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For its critical location, the skin represents the major interface between the body and the environment, therefore
is one of the major biological barriers against the outdeor environmental stressors. Among the several oxidative
environmental stressors, cigarette smoke (CS) has been associated with the development and worsening of
many skin pathologies such as acne, dermatitis, delayed wound healing, aging and skin cancer. In our previous
work we have demonstrated that CS is able to affect genes involved in skin cholesterol trafficking, among which
SRE1, a receptor involved in the uptake of cholesterol from HDL, seems to be very susceptible to the oxidative
stress induced by CS.

In the present work we wanted to investigate the presence of SRB1 in human sebocytes and whether CS can
affect cholesterol cellular uptake via the redox modulation of SRB1.

By using a co-culture system of keratinocytes/sebocytes, we found that CS exposure induced a SRE1 protein
loss without affecting sebocytes viability. The decrease of SRE1 levels was a consequence of SRE1/HNE adducts
formation that leads to SRB1 ubiquitination and degradation. Moreover, the CS-induced loss of SRE1 induced
an alteration of sebocytes lipid content, also demonstrated by cholesterol quantification in SRE1 siRNA

experiments.

In conclusion, exposure to CS, induced SRE1 post-translational modifications in sebocytes and this might
affect sebocytes/skin functionality.

1. Introduction

Several studies have demonstrated that more than 30% of United
States population has been affected by cutaneous pathologies. Although
most are not life-threatening, many skin diseases are able to influence
life quality and represent a major cost for public health [1].

The tegumentary system is a complex organ that does not consists
only in the cutaneous tissues, but comprises also its appendages,
including glands, nails, hair. The main function of this organ system is
to protect the body from the out-door insults including the environ-
mental stressors.

Recent reports revealed that cigarette smoke (CS), ozone (O3) and
concentrated air partides (CAPs) can influence the skin physiology and
its functions [2.3]. In the specific, CS has been shown to play a key role
in diseases such as acne, dermatitis, delayed wound healing, aging and

cancer [4-7].

CS is an heterogeneous mixture of gas, vapour and suspended solid
particles, derived from the combustion of the cdgarette itself and
representing one of the most significant source of inhaled chemical
pollutant. Among the several noxious effects, C8 is able to induce
cutaneous elastosis, upregulation of matrix metalloproteinases en-
zymes (MMPs 1-3) involved in the degradation of the connective
tissues and to alter the transforming growth factor (TGF-f) pathway
which is crueial for healthy wound closure [8,9].

CS noxious effects are mainly related to the reactive oxygen species
{ROS) which are both present in the smoke and also induced by the
interaction of C5 components with biological systems. It has been
demonstrated that CS leads to an oxidative stress condition in oral
keratinocytes as shown by the increase of intracellular oxidants and by
a significant decrease of GSH intracellular level [10]. An interesting
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stndy rewaled that smoke i ahle to ndoce specific facial aging in
identical twins with different smoling history [11].

As mentioned ahove, not only the skin participates to profect our
hody from the out-door stressors hut ales s appendages have an
impaortant defensive rale, as it is for the sehaceons glands that have the
ahility to maintain the eomposition of the hydnolipidic film, a mivture
of cholesteral, trighcenides, wax esters and squalene [14]. In addition,
schaceons glands represent the major deliver system of vitamin Eto the
cutaneons tismes, proteding skin from oxidative damage [12].

Indesd, sehoortes fimdions are maore than the produetion of sehum
and the passive formation of the mbneaons bamer; through many
paramine, endocrine and immamological mechamisms, sehaceons
glands take part in many of the homecstatic physiological fondbions
af the slan [11,14].

Sehooytes participate in the regolaion of immamalogical fondbioms
and infllmmatory proesses for thedr ahility o prodoce ortaldnes (L
1, IL-4, IL-8/CRCL-8, THFa) and lpid inflammation mediators {5
LOX, LTAA hpdrolase, LTE4, PGEE2), which have a key role in the
pathogenesis of several inflammatory slin diseases (i ame volgri)
[14]

Hew dhologic models reveal that acne cn develop without the
colmization of pathogen miooorgamsms, rather can he doe to other
fadtors (androgen hormones, PPAR adbivation, SP-medizted stress
respomse] that increase the prodoction of inflammation mediators
and induee hypersehorrhea [15-19]1 Moreover, many submnis of
cholinergic musmarinic and mcotinic reeptors have heen found in
schoortes at varions grade of diferentiation [19]. Thus it is fscnating
to lypothesize that the activation of these receptors from nenral or
paramine acetylcholine or from C8 nicotine, can have a role in the
pathogenesis of acneor other antaneons diseanes by afferting sehocptes
funatiomality [19].

