Front. Biosci. (Landmark Ed) 2025; 30(2): 26760
https://doi.org/10.31083/FBL26760

Landmark

Original Research

Role of Neuropeptide B/W Signaling in Modulating Intracellular
Calcium in Human Skin Fibroblasts

Shashank Pandey!*®, Elisa Peroni?®, Dagmar Jarkovska®*
Magdalena Chottova Dvorakova34®, Olivier Monasson®®, Michal Jirasko'®,
Tomas Chmelir>*®, Radek Kuderal

I Department of Pharmacology and Toxicology, Faculty of Medicine in Pilsen, Charles University, 23200 Pilsen, Czech Republic
2Depratment of Chemistry, CY Cergy Paris Université, CNRS, BioCIS, 95000 Cergy Pontoise, France
3Department of Physiology, Faculty of Medicine in Pilsen, Charles University, 23200 Pilsen, Czech Republic
4Biomedical Center, Faculty of Medicine in Pilsen, Charles University, 23200 Pilsen, Czech Republic
*Correspondence: Shashank.Pandey@lfp.cuni.cz (Shashank Pandey)
Academic Editor: Thomas Heinbockel
Submitted: 27 September 2024  Revised: 30 November 2024  Accepted: 13 December 2024  Published: 20 February 2025

Abstract

Background: The neuropeptide B/W signalling system (NPB/W) has been identified in multiple body regions and is integral to several
physiological processes, including the regulation of food intake and energy homeostasis. Recently, it has also been detected in human
skin; however, its specific functions in this context remain to be thoroughly investigated. This study aims to identify the expression of
neuropeptides B/W receptor 1 (NPBWR1) and neuropeptides B/W receptor 2 (NPBWR?2) in human dermal fibroblasts of mesenchymal
origin using genomic and proteomic techniques. We will also investigate the role of these receptors in cell proliferation and calcium sig-
nalling. Methods: The mRNAs for NPBWR1 and NPBWR2 were detected using quantitative PCR (qPCR) analysis and further validated
by western blot and immunofluorescence analyses. Additionally, we synthesised ligands for these receptors, specifically hNPB (25-53)
and hNPW (33-62), to investigate their effects on cell proliferation and intracellular calcium levels in human fibroblasts. Results: Our
results demonstrated that ANPW (33-62) has anti-proliferative effect on human dermal fibroblasts and concentration of 0.1-umol/L can
significantly decrease intracellular calcium levels (p < 0.05). Conclusion: This finding suggests a potential role for the NPB/W sig-
nalling system in pathologies associated with impaired calcium handling, such as fibrosis. Furthermore, we observed that the proliferation
of human fibroblasts was not affected by hNPB (25-53). Our findings could lead to the development of new therapeutic strategies for

various skin conditions and improved wound healing.
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1. Introduction

G-protein-coupled receptors (GPCRs) represent a sig-
nificant family of cell surface receptors and play a crucial
role in detecting signals from the extracellular environment
and regulating intercellular communication through various
ligands. These receptors are integral to numerous physio-
logical processes, such as inflammation and wound healing
[1].

It is noteworthy that many GPCRs were characterised
prior to the identification of their respective ligands. This
holds true for the GPR7 and GPR8 receptors, which were
initially described in the 1990s; their ligands were assigned
a decade later [2]. The ligands associated with these recep-
tors are two neuropeptides known as neuropeptide B (NPB)
and neuropeptide W (NPW), which collectively form the
NPB/W signalling system. In light of these ligands, the
International Union of Basic and Clinical Pharmacology
(IUPHAR) reclassified GPR7 and GPR8 as NPBWR1 and
NPBWR2, respectively. It is also of interest to note that
NPBWR2 is not expressed in rodent models [3].

The expression and function of the NPB/W signalling
system have been investigated across various tissues and
organs, including the central nervous system, endocrine
glands, gastrointestinal tract, and adipocytes [2,4,5]. The
findings from these studies indicate a range of functions as-
sociated with the NPB/W signalling system as a whole and
its individual components.

At the organism level, the NPB/W signalling sys-
tem is integral to the central regulation of food intake
and the maintenance of energy homeostasis. At the cel-
lular level, research has examined its effects on chondro-
cytes, smooth muscle cells, calvaria osteoblast-like cells,
and preadipocytes, revealing diverse influences on cell pro-
liferation and differentiation [4,6—8].

Neuropeptides are important signalling molecules
synthesised and released by nerve cells and, in certain in-
stances, non-neuronal cells. They are integral to a range of
cellular responses, including within the skin. Depending on
the presence of receptors specific to the released neuropep-
tides, different cell types serve as target cells within the
skin. In human skin, mRNA expression has been identified

Copyright: © 2025 The Author(s). Published by IMR Press.
BY This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://www.imrpress.com/journal/FBL
https://doi.org/10.31083/FBL26760
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-8043-130X
https://orcid.org/0000-0002-5153-2934
https://orcid.org/0000-0001-6461-7999
https://orcid.org/0000-0002-6078-1959
https://orcid.org/0000-0002-0886-1687
https://orcid.org/0000-0002-4874-7723
https://orcid.org/0009-0006-0707-9606
https://orcid.org/0000-0002-2739-2302

for all components of the NPB/W signalling system, includ-
ing NPB, NPW, and their associated receptors [2]. How-
ever, determining the precise sources of NPB and NPW
within the skin remains challenging when the analysis is
conducted on a homogenised skin sample. Furthermore,
identifying the target cells for these neuropeptides is com-
plicated by the diverse array of cell types present in the
skin: endothelial cells, keratinocytes, macrophages, lym-
phocytes, and fibroblasts.

