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ABSTRACT

Background: Tyrosinase Relate@trotein2 (TRP2) is an enzyme involved in melanogenebst &lso
exerts proliferative, anti-apoptotic and immunogefuinctions in melanoma cell§RP2 transcription is
regulated by the melanocytic master transcriptiactdr MITF. GLI2, a transcription factor that acts
downstream of Hedgehog signaling, is also a ditreetscriptional target of the THSMAD pathway
that contributes to melanoma progression and etrariscriptional antagonistic activities againsfial
Objectives To characterize the molecular events respon$dsld GF{3 and GLI2 repression ofRP2
expression.

Methods: In silico promoter analysis, transieatll transfection experiments with 5’-efféRP2 promoter
deletion constructs, chromatin immuno-precipitatiamd site-directed promoter mutagenesis were tased
dissect the molecular mechanismdBP2 gene regulation by TGB-and GLI2.

Results We demonstrate that T@¥Fand GLI2-specificTRP2 repression involves direct mechanisms that
occur in addition to MITF downregulation by T@#Fand GLI2. We identify two functional GLI2 binding
sites within theTRP2 promoter that are critical for TGF-and GLI2 responsiveness, one of them
overlapping a CREB binding site. GLI2 and CREB ceting for the same cis-element is associated with
opposite transcriptional outcome.

Conclusiont Our results further refine the understanding @iv'TGF{3 and GLI2 control the phenotypic
plasticity of melanoma cells. In particular, wentéy critical GLI2-bindingcis-elements within th&RP2
promoter region that allow for its transcriptionapression independently from MITF concomitant

downregulation.

Keywords: Tyrosine-relatedProtein 2; Microphtalmia transcription factor; melanomaanscriptional

control; TGFB; Kruppel-like transcription factor GLI2; CREB



INTRODUCTION

Melanin is produced and released by melanocytéiseifasal layer of the skin and protects the epider
from damage induced by UV radiation. TyrosinaseaRel Protein 2 (TRP2) is one of the enzymes
involved in the synthesis of eumelanin [1]. TRP&ysl an important role in melanocyte detoxificafidh
reduces DNA damage induced by free radicals andedses the sensitivity of melanoma cells to
oxidative stress [3]. TRP2 is also involved in thmliferation and morphology of cells from the
melanocyte lineage [4, 5]. Moreover, TRP2 may exatti-apoptotic functions in melanocytes and
melanoma cells [6, 7]. TRP2 is strongly immunoge8ic9] and belongs to the melanoma-associated
antigens recognized by cytotoxic T lymphocytes [10]. As such, TRP2 is a target of choice for the
development of immunotherapeutic strategies agaietinoma [12].

The M isoform of Microphtalmia-associated transtoip factor (M-MITF, herein referred to as MITF), a
b-HLH-Z transcription factor, is a central regulatd the melanocyte lineage. It controls the migrat
morphology, proliferation, survival and differentan of melanocytes, leading to the synthesis damia
pigments [13]. While loss of MITF has been desatibe a marker of melanoma progression [14], the rol
of MITF is complex as its expression is amplifiedli0% to 20% of melanoma cases [15, 16], 4 to 6%
according to the TCGA database, associated withelnigggressiveness of melanoma cells.

We previously demonstrated that expression of MAr that of several MITF target genes implicated i
pigmentation including TRP2, is inversely corretate that of GLI2, a transcription factor known as
critical mediator of the Sonic Hedgehog pathway ],[1fhat we also characterized as a direct
transcriptional target of the TGFSMAD pathway [18, 19]. GLI2 controls the invasipmperties and the
metastatic potential of melanoma cells by promotagpseudo-epithelial mesenchymal transition
characterized by loss of E-cadherin expression inngeased matrix metalloproteinases (MMP-2 and
MMP-9) secretion [20]. Also, GLI2 antagonizes MITiinction and associated transcriptional program in
melanoma cells, thus contributing to the plastieityl invasive behavior of melanoma celtsereby they

switch back and forth between proliferative andaisive states to drive disease progresgi@h Also, the



expression balance between MITF and GLI2 in melanosils is controlled in parallel by the T@FRand
PKA/cAMP pathways [17].

