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1 | BACKGROUND

| Tamas Bir6®

Abstract

TRPV3 (transient receptor potential vanilloid 3) is a pro-inflammatory ion channel
mostly expressed by keratinocytes of the human skin. Previous studies have shown
that the expression of TRPV3 is markedly upregulated in the lesional epidermis of
atopic dermatitis (AD) patients suggesting a potential pathogenetic role of the ion
channel in the disease. In the current study, we aimed at defining the molecular and
functional expression of TRPV3 in non-lesional skin of AD patients as previous stud-
ies implicated that healthy-appearing skin in AD is markedly distinct from normal skin
with respect to terminal differentiation and certain immune function abnormalities.
By using multiple, complementary immunolabelling and RT-gPCR technologies on
full-thickness and epidermal shave biopsy samples from AD patients (lesional, non-
lesional) and healthy volunteers, we provide the first evidence that the expression
of TRPV3 is markedly upregulated in non-lesional human AD epidermis, similar to
lesional AD samples. Of further importance, by using the patch-clamp method on cul-
tured healthy and non-lesional AD keratinocytes, we also show that this upregulation
is functional as determined by the significantly augmented TRPV3-specific ion current
(induced by agonists) on cultured non-lesional AD keratinocytes when compared to

healthy ones.
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these cation channels were first described on nerves, many have

Members of the transient receptor potential (TRP) channel super-
family are a diverse set of cellular sensors capable of responding
to a wide variety of chemical and physical stimuli. While most of

also been proven to be functionally expressed on epithelial cells
and cells of the immune system.1 TRP channels are also expressed
in the skin, where they are important contributors to multi-
ple homeostatic and inflammatory processes on keratinocytes,
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melanocytes, sebaceous glands, hair follicles and even some
tumours.?

Of particular interest in the context of skin physiology is
TRP vanilloid (TRPV) 3, since it was first described on (murine)
keratinocytes, and not on neurons.® Perhaps the largest break-
through regarding its function was the groundbreaking work that
linked the hairless and pruritic dermatitis phenotype of DS-Nh
mice with a Gly573Ser substitution in the channel.* This lead
not only to hairlessness, but also spontaneous dermatitis and
itch, as well as Staphylococcus aureus colonization, higher IgkE and
IL-4 serum levels, increased T-cell infiltration and hyperkeratosis
in the affected mice.” Mutations in the TRPV3 channel have also
been described in humans, where gain-of-function and even mis-
sense mutations in the gene have resulted in the development of
Olmsted syndrome,“"10 further highlighting its relevance in skin
pathophysiology.®

TRPV3 activation has also been shown to result in the release of
signalling molecules that induce inflammation and itch in neighbour-
ing cells, such as prostaglandin E2, ATP, nerve growth factor and thy-
mic stromal lymphopoietin.>**™*3 Further, we have previously shown
that TRPV3 channels are expressed on human epidermal keratino-
cytes, and that the activation of the channel by the non-specific ag-
onist carvacrol causes an increase in calcium concentration, as well
as decreasing the proliferation of these cells and inducing cell death.
The opening of the channel was also followed by increased produc-
tion of inflammatory mediators in a TRPV3-dependent manner via
the activation of the NF-xB pathway.14

Of significant translational relevance, TRPV3 expression was
found to be increased in lesional skin of atopic dermatitis (AD)
patients as well as in pruritic post-burn lesions on the mRNA
level.®>*> Inhibition of TRPV3 by various compounds has been
proven to be effective in ameliorating AD-like symptoms in animal

models,lé'21

and the channel has also been linked to proteinase-
activated receptor 2.2223 A more recent report has expanded on
these results, by showing that TRPV3 expression is also increased
on the protein level in AD lesions, and that heat-induced itch in
AD patients is dependent on TRPV3. Further, keratinocytes iso-
lated from lesional skin of AD patients showed increased sensi-
tivity to heat in a TRPV3-dependent manner, which resulted in

release of pruritogens.24

2 | QUESTIONS ADDRESSED

Interestingly, the above studies did not investigate in detail whether
the expression and function of TRPVS3 is altered in non-lesional skin
of AD patients that is reportedly distinct from normal skin with
respect to terminal differentiation and certain immune function
abnormalities.?>? Therefore, in the current study, we aimed at as-
sessing and comparing the expressional and functional characteris-
tics of TRPV3 in non-lesional and lesional AD as well as in healthy

specimens.