Dermal fibroblasts are integral to the wound-healing
process, facilitating both cell proliferation and the synthe-
sis of extracellular matrix components [9]. As key cellular
constituents of the skin, they play a significant role in main-
taining homeostasis [10]. Research has identified several
GPCRs on the fibroblast surface, enabling these cells to re-
ceive and respond to a variety of signals. The activation of
GPCRs by specific stimuli can elicit a range of cellular re-
sponses, including alterations in gene expression, enhanced
cell proliferation, and the secretion of extracellular matrix
components. As a result, while fibroblast activation can
promote effective wound healing and tissue repair, it may
also lead to fibrosis due to excessive fibroblast production
[10].

Furthermore, neuropeptide Y (NPY), a neuropeptide
with functional similarities to NPB and NPW [2], has been
shown to increase the proliferative capacity and migration
of fibroblasts in both human and rat models. Additionally,
NPY appears to delay the ageing of fibroblasts in these indi-
viduals [11,12]. However, the extent to which the NPB/W
signalling system influences the behaviour of human fi-
broblasts remains to be fully elucidated.

This study’s purpose was to investigate whether hu-
man skin fibroblasts express receptors associated with the
NPB/W signalling system and examine the effects of NPB
and NPW on these cells. The results may enhance our un-
derstanding of the potential role this signalling system plays
in the physiological processes within the skin.

2. Materials and Methods
2.1 Cultivation of Primary Human Fibroblasts from Skin

Fibroblast cells were cultivated from human skin fol-
lowing a 4-mm punch biopsy, using a procedure similar to
that developed by Vangipuram ef a/. in 2013 [13]. A 6-
well plate was coated with gelatin (0.1%, G1393, Sigma-
Aldrich, Saint Louis, MO, USA) at room temperature (RT)
for 60 minutes. After this time, the gelatine solution was
removed and replaced with 800 pL of Dulbecco’s Modi-
fied Eagle Medium (DMEM), which contained high glu-
cose, stable glutamine, and sodium pyruvate (Biowest, Nu-
aille, France), supplemented with 20% foetal bovine serum
(Sigma-Aldrich, Saint Louis, MO, USA) and 100 TU/mL
of streptomycin/penicillin (A5955, Sigma-Aldrich, Saint
Louis, MO, USA).

The skin biopsy was then dissected into evenly sized
small pieces using a scalpel. Three to five pieces of skin

biopsy were placed in each well and incubated at 37 °C in
a 5% COg atmosphere. Daily monitoring of media evap-
oration was conducted, and 200 pL of DMEM was added
every two days to compensate for evaporation during the
first week. After one week, the volume of DMEM was in-
creased to 2 mL. The medium was changed every 2—-3 days
until the fibroblasts reached confluence.

Once confluent, the plate was trypsinised, and the cells
were transferred to two T75 flasks (passage 1). When the fi-
broblast cells became confluent in the T75 flasks, they were
further transferred to three additional T75 flasks (passage
2). Finally, a 10% DMSO stock was prepared for the fi-
broblast cells at a concentration of 1 x 10°¢ cells/mL per
vial and stored at —80 °C. The cells were characterized by
morphological features such as elongated, spindle-like cell
bodies, round to oval cell nuclei. Additionally, we have also
characterized the fibroblast cell lines by using anti-vimentin
antibodies, a marker for fibroblast cell [14]. Additionally,
we have also used antibiotic and antimycotic in the media to
avoid the contamination, and cell lines were tested time to
time for mycoplasma contamination. The data are available
in Supplementary materials.

2.2 RNA Isolation and Reverse Transcription-quantitative
Polymerase Chain Reaction (RT-qPCR) Analysis

RNA was isolated from fibroblast cells utilising
RNeasy Micro Kits (Qiagen, Hilden, Germany), follow-
ing the manufacturer’s instructions. To eliminate any con-
taminating DNA, 1 unit of DNAse per microgram of to-
tal RNA (Invitrogen, Carlsbad, CA, USA) was incorpo-
rated into the procedure. The isolated RNA was reverse-
transcribed using Superscript III Reverse Transcriptase (In-
vitrogen, Carlsbad, CA, USA) for 50 minutes at 42 °C. Two
micrograms of total RNA were utilised to synthesise single-
stranded cDNA. The qPCR analysis was conducted as pre-
viously outlined [15].

The primers were specifically designed to amplify
target sequences corresponding to the following nu-
cleotides: vimentin (forward: AAGACACTATTGGC-
CGCCTG (1507-1526), reverse: ATTCACGAAGGT-
GACGAGCC (1559-1578)), NPBWRI (forward: TGAC-
CTCGAGCCTTCTTGGA (3674-3693), reverse: CGTAT-
GAAGGGCAACGACCT (3860-3879)), and NPBWR2
(forward: GCCAACGTCTCTCAGGACAA (360-379),
reverse: TCACCGTCTTCATCTTGGGC (512-531)).