TheTRP2 promoter contains several critical regulatory edats, such as a preferential MITF binding site,
referred to as M-box at position -138/-128, anéeoadary MITF site, called E-box, at position -3380
[21, 22]. Another critical element at position -2433, CREB-Binding Element (CRE)-like is involvad
TRP2 transactivation by cAMP [23]. Also, a distal enban enriched in HMG domains that bind
LEF/TCF and SOX factors called DDE1 (Dct Distal Bnber 1) in the -447/-416 promoter region is
involved in the melanocyte lineage-specific expmssf TRP2 [24].

In this work, we have identified mechanisms of esgion of TRP2 expression by T@Fand GLI2,
independent from concomitant MITF downregulatibmsilico analysis of the TRP2 promoter identified
putative GLI2 binding sites that were functionatljyaracterized by means of 5-end promoter deletion

experiments, chromatin immune-precipitation ane-ditected promoter mutagenesis.



MATERIALS AND METHODS

Human melanoma cell lines, described previously P®27], were grown in RPMI 1640 (Invitrogen,
Carlsbad, CA) supplemented with 10% FCS and aniisio at 37°C, 5% CO2 in a humidified
atmosphere. The MAPK inhibitors PD98059, SP60012B303580, and the ALK5ARI inhibitor
SB431542 were purchased from Sigma-Aldrich (Samtit, MO). TGFB1 was purchased from R&D
Systems Inc. (Minneapolis, MN).

The 5-end deletion constructs of the hunT@&¥P2 promoter cloned into pGL2-luc to positions -585, -
475, -273, -220 have been described previously. [28flitional 5’-end deletions to positions -412493
and -331 were generated by PCR and cloned as NhdllHfragments into the same backbone vector
(pGL2 basic, Promega, Madison, WI) with the follogi primers: forward (-412) 5'-
CGCTGCTAGCTGGTTCTACATAAAT-3’; (-349): 5-CTATGCTAGBCACATGTCAGAAAGC-3;;
(-331): 5 CTATGCTAGCCATGAGTGCATTGTAGT-3'; reverse  (+344): 5
CGCGAAGCTTTTCTTTTCAGTAT-3'. Inactivation of the pative GLI binding site GACCCCCT) at
position -364/-371; of the putative C2H2 Zn Fingeanscription Factor binding sitd CCCCA) at -251/-
246 position; and of the ubiquitous GLI putativading site GAGGTCACA) at -238/-230 position within
the -412/+344TRP2 promoter construct were performed by point mutafbATCTCCT), (TTCTTA),
(TATTTCACA) respectively using the Dpnl-based QuikChange-diected mutagenesis methodology
(Stratagene, La Jolla, CA). pRL-MLP vector [19]ided from pRL-TK vector (Promega), was used to
monitor transfection efficiencies. The GLI-specifieporter plasmid (GLI-BSJuc [28] was used to
measure GLI2-dependent transcription.

Protein extraction and Western blotting were penfedl as previously described [17, 29]. Mouse anti-
MITF, rabbit anti-GLI2 antibodies and goat anti-TRRvere purchased from Neomarkers (Thermo
Scientific, Kalamazoo, MI), Cell Signaling (Ozym8t-Quentin en Yvelines, France), and Santa-Cruz
Biotechnology (Santa-Cruz, CA), respectively. Moasanoclonal anti-actin and goat anti-UKHC, as well
as secondary donkey anti-rabbit and anti-mouse ERIigated antibodies were from Santa-Cruz

Biotechnology.



For reporter assays, melanoma cells were seed@ghivell plates and transfected at approximately 70
80% confluency in fresh medium containing 1% FCShweither Fugene™ (Roche Diagnostics,
Indianapolis, IN, USA) or JetPEI (Polyplus Transi@a Inc., New York, NY, USA). Luciferase activite
were determined with a Dual-Glo™ luciferase assiy(Rromega), using a Fluoroskan Ascent FL
(Thermo Labsystems). 888mel cells stably expresSin@AN have been described previously [17, 29].
Infection of melanoma cells with lentiviral paltis expressing either control, non-targeting, shaitpin
RNAs (shRNAs) (shCtrl, Sigma-Aldrich SHC002V) orrRdWA targeting GLI2 (Sigma-Aldrich SHVRS
clone ID TRCNO0000033329 and TRCNO000033330) or shRdgeting MITF (Sigma-Aldrich SHVRS
clone ID TRCNO0000019123) has been described preliofl7, 29]. Efficacy of GLI2 and MITF
knockdown over time was verified by real time RTHP@nd Western blotting. Small interfering RNAs
(siRNA) targeting GLI2 (Ambion/Applied Biosystems)ere transfected into cells using the HiPerfect
reagent (Qiagen). Control and MITF siRNAs (siM1)ravgreviously described [30]. A second MITF
siRNA (siM2) was also used to rule out the risloffftarget effects [31].

