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ABSTRACT

We have previously shown that i) endocannabin@®@B( e.g. anandamide [AEA]) are
involved in the maintenance of homeostatic sebacépiadl production (SLP) in human
sebaceous glands (SG); and ii) eCB treatment dreatigitincreases SLP. Here, we
aimed to investigate the expression of the majoB egnthesizing and degrading
enzymes, and to study the effects of eCB uptakiibohs on human SZ95 sebocytes,
thus exploring the role of the putative eCB membré&mansporter (EMT), which has

been hypothesized to facilitate the cellular uptakeé subsequent degradation of eCBs.

We found that the major eCB synthesizing (NAPE-PDBGLa and $) and degrading
(FAAH, MAGL) enzymes are expressed in SZ95 sebagydad also in SGs (except for
DAGLa, whose staining was dubious in histological prapans). Interestingly, eCB
uptake-inhibition with VDM11 induced a moderatergase in SLP, and also elevated
the levels of various eCBs and related acylethanioles. Finally, we found that
VDM11 was able to interfere with the pro-inflammataction of the Toll-like receptor

4 activator lipopolysaccharide.

Collectively, our data suggest that inhibition @R uptake exerts anti-inflammatory
actions and elevates both SLP and eCB levels; thase inhibitors might be beneficial

in cutaneous inflammatory conditions accompaniedryyskin.



INTRODUCTION

Sebaceous glands (SG) are important players andlategs of the human skin
homeostasis. Indeed, besides their obvious functien production of the lipid-rich
sebum, and thereby contribution to the cutanequd barrier and thermoregulation,
they also play a role in the endocrine and immuyséesns of the skin, and serve as stem
cell reservoirs as well (Dajnoki et al. 2017; L&fl08; Porter 2001; Toth et al. 2011,
Zouboulis et al. 2014; Zouboulis et al. 2008). Imaotly, their clinical significance is
also remarkably high, since overproduction and gatiically altered composition of
sebum in seborrhea is a key step in the pathogenésicne, one of the most prevalent
human skin diseases (Kurokawa et al. 2009; Tothl.e2011; Zouboulis et al. 2014;
Zouboulis et al. 2008). On the other hand, lacksofficient sebum production in
adulthood may contribute to dry-skin syndrome, sey@r even skin ageing and atopic
dermatitis (AD) (Kim et al. 2014; Mischo et al. 201Shi et al. 2015; Zampeli et al.
2012; Zouboulis and Boschnakow 2001). Moreovergqu&icomposition of sebum is
thought to play an important role in regulating tirewth of the cutaneous microbiota
by restricting the unwanted microbes, and promotirey preferred ones, thus making
homeostatic SG functions important orchestratorskaf-microbiota cross-talk (Pappas
2009). Hence, via the subsequent pathologicalagiters in the cutaneous microbiota,
disorders of sebaceous lipid production (SLP) mangtribute to the pathogenesis of
several diseases, including AD (Shi et al. 201%er&fore, a better understanding of
(dys)regulation of SG biology, and identificatiohaalditional regulators of homeostatic
SLP are clinically relevant topics of investigatidlermatology. Unfortunately, human
SGs are challenging to study, since primary selescgannot be kept in culture for

more than a few passages, and there are no adeousi® model systems to assess the



whole complexity of the human SG biology (Téth et2011; Zouboulis et al. 2014;
Zouboulis et al. 2008). Therefore, within the scapeahe current study, we used the
human immortalized SZ95 sebocyte cell line (Zoulsoet al. 1999), which is a widely
accepted model system to study human SG functiongitro (Téth et al. 2011;

Zouboulis et al. 2014; Zouboulis et al. 2008).

Interestingly, a growing body of evidence suggekts SGs are not only “innocent”
targets of the complex cutaneous neuroendocrinerayg§Slominski 2005; Slominski

and Wortsman 2000), but also its master reguldignsroducing several hormones and
paracrine signal molecules (e.g. androgen hormas@sicotropin-releasing hormone,
several adipokines, etc.) (Kovacs et al. 2016; Teithl. 2011; Zouboulis et al. 2014;
Zouboulis et al. 2008). Furthermore, we have pnesiyp shown that, besides the
aforementioned regulators, human SGs are also taogor players in the

endocannabinoid system (ECS) of the skin (Dobrbal.€008; Olah and Bird 2017).

