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Abstract

The vast majority of voice disorders is associated with changes of the unique, but deli-

cate, humanvocal foldmucosa. Theability todevelopneweffective treatmentmethods

is significantly limited by the physical inaccessibility and the extremely rare occasions

under which healthy tissue biopsies can be obtained. Therefore, the interest in laryn-

gological research has shifted to human oral (buccal) mucosa, a similar andmore easily

available tissue. The harvesting process is less invasive and accompanied with faster

healing and less scarring, compared to vocal fold mucosa. Here we report a descrip-

tive proteomic comparison of paired human buccal and vocal fold mucosa by high-

resolution mass spectrometry (CID-MS/MS). Our study identified a total of 1575 pro-

teins detectedwithin both tissues that are highly consistent in several crucial biological

processes, cellular components, and molecular functions. Hence, our proteomic analy-

sis will provide a fundamental resource for the laryngological research community.
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Voice disorders are the most common communication disorder, with

up to 30% of the general population developing voice disorders dur-

ing their lifetime due to stimuli such as vocal overuse, air pollution or

cigarette smoking [1–3]. The usual clinical symptoms involve a breathy

and hoarse (dysphonic) voice, and loss of vocal control. Voice disorders

may have severe consequences for individuals, especially in occupa-

tions with a high vocal demand.

Abbreviations: VF, vocal folds; BM, buccal mucosa; LP, lamina propria; VFF, vocal fold

fibroblasts; ECM, extracellular matrix; hESC, human embryonic stem cell-derived epithelial

cells; TCEP, Tris(2-carbocylethyl)phosphine hydrochloride; CAA, chloracetamide; TFE,

2,2,2-Trifluoroethanol; PSM, peptide-spectra-matches; BP, biological process; CC, cellular

component; MF, molecular function

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.

© 2021 The Authors. Proteomics – Clinical Applications published byWiley-VCHGmbH

Depending on the pathology and the severity of the disorder, as well

as the patient’s individual needs and motivation, the main goal of any

current treatment is to improve vocal fold (VF) vibration by restoring

the biomechanical tissue function. VF represent a unique multilayered

structure, namely the epithelium, the lamina propria (LP), and the

underlying thyroarytenoid muscle, housed in the laryngeal skeleton.

Phonatory tissue function (i.e., vibration) is mainly determined by

the physiological biomechanical properties of the LP, where the

composition and distribution of various types of cellular components

and extracellular matrix (ECM) molecules, including fibrous proteins,

interstitial glycoproteins, proteoglycans, and glycosaminoglycans is

essential [4, 5]. Besides the epithelium, VF fibroblasts (VFF) within
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the LP synthesize most of the ECM in response to stimuli from the

surrounding environment, and therefore play a significant role in

VF biology. To date, the ability to develop new effective treatment

methods is significantly limited by the physical inaccessibility of the

VF in humans, and the extremely rare occurrence of obtaining healthy

VF mucosa biopsies, other than from deceased donors, due to ethical

constraints [6, 7]. For practical reasons, most research in the field

of laryngology has focused on a single cell type of the VF—mainly

fibroblasts. Little is known about the underlying mechanisms of direct

signaling events in growth, migration, and differentiation between

multiple cell types located in the VF mucosa, such as macrophages,

endothelial cells, stem cells or epithelial cells [8]. To overcome these

shortcomings, in vitro tissue engineering and multi-cellular applica-

tions have been widely established in basic VF research, including

approaches of regenerative medicine. The latest developments of

research moved from two-dimensional to three-dimensional in vitro

models of epithelial cell and fibroblast cocultures. Due to the absence

of human VF epithelial cell lines, cells of human embryonic stem

cell-derived epithelial cells (hESC) [6, 9] or oral mucosal epithelial

cells [10] were used as alternative. Recently, Chen et al. published

the establishment of immortalized human VF epithelial cell lines [11].

However, these are still not widely available for research purposes.

The human mucosa serves as the physiological barrier throughout

the human body, most notably in the genitourinary, gastrointestinal,

and the respiratory systems. Its structure and function differs slightly,

depending on location and anatomy [12]. The buccal mucosa (BM) is

of specific interest for laryngological research, as the tissue harvest-

ing process is less invasive than of VFmucosa and is accompanied with

faster healing and less scarring [10, 12, 13]. Furthermore, its character-

istics as a non-keratinized squamous tissue, which is comparable to VF

epithelium, makes it an interesting candidate for in vitro applications.