RNA extraction and reverse transcription-polymeralsain reaction (RT-PCR) methodologies have been
described previously, together with primer sequsiité, 20, 29].

Chromatin immunoprecipitation was carried out gdime ChIP-IT express kit (Active Motif, Rixensart,
Belgium). Briefly, fug of enzymatically sheared chromatin were immunapigted using @g of
antibody against IgG or GLI2 (Santa Cruz Biotecbgg), then incubated overnight at 4°C with pro@in
beads. Precipitated DNA was used for PCR analysiisguprimers specific for -493/-253 and -272/-1
regions of the humarTRP2 promoter. forward, 5- ATGTGCTGAATAGGAGAAGAGTAAG-3
reverse, 5'- TCAGTAGATGCAGTGAGCTCTTC-3 and forward 5'-
ACGAAGAGCTCACTGCATCTAC-3’; reverse 5'- ACACCGTGCTGOTTATTCT-3', respectively.
Amplification of GAPDH sequences was used as imteoontrol with primers provided in the Active
Motif kit. Amplimers were visualized with ethidiubromide after agarose gel electrophoresis.

For bioinformatics analyses, the Genomatix softwerekage (Genomatix Software, Minchen, Germany)

was used. Two kb upstream and 0.2 kb downstreatheofranscriptional start site of the humERP2



promoter [24] were extracted with help of the El@dw module (release 4.6, Human Genome NCBI build
37/hgl9). Identification of transcription factornding sites was performed using the Matinspector
module, together with Matrix Family Library versio®i3. All analyses were conducted with high

threshold values (core similarity 1.0, matrix sigmity >0.9/0.95).



RESULTS

Canonical TGF- signaling represses TRP2 expression

TGF strongly reduced the expression of TRP2 at the mRNg. 1A, upper panel) and protein (Fig. 1A,
lower panel) levels in three distinct (888mel, WN3®8and SKMel28) melanoma cell lines. The effect
was largely transcriptional, as transient cell $fantion experiments show th&GF repressegRP2
promoter activity in 501mel and 888mel melanomasoghich strongly express TRP2 [17] (FigurB).
Also, overexpressiomf SMAD2 and SMAD3 repressetRP2 promoter activity and enhanced T@F-
inhibitory activity (Fig. 1C).Inversely, incubation of cells with a pharmacolagimhibitor of TBRI,
SB431542, increased both TRP2 mRNA and proteindegeiggesting that autocrine T@Fsignaling is
involved in the control of basal TRP2 levels in amma cellsOn the other hand, pharmacological
inhibition of the MAP kinase pathways ERK/MEK witPD98059, JNK with SP600125, and p38 with
SB303580 hadittle or no effect on TGHB-driven inhibition of TRP2 expressionmeasured aboth the
mRNA (Fig. 1D, upper panel) and protein (Fids, lower panel) levels. Of note, basal TRP2 exposssi
was increased upon p38 and ERK inhibition, sugagstiat autocrine activity of both pathways regedat
constitutive TRP2 expression.

TGF-f inhibition of TRP2 expression implicates mechanisswother than MITF downregulation

In 888mel cells treated with TGFfor only 6h, concomitant repression of MITF and TR@4% and
64% respectively as estimated by scanning densitg)nevas observeat the protein level (Fig. 2A).
This is consistent with our previous work on MITF reguatiby TGFB [17]. Knockdown of MITF by
means of specific sSiRNAs reduced TRP2 expressjonp to 40%yet allowed further inhibition of TRP2
by TGF{, between 50 to 70%ig. 2B). This suggests that MITF repressiondsthe sole mechanism by
which TRP2 expression is inhibited by TGFSimilar results were obtained in the SKMel28 tiekk in
which MITF levels were stably reduced by meanseuttiliral expression of shRNAs directed against
MITF (Fig. 2C). In the same cellular setting, reed@RP2 promoter activity was observed upon MITF

knockdown, yet further inhibition by TGFwas observed (Figure 2D).