Far several years our group has heen sindying the efiects of OS5 on
cutaneons tissne focusing the attention on Savenger Heceptor Bl
(SEE1), a transmembrane receptor well Imown for the cholesteral
uptake from high density lipoproein (HIXL)[20] and on its modulation
by (5 We have demonstrated that in lmman keratinootes the
modification of proteins imvolved in cholesternl trafficking such as
SEE1 and ABCAL can lead to skin aderation [21.22]). Whereas
schaceos glnds are dragged in physiologic homenstatic fimetions of
the skin, we helieve that SEE] could haw an important role also in
schogtes fonction althomgh no data have yet demomstrated fts
presence in this particular secTeiory argan.

The aim of our stody was o evalnate the presence of SHEL in
schareos gands and to investigate its susceptihility o CS-indnced
onidative damage as well asits influence on eelnlar hipid upake.

2, Methaods
2.0 Cell aubyme

Hal(aT cdls (gift from Dr. F. ¥irgh) were grown in Dulbecco’s
madified Eagles medinm High (Suarse (Lonz, Milan, Italy), smpple-
mented with 10M% FES, 100 U/mL penicillin, 100 yg/mL streptomydn
and 2 mM -ghtamine, as previously descrihed [24].

55 sehocyles were grown in Sehomed® (Biochrom, Berlin,
Germany), supplemented with 1% FBES, 1000U/ml penicling,
100 pg/ml streptomyan, 5pg'l. BGF (Bodhrom) Cdl were inco-
hated at 7 %C for 24 hrs in 95% air/5% O0; wnt] 8% confluency.

In arder to reproduce cutaneons tissne closdy in the real system in
witro, 5295 sehooptes (10107 viahle cell/mL) and Ha(aT cells {1w10°
vizhle cdlsfmL) were co-mbured in & wel plates {Faleon®), where
HaaT were seeded om the top of the Transwell contining a PET
membrane 0.4 um pores (ED Faleon TML The cdls were ohserved
nnder an inverted microscope untd co-culture cells reached 2 0%
density.

22 L8 exposure and treatmaanits

Priar to (5 exposure of the co-onlure cells, the on e mesdinm was
aspiraied and fresh serume-free meadinm was added. In order o only
expose HaCaT cells to O, home made Teflon lid was pot over the o1l
cultnre plates in the way that OS5 was only ahle o interact with
keratinocytes and not direcfly with sehogbes. This allowed us o
expose the odls for 50 min o C8. Control cells were exposed to filiered
air for the same duration {50 min) after changing media.

The time and the way of exposure were chosen hased on owr
previonsly puhlished results [20,23,24] and no significant difference in
the cdl vighility, as measured by Trypan hle exchision, was defecied
hetwesn comiral {2ir) and C5 tregment {dat not shown). HaCaT and
535 elk were exposed to fresh C5 i an expoemre ssiem that
generaied OS5 by uming two 3B4F Eenhieky research cigarette
(University of Eentncky, Eentdky, [I8A) {12 mg tar, 1.1 mg nieotine)
using a vamum pump to draw air throogh the borming dgarete and
leading the smaoke stream over the el anlures as descrihed previonsly
by owr goup [24]. After the sposre (ir or (5], fresh media
supplemented with 100 FES was added 1o the cells.

For profeasome inhihition experiment, 5795 séhootes wene pre
treated 2 h) with MG-132 (Calhiochem, La Jolla, CA) hefore OS5
expoenre with or without HDL treatment (Sigma - Aldrch®).

