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To the editor,

Peroxisome proliferator-activated recept®ARS) are ligand-activated transcription factors
belonging to the family of nuclear hormone receptdhey include three different isoforms;
namely PPARy, PPAR$/6 and PPARy, and have many important roles in the regulation o
a large number of physiological processes, inclyidell proliferation, differentiation and
inflammatory responses (Sertzmigal., 2008). Due to their prominent expression in human
skin and its appendages, there is a growing irtterd3PARs in human skin biology and
pathology (Dozsat al., 2016; Ramott al., 2015; Ruzehagt al., 2016; Wallmeyeet al.,

2015; Yin and Smith, 2016). PPARhe most widely investigated subtype, is exprase

the epidermis and the hair follicles (HFs), andtome skin barrier permeability, inhibits
keratinocyte proliferation and promotes epiderreahinal differentiation (Rama al.,

2015). We have previously shown that agonistic PPARdulators may exert protective
functions on keratin 15+ epithelial progenitor ftian in human HFs, while they inhibit hair
growth by inducing catagen and inhibiting the geshtion of hair matrix keratinocytes

(MKs) (Ramotet al., 2014).

Recently, PPARmediated signalling has also been implicated érégulation of
mitochondrial energy metabolism, e.g. in adipossug and the brain (Chaturvedi and Flint
Beal, 2013; Hock and Kralli, 2009). However, it r@ms to be studied whether PPAR
stimulation impacts on the mitochondrial biologyhefman HF keratinocytes situ, which
are known to be key players in HF energy metabo(isioepperet al., 2015). Therefore, we
have asked whether the selective (agonistic) PPABdulator, N-Acetyl-GED-0507-34-
Levo (N-Acetyl-GED) (Ramott al., 2014), can modulate mitochondrial propertiesngisi
microdissected, organ-cultured human scalp HFspysiologically and clinically relevant

assay system (Langahal., 2015).



In order to screen whether PPARtimulation can lead to changes in mitochondriatesl
genes, we have analysed our previously executeshgenvide microarrays (data are
accessible through GEO series accession number @BH93), performed on two
independent sets of organ-cultured HFs from a fermpatient’s scalp, treated with 0.01 mM
N-Acetyl-GED for 6 hrs (Ramatt al., 2014). Using more permissive selection criteria
(p<0.05, >2-fold, equidirectional changes in batitignts), we have identified four genes
involved in the control of mitochondrial functioo be upregulatedSuppl. Table 1), thereby

suggesting a role for PPARstimulation in mitochondrial function.

To further test the possible role of PPAIRR mitochondrial function, human anagen VI HFs
were microdissected from normal scalp skin that @l@ained after written informed consent
from two healthy patients, as previously descrilzethering to Helsinki guidelines and under
a licence from the ethics committee of the Uniugrsf Minster (Reference No.: 2015-602-f-
S). The HFs were organ cultured for 6 days withiclefor 0.01-1 mM N-Acetyl-GED
(concentrations were chosen based on the previalestyified optimal dose; (Rametal.,

2014), with change of culture media every 48 hrs.

To confirm a possible role for N-Acetyl-GED in mitoondrial function, we investigated
expression of four genes that are known to be k&yeps in mitochondrial biology, namely
Mitochondrially Encoded Cytochrome C Oxidase | (MJ0), PPAR coactivator lg

(PGC1), Mitochondrial Transcription Factor A (TFAM) ar@blute Carrier Family 25
Member 3 (SLC25A3) (Ramet al., 2011, Vidaliet al., 2014). g-PCR analyses revealed that
there was a significant and concentration-depenstenulation of PGCd transcription,

while for the other genes there was a strong ttewdrds upregulation of mRNA levels

following the treatmentHig. 1A).



To further dissect the stimulating effect of N-AdeGED on key mitochondrial elements, we
also analysed their expression at the protein lI&N«cetyl-GED significantly increased
immunoreactivity for MTCO1, a key enzyme of thepiestory chain (Knuevest al., 2012)
(Fig. 1B). This increase was observed in both the outdrsioeath (ORS) and hair MKs. A
very similar effect was also evidenced for the @iroexpression of TFAM, a key
transcription factor for mitochondrial DNA synthegKnueveret al., 2012) Fig. 1C). A
slightly different effect was observed when we d&welcthe protein expression of voltage-
dependent anion channel 1 (VDACL1), a reliable mafiieemitochondrial mass in general
(Vidali et al., 2014). In the lower concentration (0.01 mM), thesas a slight decrease in the
protein expression. However, like the other mitowh@al markers, the two higher
concentrations led to significant upregulationrafmunoreactivity in both the ORS and MKs

(Fig. 1D).

