscope. Author manuscript; available in PMC 2020 September 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jetté et al. Page 14

TA
B

L
E

 I.

A
nt

ib
od

ie
s 

fo
r 

H
um

an
 T

is
su

e

A
nt

is
er

a 
A

ga
in

st
M

ar
ks

C
om

pa
ny

, C
at

al
og

 N
o.

, R
R

ID
 N

o.
H

os
t,

 D
ilu

ti
on

Se
co

nd
ar

y 
A

nt
ib

od
y

A
nt

is
er

a 
A

ga
in

st

A
ce

ty
la

te
d 

tu
bu

lin
N

er
ve

 f
ib

er
s,

 c
ili

at
ed

 c
el

ls
Si

gm
a,

 T
74

51
, A

B
_6

09
89

4
M

ou
se

, 1
:5

00
0

A
le

xa
 6

47
D

on
ke

y 
an

ti-
m

ou
se

α
-g

us
td

uc
in

 
(G

N
A

T
3)

G
-p

ro
te

in
 s

ub
un

it 
in

 ty
pe

 I
I 

ta
st

e 
ce

lls
 a

nd
 s

ol
ita

ry
 

ch
em

os
en

so
ry

 c
el

ls
A

vi
va

 S
ys

te
m

 B
io

lo
gy

 C
or

p.
, 

O
A

E
B

00
41

8,
 A

B
_1

08
82

82
3

G
oa

t, 
1:

50
0

A
le

xa
 4

88
; A

le
xa

 6
47

D
on

ke
y 

an
ti-

go
at

C
ar

bo
ni

c 
an

hy
dr

as
e 

4 
(C

A
4)

Ty
pe

 I
II

 c
el

ls
R

&
D

 S
ys

te
m

s,
 A

F2
41

4,
 A

B
_2

07
03

32
G

oa
t, 

1:
50

0
A

le
xa

 4
88

D
on

ke
y 

an
ti-

go
at

PG
P9

.5
 (

U
C

H
L

-1
)

N
eu

ro
ns

 a
nd

 n
er

ve
 f

ib
er

s;
 s

ub
po

pu
la

tio
n 

of
 ty

pe
 I

II
 c

el
ls

N
ov

us
 B

io
lo

gi
ca

ls
, N

B
11

0–
58

87
2S

S 
A

B
_8

77
61

9
C

hi
ck

en
, 1

:2
00

0
A

le
xa

 4
88

D
on

ke
y 

an
ti-

ch
ic

ke
n

P2
X

3
A

T
P 

re
ce

pt
or

 o
n 

ta
st

e 
ne

rv
es

 a
nd

 p
ai

n 
fi

be
rs

A
lo

m
on

e 
L

ab
s,

 A
PR

-0
16

, A
B

_2
34

10
47

R
ab

bi
t, 

1:
10

00
A

le
xa

 5
68

D
on

ke
y 

an
ti-

ra
bb

it

P2
X

3
A

T
P 

re
ce

pt
or

 o
n 

ta
st

e 
ne

rv
es

 a
nd

 p
ai

n 
fi

be
rs

N
eu

ro
m

ic
s,

 G
P1

01
08

, A
B

_2
28

33
25

G
ui

ne
a 

pi
g,

 1
:5

00
A

le
xa

 4
88

D
on

ke
y 

an
ti-

gu
in

ea
 p

ig

PG
P9

.5
N

eu
ro

ns
 a

nd
 n

er
ve

 f
ib

er
s;

 s
ub

po
pu

la
tio

n 
of

 ty
pe

 I
II

 c
el

ls
A

B
D

 S
er

ot
ec

, 7
86

3–
05

04
, A

B
_2

21
05

05
R

ab
bi

t, 
1:

50
0

A
le

xa
 5

68
D

on
ke

y 
an

ti-
ra

bb
it

PL
C
β2

T
ra

ns
du

ct
io

n 
co

m
po

ne
nt

 in
 ty

pe
 I

I 
ta

st
e 

ce
lls

Sa
nt

a 
C

ru
z 

B
io

te
ch

no
lo

gy
, S

C
-2

06
, 

A
B

_6
32

19
7

R
ab

bi
t, 

1:
50

0
A

le
xa

 5
68

D
on

ke
y 

an
ti-

ra
bb

it

SN
A

P2
5

N
eu

ro
ns

 a
nd

 n
er

ve
 f

ib
er

s;
 s

ub
po

pu
la

tio
n 

of
 ty

pe
 I

II
 c

el
ls

Si
gm

a,
 S

96
84

, A
B

_2
61

57
6

R
ab

bi
t, 

1:
50

0
A

le
xa

 5
68

D
on

ke
y 

an
ti-

ra
bb

it

A
T

P 
=

 a
de

no
si

ne
 tr

ip
ho

sp
ha

te
; R

R
ID

 =
 r

es
ea

rc
h 

re
so

ur
ce

 id
en

tif
ie

r.

Laryngoscope. Author manuscript; available in PMC 2020 September 25.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jetté et al. Page 15

TA
B

L
E

 II
.