To determine whether MITF is implicated in the doggulation of TRP2 expression by GLI2, a
constitutively active truncated mutant form of GU#king the N-terminal repressor domain, GAIN,
was first overexpressed in the 888mel melanomalioell with high MITF and low GLI2 endogenous
levels, as determined previously [17]. GAIR overexpression, verified by semi-quantitative QRR
efficiently inhibited basal TRP2 expression (Fid\)3both at the mRNA (left panel) and protein (tigh
panel) levels. Inhibition of th&RP2 promoter by GLIAN also occurred in SKMel28 cells with MITF
knockdown (Figure 3B left panel). Likewise, in humambryonic kidney 293T cells that does not belong
to the melanocytic lineage and do not express Mflidverexpression of GLIN also inhibitedTRP2
promoter activityin transient cell transfection experime(fEégure 3B right panel). Thus, neither M-MITF
nor the cellular context of the melanocyte lineagkhough biologically relevant, are necessary for
transcriptionainhibition of TRP2by GLI2 and TGH3.

Stable knockdown of GLI2 by means of shRNA in SKR&melanoma cells identified a role for GLI2 to
control basal TRP2 expression while it is not regghifor TGFB inhibitory activity on TRP2, both at the
MRNA (Figure 3C, left panel) and protein (right phnlevels. TRP2 levels, both mRNA and protein,
increased approximately 2-fold upon GLI2 knockdowrhile TGFf inhibitory effect (approximately
50% inhibition) was identical in shC and shGLI2lgel

Identification of the TGF-B and GLI2 responsive regions of the TRP2 promoter

In silico analysis of the TRP2 promoter identified multigdatative binding sites, including, but not
restricted to, an E-box, a M-box, several CRE-bigdsites, a BRN/POU binding domain, as well as
MAF1/AP1, HNF1 or NF-kB binding sites (Figure 4AAlso, three putative binding sites for GLI
transcription factors were identified: one at posit-371/-364 (GACCCCCT), specifically identified/ b
Matlnspector as a GLI transcription factor bindsitg, and two others, closely positioned at -2518-2
and -238/-230, respectively labeled as a bindig f&ir a zinc finger type transcription factor C2H2
(TCCCCA) and a binding site for ubiquitous GLI (G&ECACA). The latter fully overlaps a previously

characterized CRE element [23].



To characterize TGB-and GLI2 responsive regions within thiBP2 promoter, we generated a battery of
5’'end TRP2 promoter deletion constructs (Figure 4B, left parnEransient cell transfection experiments
identified two regions involved in the regulatiohTéRP2 promoter activity by TG (Figure 4B, central
panel) and GLIZAN overexpression (Figure 4B, right panelRP2 promoter activity was reduced by
approximately 70% by TGB-and up to 50% upon GLAN overexpression when at least 412bp upstream
of the transcription start site of the promoter avpresent. The extent of repression by TGkas down

to about 50%, and to 30% when overexpressing &lN|ZXor constructs further deleted down to position
273, and almost completely lost (less than 10%k wie shorter, -220/+344, construct. This suggists
presence of at least two regulatory regions inwbimethe TRP2 repression modulated by GLI2 and TGF-
[B: one in the region -412/-349 and the other orteérregion -273/-220.

GLI2 binds the TRP2 promoter

ChIP experiments were performed to determine whedhd? binds the two regions of interest identified
above. As shown in Figure 5A, in the 1205Lu melaaamall line that expresses high endogenous GLI2
levels and low MITF and TRP2 levels [17], GLI2 &cruited to both the -498/-253 and -272/-1 regioins
the TRP2 promoter, not to the 1666pAPDH promoter fragment used as negative control. In SR8l
cells, similar GLI2 recruitment was observed tohb®RP2 regions in control cells (left panel) while
binding was no longer detectable in GLI2 knockdmefis (right panel). To address the possibilityped

by the abovén silico analysis that GLIBS3 overlaps with a functionalECR the proximal region of the
TRP2 promoter and thus that GLI2 may interfere with GREnding, we also performed ChIP assays
with an anti-CREB antibody. Results shown in Figh@&demonstrate an absence of CREB recruitment in
control SKMel28 cells while CREB is recruited tethame TRP2 promoter region in GLI2 knockdown
cells (Figure 5C), suggesting a possible competitietween GLI2 binding GLIBS3 and CREB binding
the CRE-like motif, whereby GLI2 prevents CREB bimgdto the CRE element, resulting in reduced