The gqPCR was performed on an iCycler (Bio-Rad,
Prague, Czech Republic). The final volume of each as-
say was 15 pL. Each reaction contained 3.5 pL of diluted
cDNA, 7.5 pL of iQ SYBR Green Supermix (Bio-Rad,
Prague, Czech Republic), 0.15 pL of each primer (at a con-
centration of 20 nmol/L), and 3.7 uL of ultrapure water. All
qPCR analyses were executed in duplicate following a strict
protocol: an initial denaturation step at 95 °C for 10 min-
utes, succeeded by 45 cycles of amplification (95 °C for 20
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seconds, 60 °C for 20 seconds, and 72 °C for 20 seconds).
A melting curve was subsequently generated by heating the
samples from 65 °C to 95 °C, during which fluorescence
was continuously monitored to confirm the specificity of
each amplicon. Each pair of primers yielded a single peak
in the melting curve and exhibited a single band of the ex-
pected size upon agarose gel electrophoresis.

Data quantification was performed using Optical Sys-
tem Software (Bio-Rad, Prague, Czech Republic), and nor-
malisation of NPBWRI and NPBWR?2 was achieved using
vimentin.

2.3 Extraction of Protein and WB Analysis

Fibroblast cells were cultured in a T75 flask until
they reached confluence. Upon achieving confluence, the
cells were treated with trypsin, and the resulting suspen-
sion was centrifuged to separate the pellet. The pellet was
then washed twice with phosphate-buffered saline (PBS)
and solubilised in lysis buffer prior to homogenisation. The
lysate was centrifuged at 10,000 x g for 10 minutes at 4 °C
to eliminate debris and the supernatant was collected. The
total protein concentration was determined using Bradford
dye (Bio-Rad, Hercules, CA, USA).

A total of 25 pg of protein was loaded onto a 10%
SDS-PAGE gel under reducing conditions (2% v/v (-
mercaptoethanol). The gel was transferred to a nitrocellu-
lose membrane (0.2 um; Bio-Rad, Hercules, CA, USA) at
a constant current of 220 mA at RT for 2 hours. To pre-
vent non-specific binding, the membrane was blocked with
a 5% milk powder solution in PBS-Tween (PBS pH 7.4 with
0.1% TWEEN 20) for 1 hour.

After blocking, the membrane was incubated
overnight at 4 °C with either anti-NPBWR1 (1:500;
bs-8618R, Bioss Antibodies Inc, Woburn, MA, USA) or
anti-NPBWR2 (1:100; BP2-86659, Novus Biologicals,
Centennial, CO, USA). Alternatively, it was incubated
with anti-$-actin (1:250; bs0061R, Bioss Antibodies Inc,
Woburn, MA, USA) for 1 hour at RT.

The membrane underwent three washes (10 minutes
each) with PBS-Tween (0.1%). The blot was treated
with horseradish peroxidase (HRP)-conjugated anti-IgGs
(1:4000, A16116, Thermo Fisher Scientific, Frederick,
MD, USA) for 45 minutes at RT. The membrane was
washed three additional times with PBS-Tween (0.1%).
The resulting blots were developed using the Clarity™
Western ECL kit (Bio-Rad, Hercules, CA, USA). Imaging
was conducted using the ChemiDoc MP system (Bio-Rad,
Hercules, CA, USA), and the data were analysed with Im-
age Lab software (Bio-Rad, Hercules, CA, USA).

2.4 Immunofluorescence Analysis

A glass slide was placed inside a sterile petri dish and
50 uL ofa 1 x 106 cells/mL dilution was added to the glass
slide. The slide was incubated overnight at 37 °C with 5%
COs. After incubation, the cells adhered to the glass slide.
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The cells were then washed with PBS at RT and fixed with
ice-cold acetone for 10 minutes at RT.

For permeabilisation, the cells were treated with 0.3%
Triton X-100 in PBS for 5 minutes at RT. The cells were
washed three times with PBS and blocked with 5% normal
goat serum in PBS at RT for 1 hour. The cells were then
incubated overnight at 4 °C with anti-NPBWRI1 (1:200; bs-
8618R, Bioss Antibodies Inc., Woburn, MA, USA), anti-
NPBWR2 (1:150; BP2-86659, Novus Biologicals, Centen-
nial, CO, USA), or anti-vimentin (1:100; Cell Signaling
Technology, Danvers, MA, USA).

Afterwards, the samples were washed three times with
PBS and incubated for 1 hour at RT with FITC-conjugated
anti-rabbit IgGs (1:300; F9887, Sigma, St. Louis, MO,
USA). Finally, the cells were submerged in DAPI mount-
ing medium (Sigma, St. Louis, MO, USA). Images were
captured at 10x magnification using a fluorescence micro-
scope (Olympus 1X83) and analysed using ImageJ 1.53a,
(Wayne Rasband, NIH, Bethesda, MD, USA).

2.5 Peptide Synthesis and Purification

All Fmoc-protected amino acids, Fmoc-Wang resins,
N,N’-Diisopropylcarbodiimide (DIC), Ethyl (hydroxy-
imino)cyanoacetate (Oxyma), and 2-(1H-Benzotriazole-1-
yl)-1,1,3,3-tetramethylaminium tetrafluoroborate (TBTU)
were purchased from Iris Biotech GmbH (Marktredwitz,
Germany). Peptide-grade DMF was obtained from Bio-
solve (Dieuze, France). Triisopropylsilane (TIS), DI-
PEA, and diethyl ether (Et20) were purchased from Sigma
Aldrich (Milan, Italy).