After treatments, cells were mlledted by centrifugation for the
assays descrihed heloe

2.3 Celular wiahibiny

el vighility stndies were periormed by cyio fluorimetric and LINH
assays. The otofluorimetric assay was parformed by wing the Muse
Comnt & Viahilty K&t (Millipore, Corporation, Eillerica, MA, LFSA)
[25]. The amownts of LOH in the supematant were defermined and
calenlated according to the manufadure’s mstrudions (EuroClone
Milan, Italy), as previously desarihed [26]

2. 4. Western hlot analyss

Total cell I3sates were extracted in RIPA bofier contiming protease
and phosphatase inhihitor coddaik (Sigma-Aldrch Corpl), = de
sorihed hefore [200]. Cells were harvested by centrifugation and protein
comceniration was determined by the method of Eradiord (Eiorad
Profein assay, Milan, Italy). Samples, 30 pg of proteins, were loaded
imo 1% sodium dodey] sulphate- polyacrylamide eledrophonesis
geks and separated by molemlar sire. The gels were then eledro-hlotied
omto nitrocelhilose, as previonsly described [27] Membranes were
incuhated overmight at 4 “C with rabhit polydonal SEE]1 antibody
(1:1000) (Nows Bialagicals, Ine.; Liteton, O0) or rahhit polelonal f-
actin (1:1000) (Cell Signaling; Celhio, Milan, Italy). After incuhation
with secondary goat anti-rabhit Igh (H+L}-HEPF conjogate antibody
(1:10000) {BoRad, Milan, Itay), the bound antibodies were detected
using chemilhminescence (BioRad, Milan, Italyl. Images of the hands
were digitized and the dmsilnmetry of the hands was performed using
the Image-] software.

25 (nantitative neal-ime FCR

{nantitative real-time PCH was cammied ont as desaribed in detadl
previonsly [24]. Brefly, o]l BENA was eviraded, wing an AUELM
total ENA Mini Fit with DNase digestion (Bio-Rad), fom 1x10®
sehocptes for each experimental condifion, acoording io the mamfae-
turers mstructions. First-strand cNA was generated from 1 pg of
total BNA using the Seript cNA Synthesis Kit {Bio-Rad). The primer
pairs (Tahle 1) capahle of hybridiation with wnique regions of the
appropriate gene sequence were obfined from the Feal-Time FCR
Genfank Frimer and Probe Datahase Primer Bank, BTPrimer [,
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24 Immmaayinchemistry

55 sehocyies were maintained on coverslips at a density of
14w 107 callfml., md after C§ exposure fised in 4% pamafrmaldehyde
for 30 min at 4 “C, as previouwsly desarhed [21]. After permeation and
hlock in ESA 5%, cdls were monhated for 1 h with the following
primary antihodies: rabhit polydonal SEE 1 antibody (1:100) (Kovos
Eialogicals, Inc); goat polpdomal 4HNE antihody (1:100)% (Merck
Milipore, Milana, Italyl; mounse polyelonal Uhiguitin antihody
{12 100} (Cell Signaling). After washing, oowerslips were inmhated with
the flnoreclhrome-comugated secondary anthodies: anti-rabbit Adexa
Floor €88 {1:100); anti-goat Alea Floor 568 {(1:100); anti-mouse Alexa
Floor 568 {1:100) {Thermo Fisher Scientific Inc., Momza, Italy) for 1 h
at room temperatnre in the dark Nudsi were stained with 1 mgfml
DAPT (Molecular Probes) for 1 min afier removal of seeondary anti-
hodies. Coverslips were momnied onin glss shides using anti-fade
mounting mednm 1.4 dizmhiogdoscane in ghyerine (DABROT) and
examined by the Ieica light microscope AF  CTRASOOHS
(Mioosystems) equipped with epifluorescence at 4l magnification.
Hegative aomtrals for immamostaining experiments were performed by
amitting primary antihodies. The quantification was performed nusing
Image.] software

2% (il Red O shaiming

5705 schocptes were seeded on coverslips, exposed o OS5 and after
4 hrs incuhated with 50 and 100pg/ mL HDL for 12-24 h Afer
changing media and washing with FES, 57295 schonytes wene fixead with
4% paraformaldehyde for 30 min at room temperatmre, washed with
Hy(» and &% sopropancl Fived cells were shained with freshly
prepared (il Bad (0 solebion for 10 min. Exira shin was remove,
samples were washed with distilled water and 6% isopropann] and
incubated with Hematowylin Coverslips were mounted onin glass
slides nsing ghyeerol seater 9:1 and than images were acquired with a
Ledea AF CTHASO0HS mictoscope (Mioosystems). The quantification
was performed wsing Image-J softwans.