Due to its biocompatibility to the various recipient tissues, it found

widespread use in vaginal, urethral, conjunctival, orbital, and pharyn-

geal reconstruction [12, 14–17].

This dataset brief reports a descriptive study of full proteomic data

sets of paired human tissue samples from BM and VF, indicating that

cellular components of the BM can be attractive candidates for laryn-

gological in vitro research, as tissues fromhealthy humanVF cannot be

obtained on a routine basis.

Paired native tissue samples from VF and BM from three true bio-

logical replicates (n = 3, donor demographic see Table S1) were col-

lected during autopsy, within 6 h post mortem of patients who had

previously not been intubated (Diagnostic and Research Institute of

Pathology, Medical University Graz). Procedures were approved by

the local ethics committee (approval no. 29–036 ex 16/17). Tissue

samples were collected in decontamination medium (DM), consisting

of DMEM supplemented with 1% Antibiotic-Antimycotic solution and

100 µg/mL Normocin. Snap-frozen tissue samples were homogenized

with steel beads (Sigma, Austria) using MagNAlyser (Roche, Switzer-

land) for 3 min in 600 µL of 100 mM Tris-HCL (1% SDS, 10 mM TCEP,

40mMCAA). After removal of the beads, homogenates were reduced,

alkylated for 10 min at 95◦C, and centrifuged at 15,000 × g for 7 min

at 4◦C. The supernatants were collected for proteomic analysis. Pro-

tein concentration was determined using the BCA-RAC assay (Thermo

Fisher Scientific, USA) according to themanufacturert’s instructions.

For LC-MS/MS analysis, 100 µg of solubilized protein were precip-

itated with four volumes of acetone overnight and obtained protein

pellets were re-solubilized in TFE buffer (25% TFE, 100 mM Tris HCl

pH 8.5), then diluted with 50 mM ammonium bicarbonate (to reach

10% TFE). Diluted samples were predigested with rLysC (Promega,

USA; enzyme/protein 1:100) for 4 h at 37◦C and digested overnight

with trypsin (Promega, enzyme/protein 1:50). Peptides were desalted

using SBD-RPS tips. 500 ng per sample (re-dissolved in 2% acetoni-

trile/0.1% formic acid in water) was subjected to LC-MS/MS analy-

sis. Protein digests were separated by nano-HPLC (Dionex Ultimate

3000, Thermo Fisher Scientific) equipped with an Aurora (Ionoptics,

Australia) nanocolumn (C18, 1 µm, 250 × 0.075 mm) at a flow rate

of 300 nL/min at 50◦C using the following gradient (solvent A: 0.1%

formic acid in water, solvent B: acetonitrile containing 0.1% formic

acid): 0–18 min: 2% B, 18–100 min: 2%–25% B; 100–107 min: 25%–

35%B; 107–108min: 35%–95%B; 108–118min: 95%B; 118-118min:

95%–2% B; 118–133 min: 2% B. The maXis II ETD mass spectrometer

(Bruker Daltonics, Germany) was operated with the captive source in

positive mode with the following settings: mass range: 200–2000 m/z,

2 Hz, capillary 16,000V, dry gas flow 3 L/minwith 150◦C, nanoBooster

0.2 bar, precursor acquisition control top 20 (collision induced dissoci-

ation (CID).

The LC-MS/MS data were analyzed by MaxQuant by searching

the public SwissProt human database (11393515 residues, 20467

sequences) and common contaminants. Carbamidomethylation on cys-

tein and oxidation on methionine were set as a fixed and as a vari-

able modification, respectively. Detailed search criteria were used as

follows: trypsin, max. missed cleavage sites: 2; search mode: MS/MS

ion search with decoy database search included; precursor mass tol-

erance ± 0.0006 Da; product mass tolerance ± 80 ppm; acceptance

parameters for identification: 1%PSMFDR; 1%protein FDR. Addition-

ally, a label free quantification (LFQ) was performed using MaxQuant

[18] requiring a minimum of two ratio counts of quantified razor and

unique peptides. The mass spectrometry proteomics data have been

deposited to the ProteomeXchange Consortium via the PRIDE [19]

partner repository and can be retrieved via the dataset identifier

PXD025519.