Peptides hNPB (25-53) and hNPW (33—-62) were syn-
thesised in solid-phase using a microwave-assisted protocol
(MW-SPPS) on a Liberty Blue™ automated peptide syn-
thesiser (CEM Corporation, Matthews, NC, USA), follow-
ing the Fmoc/tBu strategy. The syntheses were performed
on preloaded Wang TG resins: Fmoc-Ala-WANG TG and
Fmoc-Trp(Boc)-WANG TG (0.25 mmol/g).

Fmoc-deprotections were conducted using a solution
of 20% (v/v) piperidine in DMF. Peptide assembly was car-
ried out by repeating the standard MW-SPPS coupling cycle
for each amino acid, utilising Fmoc-protected amino acids
(5 equivalents, 0.2 M in DMF), OxymaPure® (5 equiv-
alents, 1 M in DMF), and DIC (5 equivalents, 0.5 M in
DMF).

2.6 Deprotection, Cleavage, Purification and
Characterization of Peptide

Cleavage from the resin and side-chain deprotection
was achieved by treatment with a TFA/TIS/water solution
(95: 2.5: 2.5 v/v/v, 1 mL/100 mg of resin-bound peptide).
The cleavage was carried out for approximately four hours
with vigorous shaking at RT. Each resin was filtered off, and
the solution was concentrated by flushing with N2. Each
peptide was precipitated from cold Et20, centrifuged, and
lyophilized.
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Table 1. Peptide sequence and analytical data of hNPB (25-53) and hNPW (33-62).

Peptide Sequence Retention Time Mass Calculated ~ Mass Found HPLC Purity
(min) [M+3H]3+ [M+3H]3+

hNPB (25-53) WYKPAAGHSSYSVGRAAGLLSGLRRSPYA 1.58 1027.50 1027.47 98%

hNPW (33-62) WYKHVASPRYHTVGRAAGLLMGLRRSPYLW 1.69 1182.07 1182.42 98%

Peptides were synthesized in solid-phase using a microwave-assisted protocol on a Liberty Blue™ automated peptide synthesizer following
the Fmoc/tBu strategy. Synthetic peptides were purified by RP-HPLC and analyzed by LC-MS analysis. The peptides were obtained with
more than 95% purity. The solvent systems used were 0.1% TFA in H2O (A) and 0.1% TFA in CH3CN (B), and the gradient was 10%-90%

B in 3 min. hNPB, human neuropeptide B; hNPW, human neuropeptide W.

Lyophilized crude peptides were purified by a semi-
preparative Waters reverse-phase high-performance liquid
chromatography (RP-HPLC) (Waters Corporation, Mil-
ford, MA, USA) on a Phenomenex Jupiter C18 (10 um,
250 mm x 10 mm) column (Phenomenex, Castel Maggiore,
Italy) at 4 mL/min. The solvent systems used were 0.1%
TFA in H,O (A) and 0.1% TFA in CH3CN (B) (as shown
in Table 1). All peptides obtained exhibited a purity greater
than 95%.

Characterisation of the peptides was performed us-
ing analytical reverse-phase ultra-performance liquid chro-
matography coupled with electrospray ionisation mass
spectrometry (RP-UPLC ESI-MS). The measurement was
performed using a Waters Acquity UPLC connected to a
Waters 3100 ESI-SQD mass spectrometer, utilising a Luna
Omega PS C18 column (1.6 um, 2.1 x 50 mm) maintained
at 35 °C and operated at a flow rate of 0.5 mL/min. The
solvent systems used were Solvent System A (0.1% TFA in
H50) and Solvent System B (0.1% TFA in CH3CN). Data
acquisition and processing were conducted using MassL-
ynx software from Waters (Milford, MA, USA).

2.7 Cell Proliferation Assay

50 uL of 1 x 107 cells were seeded per well onto a
flat-bottom 96-well cell culture plate. Following this, 25
uL of peptide solution was added to each well. The pep-
tide concentrations used were 0.004 pmol/L, 0.04 pmol/L,
0.4 umol/L, and 4 umol/L, prepared in DMEM media con-
taining 10% FBS and 0.1% streptomycin/penicillin. An ad-
ditional 25 pL of DMEM media with 10% FBS and 0.1%
streptomycin/penicillin was added to each well.

This resulted in a total volume of 100 pL per well, cor-
responding to final peptide concentrations of 0.001 umol/L,
0.01 umol/L, 0.1 pmol/L, and 1 pmol/L, respectively. The
cells were then incubated at 37 °C with 5% CO, for 48
hours.

After 48 hours, 10 pL of the cell proliferation reagent
WST-1 (Roche Diagnostics GmbH, Germany) was added to
each well, and the plate was incubated again at 37 °C with
5% CO4, for four hours. The absorbance was measured at a
wavelength of 450 nm using a microplate reader (Synergy
HI, Agilent BioTek, Santa Clara, CA, USA).

2.8 Measurement of Intracellular Calcium

A 12-well or 9-well plate was utilised for this exper-
iment. 500 pL of a solution containing 1 x 10° cells/mL
was added to each well. The cells were initially suspended
in glutamine-free DMEM media supplemented with 10%
FBS and 0.1% streptomycin/penicillin. They were then in-
cubated overnight at 37 °C in an environment with 5% COx.

