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Totheeditor,

Most cases of excessive hair loss and unwantedghawth (effluvium, alopecia, hirsutism,
hypertrichosis) result in part from major disturbas in the cyclic transformation of hair
follicles (HFs), namely in their switch from activgrowth and pigmented hair shaft
production (anagen) to apoptosis-driven HF involut{catagen) (Oh et al. 2016; Paus and
Cotsarelis 1999). It is now clear that this switlso underlies profound neuroendocrine

controls that still await systematic therapeutrgéding (Paus et al. 2014).

In this context, the endocannabinoid system igetml interest (Olah and Bir6 2017; Toéth et
al. 2019) (s1). Specifically, activation of €Beceptors by the endocannabinoid anandamide,
and the plant-derived (A°-transtetrahydrocannabinol, promotes premature catagey &
human scalp HFex vivo(Telek et al. 2007). Yet, 2-arachidonoylglycemhother prototypic
endocannabinoid, does not modulate HF groetvivq suggesting functional heterogeneity

between different cannabinoids in terms of humandrawth modulation (Telek et al. 2007).

This motivated us to also explore how another ptamoaabinoid, (-)-cannabidiol (CBD),
impacts on human hair growth. This major non-psyrcpic phytocannabinoid does not
activate CB receptors, but may context-dependently signal mizdulating several other
targets (e.g. GPR55, 5-hiJor p-opioid receptors, etc.) (Pertwee 2008). Moreoitas used

in the clinical practice in multiple sclerosis andrtain epilepsies, and is currently under
intense investigation for various uses in clinioaédicine, ranging from neuropsychiatric
disorders to acne (ID at ClinicalTrials.gov: NCT@3518) £2-s5). In fact, CBD exerts
complex sebostatic and anti-inflammatory effectghenpilosebaceous unit by activating both
transient receptor potential vanilloid-4 (TRPV4jichannels and adenosingsAeceptors on
sebocytes (Olah et al. 2014). Topically administe2&8D is likely to also reach human HFs,

which express functional TRPV4 receptors whose wdttion induce premature catagen
2



(Szabo et al. 2018), while adenosine reportedlynptes human hair growth (Oura et al.

2008).

Therefore, we asked in the current exploratoryt@tady whether and how CBD impacts on
microdissected, organ-cultured human scalp HFsdaaret al. 2015) and primary human
outer root sheath keratinocytes (ORSK) isolatedautitired from plucked hair shafts (Ramot
et al. 2018), obtained after written informed caonisérom dermatologically healthy

individuals. The study adhered to Helsinki guidetin and was institutionally and
governmentally approve&or methodological details, see thagpplementary Materials and

methods section.

First, we probed if CBD influenced hair shaft protion of microdissected human HFs. We
found that, when applied at 0iM, CBD tended to promote hair shaft elongation,, but
unexpectedly, did not modulate HF cycling and hamtrix keratinocyte proliferation or
apoptosisex vivo (Figure 1). This tendency may represent a pseudo-elongatidhe hair
shaft, which is pushed out of its anchorage inHReby tissue shrinkage during the course of
organ culture. Instead, 1M CBD significantly suppressed hair shaft productiBigure 1a;
Supplementary Figure S1), and induced development of catagen morphol&gyuf e 1b-c).
This was accompanied by a significant reductiomhefratio of proliferating (Ki-67+) and a
significant increase in the percentage of apopt¢tidNEL+) hair matrix keratinocytes
(Figure 1d-e), indicating the onset of an apoptosis-associatgdlution. This invited the

hypothesis that CBD may concentration-dependeattyet different receptors.

This hypothesis was probed in cultured ORSKs, wifigthlitate mechanistic analyses, and
permit higher throughput assessments than vergealgaavailable scalp HFs. In line with the

above HF data, CBD rapidly decreased the ORSK c{@Hi2-hr treatments; CyQUANT-
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assay;Supplementary Figure S2a-d), reduced viability, and induced chiefly apoptatill
death in a concentration- and time-dependent ma(vwehr treatments; MTT-assay and

combined DilG(5)-SYTOX Green labelingSupplementary Figure S3a-b).