3 | EXPERIMENTAL DESIGN

Quantitative expressional (RT-qgPCR, Western blotting, immunohis-
tochemistry) analyses were performed on punch and shave biopsies
from AD (non-lesional, lesional) patients and from healthy volunteers
as well as on in vitro primary keratinocyte cultures (both AD and
healthy). Further, functional (patch-clamp) studies were additionally
carried out on cultured primary keratinocytes (for more information

on the Methods, see Supplementary information).

4 | RESULTS

We first employed TRPV3 immunolabelling of skin biopsies (n = 14)
obtained from non-lesional (NL) and lesional (L) skin of patients with
AD as well as samples from healthy volunteers (n = 14) (for relevant
data of the enrolled patients, please see Table S1). As expected from

132427 \we found that the expression of TRPV3

previous studies,
protein in the epidermis was significantly increased in AD-L skin
compared to healthy controls and, as a new data, to AD-NL samples
(Figure 1A,B) (appropriate negative controls are shown in Figure S1).
In addition, there was a tendency of increase of TRPV3 in AD-NL
skin compared to that of the healthy controls which did not reach
significance. The expression of TRPV3 was further validated by 3 in-
dependent monoclonal antibodies revealing similar quantitative and
qualitative patterns (Figure S2).

We also had the chance to obtain epidermis-enriched shave
biopsies from 3 patients (both NL and L regions) as well as from
3 healthy donors (for relevant data of the enrolled patients, please
see Table S3). These shave biopsies were divided into 3 parts: two
parts were immediately processed and subjected to Western blot
and RT-gPCR analysis to quantitatively determine the TRPV3 ex-
pression at the protein and mRNA levels, respectively; whereas the
third part was used to initiate in vitro epidermal keratinocyte cul-
tures. These cultures were then further analysed for quantitative as-
sessment of the molecular (Western blot, RT-gPCR) and functional
(patch-clamp) expressions of TRPV3.

RT-gPCR analysis revealed that TRPV3 expression was signifi-
cantly increased at the mRNA level in shave biopsies taken from
AD-L skin compared to both healthy and AD-NL skin in all donors
(Figure 1C shows the expression of TRPV3 on Donor 1 whereas
data obtained from the other 2 donors are shown in Figure S3).
Importantly, the mRNA expression of TRPV3 was also significantly
higher in AD-NL shave biopsies compared to healthy controls in 2
donor comparisons whereas a non-significant tendency of increase
was identified in the third case. Intriguingly, by Western blot, the
protein level expression of TRPV3 was below the detection level in
all healthy donors (Figure 1D presenting pooled Western blot densi-
tometry analysis data of the 3 donors and Figure S4 presenting the
original Western blots of all donor samples). In contrast, we were
able to detect marked TRPV3 protein expression in all 3 diseased

