
Article Not peer-reviewed version

Mechanosensitive Ion Channel-Related

Proteins in Terminal Glial Cells of

Human Meissner and Pacinian

Corpuscles

Irene Amigo , Yolanda García-Mesa , Patricia Cuendias , Jorge Feito , Olivia García-Suárez ,

Ana Maria Abreu Velez , Iván Suazo , José A. Vega *

Posted Date: 30 April 2026

doi: 10.20944/preprints202604.2199.v1

Keywords: cutaneous end-organ complexes; terminal glial cells; Meissner corpuscles; Pacinian corpuscles;

mechanosensitive ion channels; acid-sensing ion channels; transient receptor potential channels; PIEZO

channels

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC, OpenAlex.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/5291261
https://sciprofiles.com/profile/1754761
https://sciprofiles.com/profile/3585995
https://sciprofiles.com/profile/1234059
https://sciprofiles.com/profile/4068705
https://sciprofiles.com/profile/1172937
https://sciprofiles.com/profile/835897
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 

 

Article  

Mechanosensitive Ion Channel-Related Proteins  

in Terminal Glial Cells of Human Meissner and 

Pacinian Corpuscles  

Irene Amigo 1,*, Yolanda García-Mesa 2,3, Patricia Cuendias 2,3, Jorge Feito 2,4,5,6,  

Olivia García-Suárez 2,3, Ana M. Abreu-Velez 7, Iván Suazo 2,8 and José A. Vega 2,8 

1 Servicio de Traumatología y Cirugía Ortopédica, Hospital Universitari Son Espases,  

Palma de Mallorca, Spain 

2 Departamento de Morfología y Biología Celular, Grupo SINPOS, Universidad de Oviedo, Oviedo, Spain  
3 Instituto de Investigación Sanitaria del Principado de Asturias, ISPA, Oviedo, Spain  

4 Servicio de Anatomía Patológica, Complejo Asistencial Universitario de Salamanca, Salamanca, Spain  

5 Instituto de Investigación Biomédica de Salamanca (IBSAL), Salamanca, Spain 
6  Departamento de Biología Celular y Patología, Universidad de Salamanca, Spain 

7 Georgia Dermatopathology Associates, Atlanta, GA 30329, USA 

8 Facultad de Ciencias de la Salud, Universidad Autónoma de Chile, Providencia—Área Metropolitana, 

Santiago, Chile 

* Correspondence: javega@uniovi.es  

Abstract 

Terminal glial cells (TGCs) are integral components of cutaneous end-organ complexes (CEOCs) and 

have traditionally been regarded as structural and trophic elements. However, increasing evidence 

suggests their involvement in mechanosensation and mechanotransduction. This study aimed to 

investigate the expression of mechanosensitive ion channel-related proteins in TGCs and axons of 

human Meissner and Pacinian corpuscles from glabrous skin at different anatomical sites. Using 

immunohistochemistry and immunofluorescence, we analysed the distribution of ASICs, ENaC 

subunits, PIEZO channels, and TRP family members. Axonal terminals showed widespread 

expression of these proteins, including PIEZO1/2, ASIC2, TRPC6, and TRPV4, consistent with their 

role in mechanotransduction. In contrast, TGCs displayed a more restricted and heterogeneous 

profile. ASIC2 and TRPV4 were consistently detected in Meissner corpuscles, whereas PIEZO1/2 and 

TRPA1 showed site-dependent expression. In Pacinian corpuscles, TGCs were positive for ASIC2, 

PIEZO2, TRPA1, and TRPV4. Notably, TRPA1 expression in TGCs is reported here for the first time. 

These findings support the idea that TGCs may modulate mechanosensory input, although their 

functional role remains to be elucidated. 