CBD activates mostly Gapermeable TRPV4 ion channels (Olah et al. 2014)pse
stimulation promotes catagen in human Hksvivo(Szabd et al. 2018). In line with this, the
catagen-promoting CBD concentrationlQ uM) induced C&™-influx in cultured ORSKs
(Figure 2a-b), which was almost completely abrogated by thehljigselective TRPV4
antagonist, HC067047 (M) (s6). (Figure 2c-d). This suggests that, at micromolar
concentrations, CBD activates TRPV4 in human ORS®] that its catagen-promoting
effect on organ-cultured HFs may be stimulatedsigaling through this newly identified

catagen-inducing pathway.

Reportedly, toll-like receptor 3 (TLR3) activatiam human ORSKs leads to inflammasome
activation and subsequent interleukin (Ily4iroduction (Shin et al. 2017), which may create
a pro-inflammatory, catagen- and HF dystrophy-prngosignaling milieu $7-s9). Since
CBD exerts remarkable anti-inflammatory effectsaveral systems (Olah et al. 201500},

we also assessed how a non-cytotoSapplementary Figure S2a-d and S3a-b) and non-
catagen-promoting=igur e 1a-e) CBD concentration (i.e. 04M) impacts on the production
of catagen-promoting cytokines by ORSKs. InterggyinCBD effectively antagonized not
only the TLR3-activator poly-(I:C)-induced up-regtibn oflL-1f, but also that ofi_-6, IL-8,
and tumor necrosis factos= (TNF-w) (Figure 2e). Similar to sebocytes, these anti-
inflammatory actions of CBD appear to primarily dagd on adenosine receptor-mediated
signaling, since the adenosine receptor pan-anistgddGS 15943 q11-s13) almost
completely abrogated the CBD effects reported ab@ugure 2e). Besides potentially

reducing the hair growth-inhibitory effects of thikely high level of these wounding-
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associated cytokines of freshly microdissected Efffapared to vehicle-treated controls, the
moderate hair shaft-stimulatory effects of 1 CBD (Fig. 1a) may also result from
increased FGF7 transcription by human dermal papibroblasts (lino et al. 2007).
Therefore, it deserves further dissection whethdarmscromolar CBD helps to normalize a
catagen-promoting, pro-inflammatory HF signalinglieoi, reduces the cytokine-driven
recruitment and activation of hair growth-inhiogammune cells to the HFs, and promotes

the production of hair growth-supporting growthtéas such as FGF7.

Although our pilot data need to be followed up lpgtematic dose-response experiments in a
wider range of CBD concentrations, tested in HRaorgultures from additional patients, the
current data invite the hypothesis that submicr@amadenosine receptor-activating doses of
CBD may reduce the intrafollicular production oftaigen-promoting cytokines and could
thus become useful as adjunct therapy for inflaronyahair loss disorders characterized by
excessive levels of these cytokines. Instead, TR&Wating micromolar concentrations of
CBD are attractive candidate inhibitors of unwankedr growth Supplementary Figure
). If the currentex vivofindings, which imitate a systemic mode of CBD laggtion, are
reproducible after topical application, it will d@se rigorous exploration whether
administering submicromolar versus micromolar tapi€BD can indeed evoke differential,
therapeutically desired effects in clinical haiogth management. Detailed discussion about

the limitations of our study can be found in hgplementary Discussion section.
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Figurelegends

Figure 1 CBD differentially influences elongation as well &sir cycle of human
microdissected hair follicles

(a) Hair shaft elongation curves. HFs (N=54 HFs frBrdonors per treatment, expressed as
meantSEM) were treated as indicated. * and *** maignificant £<0.05 and 0.001,
respectively) differences as indicated at Dayé. {pllowing 6 days of treatmenth)(Results

of microscopic hair cycle staging. *** marks signdnt (P<0.001) differences y{-test
followed by Fisher’s exact test) compared to theti group. ¢) Sections of representative
HFs following HE staining. Scale bars: hth. (d) Percentages of proliferating (Ki-67+) and
apoptotic (TUNEL+) matrix keratinocytes were detered. Data are expressed as
mean+SEM of N=36-40 HFs from 3 donors per treatme&nt* and *** mark significant
(P<0.05, 0.01 and 0.001, respectively) differencasmared to the respective control groups.
() Representative pictures of Ki-67 (red) and TUNEeen) double staining after the
indicated treatments. Nuclei were counterstaineddi8+diamidino-2-phenylindole (DAPI;
blue). Scale bars: 50m. CBD: (-)-cannabidiol;HE: hematoxylin-eosin stainingdF: hair

follicle.