We collected 3192 proteins; 147,216 high-resolution CID-MS/MS

counts in total and accepted 427,115 peptide-spectrummatches after

the database search. After removing reverse hits, potential contam-

inants, and proteins identified only by site; 20,632 unique peptides

corresponding to 3094 proteins (Table S2) were identified with a

FDR < 1% using Perseus version 1.6.6.0. Missing value imputation

was performed based on the normal distribution (0.3 of width, 1.4 of

down-shift). Filtering for peptide counts (razor+unique peptides) > 1,

and 2 valid values identified a total of 1717 proteins (1397 proteins on

average, SD = 53.8) with robust abundance similar across all analyzed

samples (Figure 1A). Of these, 1575 (91.7%, Figure 1C, Table S3)

were detected in both VF and BM - showing a high degree of overlap
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F IGURE 1 Proteomic profiling of paired tissue samples (vocal fold, buccal mucosa) of three donors. Number of unique and robustly detected
proteins across distinct samples (A). Proteomic heatmap showing proteins detected solely in BM tissue samples (B). Venn diagram depicting the
number of proteins detected solely in VF tissue samples, solely in BM tissue samples, and in both tissue types (C). Proteomic heatmap showing
proteins detected solely in VF tissue samples (D). Proteins are specified by gene symbols and sorted in a decreasingmanner according to their
mean LFQ intensity values (B, D)
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F IGURE 2 Proteomic profiling of paired tissue samples (vocal fold, buccal mucosa) of three donors. Heat mapwith hierarchical clustering
showing log2 transformed LFQ intensity values for proteins detected in both tissue types for biological replicates (A). Statistical analysis was
performed using a paired t-test (original FDRmethod of Benjamini and Hochberg, Q= 1%). Scatter plots showing log2 transformed LFQ intensity
values for proteins detected in both tissue types for biological replicates (B, C, and D)



5 of 7

F IGURE 3 GOenrichment analysis data of paired tissue samples (vocal fold, buccal mucosa) of three donors. Major categories of proteins
detected solely in VF tissue samples (A) or solely in BM tissue samples (B)
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between the tissues, while 84 (4.9%, Figure 1B, Table S4) were iden-

tified only in BM, and 58 (3.4%, Figure 1D, Table S5) were found only

in VF.

To test for further congruencies in the protein repertoire of both

tissue types, a paired t-test (original FDR method of Benjamini and

Hochberg, Q= 1%) of log2 transformed LFQ intensity values was con-

ducted. No significant difference in protein expression could be identi-

fied, indicating an overall comparable protein expression level between

BM and VF (Figure 2A-D).

Classification according to their roles within biological process (BP),

cellular component (CC), and molecular function (MF) categories for

the protein repertoire detected in both tissue types (Figure S1, BM:

Table S6, VF: Table S7) was performed with GO enrichment analy-

sis using the DAVID bioinformatics tool (http://david.ncifcrf.gov/) [20].

Collectively, these data confirmed consistent similarities for all cate-

gories between the different tissue types. GO enrichment analysis of

proteins that were detected only in VF tissue (Figure 3A, Table S8)

showed they are mostly muscle-related. Proteins found only in BM tis-

sue (Figure 3B, Table S9) are associatedwith extracellular exosome and

proteasome. Interestingly, these were shown to promote wound heal-

ing [21] and regeneration [22].

Despite the limited number of biological replicates and a lack of a

reference mucosa sample, which are the limitations of our study, we

provide new insights into the comparable protein content of BM and

VF tissues in humans. Additional comparative analyses are required

to substantiate these findings; however, protein expression similarity

between BM and VF, combined with the faster healing and reduced

scarring properties of BM compared to VF, could be of further inter-

est for the development of in vitro strategies using the human BM

in laryngological research. The ability to isolate a higher number of

cells could favor the establishment of multi-cellular in vitro models for

studying the complex processes (e.g., wound healing, fibrosis, or bar-

rier and integrity function) in response to external stimuli in experi-

mental treatments. This may significantly enhance current knowledge

in the context of physiological and pathophysiological mechanisms in

human VF.
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