Following incubation, the media were removed, and
the cells were washed with Ca?*-free Tyrode solution. After
washing, the cells were treated with 5 pmol/L Fura-2-AM
for 30 minutes at 37 °C. The Fura-2-AM solution (F1221,
Thermo Fisher Scientific Life Technology, Eugene, OR,
USA) was then removed, and the cells were washed with
1 mL of Tyrode solution for 10 minutes at 37 °C. After the
final wash, the cells were exposed to 1 mL of 0.1 pmol/L
hNPW (33-62) or 0.1 pmol/L hNPB (25-53) in Ca%*-free
Tyrode solution.

The intracellular calcium levels in the cells were mea-
sured using the lonOptix HyperSwitch Myocyte Calcium
and Contractility System (IonOptix LLC, Westwood, CA,
USA). The Tyrode solution had the following composition
(inmmol/L): NaCIl 137, KC14.5, MgCl: 1, CaCl: 2, Glucose
10, HEPES 5, with the pH adjusted to 7.4 using NaOH. All
chemicals were obtained from Sigma-Aldrich (St. Louis,
MO, USA). Offline analysis was conducted using lonWiz-
ard 6.5 software (IonOptix LLC, Westwood, CA, USA).

2.9 Statistical Analysis

Data were presented using a box and whisker plot.
Moreover, univariate analysis was done by the non-
parametric Mann—Whitney U- test for 2 groups by Kruskal-
Wallis test for more groups, while mutivariate analysis was
done using three way ANOVA models where also an exper-
iment number effect nested in cell line effect was included.
Dunnett’s adjustment for a multiple comparison with one
control group was used in the ANOVA models. Statis-
tical analyses were conducted with GraphPad Prism 7.02
(GraphPad Software, Boston, MA, USA) or SAS 9.4M8
(TS1IMS) (producer SAS Institute Inc., Cary, NC, USA)
Statistical significance was set as p < 0.05.
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Fig. 1. Dermal fibroblasts from human skin. Cultivation of dermal fibroblasts was done from skin biopsies. The growth of ker-

atinocytes was observed within 3 days and full confluency of fibroblast was achieved in 33 days (scale bar 50 pm).

3. Results
3.1 Cultivation of Fibroblasts from Human Skin

Skin fibroblasts were successfully developed from
dissected human skin biopsies. We observed that ker-
atinocytes migrated out of the biopsy tissue within the first
week. The outgrowth of keratinocytes was followed by the
growth of fibroblast cells within 7 to 10 days. DMEM high-
glucose media supplemented with 20% FBS promoted the
growth of fibroblasts over keratinocytes. Consequently, the
keratinocytes were depleted after two passages. Finally, the
fibroblast cells were fully developed in 30 to 40 days, as
confirmed by their morphology (shown in Fig. 1). A 10%
DMSO stock was prepared, and we designated these stocks
as PASSAGE-O0 for use in our experiments. All experiments
were conducted with cell lines that had not been passaged
more than four times after PASSAGE-0 to avoid any mu-
tations [16]. Similar cell lines were also used to prepare
hiPSC and astrocytes [17].

10% DMSO stock were prepared. We considered
these stocks as PASSAGE-0 and used them for our ex-
periments. All the experiments were done with the cell
lines which were not passaged more than 4 times after
PASSAGE-0 to avoid any mutations.

3.2 Identification of NPBWR1/NPBWR2

RT-qPCR analysis was conducted across nine different
cell lines. The presence of mRNA for vimentin was con-
firmed in all samples, validating the accuracy of all preced-
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ing steps. The Cq value of vimentin was used to compare
the expression levels of NPBWRI and NPBWR?2 in each
sample. mRNA for NPBWR?2 was detected in all samples,
whereas mRNA for NPBWR1 was present in only 6 out of
the 9 samples. Notably, the relative expression of mRNA
for NPBWR2 was approximately 32 times higher than that
of mRNA for NPBWRI (as shown in Fig. 2).

These findings were further confirmed using pro-
teomic approaches, including Western blotting (WB) and
immunofluorescence analysis. Commercially available an-
tibodies against vimentin, NPBWR1, and NPBWR2 were
employed to detect both receptors in fibroblast cells. Our
results indicated that all anti-vimentin-positive cells were
also immunoreactive for both anti-NPBWRI1 and anti-
NPBWR2 antibodies, suggesting the presence of these re-
ceptors on the surface of all fibroblasts of mesenchymal ori-
gin.

Western blot analysis was performed on ten different
cell lines. We observed a single immunogenic band for
NPBWRI at approximately 50 kDa in all ten samples (as
shown in Fig. 3a). The expression level of NPBWR1 was
about 0.3 times lower compared to S-actin (as shown in
Fig. 3c). However, we did not detect any band correspond-
ing to the NPBWR2 receptor at 50 kDa. This may be due to
the antibodies being unable to recognise the denatured form
of NPBWR?2 or because the concentration of NPBWR?2 in
fibroblast cells was too low for detection via WB analysis
(as shown in Fig. 3b). Interestingly, immunofluorescence
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Fig. 2. Detection of mRNAs of neuropeptides B/W receptor (NPBWRI/NPBWR2) by RT-qPCR analysis. Different fibroblast cell
lines were used for detection of mRNAs. We have observed the presence of NPBWRI in 6 out of 9 samples and NPBWR?2 in all the
samples. (a) Data are presented as ACq values (compared to vimentin) to indicate differences in expression between NPBWRI and
NPBWR?2, represented by “*”. Relative expression of mRNA for NPBWR2 was about 32 times higher than expression of mRNA for
NPBWRI. (b) Agarose gel electrophoresis of qPCR products of NPBWR1 and NPBWR2 amplified. Samp, sample; Vim, vimentin; Neg,

water (negative control); M, marker.

analysis successfully detected NPBWR?2 in 5 out of 5 sam-
ples, indicating that the anti-NPBWR2 antibody was able
to recognise only the conformational form of NPBWR?2 (as
shown in Fig. 4).