donor samples with a significantly higher expression in the AD-NL
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FIGURE 1 Expression of TRPV3 is significantly increased in AD patients. (A) TRPV3-specific immunoreactivity (IR), as shown by
immunohistochemistry on representative healthy, non-lesional and lesional atopic dermatitis (AD) skin sections. Magnification 200x (top
row) and 400x (bottom row). Scale bars = 50 pm. (B) Semiquantitative analysis of TRPV3 immunoreactivity on 4 histological sections per
group. Results are expressed as mean + SD. (C, E) TRPV3 mRNA expression in healthy human (Healthy) as well as non-lesional and lesional
AD (Non-Lesional and Lesional) skin tissue, and cell lysates of keratinocytes isolated from healthy human (NHEK: normal human epidermal
keratinocyte) and non-lesional and lesional AD (AD-NHEK: Non-Lesional human epidermal keratinocyte from atopic dermatitis patient and
AD-HEK: Lesional human epidermal keratinocyte from atopic dermatitis patient, 70%: samples harvested at 70% confluence, PC2: samples
harvested on day 2 after 100% confluence, respectively) samples, as assessed by quantitative real-time PCR. Results are expressed as
mean + SD, two additional experiments showed similar results (Figure S2 and S4). (D, F) TRPV3 protein level as determined by Western blot.
Optical density was normalized to B-actin. Results are expressed as mean + SD of 3 independent determinations. *p < 0.05, ***p < 0.001
compared to Healthy groups, #p < 0.05, ###p < 0.001 compared with the Non-Lesional group

regions when compared to the AD-L ones (Figure 1D and Figure S4). These novel data were further assessed in in vitro studies,
To our understanding, this is the first report to show that TRPV3 is which were carried out on pre-confluent (70% confluence) and
not only overexpressed in the AD-L but also in the AD-NL epidermis. post-confluent (PC2, 2 days in confluence) cultures. Interestingly, in
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pre-confluent (proliferating) cultures, the mRNA expression of TRPV3
was found to be significantly higher in cultured keratinocytes isolated
from non-lesional areas of the skin (AD-NHEK), but not in cells from
AD lesions (AD-HEK), when compared to the level found in kerati-
nocytes from healthy volunteers (NHEK), in only 1 donor (Figure 1E);
instead, when compared to NHEK cultures, TRPV3 mRNA levels were
significantly less in both AD-NHEK and AD-HEK cells in the other

2 donors (Figure S5). As a marked contrast, in the post-confluent,
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differentiated cultures (which much better model the in vivo-like
conditions of the epidermis than the pre-confluent ones), the mRNA
expression of TRPV3 was significantly higher in AD-NHEKSs in all 3
donors and in AD-HEKSs in 2/3 donors than in NHEKs (Figure 1E and
Figure S5). Further, in donors 1 and 2, the mRNA expression of TRPV3
was significantly higher in AD-HEKSs than in AD-NHEKs whereas, in
donor 3, the level of TRPV3 was significantly less in AD-HEKSs than in
NHEKSs and AD-NHEKs (Figure 1E and Figure S5).
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FIGURE 2 Function of TRPV3 is significantly increased in AD patients. (A) Representative |-V curves recorded in AD-NHEK cells in
whole-cell patch-clamp configuration, in control (black) and after 100 uM carvacrol (red) and washout (grey). Inset shows the patch-

clamp ramp protocol. (B) Statistical analysis of current densities normalized to cell membrane capacitance measured at -40 mV (left side
downward), at +40 mV (left side upward), at -90 mV (right side downward) and at +90 mV (right side upward) in control (empty columns)
and after 100 pM carvacrol (filled columns) in NHEK cells. Values are mean + SEM, n = 14. (C) Representative experiment shows the typical
time course of 100 pM carvacrol-induced current, measured at -90 mV (magenta), at -40 mV (green), at +40 mV (blue) and at +90 mV
(red). Dashed lines show changes of the experimental solutions. (D) Statistical analysis of current densities normalized to cell membrane
capacitance measured at -40 mV (left side downward), at +40 mV (left side upward), at -90 mV (right side downward) and at +90 mV (right
side upward) in control (empty columns) and after 100 pM carvacrol (filled columns) in AD-NHEK cells. Values are mean + SEM, n = 4. (E, F)
Mean values show changes in currents after 100 pM carvacrol treatment. Filled columns show NHEK, while dashed columns show AD-
NHEK cells. Currents are displayed as the percentage of the control (no drug), where (E) shows currents at -90 mV and at -40 mV, while
(F) shows currents at +40 mV and at +90 mV. Values are mean + SEM, n = 14 and n = 4 for NHEK and AD-NHEK, respectively. *p < 0.05

compared to control or NHEK groups
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Interestingly, in contrast to Western blot findings on shave biop-
sies (Figure 1D and Figure S4), cultured NHEKSs expressed substan-
tial levels of TRPV3 protein; of further importance, this expression
was statistically not different from those of the AD-NHEK and
AD-HEK cultures, irrespective of their proliferation or differentia-
tion status (pre- or post-confluent cultures) (Figure 1F presenting
pooled Western blot densitometry analysis data of the 3 donors and
Figure Sé presenting the original Western blots of all donors).