Keywords: cutaneous end-organ complexes; terminal glial cells; Meissner corpuscles; Pacinian 

corpuscles; mechanosensitive ion channels; acid-sensing ion channels; transient receptor potential 

channels; PIEZO channels 

 

1. Introduction 

Glial cells associated with cutaneous end-organ complexes (CEOCs), also known as sensory 

corpuscles, represent a specialized subpopulation of peripheral glia referred to as terminal glial cells 

(TGCs) [1,2], skin end-organ glia [3] or terminal Schwann cells [4]. In vertebrate CEOCs, the TGCs 

envelop the peripheral axon terminals of low-threshold mechanoreceptors from development and 

throughout life [5]. They are variably arranged according to the CEOCs morphotype as “coin stack” 

(lamellar cells) in Meissner corpuscles, as symmetric hemi “onion bulb” (inner core lamellar cells) in 

the Pacinian corpuscles or irregularly organized as in Ruffini’s corpuscles [6]. Classically, TGCs are 
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hypothesized to play structural, supportive, and trophic functions (see [2]). However, emerging data 

suggests that TGCs are fundamental in the process of mechanosensing and mechanotransduction, 

i.e., the process whereby forces are transformed into receptor potential and action potential [7,8].  

The mechanical properties of CEOCs periaxonal cells as well as the differentiations on the axonal 

membrane, were considered necessary and sufficient to generate the receptor potential and 

consequently the action potential (see for review [6,9]). Thus, according to this theory the 

mechanotransduction was regarded as a physical mechanical process. However, the discovery that 

mechanical forces can modify proteins present in mechanoreceptors opened a new conception about 

the mechanisms of mechanotransduction. The proteins that can be modified by the action of forces 

are collectively known as mechanosensors and include transmembrane proteins and membrane ion 

channels [10], cytoskeletal proteins [11], and components of the extracellular matrix [12]. 

Mechanosensors are organized into molecular complexes that are responsible for mechanosensing 

and mechanotransduction pathways.  

The mechano-gated ion channels belong to different families, although at present the only 

mechanotransducers are the PIEZO channels PIEZO1 and PIEZO2 [10,13–15]. Consistently, it is 

believed that cellular components of CEOCs contain ion channels activated by forces or displacement 

which are responsible for the first step to transducing mechanical energy into electrical activity. 

Mechanosensing ion channels have been detected in the mechanoreceptor axon and in TGCs of 

CEOCs (see [16]). Thus, the presence of mechano-gated ion channels in TGCs supports the idea that 

they participate in mechanosensing and/or mechanotransduction, as recent studies have 

demonstrated [17–20]. On the other hand, in addition to the Piezo ion channels, members of other ion 

channel families have been shown to be involved in the process of mechanosensitivity but not in 

mechanotransduction. These include members of the transient receptor potential (TRP) superfamily 

in particular TRPA1, TRPC1, TRPC6, and TRPV4; members of the superfamily of epithelial Na+ ion 

channels (ENaC) including the family of acid-sensing ion channels (ASIC) [16]. Some voltage-gated 

[21–24] or ligand-gated [25,26] channels have also been implicated in touch.  

The present study was designed to analyse the presence of mechanosensitive ion channels 

(ASIC1, ASIC2 and ASIC3, γ- and β-ENaC, PIEZOs, TRPA1, TRPC1, TRPC6,) in cutaneous human 

CEOCs from the glabrous skin of different anatomical locations. The study aims to contribute to the 

knowledge of the participation of CEOCs' TGCs in mechanosensitivity and/or mechanotransduction.  

2. Results 

Negative controls performed by substituting the primary antibody for preimmune serum or by 

omitting the primary antibody in incubation resulted in a total absence of immunolabeling in 

controlled sections (data not shown).   

On the other hand, it is necessary to point out that it was not always possible to analyze the 

presence of immunoreactivity for the assessed mechanoproteins because Meissner or Pacinian 

corpuscles could not be identified in the sections. This fact was particularly frequent in the case of 

Pacinian corpuscles that were not found in most of the lip and nipple sections and in low numbers in 

the foreskin and labia minora pudendis. In addition, when positivity is indicated in the terminal glial 

cells, it should not be understood that it was observed in all corpuscles, so in those cases the 

percentage is indicated.  

As for the intensity of the immunoreaction or immunofluorescence, it was variable from one 

corpuscle to another, as normally occurs in human materials fixed in formalin and included in 

paraffin. In addition, it is well known that there is no stoichiometric relationship between the amount 

of antigen and the intensity of the immunoreactivity.   