These results were further validated by proteomic ap-
proach through WB and immunofluorescence analysis.

3.3 Role of NPBWRI1/NPBWR?2 in Ca®* Signaling and
Cell Proliferation

We  have  synthesised the ligands  of
NPBWRI/NPBWR2, specifically hNPB (25-53) and
hNPW (33-62), as detailed in Table 1. These synthetic
peptides were utilised to investigate the influence of
NPBWRI1/2 signalling on cell proliferation and intracel-
lular calcium levels. The viability of the treated cells was
assessed using the WST-1 assay, and all experiments were
conducted across 11 different experiments with 5 cell lines
for NPB and 17 different experiments with 11 cell lines for
NPW.

Cells were treated with four distinct concentrations
of hNPB (25-53) and hNPW (33-62): 0.001 mol/L, 0.01
mol/L, 0.1 mol/L, and 1 mol/L. Overall, as illustrated in
Fig. 5, we did not observe any statistically significant ef-
fects of hNPB (25-53) (p = 0.7338 Kruskal-Wallis test, p
= 0.4180 ANOVA), while hNPW (33-62) shows a nega-
tive proliferative effect (p = 0.0464 Kruskal-Wallis test, p
=0.0248 ANOVA) on cell viability as analyzed by multi-
variate in three-way ANOVA analysis (Fig. 5) and also by
univariate Kruskal-Wallis test. Post hoc power analysis of
hNPW (33-62) shows the power of testing as 50.8% with
used sample size per groups (n = 17) to detect observed dif-
ference of 3.5 as statistically significant.

Additionally, we conducted an experiment to estimate
the intracellular concentration of Ca* in fibroblasts after
treating the cells with 0.1 umol/L of either hANPB (25-53)
or hNPW (33-62). This part of the study involved 7 dif-
ferent experiments with 5 different cell lines and we used a
concentration of 0.1 umol/L for the peptides. Our findings
showed that hANPW (33-62) effectively interfered with in-
tracellular calcium signalling, resulting in a decrease in the
intracellular Ca2* level in fibroblasts (p = 0.0248 Mann—
Whitney U-test, p = 0.0109 ANOVA for hNPW (33-62)
effect).

Conversely, we did not find any significant impact
of hNPB (25-53) (p = 0.1517 Mann—Whitney U-test, p =
0.1618 ANOVA for hNPB (25-53) effect) on intracellular
Ca?* concentration, as depicted in Fig. 6. The results were
analysed by measuring dual fluorescence intensity at exci-
tation wave lengths of 340 nm and 380 nm.

4. Discussion

Fibroblasts are a diverse group of cells responsible for
producing extracellular matrix. They exhibit transcriptional
and functional differences depending on their tissue origin
as well as variations within the same tissue [18]. Fibrob-
lasts derived from mesenchymal tissues express the fila-
mentous protein vimentin, while those of epithelial origin
express fibroblast-specific protein and fibroblast activation
protein [10]. Fibroblasts represent the predominant type
of stromal cells in the skin, working with epithelial cells
and skin-resident immune cells to constitute the cutaneous
structure. These cells serve as vital components of the skin
framework, primarily through the production of collagen
[19]. However, the role of skin fibroblasts extends beyond
structural support; they are integral to various physiolog-
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Fig. 3. Identification of NPBWR1/NPBWR2 by western blotting (WB) analysis. Different fibroblast cell lines were used to identify
NPBWRI1/NPBWR2. (a,c) We have observed the immunogenic band of NPBWRI1 in 10 out of 10 samples (lane 1 to 10) at 50 kDa, but
the expression of NPBWR1 was ~0.3 times lower than S-actin. Rat heart lysate was used as a positive control. (b) We didn’t observe

any band of NPBWR2 receptor at 50 kDa, the data of five cell lines were shown. Uncropped pictures were attached to Supplementary

materials.

ical and pathological processes, including wound repair,
healing, and the modulation of malignant and immune re-
sponses within the skin [19].

The functions of fibroblasts are largely mediated
through the release of diverse substances in response to spe-
cific environmental signals. Fibroblasts detect these signals
via their membrane-bound GPCRs [18], which are critical
for numerous physiological functions. To date, over 800
GPCRs have been identified in the human genome. Many
GPCRs are found in the cell membrane of fibroblasts, with
fibroblasts in different organs containing different combi-
nations of receptors [10].
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The objective of this study was to investigate the ex-
pression of NPBWR1 and NPBWR?2 in human dermal fi-
broblasts of mesenchymal origin, which were cultivated
from human skin biopsies, utilising both genomic and pro-
teomic methodologies. A range of approaches were imple-
mented to accomplish this objective.