28 SRE! SRNA transfaction

Faor siENA stdis, 5295 sehocptes were transfacted with SEEL
siENA according to the mambBemred protoon] (Ambion®, TSAL
Bridly, 16wl cellsfml were fransfeded with soluion contsning
15 pmal SER] siBENA and 2 pl. Lipfectamine® transfedbion agent.
After 24 hrs the cells were treaiesd with HDL and than fixed fior Od Bed
() staiming at the time points previonsly desoribed.

24 Total callular cholediem! defermination

After treatments, tola] cholesteral leweks in sshooytes were deter-
mined msing a commerdally availahle assay Iht (Cell Biolahs, Inc. San
IDrega, CA, USA)L, following mamfcmrers mstroctions. This & a
flucrometric sssay, which involves the eviraction of totl chaolesteral
with chlor ofor myfisopropanol /WE-40. Briefly, 50p] of exviradhed same
ple, dihted 1:50 in 1X assay dilnent, wereloaded into 2 9¢-wed] plate in
triplisate and then treated with a cholsteral readion reagent that
includes cholestern] esterase, cholesteral modase, horseradish perox-
idase and a flnorescence probe. Afier an incubation of 45 min at 375C,
the finorescence signal was read at 530 nm {esxcitation) and 590 nm
{=mission ) with a miaoplate reader (TECAN = infinie M200]. Sample
cholesteral aomeentrations were defermined by interpoltion from a
standard mrve. For normalization, the protsin concemtration was
determined by Bradiord method and the data are presented as pg of
chaolesteral per mg of profein in cdl extrads.

200, Immunoprecipition of SRET

The antibody for SKEE1 (Sugh (Thermo Fisher Sdentific Inc,
‘Waltham, MA USA) was precoupled to S0pl of magnetic
Dynabeads Protein & (Nowvex, Life Technologies). Excess antibody
was washed by placing the tube om 2 DynaMag™ magnet and removing
the supermatant Then, =l protein extracts {500 pg) were incuhated
with the antihody-coated heads for 10 min & RT. After washing, the
i oo Jeces wene i xed with reducing sample buffer, hoiled and
analyzed by SDE/PAGE and immamohlotting with 4HNE antihody
(Millipore Corporation, Ellerica, M, USAL

211 immunchistochemistry

Human skin tismes for research purposes were colledhed from
patients whoss informed consent was obtained in writing according o
the polides of the Ethiss Commities of the Enropean Institate of
Omanlogy and regulations of talian Mimistry of Health.

The tissmes were fived in 10% NEF {nentral-buffered formaling for
24 hrs at room femperature. Sedtioms {4 pm) were deparaffimizd in
xylene and rehydrated in alechol gradients. After dewaxing, sechioms
were inmbated overnight at 4 °C with anti-SRE] (Kovus Eiologicals,
Ime; Littletom, OO Then shdes were washed three times with FES and
endogenons perovidase was hlocksd with 3% hydrogen peroxde in
ahsolute methy]l aleohal for 30 min at room temperatnre. Finally, the
slhides were inathated with EnVision+System-HEP (DAKD, Glostp,
Denmark)for 45 min at roomtemperature. The readbion prodods were
stained with disminchenzidine (M E), commierstained with Mapwer's
Hematowyln and after drying were momnted with Enld#t momnting
medinm.

212, Sratishical anabyss

For each of the varizhles fested, two-way analysis of variance
(ANOVA) was mmad. A significant offedt was indimted by 2 Peovalue
<1 (5. Data are expressed as mean + 0. of triplicate determinations
ohtained in 5 independent experiments.

3. Hesults
A1 SREI expression in human sehaceous glands

To ewmlmate the presence of SEE] i sshacenms ghnds, immuno-
hisiochemistry analysis was performed in samples from human skin
hiopsies. As shown in Fig. 1, a strong SEE] cyioplasmic positivity was
ohserved in schaceons glnds. Moreover SEE] presence was further
comfirmed alsn in hasal keratinooytes, & previosly reporied by omr
group [Z2].
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32 (S exposure dd not affect sehoqgtes wakdity

As shown in Fig. 2A, CS was able to decrease keratinocytes viahdity
afeer 6 hrs of CS exposure in co-mlture system where only HaCaT
where directly exposed to CS. The viahilty dropped by 40% in
keratinocytes after 24 hrs CS expasure On the other hand, CS did
not affects sehocytes viahility. These data were confirmed by the LDH
assay, and only keratinocytes showed an increased of LDH release at12
and 24 h after CS exposure (Fig. 2B).