To illustrate the results, two strategies have been used: selected photographs of the corpuscles 

in which the TGCs alone, or the TGCs and axons were positive (with different techniques; Figure 1), 

and summary tables of the Meissner and Pacinian corpuscles in the different anatomical locations 

sampled in which green means positive immunoreaction, red negative immunoreaction and blue in 

which no data are provided because the corpuscles were not identified in these histological sections.  
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Figure 1. Representative sections of the immunohistochemical detection of different mechanoproteins in 

Meissner and Pacinian corpuscles of human glabrous skin from different anatomical locations. a) foreskin; b 

and c) labia minora pudendis; e-f) finger; g and h) toe; i) finger; j) finger; k) toe; l) foreskin; m-o) finger. IC: inner 

core; arrows indicate the axons. 

2.1. Detection of Mechanoproteins in the Axon 

The investigated mechanoproteins were detected in the axons of Meissner corpuscles: ASIC2, 

PIEZO2, TRPC6 and TRPV4 in all anatomical locations; β-ENaC was located in the fingers and toes, 

lips, foreskin and labia minora pudendis; γ-ENaC only in the toes; PIEZO1 in all locations except the 

lips and foreskin; TRPA1 in the fingers, toes, foreskin, and labia minora pudendis; TRPC1 in the 

fingers, toes, foreskin, and labia minora pudendis; TRPC6 in all anatomical locations; TRPV4 in all 

anatomical locations. ASIC1 and ASIC3 were negative (Figure 2).  

Regarding the axons of the Pacinian corpuscles, the axons were positive for ASIC1, ASIC2, β-

ENaC and γ-ENaC, PIEZO1, PIEZO2, TRPA1, TRPC1, TRPC6 and TRPV4 (Figure 3).  
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Figure 2. Detection of mechanoproteins in Meissner corpuscles of human glabrous skin from different locations. 

Green means positive immunoreaction, red negative immunoreaction and blue in which no data are provided 

because the corpuscles were not identified in these histological sections. 

2.2. Detection of Mechanoproteins in Glial Terminal Cells 

In Meissner corpuscles, immunoreactivity for ASIC2 was detected at all locations (14.2 ± 3.2% in 

the fingers; 8.6 ± 1.3% in the palm of the hand; 8.8 ± 2.7% in the toes; 4.1 ± 1.1% on the sole of the foot; 

100% on the lips; 100% on the nipple; 17.8 ± 2.2% on the foreskin; 11.6 ± 1.9% on the labia minora 

pudendis) and for TRPV4 in all locations except the lips and nipple (8.6 ± 1.2% on the fingers; 6.2 ± 

1.5% on the palm of the hand; 5.7 ± 1.1% on the toes; 6.4 ± 1.9% on the sole of the foot); PIEZO1 and 

PIEZO2 were only positive in labia minora pudendis (28.6 ± 2.9%); TRPA1 was positive in fingers 

(18.2 ± 2.9%) and toes (13.3 ± 1.8%);  ASIC1, ASIC3, β-ENaC and γ-ENaC, TRPC1 and TRPC6 were 

negative at all locations (Figure 2).  

In the Pacinian corpuscles, the TGCs that form the inner nucleus were positive for ASIC2 in all 

locations; for PIEZO2 in the hand and skin; for TRPA1 and TRPV4 in the fingers and toes. The rest of 

the mechanoproteins were not detected (Figure 3).  

 

Figure 3. Detection of mechanoproteins in the Pacinian corpuscles of human glabrous skin from different 

locations. Green means positive immunoreaction, red negative immunoreaction and blue in which no data are 

provided because the corpuscles were not identified in these histological sections. 
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3. Discussion  

The present study was designed to systematically analyze the presence of mechanosensitive 

proteins, that are a part of the structure of mechano-gated ion channels, in the TGCs of CEOCs from 

adult human glabrous skin of different anatomical regions. Two types of CEOCs have been analysed: 

Meissner and Pacinian corpuscles, which, although morphologically different, share the same cellular 

elements in their structure and both function as rapidly adapting type I and type II, respectively, low-

threshold mechanoreceptors [6,9].  