The ECS is a complex signaling system, comprisingogenous ligands (i.e. the
“endocannabinoids” [eCB], e.g. arachidonoylethamidee [a.k.a. anandamide, AEA],
2-arachidonoylglycerol [2-AG]), receptors (e.g. {d&hd CB, etc.), as well as multiple
enzymes involved in the synthesis (eNracyl phosphatidylethanolamine-specific
phospholipase D [NAPE-PLD], diacylglycerol lipasBAGL]-a and -, etc.) and

degradation (e.g. fatty acid amide hydrolase [FAAHonoacylglycerol lipase
[MAGL]) of the eCBs and related non-eCB mediat@sch as monoacylglycerols and

acylethanolamides, like palmitoylethanolamide [PEAJeoylethanolamide [OEA],



etc.). Moreover, a putative eCB membrane trangpexthanism (usually referred to as
putative eCB membrane transporter [EMT]), postalatefacilitate cellular uptake and
release of AEA and 2-AG also belongs to this syst€hicca et al. 2012; Ligresti et al.
2016; Maccarrone 2017; Maccarrone et al. 2015; INgs» and Gertsch 2015; Solymosi
and Kofalvi 2016). Importantly, we have previoushyown that human SGs are capable
of producing the major eCBs (namely AEA and 2-A@&)d we could also demonstrate
that (in line with the early data of the Stadndeouyp) SGs express GEmostly in
differentiated cells) and CBreceptors (predominantly in proliferating, basaydr
sebocytes) (Dobrosi et al. 2008; Stander et al5SpQ@oreover, we found that locally
produced eCBs, acting through a &#®upled signaling pathway, are key players in the
maintenance of the homeostatic SLP, since selegawe silencing of CBsignificantly
reduced basal SLP of SZ95 sebocytes, whereas e@Brient of the cells led to greatly
increased lipogenesis (Dobrosi et al. 2008). Is Wy, we provided to our knowledge
previously unreported evidence that human SGs pessdéunctionally active ECS and
that treatment of human sebocytes with exogenoasiyinistered AEA or 2-AG
dramatically increases SLP. However, we did notehawy data about either the
expression of the enzyme apparatus involved insgmghesis and degradation of the
eCBs, or the role of the local eCB tone createdhlege enzymes in human sebocytes.
Thus, within the confines of the current, highlgdsed study, we aimed to explore the
expression of the major members of the E@8tro in human sebocytes, as wellias
situ in human skin, and we also wanted to investiggbdarmacological modulation of

eCB homeostasis was indeed able to regulate SLP.



RESULTS

Major enzymes of the eCB metabolism are expressed cultured human sebocytes

as well asin situ in human SGs

First, by using human, immortalized SZ95 sebocy#esjnvestigated expression of the
major enzymes involved in the synthesis and deg@adaf AEA (NAPE-PLD and
FAAH, respectively) and 2-AG (DAGL and $ and MAGL, respectively). We found
that, irrespective of the confluence level of tiedls; all the above mentioned enzymes
were expressed in human sebocytes both at the m@NRCR) and protein (Western
blot) levels Supplementary Figure Sla-d. In order to further confirm these results,
we also investigated their expression in human s@mples (appropriately labeled
positive controls are shown @upplementary Figure S2. Importantly, with the sole
exception of DAGIl, which exhibited questionable expression when @ret to the
endogenous positive control sweat glands (Czifralet2012), our findings nicely
confirmed ourin vitro data about the expression of the above enzymiesnman SGsn

situ (Figure 1).

Sebocytes exhibit a pharmacologically inhibitable @B uptake process

Next, we assessed if pharmacologically inhibitadleA uptake by the putative EMT
(Chicca et al. 2012; Nicolussi and Gertsch 20153 whservable in these cells. By
monitoring the uptake of radiolabeledHJAEA by the cells, we found that acute
inhibition (15 min, 10 uM) of AEA cellular uptakesing the reference eCB transport
inhibitor UCM707 (Lépez-Rodriguez et al. 2003; Rati al. 2016) was able to

significantly alter the eCB uptake process. Indég@@M707 reduced the intracellular