Figure 2 Pro-catagen concentrations of CBD activate TRPVA ahannels, whereas at
submicromolar concentration it exerts anti-inflantorg actions via the activation of
adenosine receptors

(a-d) Fluo-4 AM-based fluorescent &ameasurements and their statistical analyses.
Compounds were applied as indicated by the resectirows. & and ¢) Fluorescence
(measured in relative fluorescence units) was nbzethto the baseline, and is presented as
meantSEM of F/fvalues of N=3-6 wells.b( andd) Mean+SEM of the peak R{Fvalues
measured following the indicated treatments. *affd *** mark significant P<0.05, 0.01 or

0.001, respectively) differences compared to tharob (b) or as indicatedd). () Q-PCR.
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10

TNF-, IL-15, IL-6, andIL-8 mMRNA expression in human ORSKs was determinedviatig
the indicated 3-hr treatments (poly-(I:C): g&/ml; CBD: 0.1uM; CGS 15943: 0.1.M). Data
are presented by usimACT method regardin@ APDHnormalized mRNA expressions of
the vehicle control as 1. Data are expressed asxB&aof 3 determinations. Two additional
experiments yielded similar results®*f+/# * #%%%%p<0 05 0.01 or 0.001, respectively
(*: vs. control; * vs. poly-(:C); * vs. poly-(1:C)+CBD). n.s.: not significanCBD: (-)-
cannabidiol;CGS 15943: a pan-antagonist of the adenosine receptd€)67047: specific
TRPV4 antagonist]L: interleukin; poly-(1:C): polyinosinic-polycytidylic acid (Toll-like

receptor 3 activator)f NF: tumor necrosis factor.

10
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SUPPLEMENTARY MATERIALS AND METHODS
Materials
(-)-cannabidiol (CBD), the  TRPV4-selective  antagbni HC067047 g5

(http://www.guidetopharmacology.org/GRAC/LigandOeyg-orward?tab=biology&ligandid

=4213), and the adenosine receptor pan-antagoniseS C 15943 ¢10-s12

http://www.guidetopharmacology.org/GRAC/LigandDesgiForward?ligandld=384) were

purchased from Tocris (Bristol, UK), whereas theRBLactivator dsRNA polyinosinic-
polycytidylic acid (poly-(I:C)) was obtained fromggna-Aldrich (St Louis, MO, USA). CBD
was dissolved in absolute ethanol, whereas theesblef HC067047 and CGS 15943 was
dimethyl sulfoxide (DMSO). Poly-(I:C) was dissolved filtered distilled water. Control

cultures were always treated with appropriate arhotiehicle(s).

Isolation and maintenance of HFs

Human skin samples were obtained following obtajnimritten informed consent from
healthy individuals undergoing dermatosurgery. Bhedy adhered to Helsinki guidelines,
and was institutionally and governmentally approwsdthe Institutional Research Ethics
Committee and the Government Office for Hajdu-Bil@wunty (protocol No.: DE OEC
RKEB/IKEB 3724-2012; document IDs: IX-R-052/0139@@12, IF-12817/2015, IF-
1647/2016, IF-778-5/2017). Human anagen VI HFs wsokated from skin obtained from
two male (28 and 32 years old) and one female (B8rsy old) patients undergoing
neurosurgical intervention as described before l§B6ret al. 2011; Langan et al. 2015; Olah
et al. 2016b). Isolated HFs were cultured in Whlld E medium (Invitrogen, Paisley, UK)
supplemented with 2 mM L-glutamine (Invitrogen), h@/ml hydrocortisone, 10 mg/ml
insulin, and antibiotics (all from Sigma- Aldrichljreatments were initiated 24 hours after the

isolation. Medium was changed every other day, ed®itreatment with CBD (or vehicle)



was performed daily. Length measurements were peéo on individual HFs using a light

microscope with an eyepiece measuring graticule.