Although the present study focuses on TGCs, it is necessary to briefly comment on the results 

obtained in axons. As expected, the mechanoreceptor axon terminal that is part of CEOCs expresses 

most of the ion channel proteins investigated, which is consistent with the view that 

mechanoreceptors express high densities of mechanosensitive channels [27]. Our findings are 

consistent with the presence of the mechanoproteins investigated in the dorsal root ganglia neurons 

of different vertebrate species, including humans [28], although sometimes not or not only in 

mechanoreceptors. Thus, have been detected in mechanoreceptors ASIC1 and ASIC2 [29–32], 

subunits ENaC [33], Piezo1 and Piezo2 [34–36], TRPA1 [37], TRPC1 and TRPC6 [38,39], and TRPV4 

[40]. In addition, all the mechanoproteins investigated, apart from TRPA1 had already been detected 

in the axons of different morphotypes of CEOCs in different animal species including men [16,28].  

Regarding the presence of mechanoproteins in the TGCs of human CEOCs, in our study we have 

observed that ASIC2, PIEZO1 and PIEZO 2, TRPA1 and TRPV4 were detected in the TGCs in the 

Meissner corpuscles, and ASIC2, PIEZO2, TRPA1 and TRPV4 in the Pacinian corpuscles. Previous 

studies by our group and others had already demonstrated immunoreaction for ASIC2 and TRPV4 

in the TGCs of human Meissner corpuscles [30,41] while PIEZO channels were always detected in 

axons regardless of the anatomical location of the corpuscles [42–44]. To our knowledge, this is the 

first time that TRPA1 expression has been reported in TGCs. On the other hand, immunoreactivity 

for ASIC2 was also found in TGCs of the inner nucleus of human [30,45] and mouse [46] corpuscles, 

but not of Macaca fascicularis [47]. TRPV4 had been found in the cells of the inner nucleus of Herbst 

corpuscles, equivalent to mammalian Pacinian corpuscles [48]. The same as in Meissner corpuscles, 

this is the first time that an immunoreaction for TRPA1 and TRPC1 has been detected in the TGCs of 

Pacinian corpuscles.  

Most of the available data on the function of TGCs in CEOCs were obtained in Pacinian 

corpuscles due to their size and the greater ease of experimental manipulation. Classically, it has been 

proposed that TGCs are involved in the maintenance of the ionic and metabolic microenvironment 

of CEOCs within the intercellular or interlamellar spaces [49,50] and the mediation of the rapid 

adaptation [51,52]. However, recent studies suggest that TGCs are active agents in the onset of 

somatosensory [53,54] especially in mechanosensitivity and mechanotransduction [17,20,27,53,55] 

since they are mechanosensitive and excitable [17,55–57]. Our observations and the demonstration of 

the presence of mechanoproteins in TGCs support their active role. However, the function of these 

mechanosensitive proteins in the TGCs of CEOCs is unknown, apart from the mechanosensitive-

mechanotransducers proteins PIEZO. On the other hand, there is no possible explanation in the light 

of current knowledge that explains the heterogeneity of the presence of mechanoproteins in CEOCs, 

and it is possible that with more sensitive detection techniques the results are more homogeneous.  

The PIEZO channels present in TGCs deserve special consideration since they are the only ones 

that have been detected to date in these cells or in cells related to them [5], such as satellite cells of 

the spinal ganglia [58,59] or Schwann cells [27,60,61], and the TGCs of a subpopulation of Krause 

corpuscles of the human clitoris [62]. However, the role of PIEZO channels in TGCs is not known.  

The precise contribution of TGCs to CEOCS physiology remains unresolved. Again, the data are 

based on Pacinian corpuscles. Several studies suggest that the role of TGCs in mechanotransduction 

is as an enhancer, since the axons' connections and anchors establish in axons would activate axon 

PIEZO2 [27,55,63,64]. In addition, it has recently been shown that it is the axon-TGCs interaction of 

Pacinian corpuscles, and not the outer nucleus and the capsule classically thought, that is responsible 

for mechanosensitivity through axon ion channels [57] although for other authors only PIEZO2 is 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 April 2026 doi:10.20944/preprints202604.2199.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.2199.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 13 

 

responsible for the high-frequency vibration detection to stimulus velocity [65]. Finally, although 

some authors have proposed that Piezo channels are involved in the myelination of glial cells [66] 

this role cannot be performed in TGCs since they are cells that do not myelinate.  