[*H]JAEA signal, which was accompanied by a significarcrease in the extracellular
[*HJAEA levels compared to vehicle control. As a cemsence of SHJAEA uptake
inhibition, the overall hydrolysis of’H]JAEA by FAAH to arachidonic acid and
[*H]ethanolamine @H]EtNH,) was reducedRigure 2a). Theoretically, a decrease of
[*HJAEA uptake and JH]EtNH. levels could be explained not only by the inhditiof
the eCB transport process, but also by non-spedfibition of FAAH resulting in a
reduced driving force for’HJAEA uptake (Chicca et al. 2012; Nicolussi et 2014a).
To exclude this possibility, we assessed how twiterdint EMT-inhibitors (namely
UCM707 and VDML11,; both widely used to abrogate wel uptake of eCBs) (De
Petrocellis et al. 2000; Lopez-Rodriguez et al.Phfluence FAAH activity in SZ95
sebocytes, in comparison with the reference FAARkKinor URB597 (Mor et al.
2004). Importantly, we found that SZ95 sebocytds@kvery low constitutive FAAH
activity (2.32+£0.25 pmol/min/mg protein; n=10), amigat, unlike URB597, neither
UCM707, nor VDM11 exerted substantial FAAH-inhibii (1C5o values were above 25
MM for both EMT-inhibitors, whereas #¢ of URB597 was below 100 nM)
(Supplementary Table S). Taken together, these findings suggest thatumdn
sebocytes eCB uptake can be inhibited by VDM11 mibsly through a FAAH

independent manner.

EMT plays a role in the degradation of eCBs in huma sebocytes

Next, we investigated the eCB transport processgusine of the aforementioned EMT-
inhibitors, VDM11 (De Petrocellis et al. 2000). (Selvere treated with this compound

or vehicle for 24 hours and eCB content of the dampvas analyzed by LC-MS. We



found that VDM11 treatment significantly increas@dA content of the samples
(Figure 2b), whereas elevation of 2-AG concentration did meach statistical
significance Figure 2¢). Besides the two major eCBs, we also investigatesl
presence and potential alterations of two ECSedlaicylethanolamides, i.e. PEA and
OEA. Interestingly, we found that treatment by VDMtended to increase PEA, and
significantly elevated OEA concentrationkiqure 2d-€. Collectively, these data
provided evidence that administration of VDM11 dacrease the levels of certain
eCBs and eCB-like mediators in human sebocytessd hesults hold out the promise
that VDM11 might therefore promote homeostatic e@Bd eCB-like mediator

signaling in these cells.

Administration of eCB membrane transport inhibitors mimics lipogenic actions of

direct eCB-treatment, whereas selective FAAH-inhiliion does not influence SLP

It is well-described that direct eCB-treatment lué sebocytes results in a dramatically
increased SLP (Dobrosi et al. 2008; Olah et al6BQDlah et al. 2014). Thus, next we
wanted to assess how treatment with eCB uptakéitors influences SG’s functions.
Using non-cytotoxic concentrations (determined byl TVassay; Supplementary
Figure S3 of the aforementioned VDM11, we explored its effen SLP. By using
fluorescent Nile Red staining, we found that itw lmicromolar concentrations induced
a moderate, but significant increase in the SLRWohg 48-hr treatmentd~{gure 3a).
Importantly, repetition of the experiment by usiAly404 (another well-known AEA
uptake inhibitor) (Beltramo et al. 1997; Nicolusand Gertsch 2015) yielded very

similar results $upplementary Figure S4a-bh. Intriguingly, although both VDM11



and AM404 mimicked the lipogenic actions of thetptgpic eCB AEA (Dobrosi et al.
2008), their efficiencies at elevating SLP were daceeded by direct AEA-treatment

(Figure 3a).