Isolation and culture of outer root sheath keratin@ytes (ORSKS)

Isolation and culture of ORSKS was performed follayvour previously optimized protocols
(see e.g. Borbiré et al. 2011; Ramot et al. 20B3)efly, plucked hair shafts of healthy
volunteers (both females and males; age: 23-47syelal) were digested using trypsin to
isolate ORSKs. Isolated ORSKs were seeded to aefdeger of primary human dermal
fibroblasts (HDFs) that were pre-treated overnighth mitomycin C (0.4 pg/ml [from

Sigma-Aldrich]) in order to block their proliferati. HDFs were obtained from de-
epidermized dermis using enzymatic digestion. datoes of non-proliferating feeder HDFs
and ORSKs were maintained in a 1:3 mixture of Haml2 and DMEM (both from

Invitrogen) supplemented with 0.1 nM cholera toxi®, mg/ml insulin, 0.4 mg/mi

hydrocortisone, 2.43 mg/ml adenine, 2 nM triiodotmyne, 10 ng/m1l epidermal growth
factor, 1 mM ascorbyl-2-phosphate and antibioti&é ffom Sigma-Aldrich). ORSKs were
plated for subsequent experiments on collagen-dodt#; 37°C for 1 hour; obtained from

Sigma-Aldrich) culture dishes without HDF feedeyda

Hematoxylin-eosin (HE) staining of frozen tissue stions

6 um thick cryosections of the HFs were dried atmdemperature (10 min), and fixed in pre-
cooled acetone (10 min at -20°C). Sections werg ti@shed in distilled water for 1 min at
room temperature, and stained with Mayer’s hemaditoXgr 35 sec at room temperature.
Following gentle washing under the tap water fomiih at room temperature, sections were
stained with 0.1% Eosin Y Solution (1 min at rooemperature). Sections were then
dehydrated (washing 3-4 times in 70, 96 and 1008aretl), and incubated in Xylene (2x10

min at room temperature). Finally, sections weraumed by using Eukitt quick-hardening
2



mounting medium (Sigma-Aldrich). Images were takgnusing bright field function of a
Nikon Eclipse E600 microscope (Nikon, Tokyo, Japadlk staining was then used for
studying HF morphology, and, together with Ki-67NBL double labeling (see below), for
staging hair cycle to anagen, early catagen aedcktagen according to pre-defined objective

morphological criteria (Kloepper et al. 2010).

Assessment of proliferation and apoptosis of matrixkeratinocytes (Ki-67/TUNEL

double labeling)

Proliferation and apoptosis were assessed by KI8MEL double-immunostaining as
described previously (Kloepper et,&010; Borbird et al. 2011; Olah et al. 2016b)ety,
cryosections (um) were air dried for 10 minutes at room tempera{lRT), and then fixed
for 10 min in 1% paraformaldehyde (PFA) in phospHatffered saline solution (PBS; 15
mM NaCl, 20 mM NaHPQ, pH 7.4; all from Sigma-Aldrich) at RT. Samples reve
rehydrated in PBS for 5 minutes (2x), and were tpest-fixed for 5 minutes in precooled
ethanol-acetic acid 2:1 at -20°C, and then rehedrat PBS again for 5 minutes (3x). After
rehydration, sections were incubated with an egpation buffer for 5 minutes at RT, and
then incubated with TdT-Enzyme for 1 hour at 377©. reveal proliferation, mouse anti-
human Ki-67 (DAKO, Carpinteria, CA, USA) primary tdbody was used. In addition, to
assess apoptosis, a TUNEL assay was performed asingpopTag Fluoresceim situ
Apoptosis Detection Kit (Merck Millipore) followingthe manufacturer's instructions.
Sections were incubated with the primary antibodgroight at 4°C, and then with the
secondary antibody (Alexa Fluor 568 goat anti-molgg®, Invitrogen) for 45 min at RT.
Sections were washed in PBS and were counterstautad4’,6-diamidino-2-phenylindole
(DAPI) (Sigma-Aldrich) and mounted with Fluoromor® (Southern Biotechnology
Associates, Birmingham, AL, USA). Visualization thie signals was performed by using a

Nikon Eclipse E600 fluorescent microscope (NikoRpatio of proliferating (Ki-67+) and
3



apoptotic (TUNEL+) cells was determined in defirreference regions of the hair bulb, and
were expressed as percentage of the total celltabetermined by counting DAPI-positive

nuclei.