In summary, our findings show that TGCs in human Meissner and Pacinian corpuscles express 

selected mechanosensitive ion channel-related proteins, supporting their potential role as active 

modulators of mechanosensitivity. However, the functional relevance of these proteins in TGCs 

remains to be determined.  

4. Materials and Methods 

4.1. Materials 

The study was performed on glabrous skin samples taken from the hands (distal phalanx of 

fingers, n =18; palms, n = 6), feet (distal phalanx of toes, n = 11; soles, n = 4), lips (n = 6), nipples (n = 

11), and genital organs (clitoris, n = 3; labia minora pudenda: n = 1; and foreskin: n = 12). This skin 

typically contains different kinds of CEOCs, especially Meissner corpuscles and Pacinian corpuscles 

(see [6]). The tissues were obtained from the Human Tissue Bank (National Registry of Biobanks, 

Collections Section; Ref. C-0001627) associated with the research Group SINPOS (Peripheral Nervous 

System and Sense Organs Group, Spanish acronym) of the University of Oviedo. They corresponded 

to 64 subjects, 33 female and 31 males, with no clinical history of neurological disease, with an age-

range between 26 and 78 years (mean age 57.2). The materials were fixed with 10% neutral buffered 

formalin (in 1M PBS, pH 7.4), routinely paraffin embedded, and cut at 10 μm thick perpendicular to 

the skin surface. These materials were obtained in compliance with Spanish legislation (RD 

1301/2006; Law 14/2007; RD 1716/2011; Order ECC/1404/2013) and in accordance with the guidelines 

of the Declaration of Helsinki II. They are being used in different studies, and its use has been 

authorized by the Research Ethics Committee of the Principality of Asturias (Cod CEIm P Ast: project 

266/18).  

4.2. Simple Immunohistochemistry 

Sections were deparaffinized and rehydrated then permeabilized with 1M PBS at pH 7.6 with 

0.5% Tween-20 and endogenous peroxidase activity was blocked with 10% H2O2 for 30 minutes. 

Nonspecific binding was then blocked with 25% foetal bovine serum and samples were incubated 

overnight at 4ᵒ C in a humid chamber with the antibodies listed in Table 1 (identified as IHC). 

Thereafter, the slides were washed and incubated with the anti-rabbit IgG (used diluted 1:500; Sigma-

Aldrich) or anti-mouse IgG (used diluted 1:300;) for 90 minutes. After another washing in TBS-T, the 

specific antigen-antibody reaction was revealed using 3-3'-diaminobenzidine as chromogen. Finally, 

sections were counterstained with Mayer’s haematoxylin and mounted with Entellan®. Photographs 

of the samples were taken on a Nikon Eclipse® 80i optical microscope coupled to a Nikon® DS-5M 

camera.  

As controls, representative sections were processed in the same way as described above using 

non-immune rabbit or mouse sera instead of primary antibodies or while omitting the primary 

antibodies during the incubation. 

Table 1. Primary antibodies used in the study. 

Antigen Origin Dilution  Supplier IHC/IF 

ASIC1 Rabbit  1:200 Abcam pcl1 IHC 

ASIC2 Rabbit 1:200 LifeSpan2  IHC/IF 

ASIC3 Rabbit 1:100 LifeSpan2 IHC 

β-ENaC  Mouse  1:200 Santa Cruz BT3   IHC 

γ-ENaC Mouse  1:200  Santa Cruz BT3   IHC/IF 
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PIEZO1   Rabbit   1:200 Alomone4 IHC/IF 