To determine whether TRPV3 is also functionally overexpressed
in AD skin, we sought to perform patch-clamp experiments on
NHEKs, AD-NHEKs and AD-HEKs. Utilizing the whole-cell patch-
clamp configuration, we have previously shown that TRPV3 ion
channels can be specifically engaged by the agonist carvacrol result-
ing in both inward and outward membrane on NHEKs': these find-
ings were confirmed in the current setting (Figure 2A) and extended
to AD cultures. Unfortunately, we were unable to form stable seals
on AD-HEK cells (in spite of patching more than 150 cells from
3 separate donors), perhaps due to the increased fragility of these
keratinocytes.28 On AD-NHEKSs, however, we found that, similar to
NHEKSs, both inward and outward currents were markedly and sig-
nificantly (p < 0.05) increased by the TRPV3 agonist 100 uM carvac-
rol which effects were reversible by thorough washout (Figure 2B,C).
Currents were measured and normalized to cell membrane capaci-
tance at four different membrane potentials (ie at =90, =40, +40 and
+90 mV) in NHEKSs (Figure 2A) and AD-NHEKs (Figure 2D), respec-
tively. Statistical analysis of current densities showed a significant
current in both cell types at +40 and +90 mVs, while this change was
significant at =40 and -90 mVs only in NHEK cells (most likely due
to larger sample size in the NHEK group) (Figure 2A,D). Most impor-
tantly, the carvacrol-induced normalized currents were significantly
greater (at -90 and +90 mV) in AD-NHEK cells compared to NHEKSs
(Figure 2E,F) suggesting that TRPV3 is functionally overexpressed
on AD-NHEKSs when compared to healthy NHEKSs.

5 | CONCLUSIONS AND PERSPECTIVES

The novel findings of our current study lead to multiple conclusions.
Indeed, we provide the first evidence that TRPVS3, a prototypic pro-
inflammatory ion channel of the human epidermis,** is upregulated
not only in lesional, but also in healthy-appearing, non-lesional
epidermis of AD patients (when compared to healthy skin) which
is markedly distinct from normal skin with respect to terminal dif-
ferentiation and certain immune function abnormalities (Figure 1).2°
Of further importance, we found that the elevated TRPV3 levels in
non-lesional (and lesional) AD skin were detected both at the protein
and mRNA levels. Previously, TRPV3 expression in non-lesional AD
skin samples was assessed only in a very recent study in which the
authors reported only insignificant changes between non-lesional
AD and healthy skin by RNASeq.?’

As in practically all studies with human samples and primary

cultures from these human specimen, we also observed marked

inter-donor variability among the different tissue samples in-
vestigated (full-thickness skin and epidermal shave biopsies as
well as primary keratinocyte cultures) and the employed tech-
nologies (immunohistochemistry, Western blotting, RT-qPCR).
Therefore, we extended the expressional analyses with a func-
tional method (ie patch-clamp) which is the most instrumental
technology to provide the “real proof” for identifying the aug-
mented function of an ion channel. Possibly most importantly,
we found that the agonist-induced TRPV3-mediated ion current
is significantly augmented in cultured non-lesional AD keratino-
cytes (when compared to currents measured on healthy ones)
(Figure 2) which data remarkably support the key message of
our study.

Taken together, our presentation that TRPV3 is not only upreg-
ulated in lesional but also in non-lesional skin parts of AD patients
provide valuable preclinical data for those translational and clinical
studies that aim at targeting (most probably, inhibiting) the chan-
nel in the management of AD and possibly other inflammatory skin

conditions.?’