3.3. CS exposure decreased SRBI pratan kvdsin sehocytes

Next, we evalmated whether SRE1 protain Jeve was affeced by €S
exposure in S295 sehocywes As shown in Fig. 3, SRE1 prowein Jevels
decreased 12 h after CS exposure, reaching the maximum decrease at
24h tme point (reduction of 75% compared with contral). SREI
proten decrease was not 2 consequence of sehocytes death smee their
viahility was not afferted by CS (see Fig. 2.

3.4. CS exposure increased SRB 1 gene expression

To inwstgate whether the decrease of SRE1 protdn was a
consequence of the transariptional moduliion, SRE1 gme expression
was determined. Fig. 4 shows a2 tme dependent inaease of SRE1
mENA Jevel starting 6 hrs afeer CS exposwre (20% ) This effect was
even more enhanced & the 1ger time points (12 and 24 hrs) with agrea
2 fold incease
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A5 S exposume induced HNE/SREI adducts

Many toxe effeds of OS5 can he linked o the gmeration of
aldehydes, such as 4-hydrogpnonenal (HNEL Therefore, we have
evahated HKE protein adducts lewls in sehocyies exposed io OS5 by
nsing immunocyinchemim] analysis. As shown in Fig. 5, thene was an
increase of HNE protein adduets levels imder 8 exposnre (visualized
hyred stain). This inorease was already evident & hrs afier the expos e
to C5. Then, we evahuted whether the formation of HNE profein
adducts induced by C5 conld affect SRE1. As shown in Fig. 5, afer C5
exposmre, the levels of HEE increased dramatically {red molor, lefi
columm) with 2 comcomitant decrease of SEEL (green color, central
commm). The ao-lomlization {yellnw) apprediahle in the might colommn
showeed the presence of HNE addnds on SEEL We alsn confirmed
their inferadion nsing immamopre:ipiation assay, a5 itis shown in the
right pane] of Fig. 5 The levels of HNE addudts in the immumopreci-
pitdted SEE] inoeassd significantly after CF exposnre (3 fokd) and
even forther at & hrs time point (4 foldh (Fig. 5L

A4 CS exposume induced DhaquitingSRRI adducts and SREI
dgradation g proieasoms

A comsequenee of acellular ovidative damage is the adtivation of the
protemsome machinery 0 remove oodied damaged proteins
Therefore we swhated whether (5 expoenre mdnced uhiquitination
in 8295 sehocyies. Immunocypiochemistr y {Fig. Gt ) showed an inorease
of Lhiquitin {Lih) expression {red color, left colimmn) and a deorease of
SEEl (gremn color, cmtral colnmm) afier CF ecposnre. The co-
lomalization {Fellow) appredahle in the mght column showed the
presence of Lbiquitin and SEE1 (right cohmn pedlow ), snggesting that
(5 is ahleto induce the formation of Uh & KE] adduds. To confirm the
proteasome imvalvement in SEE] degradation after O expomme, we
next treated séhootes with the protmsome mbdhitor MG-132 O
exposed cdls in the presence of MG 152 did not show changes in SRE]
levels (Fig. 6EL

A7 O exposmure decrensed Bpad content

Since ome of the most important role of SEEL & cholesternl upiake
hy HOL, we investigated whether the deorease in SEE] protein levels
hy 5 expomre conld hawe any effect on lipid content in seéhootes. As
shown in Fig. 7A, when cells were treated with different concentrations
of HDL {50 and 100 pg/mL}, their ipid content decreased by 20% after
12 and 24 h O5 exposmme This result was aleo confirmed by the
determination of intracelular cholesteral levels using 2 more sensitve

assay (Fig. TEL

Az a proof of concept, we performed SRE] silendng experiments in
sehocptes. As shown in Fig. A and Fig. 8B, 5395 schootes Imocled
out for SHEE] and treated with HIL showed a significant decreased
(icirea 2% yoflipid confent, indimting arale of this receptor on celular
lipid uptake.