Quantitative real-time polymerase chain reaction (GQPCR)

Q-PCR was performed on a Stratagene MXP3005p dmtesystem (Agilent Technologies,
Santa Clara, California, USA) by using the 5’ nasle assay, as we have previously (Olah et
al. 2014). Briefly, ORSKs were seeded to Petri-gléstid=35 mm; 500,000 cells/1.5 mL
medium/dish), and were harvested following the gatkd 3-hr treatments. Total RNA was
then isolated using TRIzol reagent (Invitrogen)aadog to manufacturer’'s protocol. The
concentrations and purities of the RNA samples waeasured by NanoDrop ND-1000
spectrophotometer (Thermo Scientific, Biosciencad&pest, Hungary), and samples were
kept at -20°C until further processing. Next, DNasatment was performed according to the
manufacturer’'s protocol, and then,ud of total RNA was reverse-transcribed into cDNA
using High-Capacity cDNA Kit from Life Technologiétungary Ltd. PCR amplification was
performed using the TagM&nGene Expression Assays (assay IDs: Hs00174092om1 f
interleukin [IL] -1a; Hs00985639_m1 fdil-6; a Hs00174103_m1 fal-8; Hs00174128_m1
for tumor necrosis factor-a [TNF-¢]) and the TagMan universal PCR master mix protocol
(Applied Biosystem). As internal control, transt¢sipof glyceraldehyde 3-phosphate
dehydrogenase [ GAPDH] (assay ID Hs99999905 m1) were determined. The atmiuthe
transcripts was normalized to those of the hougghgegene using th&CT method, and then
the relative expression values were further nomzedlito the ones of the vehicle-treated

control AACT method).



Fluorescent C&" measurements

ORSKs were seeded in 96-well black-well/clear buttgplates (Greiner Bio-One,
Kremsmuenster, Austria) previously coated with 18ftagen in ORSK medium at a density
of 20,000 cells per well, and were incubated atC3#r 24 hours. The cells were washed
once with 1(g/100 mL)% bovine serum albumin and@M probenecid (both from Sigma-
Aldrich) containing Hank’s solution (136.8 mM NaGl4 mM KCI, 0.34 mM NgHPQy, 0.44
mM KHo,PQO,, 0.81 mM MgSQ, 1.26 mM CaCl, 5.56 mM glucose, 4.17 mM NaHGOpH
7.2, all from Sigma-Aldrich), and then were loaddth 1 uM Fluo-4 AM (Life Technologies
Hungary Ltd.) dissolved in Hank’s solution (10@well) at 37°C for 30 min. The cells were
then washed three times with Hank’s solution (LO®ell). The plates were then placed into
a FlexStation fi®* multi-mode microplate reader (Molecular Devicesn@Syvale, CA, USA)
and alterations of the cytoplasmic“aoncentration (reflected by changes in fluoresegnc
Aex: 490nm, Aem: 520nm) were monitored at room temperature following épplication of
the indicated substances or vehicle. In order db@reactivity and viability of the cells, at the
end of each measurement, 0.2 mg/ml ATP was adrmaieitas a positive control (data not
shown). Data are presented aspFifhere k is the average baseline fluorescence (i.e. before

compound application), whereas F is the actuarésicence.

Determination of cellular proliferation

The degree of cellular growth (reflecting prolifeoa) was determined by measuring the
DNA content of cells using CyQUANT Cell Proliferati Assay Kit (Life Technologies
Hungary Ltd). ORSKs (5,000 cells per well) weretardd in 96-well “black well/clear
bottom” plates (Greiner Bio-One), and were treatsdndicated in octuplicates. Supernatants
were then removed by blotting on paper towels, thedplates were subsequently frozen at -
80°C. The plates were then thawed at room tempesasund 200 pl of CyQUANT dye/cell

lysis buffer mixture was added to each well. Affemin of incubation, fluorescence was
5



measured at 490 nm excitation and 520 nm emissiavelengths using FlexStatior™1
multi-mode microplate reader (Molecular Deviceskld®ve fluorescence values were

expressed as percentage of the daily vehicle doegarded as 100%.