As discussed above, several lines of evidence dsimade that eCB uptake inhibitors
may concentration-dependently inhibit not only theative EMT, but FAAH as well
(Beltramo et al. 1997; Chicca et al. 2017; Nicolwssd Gertsch 2015). Although our
current measurements on sebocytes’ FAAH-activitgaaly provided strong evidence
that i) SZ95 sebocytes exhibit very low constitatiFAAH activity; and ii) in SZ95
sebocytes, both UCM707 and VDM11 can be used atM @vithout the risk of having
substantial impact on FAAH activitys(gpplementary Table S}, we also intended to
investigate biological effects of the selectiveerehce FAAH-inhibitor URB597 (Mor
et al. 2004). Interestingly, we found that admmaison of URB597 led to different cell
physiology outcome than application of VDM11 and AM. Indeed, our data showed
that non-cytotoxic concentrations (MTT-assaSupplementary Figure S5a of
URB597 did not influence SLP (48-hr treatmer@sipplementary Figure S5b as
compared to the vehicle control group, indicatingt tabrogation of eCB uptake, but not
inhibition of their FAAH-mediated intracellular deglation, leads to the elevation of
the SLP. It is also important to note that suclk laiceffect by URB597 can most likely

be ascribed to the aforementioned very low leveISAAH activity in SZ95 sebocytes.

Lipogenic action of direct AEA treatment is not further increased by co-

administration of VDM11
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Next, we intended to assess how co-administratioAEA and VDM11 affect SLP.
Interestingly, we found that VDM11 was unable tettier promote the AEA-induced,
already elevated SLFES(pplementary Figure S§ of human sebocytes, suggesting that
the pro-lipogenic eCB signaling activated by 3@ AEA is exhaustive, and has no

further “reserve capacity”.

Up to 10 uM, VDM11 does not induce apoptosis of huam sebocytes

Elevation of SLP is the hallmark of sebocyte def@ration, which is usually followed
by programmed cell death (Dobrosi et al. 2008; Hascet al. 2017; Téth et al. 2011;
Zouboulis et al. 2014; Zouboulis et al. 2008). 8iMDM11 was shown to moderately
promote SLP Kigure 3a Supplementary Figure S4l), we also wanted to know if it
induced early apoptotic processes. Importantly, faiend that, although the most
effective lipogenic concentration of VDM11l tended tlecrease mitochondrial
membrane potential in course of 48-hr treatmeBtgpplementary Figure S7, this did

not reach the level of significance, suggesting within the studied time-frame, it may

indeed be devoid of obvious pro-apoptotic effects.

VDM11 suppresses lipopolysaccharide (LPS)-inducedr@-inflammatory cytokine

expression of human sebocytes

From a clinical point-of-view, induction of a modée (not seborrheic or acnegenic)
increase in the homeostatic SLP would be highlyirdee in the treatment of skin

dryness (Kim et al. 2014; Mischo et al. 2014; Shak 2015; Zampeli et al. 2012,
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Zouboulis and Boschnakow 2001). Thus, our aboveltsesuggest that administration
of VDM11 (and probably other EMT-inhibitors too) gpnpossess beneficial effects in
such conditions. Considering that skin drynesseguently accompanied by cutaneous
inflammation (e.g. in the case of AD) (Peng and &lo2015; Sugiura et al. 2014), we
finally investigated how VDM11 affects immune projes of human sebocytes. To
this end, we applied lipopolysaccharide (LPSpddml; 3-hr treatments) (Olah et al.
2016b) to induce pro-inflammatory response. Impulya co-administration of VDM11
(10 uM) efficiently suppressed LPS-induced expressionntdrleukin (IL)-1a, 1L-15,
IL-6, IL-8 andtumor necrosis factor (TNF)-a by human sebocytes (Q-PCHRgure 3b).
Moreover, as revealed by subsequent ELISA analyed)11 treatment significantly
suppressed LPS-induced release of IL-6, and lednly a minor, non-significant
decrease in IL-8 secretion (24-hr treatmeligiure 3c). Concentrations of the other
three cytokines were below (TNJ-or around (IL-& and IL-13) the detection limit of

the respective assays (data not shown).
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DISCUSSION

Skin dryness and the often accompanying overwhgnuaotaneous inflammatory
processes (e.g. in AD, etc.) can dramatically imgaality of life of many patients. On
the other hand, appropriate moisturization and kembl treatment of the skin can
alleviate symptoms, and, in some cases, they ae able to prevent the onset of AD
(Hoppe et al. 2015; Ol4dh et al. 2017; Sawatzky |et2@16; Sugiura et al. 2014).
Although inappropriate epidermal ceramide produrctis thought to be the most
important player in these processes, a growing bafdgvidence supports now the
concept that dysregulation of SGs functions andstiigssequent alterations in the SLP
are also fundamental. Indeed, sebostasis, SG hggapland reduced SLP (with
pathologically reduced squalene and wax ester ngnteere shown to occur in AD, and
an inverse correlation between the prevalence mé aod AD (the former characterized
by increased, whereas the latter by decreased spimduction) was also observed (Shi
et al. 2015). These findings, together with thosesodemonstrating that sebaceous
lipids are important regulators of the growth otameous microbiota (Pappas 2009)
collectively suggest that controlled, moderate tstinulation” (ideally without
altering the physiological composition of the sebumay be beneficial in diseases

characterized by skin dryness.