4. IMscussion

The present sindy represents the continmation of ouwr previons wark
22 in which we have amalyzed the mechanisms inwnlved in SEEL
maodulaion in lnman keratinocyies hy C5. We wanied ako o extend
this study Io sehocptes, since these cdks play a key maole in proteding the
skin from the omdoor stressors by their ahility o produce lipids
incorporated to sebum and ales i0 maintain sldn in its phsiclogoal
healthy eond ftions. In addition, SKEE1 is imealved in cholester ol cellular
trafficking and, therefore, its exogenons and endogenouns modnlation in
sehocptes is of importance for sldn health.

SEEL in schaceous glands was not et ivestigated and this i the
first waork defecting its presence in sehocptes. Certainly, the firststep of
owr study was o localive this receptor In lmman skdn with focus om
sehocptes. The presence of SEE] in sehaceons glands s in line with the
suggestion by Thide o al. [12] that this organ is the main responsihle
far vitamin E ssoretion in sldn and indesd, among the saveral fimadtions
relaied o SHEL, fts fmvolwment in Epophilic antiocdant traffiddng,
such as Viamin E and A, has alsa heen demonstrated [29).

(8 combims circa S000 towe and mrcinogmic compounds (mrhon
maonaxide, benzene, acetldehpde, methanal, hypdrocyanic acid, ammo-
ninm, amolEn, formaldehyde, tar, vinyl chloride, 2-naphthylamine,
nicotine [29]and its nockous effect is not mited to the respimaioryand
cardiovascular swstems, hut #t & now well documented that alen
cutananns tismes are o target of its adverse efiects [30.91]. Baanse
of its Jocation, antaneous tissue i diredly exposed to OS5 dwring
expiration, and indiredly, through the ahsorption of it e ome
pounds from respiratory epithelnm that can then reach the sldn by
hlood flow. &5 exposnre has a fimdamental impad on aneos agng,
leading to the so called “smokers face™, which inderline the particular
featnres inchding, but not limited to, darker sldn eolor (ndex of
oo aity'), desp wrinkles and gaiminess with prominence of the nnder-
lying homy comionrs [4]).

18 ewposure ]eads, from one side, o the prododion of free radicals
with the consequent oxidative hiological tisne damage [23253], and
from the ofher side, ndoeed the deorease of cutaneons antioxidant
concentration such a-inaophenal [34] and the aleration of hpid flm
composition in which human keratinocptes are immerssd [21,22 34].
Among several lipid components of the slin, cholestena] is s sential for
cell membranes and normal sldn fundboms [22.35). SEE] i one afthe
main players that are imvolwd in the seledtive uptake of tisoes
cholesteryd ester (CE) [36] and its presence in both keratinooytes and
sehocptes makes this recepior as one of the main slin cholesteral
playpers.

Sehocyies are Jocalized in the dermis forming one of the ancillary
skin organs, the sehaceons gland. Recent stndies revealed that sehac-
eons glands are not only 2 passive “memenin” with the mique fonction
to produce sebum, but they are also responsible for the physical-
chemical harrier fonetion against the ont-door environment, eomtribut-
ing io the sldn protection against evtemal suls and acting as the
“hrain” of the sldn at the naronal- mmame-endoerine kevel [19]

To mimic the cxtanenus morphaology, characterized by the spider-
mal keratinoeyies in contect with the mnderhing dermis, where
sehaceons glands are localized, our stndies were performed in lerati-
nocyiess=hoovtes co-mbure. SREL, as previonsly demonstrated [22],
is highly expressed in luman spidermis, ad forthe first time we also
demonstrated here it presence in sehaceons glands. OF exposre
inducad 2 deease of keatinocye vishilfty in 2 time dependent
manner, in comtrast schocptes wahility was not affected by C5. This
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finding was not swpnsing because only kergimocytes were directly
exposed to CS, wheremas sehocytes were covered and isalated by 2 home
made Teflon 13d Therefore, #t is possible to hypothesze that CS
exposwre is ahle © trig a cascade of effects from the keratinocy®s to
the cells localied in the deeper layer of the skin induding the
schooytes; this effect is comparahle to that of ozone expomre that
can affect target argans, like skin and hing, not directly, but via the
generation of oxidative lipids that are present in the stratum corneum
and in the Ining flud, respectively. These bicactive compounds can
themselves trig a senies of events induding the rdease of promflam

matory mediators [57], the activation of endogenous ROS production

(iec. NADPH axidases |2
factors

The decrexed schogytes SRE1 Jewls by CS are mainly due © post
transcriptonal axidative modifications. Indeed, our data showed that
there was a significant increase in SRE1 mRNA expression and this can
be 2 comsequence of the prowein Joss, that can induce 2 positive
feedhack at the gene transcription Jewls, aiming © replenish the
decrease protein.