ACKNOWLEDGEMENTS

This work was supported by Hungarian research grants (NRDIO
125053, NRDIO 128034, NRDIO 120552, GINOP-2.3.2-15-
2016-00015) and financial support from Ono Pharmaceutical Co.,
Ltd. AGS is a recipient of the Janos Bolyai Research Scholarship of
the Hungarian Academy of Sciences and he is also supported by
the New National Excellence Program of the Ministry of Human
Capacities (UNKP-20-5-DE-100).

CONFLICT OF INTEREST

TB provides consultancy services to Phytecs, Inc. (Los Angeles, CA,
USA) and Monasterium Laboratory (Miinster, Germany) who had no
role in conceiving the study, designing the experiments, writing the
manuscript or in the decision to publish it. The other authors state
no conflict of interest.

AUTHOR CONTRIBUTIONS

TB and AGS conceptualized the project. NV, ZsP, and KK took part
in the investigation. NV and KK performed visualization of data. NV
and AGS optimized applied methodology. PPN and AS contributed
valuable resources in the form of access to patch-clamp setups and
patient samples, respectively. SM performed formal analysis of data.
NV and AGS prepared the original draft whereas TB provided in-
valuable feedback by reviewing and editing the final manuscript.
TB supervised the project, who was also responsible for funding

acquisition.

DATA AVAILABILITY STATEMENT

Research data are not shared.

ORCID

Attila Gdbor Sz6l1l6si “= https://orcid.org/0000-0001-6046-8236


https://orcid.org/0000-0001-6046-8236
https://orcid.org/0000-0001-6046-8236

812 :
WI LE Y-S B Y

VASAS ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Khalil M, Alliger K, Weidinger C, et al. Functional role of transient
receptor potential channels in immune cells and epithelia. Front
Immunol. 2018;9:174. doi:10.3389/fimmu.2018.00174

Toth BI, Olah A, Szollési AG, Bird T. TRP channels in the skin. Br J
Pharmacol. 2014;171(10):2568-2581. doi:10.1111/bph.12569

Peier AM, Reeve AJ, Andersson DA, et al. A heat-sensitive TRP
channel expressed in keratinocytes. Science. 2002;296(5575):2046-
2049. doi:10.1126/science. 1073140

Asakawa M, Yoshioka T, Matsutani T, et al. Association of a mu-
tation in TRPV3 with defective hair growth in rodents. J Invest
Dermatol. 2006;126(12):2664-2672. doi:10.1038/sj.jid.5700468
Yoshioka T, Imura K, Asakawa M, et al. Impact of the Gly573Ser
substitution in TRPV3 on the development of allergic and pru-
ritic dermatitis in mice. J Invest Dermatol. 2009;129(3):714-722.
doi:10.1038/jid.2008.245

Lin Z, Chen Q, Lee M, et al. Exome sequencing reveals mutations
in TRPV3 as a cause of Olmsted syndrome. Am J Hum Genet.
2012;90(3):558-564. doi:10.1016/j.ajhg.2012.02.006

Choi JY, Kim SE, Lee SE, Kim SC. Olmsted syndrome caused by
a heterozygous p.Gly568Val missense mutation in TRPV3 gene.
Yonsei Med J. 2018;59(2):341-344. doi:10.3349/ym;j.2018.59.2.341
Nagai H, Takaoka Y, Sugano A, Nakamachi Y, Kawano S, Nishigori C.
Identification of a heterozygous p.Gly568Val missense mutation in
the TRPV3 gene in a Japanese patient with Olmsted syndrome: in
silico analysis of TRPV3. J Dermatol. 2017;44(9):1059-1062. doi:10.
1111/1346-8138.13844

Chiu FP-C, Salas-Alanis JC, Amaya-Guerra M, Cepeda-Valdes R,
McGrath JA, Hsu C-K. Novel p.Ala675Thr missense mutation in
TRPV3 in Olmsted syndrome. Clin Exp Dermatol. 2020;45(6):796-
798.doi:10.1111/ced.14228