As complementary evidence, we also tested thetsftdd\N-Acetyl-GED on isolated human
ORS keratinocytes. Interestingly, we found that @«satments by using the same, non-
cytotoxic (MTT- and CyQUANT assaySuppl. Fig. S1a-d concentrations (i.e. 0.01, 0.1.
and 1 mM) of N-Acetyl-GED were able to significgntipregulate expressions of all the
tested “mitochondrion-relevant” genes (i.e. MTCOEAM, PGCL, VDAC1 and
SLC25A3) in the cells of the investigated donocasipared to the vehicle treated group
(Fig. 2A). Thus, results of this pilot experiment revealingre prominent actions on “pure”
ORS keratinocyte cultures than in intact HFg( 1A) invite the hypothesis that, within the
HFs, ORS keratinocytes may be the primary targeftsAcetyl-GED-mediated PPAR

activation.



Furthermore, to get an independent, indirect pabadlie influence of PPARSstimulation on
the mitochondrial actions, we also measured ATeasd of ORS keratinocytes upon the
above 6-hr N-Acetyl-GED treatments (for details #geSupplementary Methodssection).
Of great importance, we found that N-Acetyl-GED Idotoncentration-dependently increase
the amount of the released ATP of the ORS keragiies¢ highlighting again that it is indeed
likely to positively regulate mitochondrial actiyiin these cellsKig. 2B).

N-Acetyl-GED has been shown before to induce caia@gel decrease hair matrix
keratinocyte proliferation (Ramet al., 2014), while our current study shows that N-Atety
GED induce mitochondrial energy metabolism. Thesdirig are in agreement with the
concept that the hair follicle mainly engages iroag glycolysis and not rely predominantly
on mitochondria-dependent glucose metabolism (Btiignd Kealey, 1990; Williamet al.,
1993). These findings also suggest that the catpg®noting impact of N-Acetyl-GED may
be dependent on the promotion of catagen-/terndiiff@rentiation-associated processes in the
hair bulb that are more reliant on oxidative phasglation.

These preliminary results suggest that, similatsteffects in other tissues, PPARediated
signalling is a player in regulating the energyabelism of human scalp HFs by enhancing
mitochondrial function, most probably primarilytile ORS keratinocytes. Next, it deserves
to be evaluated whether this modulation of mitochih biology read-out parameters by
PPARy modulators in human skin shown here can be tratslato clinically beneficial

effects (e.g. anti-HF aging).
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Figure legends

Figure 1. N-Acetyl-GED modulates mitochondrial actvity in microdissected human
HFs. A. mRNA levels of PGCd4, MTCO1, TFAM and SLC25A3, in human HFs, treated
with 0.01 or 0.1mM N-Acetyl-GED for 6 hrs. Mean £E8. B. N-Acetyl-GED stimulated
MTCO1 immunoreactivity after 6 days in culture. MeaSEM, n=11-20 HFs per group.
Insets: higher magnification of the MTCOL staininghe outer root sheath keratinocytes. C.
N-Acetyl-GED stimulated TFAM immunoreactivity aftérdays in culture. Mean £ SEM,
n=15-19 HFs per group. D. While decreasing VDAC inimmoreactivity in the lower
concentration, N-Acetyl-GED stimulated VDAC1 immueactivity in the higher
concentrations after 6 days in culture. Mean + SBEM7-12 HFs per group. A-D: ¥0.05,
**p <0.01, ***p<0.001 as indicated, using two-tailed, unpaired &tiid t-test. MK: matrix

keratinocytes, ORS: outer root sheath, DP: derrmapillp. Scale bars = 50 um.

Figure 2. N-Acetyl-GED acts on outer root sheath katinocytes of human HFs.A.

MRNA levels of PGC4, MTCO1, TFAM, VDAC1 and SLC25A3, in primary, hum@RS
keratinocytes treated with 0.01, 0.1 or 1 mM N-AG&ED for 6 hrs, as indicated. Mean +
SEM of 2-3 determinations. See also Supplementaxry. B. G6PD-corrected ATP release
following the indicated 6-hr N-Acetyl-GED treatmsrdf primary, human ORS keratinocytes.
Mean + SEM of 3 determinations. A-B: ¥p.05, **p<0.01, ***p<0.001 as indicated, using

two-tailed, unpaired Student's t-test.
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