The eCB signaling, a recently emerging, new reguladf cutaneous biology
(Maccarrone et al. 2015), appears to be a very gingisubject of study in this field.
Indeed, we have previously shown that i) human sgks are able to produce the two

major eCBs (AEA and 2-AG); ii) CBreceptor-coupled signaling contributes to the
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maintenance of homeostatic SLP; and iii) direct A&A2-AG treatments dramatically
increase lipogenesis (Dobrosi et al. 2008). Orother hand, (-)-cannabidiol, as well as
several further non-psychotropic phytocannabingédg. (-)A°-tetrahydrocannabivarin)
were shown to normalize arachidonic acid- and othediators-induced excessive lipid
synthesis, and exerted complex (combined lipostadiati-proliferative and anti-
inflammatory) anti-acne effects, whereas othersmg@ig (-)-cannabigerol and (-)-
cannabigerovarin) were able to slightly, but sigaifitly promote SLP (Olah et al.
2016b; Olah et al. 2014). Hence, in the currentlystwe aimed to unveil yet hidden

aspects of the ECS of human sebocytes.

Here we provide evidence that major members of86& (i.e. NAPE-PLD, DAGh
and $, MAGL and FAAH) are expressed botim vitro in human sebocytes
(Supplementary Figure Sla-d, and (with the sole exception of DAGL which
exhibited dubious immunostaining pattern) alsositu in SGs of the human skin
(Figure 1), which nicely confirms the available murine dataMAGL (Ma et al. 2011)
and FAAH (Wohliman et al. 2016) expression in SGerddver, besides the expression
of the enzymes, we could also show that eCB tramspofunctionally active and
pharmacologically inhibitable in human sebocytEgyre 2a). This process is more
likely to be involved in (re-)uptake/degradatiorthex than synthesis/release of the
eCBs, since VDM11 (1M for 24 hours) significantly elevated AEA level the
samples, and tended to increase 2-AG concentrabionInterestingly, although this
compound was proven to only negligibly alter FAAEtaity in sebocytes
(Supplementary Table S}, we also observed a significant elevation in Olegels,

and a tendency towards increase in PEA concentsafiagure 2b-e).
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Next, we tested the effects on the viability, limgnthesis and immune responses of
human sebocytes. We found that non-cytotoxic camagons of VDM11 and AM404
(Supplementary Figures S3S4aandS7) induced a moderate, but significant increase
in the SLP Figure 3a Supplementary Figure S4, and that VDM11 interfered with
the pro-inflammatory effects of LPSFiQure 3b-¢). It is noteworthy that certain
sebocyte-derived cytokines (e.g. IL-6) can indudteikntiation of CD4+/CD45RA+
naive T cells into T helper (Th)17 cells (Mattii @&t 2017), further supporting the
concept that dysregulation of sebocyte biology @amtribute not only to the
development of acne, but also to other (partly) 7Fdfiven inflammatory dermatoses,
e.g. AD or psoriasis. Thus, the suppression of kxpression and release that we have
demonstrated herd-igure 3b-¢) is likely to be clinically relevant, and promistes be

beneficial in such conditions.