Evaluation of cellular viability

To assess the effect on viability, we applied MBBay (Sigma-Aldrich) as mitochondrial
enzymes of living cells are able to transform tagteum salt (MTT) into formazan crystals.
ORSKs were seeded in 96-well plates (density: 1D,06lIs/well) and were treated as
indicated in octuplicates with various concentnagioof CBD or vehicle. Cells were then
incubated with 0.5 mg/ml MTT reagent for 3 hounsd aoncentration of formazan crystals
(as an indicator of number of viable cells) wased®ined colorimetrically at 565 nm by
using FlexStation 3 multi-mode microplate readerol@dular Devices). Results were

expressed as percentage of vehicle control regasi@00%.

Determination of apoptosis

A decrease in the mitochondrial membrane potensabne of the earliest markers of
apoptosis (Green and Reed, 1998, Susin et al. 1998&refore, to assess the process,
mitochondrial membrane potential of SZ95 sebocytas determined using a MitoProbe™
DilC(5) Assay Kit (Life Technologies Hungary Ltd.). 3¢{10,000 cells/well) were cultured

in 96-well “black well/clear bottom” plates (GremBio One) in octuplicates and were treated
as indicated. After removal of supernatants, celeye incubated for 30 minutes with
1,1,3,3,3,3-hexamethylindodicarbo-cyanine iodide (Di(6)) working solution (5Qul/well),
then washed with PBS, and the fluorescence of {B)Gvas measured at 630 nm excitation
and 670 nm emission wavelengths using FlexStatid#f iulti-mode microplate reader
(Molecular Devices). Relative fluorescence valuesenexpressed as percentage of vehicle

control regarded as 100%.



Determination of necrosis

Necrotic processes were determined by SYTOX Gréainisg (Life Technologies Hungary
Ltd.). The dye is able to penetrate (and then nal bd the nucleic acids) only to necrotic cells
with ruptured plasma membranes, whereas healtly wéh intact surface membranes show
negligible SYTOX Green staining intensity. Cellsreveultured in 96-well “black well/clear
bottom” plates (Greiner Bio One), and treated décated. Supernatants were then discarded,
and the cells were incubated for 30 minutes withM. SYTOX Green dye. Following
incubation, cells were washed with PBS, the cultaeglium was replaced, and fluorescence
of SYTOX Green was measured at 490 nm excitatiah 320 nm emission wavelengths
using FlexStation ff* multi-mode microplate reader (Molecular Devicedjelative
fluorescence values were expressed as percentaggafive control regarded as 100%. Due
to their spectral properties, DiE) and SYTOX Green dyes were always administered
together, enabling us to investigate necrotic aadyeapoptotic processes of the same
cultures. Selective decrease of D{®) intensity indicated mitochondrial depolarizati.e.

the onset of early apoptotic processes), whereaedre of SYTOX Green staining intensity

revealed necrotic cell death.

Statistical analysis

When applicable, data were analyzed using Origio Plus 6 software (Microcal,
Northampton, MA, USA) using’-test followed by Fisher’s exact test, Student's-tailed
unpaired-test, or ANOVA with Bonferronpost hoc test and®<0.05 values were regarded as

significant differences.
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SUPPLEMENTARY DISCUSSION - Limitations of our study

When interpreting the results presented in theecuirexploratory, pilot study, one has to keep
in mind that, while it sheds light to previouslykmown and hair-wise potentially relevant
dermatological effects of CBD, the current work bagain important limitations as well.

First and foremost, as mentioned in the main text, data need to be followed up by
systematic dose-response experiments in a widgerahCBD concentrations, tested in HF
organ cultures from additional patients to explesgstence and magnitude of inter-donor
variability.

Second, by adding CBD (or vehicle) to the culturediam, in the current study, we
mimicked the effects of systematically administe@BD. However, from a translational
point-of-view, it will be crucially important to asss biological effects of CBD following
standardized topical application in appropriaterfolations.