Zhong W, Hu L, Cao X, et al. Genotype-phenotype correla-
tion of TRPV3-related olmsted syndrome. J Invest Dermatol.
2021;141(3):545-554. doi:10.1016/j.jid.2020.06.035

Huang SM, Lee H, Chung M-K, et al. Overexpressed transient recep-
tor potential vanilloid 3 ion channels in skin keratinocytes modulate
pain sensitivity via prostaglandin E2. J Neurosci. 2008;28(51):13727-
13737. d0i:10.1523/JNEUROSCI.5741-07.2008

Mandadi S, Sokabe T, Shibasaki K, et al. TRPV3 in keratino-
cytes transmits temperature information to sensory neurons via
ATP. Pflugers Arch. 2009;458(6):1093-1102. do0i:10.1007/s0042
4-009-0703-x

Yamamoto-Kasai E, Yasui K, Shichijo M, Sakata T, Yoshioka T. Impact
of TRPV3 on the development of allergic dermatitis as a dendritic
cell modulator. Exp Dermatol. 2013;22(12):820-824. doi:10.1111/
exd.12273

Sz6ll6si AG, Vasas N, Angyal A, et al. Activation of TRPV3 regulates
inflammatory actions of human epidermal keratinocytes. J Invest
Dermatol. 2018;138(2):365-374. d0i:10.1016/j.jid.2017.07.852
Yamamoto-Kasai E, Imura K, Yasui K, et al. TRPV3 as a thera-
peutic target for itch. J Invest Dermatol. 2012;132(8):2109-2112.
doi:10.1038/jid.2012.97

Nam JH, Jung HW, Chin Y-W, Yang W-M, Bae HS, Kim WK. Spirodela
polyrhiza extract modulates the activation of atopic dermatitis-
related ion channels, Orail and TRPV3, and inhibits mast cell de-
granulation. Pharm Biol. 2017;55(1):1324-1329. doi:10.1080/13880
209.2017.1300819

Kang SY, Jung HW, Nam JH, et al. Effects of the fruit extract of
Tribulus terrestris on skin inflammation in mice with oxazolone-
induced atopic dermatitis through regulation of calcium channels,
Orai-1 and TRPV3, and mast cell activation. Evid Based Complement
Alternat Med. 2017;2017:8312946. doi:10.1155/2017/8312946
Sun X-Y, Sun L-L, Qi H, et al. Antipruritic effect of natural cou-
marin osthole through selective inhibition of thermosensitive

TRPV3 channel in the skin. Mol Pharmacol. 2018;94(4):1164-1173.
doi:10.1124/mol.118.112466

19. QuY,Wang G, Sun X, Wang K. Inhibition of the warm temperature-
activated Ca2+-permeable transient receptor potential vanil-
loid TRPV3 channel attenuates atopic dermatitis. Mol Pharmacol.
2019;96(3):393-400. doi:10.1124/mol.119.116962

20. Zhang H, Sun X, Qi H, et al. Pharmacological inhibition of the
temperature-sensitive and Ca2+-permeable transient receptor
potential vanilloid TRPV3 channel by natural forsythoside B atten-
uates pruritus and cytotoxicity of keratinocytes. J Pharmacol Exp
Ther. 2019;368(1):21-31. doi:10.1124/jpet.118.254045

21. Sun X, Qi H, Wu H, Qu Y, Wang K. Anti-pruritic and anti-
inflammatory effects of natural verbascoside through selective
inhibition of temperature-sensitive Ca2+-permeable TRPV3
channel. J Dermatol Sci. 2020;97(3):229-231. doi:10.1016/j.jderm
sci.2020.01.004

22. Smith L, Gatault S, Casals-Diaz L, et al. House dust mite-treated
PAR2 over-expressor mouse: a novel model of atopic dermatitis.
Exp Dermatol. 2019;28(11):1298-1308. doi:10.1111/exd.14030