Immunocytochemical experiments confirmed that all
fibroblasts analysed were of mesenchymal origin, as evi-
denced by specific immunoreactivity with the anti-vimentin
antibody. Furthermore, these experiments established the
presence of both receptors, NPBWR1 and NPBWR2, in all
fibroblast samples.


https://www.imrpress.com

NPBWR1

©

R2.

.’

Fig. 4. Identification of NPBWR1/NPBWR2 by immunofluorescence analysis. Different fibroblast cell lines were used for identi-
fication of NPBWRI1 (n = 6) and NPBWR2 (n = 5). The cells were incubated with anti-NPBWR1, anti-NPBWR2, vimentin (positive
control), and without primary antibodies (negative control). Fluorescein isothiocyanate (FITC)-conjugated anti-rabbit IgGs (green chan-

nel) were used to detect the primary antibodies along with 4°,6-diamidino-2-phenylindole (DAPI) (blue channel) for nuclear staining

(scale bar 50 um). Images were taken using fluorescence microscope.

Analysis of the genomic data indicated significant
quantitative differences in the expression levels of the two
receptors. Notably, the mRNA for the NPBWR?2 receptor
was expressed at levels several times higher than that of
the NPBWRI receptor. The relatively low expression of the
NPBWRI gene may explain the undetectable mRNA levels
in some samples, as it is reasonable to assume that the gene
copy number in these cases fell below the detection thresh-
old of the employed analysis method.

However, at the protein level, we successfully demon-
strated the presence of the NPBWRI receptor in all tested
cell lines. These findings are consistent with those reported
by Philippeos et al. [20], who detected very low-level ex-
pression of genes for NPB, NPBWR1 and NPBWR2 in some
samples of papillary or reticular human skin dermis.

The NPB/W signalling system has been implicated in
a variety of important physiological processes. It plays
a role in modulating pain transmission, regulating be-
havioural responses to stress, managing inflammatory neu-
ropathies, and controlling feeding behaviours. Addition-
ally, this system influences the activity of endocrine glands,
regulates vascular smooth muscle tone, and contributes to
the metabolism of adipocytes. These effects are primarily
mediated through the receptors NPBWR1 and NPBWR2

[2]. Subcutaneous adipocytes, similar to the fibroblasts we
examined, are derived from mesenchymal cells and express
both NPBWR1 and NPBWR?2. Prior research has explored
the impact of the NPB/W signalling system on the prolif-
eration and differentiation of various cell types. Notably, a
study has indicated that NPB influences the proliferation of
preadipocytes and facilitates their differentiation into ma-
ture adipocytes in porcine models [4]. Additionally, NPB
exerts a proliferative effect on brown primary preadipocytes
in rats, promoting the differentiation of white preadipocytes
into adipocytes [4,21].

Thus, the NPB/W signalling system exhibits a posi-
tive proliferative effect on cultured pig and rat adipocytes, a
phenomenon that is mediated by NPBWR1 receptor [4,21].
Conversely, both NPB and NPW have been identified as
inhibitors of the proliferative activity in cultured rat calvar-
ial osteoblast-like cells despite these cells also expressing
NPBWRI1 [8].

Intriguingly, NPB does not affect the proliferation of
rat insulin-producing cells [5]. Similarly, our findings indi-
cate that NPB does not influence the proliferation of hu-
man fibroblasts, while NPW shows a negative prolifera-
tive effect. Notably, skin fibroblasts display a significantly
higher expression of NPBWR2 than NPBWR 1, which may
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Fig. 5. Impact of hNPB (25-53) and hNPW (33-62) on cell proliferation. The cells were treated with different concentrations of
peptide solution 0.001-pmol/L, 0.01-umol/L, 0.1-pmol/L, 1-umol/L in DMEM media with 10% FBS and 0.1% streptomycin/penicillin.
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any statistically significant impact of hNPB (25-53), while hNPW (33—62) shows a negative proliferative effect on human dermal fi-
broblast (p = 0.0464 Kruskal-Wallis test, p = 0.0248 ANOVA). The data was analyzed by multivariate three-way ANOVA analysis and

univariate Kruskal-Wallis test.

account for the observed differences in the effects of the
signalling system on fibroblast and adipocyte proliferation.

These varying results across different cell types sug-
gest that the mere presence of NPBWRI1 is insufficient to
mediate the positive proliferative effects of neuropeptides
B and W. It is plausible that an additional cofactor, yet to
be identified, is involved in the regulation of this process.

In fibroblasts, calcium signalling plays an essential
role in various cellular processes, including proliferation,
migration, extracellular matrix formation, and myofibrob-
last differentiation [22]. Our study demonstrated that in-
tracellular calcium levels were significantly influenced by
NPW, while NPB did not elicit a similar effect. This finding
corresponds with our observation of a markedly higher ex-
pression of NPBWR?2 compared to NPBWRI, as NPBWR2
exhibits a greater affinity for NPW [23], whereas NPBWR1
has an increased affinity for NPB [24].