Third, it is important to emphasize that in thereat study, we used microdissected,
truncated HFs lacking the bulge region as well #@sero (non-HF) members of the
pilosebaceous unit (namely the sebaceous glandtharatrector pili muscles). Therefore, we
cannot exclude the possibility that specific (anoltrlikely concentration-dependent) actions
of CBD on these structures may influence the prodaoand release of hair cycle-regulating
substances, further modifying thereby its alreadiyeqcomplex effects on the hair cycle.
Fourth, studying microdissected H&svivo has the inherent limitation of missing the effects
and regulatory roles of intact innervation and blesoipply. This may be crucially important,
since it can lead to model-dependently opposingmiasions in certain cases. Indeed, in case
of e.g. the TRPV1-activating capsaicin, we havevipiesly shown that it suppressed hair
growth and induced premature catagen entry in missected human hair follicles (Biré et
al. 2006). Moreover, lack of TRPV1 in KO animaldayed their normal hair cycle (Bodé et
al. 2005). However, administration of capsaicin waand to promote hair growth by

increasing insulin-like growth factor-1 productiam mice and in humans with alopecia, most
8



likely via acting on sensory nerve fibers (Haratlale2010). Given the broad target spectrum
of CBD, one can speculate that it may also modytabeluction and release of hair cycle-
regulator substances from sensory nerve endingggftire its impact on human hair biology

may be even more complex.



SUPPLEMENTARY FIGURE LEGENDS

Supplementary Figure S1Macroscopic appearance the HFs following the indicated CBD-or
vehicle treatments (representative images)

CBD: (-)-cannabidiol.

Supplementary Figure S2CBD concentration and time-dependently decreases cell count of
ORXs

(a-d) CyQUANT-assays. ORSKs were plated at low (5,0@0)jwnitial cell count to enable
rapid proliferation. Cell count was assessed fal@a3 @), 24 ©), 48 €) and 72-hr )
treatments. Results are expressed in the perceatdlye daily vehicle control as meantSEM
of eight independent determinations. Two additianaleriments yielded similar results. ***
marks significanti<0.001) difference compared to the respective obgtoup.

CBD: (-)-cannabidiol.

Supplementary Figure S3High CBD concentrations reduce viability, and induce apoptosis-
dominated cell death

ORSKs were treated as indicated for 24 hours, #adullity (a) as well as cell deatlo) were
assessed by MTT-assay and combined [fiz=SYTOX Green labeling, respectively. Results
are expressed in the percentage of the vehiclealoms meantSEM of eight independent
determinations. Two additional experiments yieldgdilar results. ** and *** mark
significant P<0.01 or 0.001, respectively) differences compaxedhe respective control

group.CBD: (-)-cannabidiol.

Supplementary Figure S4Overview of the effects of CBD: CBD differentially influences

human hair follicle biology in a concentration-dependent manner
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High (=10 uM) concentrations of CBD induced premature catagatry via activating
TRPV4 ion channels expressed on the outer rootlsikeaatinocytes (ORSKS). Importantly,
such pro-catagen effect of TRPV4 is not unprecesknsince it has recently been
demonstrated that activation of this channel, sintib that of the structurally closely related
TRPV3 (Borbird et al. 2011) and TRPV1 (Bir6 et 2006; Bodo et al. 2005), is a potent
inducer of catagen transformation of human HFs {8zt al. 2018). Intriguingly, however,
when applied at low, sub-micromolar concentratioG8D tended to promote hair shaft
production. Although in light of the unaltered pfetation and apoptosis rates, this may
represent a pseudo-elongation of the hair shafghwis pushed out of its anchorage in the HF
by tissue shrinkage during the course of orgaruceltour data indicate that submicromolar
concentrations of CBD may exert differential effect human HFs. Indeed, O, CBD
prevented the TLR3-activator poly-(I:C)-induced nagulation of several pro-inflammatory
cytokines in cultured ORSKs in an adenosine receggpendent manner, since the adenosine
receptor pan-antagonist CGS 15943 (@M) could almost completely abrogate this effect.
Although exploration of the adenosine receptor esgion profile of human HFs is beyond
the scope of the current letter, these data sugbeast besides the ones expressed on the
dermal papilla cells (lino et al. 2007), adenoseeeptors of the ORSKs are also functionally
active, and may contribute to the regulation of legcle, as well as of other aspects of HF
biology. Obviously, it remains to be dissectedutufe targeted studies if moderate hair shaft
production-promoting effects of low CBD concentat are coupled to the,# receptor-
dependent up-regulation of FGF7 expression in #rendl papilla (lino et al. 2007), or are
rather mediated in an ORSK-dependent manner, dmh@athways complement each other.
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