CS 5 one of the most e msults to which skin can be exposed and
itis surprising that passve smoking can even he mare taxe than active
smoking, precisely for s chemical composition [34). CS can affect

), and the modulation of tanscriptonal
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tissues by its ahility to induce cellular redox imbalance that leads to
membrane peraxidaton and formation of ©xic maolecules, such as
highly reactive afi-unsaturated aldehydes of which HNE is one of the
mast reactive ones. This aldehyde is ahle to orm covalent protein
binding with aminoacid residues, such as lysine, histidine and cystaine,
Jeading to the alteration of protein function [39). In our experimental
procedure, CS was able not anly to induce an increase of HNE protein
adducts lewls, but also 2 co-Jocalzation between HNE and SREL was

detcted, showing that SRE1 can be one of the protein targets of this
aldehyde Inaddition, the increased Jewels of HNE protein adducts has
heen corrdated with both skin aging and inflammation {40

During an o xddative event, cedls can elimnate damagng or axidized
proteins by the prowasome machinery [41), as a2 consequence of
protein uhiquitnation, a post-transhational modificaton tha consists
in cowalent hinding of uhiquitin to the proten trget. We found an
increased whiquitin expression after CS in sehogytes, tha coJomlized
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with SRE1, suggesting that S i able to induce SRE1 ubiquitination.
The invalvement of the proteasome machmmery in the modulation of
SRE1 prowin levels was confirmed by the use of the prowasome
inhihitor MG132, which was ahleto prewent SRE1 Joss. This effect s5in
line with the one induced by CS in human keratinocy®es, suggesting
that both epithdial cell types, sehocytes and keratinocytes, respond
similarly to (S nml® regarding SRB1 Javels. Therefore, CS exposure
might decrease SRE1 levels in several skin cells promoting 2 mare
intensiw and disseminate effect in the slin.

The loss of SRE1 can affect the ability of cells © uptake lpids and,
2s suggested, also vitamin E [29]. Indeed, SRE1 KO animals have
shown to have very large HDL particdes, ncreased plsma lewk of
chalesteral and very low lewels of Sssue tocopheral (421

Our results confirm the roleof SRE1 on cellular lipid uptake. In fact
schooytes expased to CS and then treged with several doses of HDL,
showed impairmentin lipid cellular uptake that can consequently affect
the skin harrier functionality.

This study suggests 2 passible rale of SRB1 in acne pathogenesis
induced by CS. The Iterature, has reported 2 rale of CS in acne
davelopment [7]. For instance, an interesting study highlighted the
comnection between smokingand post-pubertal non inflammatoryacne

(APAA) and the increase inschum peroxidation as well a5 the derease
of vitamin K [43]. Among the numerous compounds present in CS
there are also the palyoyelic aramatic hydrocarbons (PAH 5), several of
which have heen identified to hawe chloramegenic poentia [44 45
Shelley and Kligman showed 2 lomlized ame in healthy subjects with
daily ©pical application of penta- and hexachloromaphthalene, further
demonstrating the inherenfly amegenic potential of these organic
compounds (4] Among it several functions, SRE1 plays 2 rale in
hacterial recogniton (26 47 Therefare, #t is possible that the Joss of
SRE1 in sebocytes could kead to the alteration of the sehaceons gland
lipid composition, imparment in skin hacterial recognition and
decreased antioxddants (vitamin E) levels. Together with the increased
oxidative stress induced by CS, skin can hecome mare susceptible ©
damag and infactions.

In concusion, we provided evidences for schogytes being a CS
target affecting chalesteral uptake from HDL due to the ks of SREL
protein via posttranslational modifications, leading o the alteration of
sebum lipid composition and © the impairment of protective sebum
functon against axidative environmental insults, such & CS. Although
SRE1 i not the wnique protein mvolved in the chalesteral pathway,
these results represent 2 new direction towards 2 better understanding
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of the molecular modifications affecting sehocytes that ocour in
pathalogies linked to (S exposure and lipid profile alerations.
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