Notably, we found that NPW leads to a decrease in in-
tracellular calcium levels, which contrasts with its reported
effects in vascular smooth muscle cells [6] and ventricu-
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lar cardiomyocytes [25]. It is important to note that both
studies mentioned above conducted in muscle cell types and
utilised rat cells that exclusively express NPBWR1 [2]. This
implicates calcium voltage-gated channels as active partic-
ipants in those contexts. Consequently, we speculate that
the effect of NPW on fibroblasts, which inherently lack cal-
cium voltage-gated channels, may be mediated through an
alternative pathway.

The function of NPW in regulating intracellular cal-
cium levels could bear resemblance to neuropeptide Y
(NPY), which exhibits differential actions based on the re-
ceptor involved. Specifically, NPY interaction with recep-
tor Y1 results in enhanced calcium transients [26], whereas
interaction with receptor Y2 leads to diminished calcium
levels [27]. Future investigations should explore the po-
tential interaction between NPBWR1 and NPBWR2, given
that cross-talk among NPY receptors has been previously
documented [28], suggesting a similar phenomenon may
occur with NPW receptors.
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Moreover, past research indicates that NPBWR?2 is
coupled with Gi/o proteins [29]. Therefore, we conclude
that the NPW-mediated effect on calcium levels in human
skin fibroblasts is likely facilitated through the inhibition
of adenylate cyclase, resulting in decreased cAMP levels
and subsequent reduction in PKA activity. This decreased
PKA activity contributes to diminished activation of vari-
ous calcium channels and reduced phosphorylation of IP3
receptors [30], collectively leading to an overall decrease in
intracellular calcium levels.

This finding may explain the observed decrease in in-
tracellular calcium levels after the application of NPW. The
lower concentration of intracellular calcium suggests that
NPW might act as an intracellular calcium chelator. This
is supported by the significant reduction in fibroblast in-
tracellular calcium levels when treated with 0.1 pmol/L of
hNPW (33-62). The NPB/W signalling system may be-
come activated under certain pathological conditions, such
as fibrosis, where calcium signalling plays a significant role
in the disease’s pathophysiology [31]. Research has shown
that fibroblasts from patients with cystic fibrosis or can-
cer exhibit an increase in intracellular calcium concentra-
tion, highlighting the importance of calcium regulation in
these cells. Moreover, intracellular calcium is essential for
the migration of fibroblasts [32]. Variations in intracellular
Ca?* levels furthermore play a crucial role in determining
whether cells commit to remaining in the premitotic inter-
phase or transitioning into mitosis. Additionally, these vari-
ations can influence cell-to-cell adhesion by remodelling
cortical actin and facilitating the recruitment of cadherins
and beta-catenin into intercellular junctions [22]. Notably,
it has also been observed that increased intracellular Ca?*
can facilitate wound healing [23,24].

The wound healing process consists of three phases:
haemostasis/inflammation, proliferation, and remodelling
[33]. Calcium levels play a key role in the healing process,
particularly during its initial phases [34]. However, dur-
ing the final remodelling phase, elevated intracellular cal-
cium may contribute to the excessive formation of scar tis-
sue. A study conducted by Ishise ef al. [35] in 2015 found
that increased intracellular calcium levels in fibroblasts ac-
tivate the nuclear factor kappa-light-chain-enhancer of acti-
vated B (NF-xB) pathway, which subsequently enhances fi-
bronectin production. This mechanism may be responsible
for hypertrophic scar contracture. Furthermore, the study
revealed that fibroblasts in hypertrophic scars exhibit sig-
nificantly higher calcium levels compared to those in nor-
mal skin [36]. These findings indicate that NPW could po-
tentially prevent the development of hypertrophic scars by
reducing intracellular calcium levels. Additionally, intra-
cellular calcium chelators, such as basic fibroblast growth
factor (bFGF), can be used to prevent apoptosis in cells
by effectively regulating intracellular Ca?* concentrations
[37,38].
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The precise sources of natural mediators for the recep-
tors NPB and NPW within the skin remain to be fully eluci-
dated. Current evidence confirms the presence of these me-
diators in the bloodstream, with NPB also identified in the
skin dermis and subcutaneous adipose tissue [4,20,39]. Ad-
ditionally, sensory nerve fibres may represent another po-
tential source of these receptors, as NPB has been detected
in neuron bodies within the dorsal root ganglia (DRG) [15],
NPW, on the other hand, has not. These findings suggest
that NPB and NPW may exert both endocrine and paracrine
effects on skin fibroblasts.

5. Conclusion

In summary, we have successfully demonstrated the
expression of the receptors NPBWR1 and NPBWR?2 in hu-
man mesenchymal fibroblasts through both genomic and
proteomic methodologies. However, it is noteworthy that
the expression levels for NPBWR1 and NPBWR2 were in-
sufficient for detection via WB analysis. Furthermore, our
research indicates that this signalling system is involved in
the regulation of intracellular calcium levels; specifically,
hNPW (33-62) appears to modulate intracellular calcium
signalling and decrease the concentration of Ca?t within
fibroblasts. Additional experiments will be necessary to
comprehensively understand the mechanisms at play, espe-
cially in in vivo contexts.

Limitation of the Study

In this study, we were not able to detect NPBWR2 in
human dermal fibroblast through western blot, while simi-
lar antibodies were able to detect NPBWR2 in immunoflu-
orescence analysis. This may relate to antibody specificity
or receptor denaturation during western blot. To overcome
this problem, one can use different methodology such as
complete gel blot or mass spectrometry analysis for further
validation of the results.
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