PIEZO2 Rabbit  1:200 Sigma-Aldrich5 IHC/IF 

TRPA1 Rabbit  1:100 Abcam pcl1 IHC 

TRPC1 Mouse  1:100 Santa Cruz BT3 IHC 

TRPC6 Mouse  1:200 Novus B.6 IHC/IF 

TRPV4 Rabbit 1:200  Abcam pcl1 IHC/IF 

NSE (clone BBS/NC/VI-H14) Mouse 1:500 Dako7 IF 

NFP (clone 2F11) Mouse 1:200 Roche8 IF 

Synaptophysin (clone 27G12) Mouse Prediluted Leica Biosystems9 IF 

S100 P (clone 4C4.9) Mouse 1:500  Roche8 IF 

1Cambridge, UK; 2 Seattle, WA, USA; 3Santa Cruz, CA, USA; 4Jerusalem, Israel; 5St. Louis, MO, USA; 6Littleton, 

CO, USA; 7Glostrup, Denmark; 8Vienna, Austria; 9Madrid, Spain. ASIC1: Polyclonal antibody raised in rabbit 

against an epitope between amino acids 195-297 of human ASIC1. ASIC2: Polyclonal antibody developed in 

rabbit against a synthetic peptide of the extracellular domain of mouse ASIC conjugated to a carrier protein. 

ASIC3: Polyclonal antibody developed in rabbit against a synthetic peptide of the localized domain between 

amino acids 53-102 of human ASIC3. α-ENaC: Monoclonal antibody developed in mice against an epitope 

located between the amino acids 206-229 of human αENaC. β-ENaC: Monoclonal antibody developed in mice 

against an epitope located between the amino acids 271-460 of human βENaC. γ-ENaC: Monoclonal antibody 

developed in mice against an epitope located within the intracellular C-terminal domain of human 

γENaC.PIEZO1: Polyclonal antibody developed against a synthetic peptide (C)EDLKPQHRRHISIR, 

corresponding to the amino acids 1863-1876 of rat PIEZO1. PIEZO2: Polyclonal antibody raised in rabbit against 

a synthetic peptide of human PIEZO2 with the sequence: 

VFGFWAFGKHSAAADITSSLSEDQVPGPFLVMVLIQFGTMVVDRALY LRK. TRPA1: Polyclonal antibody 

developed in rabbit against a synthetic peptide corresponding to TRPA1/TSA (internal sequence). TRPC1: 

Monoclonal antibody developed in mice against the amino acid sequence 689-793 of the C-terminal domain of 

human TRPC1. TRPC6: Monoclonal antibody developed in mice against a synthetic peptide corresponding to a 

region close to the carboxyl terminal domain of human TRPC6. TRPV4: Polyclonal antibody developed in rabbit 

against a synthetic peptide corresponding to the amino acid sequence 720-769 within the intracellular N-terminal region with 

the sequence VDEVNWSHWNQNLGIINEDPGKNETYQYYYGFSHTVGRLRRDRWSSVVPRVVVVVV.  

4.3. Simple Immunofluorescence 

Sections were deparaffinized and rehydrated then permeabilized with 1M PBS at pH 7.6 with 

0.5% Tween-20 and nonspecific binding was then blocked with 10% foetal bovine serum and samples 

were incubated at 4ᵒC in a humid chamber with the antibodies listed in Table 1 (identified as IF). 

Thereafter, the slides were washed with PBS-T and incubated for 90 minutes with Alexa Fluor 488-

conjugated goat anti-rabbit IgG (1:100; Serotec™, Oxford, UK) followed for 90 minutes, or with Cy3-

conjugated donkey anti-mouse IgG (1:200; Jackson-ImmunoResearch™, Baltimore, MD, USA). The 

incubation was carried out in a dark humid chamber, at room temperature. After washing in PBS, 

the sections were stained with DAPI (4',6-diamino-2-phenylindole; 10 ng/ml) to contrast the nuclei 

(blue colour) and mounted with diluted Fluoromount-G mounting medium (Southern-Biotech, 

Alabama, USA). Immunofluorescence was detected using a Leica DMR-XA automated fluorescence 

microscope coupled to Leica Confocal Software v2.5 fluorescence capture software (Leica 

Microsystems, Heidelberg GmbH, Germany), from the Image Processing Service of the University of 

Oviedo. Specific reaction controls were performed in the same way as for simple 

immunohistochemistry. Additional controls were conducted to confirm the absence of 

autofluorescence processes of the tissue or produced by the fixation process omitting both antibodies. 
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4.4. Double Immunofluorescence 