23. Zhao J, Munanairi A, Liu X-Y, et al. PAR2 mediates itch via TRPV3
signaling in keratinocytes. J Invest Dermatol. 2020;140(8):1524-
1532. doi:10.1016/}.jid.2020.01.012

24. Seo SH, Kim S, Kim S-E, Chung S, Lee SE. Enhanced thermal sen-
sitivity of TRPV3 in keratinocytes underlies heat-induced prurito-
gen release and pruritus in atopic dermatitis. J Invest Dermatol.
2020;140(11):2199-2209.e6. doi:10.1016/.jid.2020.02.028

25. Suarez-Farifnas M, Tintle SJ, Shemer A, et al. Nonlesional atopic
dermatitis skin is characterized by broad terminal differentiation
defects and variable immune abnormalities. J Allergy Clin Immunol.
2011;127(4):954-964.e1-4. doi:10.1016/j.jaci.2010.12.1124

26. Pavel AB, Renert-Yuval Y, Wu J, et al. Tape strips from early-onset
pediatric atopic dermatitis highlight disease abnormalities in nonle-
sional skin. Allergy. 2021;76(1):314-325. doi:10.1111/all.14490

27. Larkin C, Chen W, Szabd IL, et al. Novel insights into the TRPV3-
mediated itch in atopic dermatitis. J Allergy Clin Immunol.
2021;147(3):1110-1114.e5. doi:10.1016/j.jaci.2020.09.028

28. Blume-Peytavi U, Tan J, Tennstedt D, et al. Fragility of epidermis in
newborns, children and adolescents. J Eur Acad Dermatol Venereol.
2016;30(54):3-56. doi:10.1111/jdv.13636

29. Broad LM, Mogg AJ, Eberle E, Tolley M, Li DL, Knopp KL. TRPV3
in drug development. Pharmaceuticals (Basel). 2016;9(3):55.
doi:10.3390/ph9030055

SUPPORTING INFORMATION
Additional supporting information may be found in the online

version of the article at the publisher’s website.

Table S1 Summary of key relevant information of the 14 donors who
provided punch biopsies

Table S2 Summary of key relevant information of the 3 donors who
provided shave biopsies

Figure S1 Negative control staining of healthy, non-lesional and
lesional atopic dermatitis skin sections. Magnification 200x.

Figure S2 TRPV3-specific
immunohistochemistry on representative healthy, non-lesional and

immunoreactivity, as shown by
lesional atopic dermatitis skin sections using three commercially
available primary monoclonal antibodies. Magnification 100x (top
rows) and 200x (bottom rows). Scale bars =100 pm or 50 um. (100x and
200x, respectively). Enlarged portions of 200x images are displayed
on the far right for all antibodies to better show subcellular localization.
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Figure S3 TRPV3 mRNA expression in healthy human (Healthy) as
well as non-lesional and lesional atopic dermatitis (Non-Lesional
and Lesional) skin tissue, as assessed by quantitative real-time
PCR. Results are expressed as mean + SD of three independent
determinations. *p < 0.05, ***p < 0.001 compared to Healthy groups,
### marks significant (p < 0.001) differences compared to the Non-
Lesional group.

Figure S4 Western blot analysis of TRPV3 protein expression on
healthy (H), non-lesional (NL) and lesional (L) shave biopsies. Equal
loading was assessed by determining expression of f-actin.

Figure S5 TRPV3 mRNA expression in cell lysates of keratinocytes
isolated from healthy human (NHEK) and non-lesional and lesional
atopic dermatitis (AD-NHEK and AD-HEK, respectively) samples,
as assessed by quantitative real-time PCR. Results are expressed as

mean + SD. **p < 0.01, ***p < 0.001 compared to respective NHEK
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group, ### marks significant (p < 0.001) differences compared to
the AD-NHEK group.
Figure S6 Western blot analysis of TRPV3 protein expression on cell
lysates from keratinocytes derived from healthy, non-lesional and
lesional shave biopsies. Equal loading was assessed by determining
expression of B-actin.
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