Collectively, these findings strongly suggest thadirogation of sebocytes’ eCB
degradation, and the subsequent elevation of tG8-tene” promotes SLP. However,
quite unexpectedly, by using the FAAH inhibitor URE, we found that, albeit being
successful in suppressing FAAH-activity of the sathes Supplementary Table S} it

had no effect on SLPSUpplementary Figure S5. Explanation of this unexpected
finding remains to be unveiled in future, targestddies, but may lie in the fact that
relatively low levels of FAAH activity (measured e capability of cell membranes to

hydrolyze radiolabeled AEA) was detected in SZ9%osgtes. Further possible
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interpretations about the possible underlying meidmas are presented in the

Supplementary Discussion section.1

As discussed above, a moderate (i.e. not excessb®rrheic/acnegenic) elevation of
the physiological SLP would be highly desirable the management of diseases
accompanied by skin dryness (e.g. AD) (Pappas 2806t al. 2015). The fact that the
lipogenic effect of VDM11 was far weaker than thees usually seen upon direct AEA
(Figure 3a), or other lipogenic (e.g. 2-AG, arachidonic ac@hd linoleic
acid+testosterone) treatments (Dobrosi et al. 2G@8zy et al. 2012; Olah et al. 2016b;
Olah et al. 2014), together with the here repoatetitinflammatory effectRigure 3b-c)
indicates that VDM11 (and maybe other eCB transpiribitors) may be beneficial in
treating such diseases. Obviously, however, thetdrgpact of VDM11 treatment on
the sebaceous lipidome must be thoroughly investijan future specific studies in

order to exclude the possibility of its potentiathegenic” transformation.

It is noteworthy that anti-inflammatory effects dflevated eCB-tone are not
unprecedented either in murine or in human skideéual, since the groundbreaking
work of Karsak and her co-workers, many other ssidihowed that the homeostatic
ECS is one of the master regulators of cutaneoumsuine responses, keeping under
control local allergic and inflammatory process&aréak et al. 2007; Olah et al.

2016a).
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Moreover, the fact that VDM11 could significanthcrease OEA, and tended to elevate
PEA levels Figure 2d-€ highlights the possibility that SGs may contridub the
cutaneous PEA and OEA metabolism and supply of theal micromilieu with these
pleiotropic anti-inflammatory molecules (Facci @t 8995; Impellizzeri et al. 2015;
Pontis et al. 2016; Yang et al. 2016). Based ogetliata, there is a possibility that SG
hypoplasia and hypofunction observed in AD (Shale015) may be accompanied not
only by reduced sebum production, but also by inggaPEA (and/or OEA) supply,
which might contribute to the development and woirsg of atopic inflammation.
Considering that a PEA containing cream was regesiibwn to efficiently alleviate
symptoms of AD patients (“ATOPA study”) (Eberleiha. 2008), clinical studies are
urgently invited to explore the possible role of St(ypoplasia-derived putative
PEA/OEA-deficiency in the development of AD sympwriurther speculations about
the possible role and targets of PEA and OEA aratioeed in theSupplementary

Discussion section 2

Collectively, our findings demonstrate that i) humaebocytes express the most
important enzymes involved in eCB and eCB-like ratmti metabolism; ii) are involved

in the cutaneous metabolism of PEA and OEA; antd\WiaV11 iii) increases or tends

to increase the levels of eCBs and related acyiethanides; (iv) induces a moderate
increase in SLP; and (v) remarkable anti-inflammatactions in human sebocytes
(summarized inSupplementary Figure S§. Thus, human SGs may be important in
regulating the supply of key eCBs and related abgl®lamides to their tissue
microenvironment, and targeting the ECS holds owmise to control cutaneous

inflammation. All in all, our data should encouratlpe exploitation of selected, SG-
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targeting ECS-modulators in appropriate clinicablé; to alleviate symptoms of

cutaneous diseases (e.g. AD) characterized bydsiress and inflammation.
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MATERIALS AND METHODS

Detailed description of the applied materials andthbmds can be found in the
Supplementary Methods and Methods sectian Briefly, lipid synthesis was
investigated by fluorescent Nile Red staining, iligband cell death was assessed by
MTT-assay and combined fluorescent D{&)-SYTOX Green labeling, respectively.
Gene expression was studied by Q-PCR (mRNA le&l)SA, Western blot and
immunohistochemistry (protein level). The uptakeA&A into cells was determined by
measuring the cellular uptake of radiolabeled AEBAdascribed before (Nicolussi et al.
2014b; Nicolussi et al. 2014a), whereas levelsheféCBs were quantified by isotope
dilution-liquid chromatography coupled to singleaguupole mass spectrometric (LC-
MS) analysis (Marsicano et al. 2002), and FAAHAattiwas determined according to
our previously established and optimized protodottdr et al., 2003). Data were
analyzed by Origin Pro Plus 6.0 software (Microd¢ébrthampton, MA, USA), using
Student’s two tailed, unpairetest andP<0.05 values were regarded as significant
differences. Graphs were plotted by using Origio Pius 6.0 software (Microcal).
Primary human material was collected after obtgnimritten informed consent,
adhering to Helsinki Declaration, and after obtagnilnstitutional Research Ethics
Committee’s and Government Office for Hajdu-Bihasu@ty’'s permission (document