When it was necessary to identify the CEOCs cells in which the ion channel proteins were 

present, we used double immunofluorescence for those proteins and others that identify the main 

constituents of Meissner corpuscles like neurofilament proteins, synaptophysin and S100P (see Cobo 

et al., 2021). Double immunofluorescence was performed exclusively with antibodies that showed 

positive immunoreactivity with immunohistochemistry or simple immunofluorescence. Sections 

were deparaffinized and rehydrated using the same procedure described previously. Then, sections 

were incubated overnight at 4C in a humid chamber with a 1:1 mixture of NFP, SYN, S100P or CD34 

together with the ion channel protein investigated. Subsequently, the sections were washed with PBS-

T for 30 minutes and incubated for 90 minutes with Alexa Fluor 488-conjugated goat anti-rabbit IgG 

(1:100; Serotec™, Oxford, UK) followed for 90 minutes with Cy3-conjugated donkey anti-mouse IgG 

(1:200; Jackson-ImmunoResearch™, Baltimore, MD, USA). Both incubations were conducted in a 

humid chamber, in the dark and at room temperature. After washing in PBS, the sections were 

stained with DAPI (4',6-diamino-2-phenylindole; 10 ng/ml) to contrast the nuclei (blue colour) and 

mounted with diluted Fluoromount-G mounting medium (Southern-Biotech, Alabama, USA). 

Immunofluorescence was detected using a Leica DMR-XA automated fluorescence microscope 

coupled to Leica Confocal Software v2.5 fluorescence capture software (Leica Microsystems, 

Heidelberg GmbH, Germany), from the Image Processing Service of the University of Oviedo. 

Specific reaction controls were performed in the same way as for simple immunohistochemistry. 

Additional controls were conducted to confirm the absence of autofluorescence processes of the tissue 

or produced by the fixation process omitting both antibodies. 

4.5. Quantitative Analyses 

The percentage of Meissner corpuscles displaying immunoreactivity for the assessed 

mechanoproteins was  established analysing 2 sections per skin sample, separated 200 μm and 

processed for the simultaneous detection of S100P and each mechanoprotein as follows: 5 fields per 

sections enlarged x10 were captured using a Leica Confocal Software v2.5 fluorescence capture 

software (Leica Microsystems, Heidelberg GmbH, Germany) and the number of Meissner corpuscles 

counted by two independent observers and the results obtained were averaged. Based on the scale 

bar of the images, the surface of the sections was measured, and the density of Meissner corpuscles 

was calculated; data were expressed as mean ± standard deviation/mm2. Meissner corpuscles 

displaying S100P immunoreactivity were considered 100%, and those displaying S100P+one 

mechanoprotein were subtracted to determine the percentage of Meissner corpuscles expressing that 

mechanoprotein. Results are presented again as mean ± standard deviation/mm2. No calculations 

were made on Pacinian corpuscles because they were not found in the skin of all anatomical locations 

and always in small quantities.  
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Abbreviations 

The following abbreviations are used in this manuscript: 

ASIC Acid-sensing ion channel 

CEOCs Cutaneous end-organ complexes 

DAPI 4',6-diamidino-2-phenylindole 

ENaC Epithelial sodium channel  
β-ENaC Beta subunit of Epithelial Sodium Channel 

γ-ENaC Gamma subunit of Epithelial Sodium Channel 

IF  Immunofluorescence 

IgG Immunoglobulin G 

IHC Immunohistochemistry 

NFP Neurofilament protein 

PBS Phosphate-buffered saline 

PBS-T Phosphate-buffered saline with Tween-20 

PIEZO1 Piezo-type mechanosensitive ion channel component 1 

PIEZO2 Piezo-type mechanosensitive ion channel component 2 

S100P S100 calcium-binding protein P 

SYN Synaptophysin 

TBS-T Tris-buffered saline with Tween-20 

TGCs Terminal glial cells 

TRP Transient receptor potential 

TRPA1 Transient receptor potential ankyrin 1 

TRPC1 Transient receptor potential canonical 1 

TRPC6 Transient receptor potential canonical 6 

TRPV4 Transient receptor potential vanilloid 4 
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