A
nt

ib
od

ie
s 

fo
r 

M
ou

se
 T

is
su

e

A
nt

is
er

a 
A

ga
in

st
M

ar
ks

C
om

pa
ny

, C
at

al
og

 N
o.

, R
R

ID
 N

o.
H

os
t,

 D
ilu

ti
on

Se
co

nd
ar

y 
A

nt
ib

od
y

A
nt

is
er

a 
A

ga
in

st

A
ce

ty
la

te
d 

tu
bu

lin
*

N
er

ve
 f

ib
er

s,
 c

ili
at

ed
 c

el
ls

Si
gm

a,
 T

74
51

, A
B

_6
09

89
4

M
ou

se
, 1

:5
00

0
A

le
xa

 6
47

D
on

ke
y 

an
ti-

m
ou

se

α
-g

us
td

uc
in

 (
G

N
A

T
3)

G
-p

ro
te

in
 s

ub
un

it 
in

 ty
pe

 I
I 

ta
st

e 
ce

lls
 a

nd
 s

ol
ita

ry
 

ch
em

os
en

so
ry

 c
el

ls
A

vi
va

 S
ys

te
m

 B
io

lo
gy

 C
or

p.
, 

O
A

E
B

00
41

8,
 A

B
_1

08
82

82
3

G
oa

t, 
1:

50
0

A
le

xa
 4

88
; A

le
xa

 6
47

D
on

ke
y 

an
ti-

go
at

C
ar

bo
ni

c 
an

hy
dr

as
e 

4 
(C

A
4)

Ty
pe

 I
II

 c
el

ls
R

&
D

 S
ys

te
m

, A
F2

41
4,

 A
B

_2
07

03
32

G
oa

t, 
1:

10
00

A
le

xa
 4

88
D

on
ke

y 
an

ti-
go

at

P2
X

3
A

T
P 

re
ce

pt
or

 o
n 

ta
st

e 
ne

rv
es

 a
nd

 p
ai

n 
fi

be
rs

N
eu

ro
m

ic
s,

 G
P1

01
08

, A
B

_2
28

33
25

G
ui

ne
a 

pi
g,

 1
:5

00
A

le
xa

 4
88

D
on

ke
y 

an
ti-

gu
in

ea
 p

ig

PG
P9

.5
 (

U
C

H
L

-1
)

N
eu

ro
ns

 a
nd

 n
er

ve
 f

ib
er

s,
 s

ub
po

pu
la

tio
n 

of
 ty

pe
 I

II
 

ce
lls

N
ov

us
 B

io
lo

gi
ca

ls
, N

B
11

0–
58

87
2S

S,
 

A
B

_8
77

61
9

C
hi

ck
en

, 1
:2

00
0

A
le

xa
 4

88
D

on
ke

y 
an

ti-
ch

ic
ke

n

PL
C
β2

T
ra

ns
du

ct
io

n 
co

m
po

ne
nt

 in
 ty

pe
 I

I 
ta

st
e 

ce
lls

Sa
nt

a 
C

ru
z 

B
io

te
ch

no
lo

gy
, S

C
-2

06
, 

A
B

_6
32

19
7

R
ab

bi
t, 

1:
50

0
A

le
xa

 5
68

D
on

ke
y 

an
ti-

ra
bb

it

SN
A

P2
5

N
eu

ro
ns

 a
nd

 n
er

ve
 f

ib
er

s,
 s

ub
po

pu
la

tio
n 

of
 ty

pe
 I

II
 

ce
lls

G
en

eT
ex

, G
T

X
89

57
7,

 A
B

_1
07

24
12

5
G

oa
t, 

1:
10

00
A

le
xa

 4
88

D
on

ke
y 

an
ti-

go
at

Su
bs

ta
nc

e 
P

N
er

ve
 f

ib
er

s
A

cc
ur

at
e 

C
he

m
ic

al
s,

 Y
M

C
10

21
, 

A
B

_2
33

30
91

R
at

, 1
:1

00
0

A
le

xa
 4

88
D

on
ke

y 
an

ti-
ra

t

* A
ff

in
iP

ur
e 

Fa
b 

Fr
ag

m
en

t D
on

ke
y 

an
ti-

m
ou

se
 im

m
un

og
lo

bu
lin

 G
 (

H
 +

 L
),

 J
ac

ks
on

 I
m

m
un

oR
es

ea
rc

h,
 7

15
–0

07
-0

03
, u

se
d 

fo
r 

bl
oc

ki
ng

 o
f 

en
do

ge
no

us
 im

m
un

og
lo

bu
lin

s 
on

 m
ou

se
 ti

ss
ue

A
T

P 
=

 a
de

no
si

ne
 tr

ip
ho

sp
ha

te
; R

R
ID

 =
 r

es
ea

rc
h 

re
so

ur
ce

 id
en

tif
ie

r.

Laryngoscope. Author manuscript; available in PMC 2020 September 25.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Human Participants
	Cadaveric Specimen
	Mice
	Immunohistochemistry

	RESULTS
	Taste Buds
	Type II Taste Cells
	Type III Taste Cells
	Innervation

	DISCUSSION
	CONCLUSION
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	TABLE I.
	TABLE II.