IDs: 1X-R-052/01396-2/2012, IF-12817/2015, |IF-162716, IF-778-5/2017).
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FIGURE LEGENDS
Figure 1 Major enzymes of the endocannabinoid metabolism are expressed in human

sebaceous glandsin situ

Immunohistochemistry of human skin sections wadopered as described in the
Supplementary Methods section. Specific immunopatsitwas visualized by 3,3'-
diaminobenzidine (DAB; brown color), whereas nucleere counterstained by
hematoxylin (blue color). Original magnification$00x (left column), 400x (middle
and right columns); scale bars: 200 um (left colurand 50 pm (middle and right
columns). Arrows indicate sweat glands (endogenmastive control for DAGh),
whereas arrowheads mark sebaceous glands on tleeirsaige. Negative controls (right
column) were obtained by omitting the primary aotip in all cases.DAGL:
diacylglycerol lipaseFAAH: fatty acid amide hydrolasd/AGL: monoacylglycerol

lipase;NAPE-PLD: N-acyl phosphatidylethanolamine-specific phosphaigB.

Figure 2 Effects of the inhibitors of the putative endocannabinoid membrane

transporter in human sebocytes

(&) AEA transport measurement. Cells were treatedh whe reference AEA uptake
inhibitor UCM707 or vehicle for 15 min, and intrand extracellular amounts of
radiolabeled AEA or EtNEwere detected as described in the Supplementatigdde
section. Results are expressed in the percentatipe @khicle control (100%, solid line)
as mean+SEM of three independent experiments, eecin triplicate. b-e) AEA, 2-
AG, PEA and OEA determination of the samples (cells and their supernatants

together) was performed as described in the Sumritary Methods section. Results
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are expressed as meantSEM of 3-4 independent esltdy, ** and *** mark
significant P<0.05, 0.01 or 0.001, respectively) differences parad to the vehicle
control. n.s.: not significant differenc&-AG: 2-arachidonoylglycerol;AEA: N-
arachidonoylethanolamine (anandamidgyjT: (putative)endocannabinoid membrane
transporter;,OEA: oleoylethanolamidePEA: palmitoylethanolamide{lJCM707 and

VDM11: EMT-inhibitors.

Figure 3 Non-cytotoxic concentrations of VDM11 moderately, but significantly

increase sebaceous lipid synthesis, and exert remarkable anti-inflammatory effects

(a) Sebaceous lipid production of SZ95 sebocytes aggessed by Nile Red staining
following 48-hr treatments. Results are expressedhe percentage of the vehicle
control (100%, solid line) as meantSEM of four ipdedent determinations. One
additional experiment yielded similar results. *ida*** mark significant £<0.01 and
0.001, respectively) differences compared to thacke control. ###<0.001. n.s.: not
significant difference compared to the vehicle coint(b) Q-PCR.IL-1a, IL-15, IL-6,
IL-8 and TNF-a mRNA expressions were determined following 3-hrSkireatment
with or without VDM11. Data are presented by ust§CT method regardind8S
RNA-normalized mRNA expressions of the vehicle conasll (solid line). Data are
expressed as meantSD of three determinations. @diicgal experiment yielded
similar results. ** and **P<0.01 and 0.001, respectively, as indicatefd ELISA. IL-6
and IL-8 content of the sebocyte supernatants was deternfiolledving 24-hr LPS-
treatment with or without VDM11. Data are expressasl meantSD of three
determinations. Two additional experiments yieldgehilar results. ***<0.001, as

indicated. n.s.: not significant differenceAEA: N-arachidonoylethanolamine
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(anandamide)EMT: endocannabinoid membrane transporikr; interleukin; LPS:

lipopolysaccharideTNF: tumor necrosis factoDM11: EMT-inhibitor.
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