TRP2 transcriptional activity.
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Functional analysis of the putative GLI2-binding sies within the TRP2 promoter

Each of the three putative GLI2 binding sites iffeatt by bioinformatics (Figure 4A) were inactivdtey
point mutations and each of the mutant constrgsted in parallel transient cell transfection ekpents

in 888mel melanoma cells together with the wildetygonstruct for responsiveness to either a6+
GLI2 overexpression. Consistent with the resultespnted above, the wild-typERP2 promoter (-
412/+344 construct) was strongly inhibited by bdHl2 overexpression (Figure 5D) and T@F-
stimulation (Figure 5E). Both GLIBS1 and GLIBS3 mots were unresponsive to GAIR
overexpression, while inhibition of the GLIBS2 muttavas similar to that of the wild-type promotehig
suggests therefore that transcriptional repressidhe TRP2 promoter by GLI2 occurs both through the -
372/-364 (GLIBS1) and -238/-229 (GLIBS3) elemenissF{3 inhibition on the other hand was
maintained even in the presence of the GLIBS1 ahtB&2 mutations, and abolished by the GLIBS3
mutation (Figure 5E). Also, basal activity of th&IB8S3 mutant construct, which overlaps a CRE-liked
motif, has a lower basal activity than its wild-ypounterpart, in accordance with the importancthef

CRE for promoter basal activity [23].
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DISCUSSION

In melanoma, phenotypically distinct cell subpofgiolas have been identified, that are either highly
proliferative and poorly invasive or slow-growingdahighly invasive. These cells may switch from one
state to the other in a phenomenon known as phgicasyitching whereby aggressive solid tumors to
rapidly adapt to micro-environmental changes armhgs genotoxic therapy (reviewed in [32]). In the
case of melanoma, the phenotypic switching modsljported by the observation that cells expressing
high levels of MITF have low invasive capacity, Vehicells expressing low or no MITF are highly
invasive [33]. Remarkably, cells expressing higrele of GLI2 have low MITF levels and melanin lexel
and these expression profiles appear to be indepéritbm the BRAF or NRAS oncogenic mutation
status of melanoma cells [17]. Analysis of morentt#0 cell lines derived from melanoma tumors
indicates that these properties are largely muytueadtiusive and are defined by distinct gene exgioes
signatures [34].

GLI2 exerts direct transcriptional repression agaMITF [29] and its expression is anti-correlateth a
number of markers of melanocytic differentiatiom,particular enzymes involved in the biosynthesis o
melanin, including TRP2 [17]. GLI2 also upregulatee expression of the EMT-inducing transcription
factor ZEB1 and represses E-cadherin expressign [f38ould therefore represent a critical regutab
the pseudo-EMT undergone by transformed melanodytgag the critical transition of melanomas from
radial growth phase to vertical growth phase, legdio metastatic progression. We previously
demonstrated that TGBE+epresseMITF promoter activity via inhibition of protein kinage activity,
resulting in decreased CREB activity and bindinggecific cis-elements within thél TF promoter [29].
CREB is also known to regulate TRP2 expressiomatttanscriptional level and it is thus highly like
that TGFB-driven inhibition of PKA activity and MITF expreiss in melanoma cells contributes to its
inhibitory activity on TRP2 as well. Yet, in thisonk, we have determined that TRP2 is not only $iesi

to the cellular levels of MITF, but is also downuaged by GLI2-driven mechanisms. GLI2, induced

rapidly by TGFB, exerts a dual repressor activity on P2 promoter. GLI2 binds a consensus GLI2-

12



specific site at position -372/-364 that allows foanscriptional repression of the promoter, anuidi
another element which overlaps a CRE at positi@d8/-230. Binding of GLI2 to the latter element
prevents CREB binding, which is critical for TRPashl expression [23]. Thus, a complex regulatory
network of transcription factors and signaling padlis is able to regulate TRP2 expression in melanom
cells, whereby TGHB- orchestrates multiple complementary mechanisrosy flownregulation of MITF
expression to induction of GLI2 which either ditgaepresseIRP2 promoter activity or interferes with
CREB binding to an active positive cis-element.dhematic of the various steps leading to TRP2 gene
repression is provided in Figure 6. These datagbmiew insights into the transcriptional controlgeies
involved in melanogenesis by Td&-Interestingly, in the context of oncogenesis amelanoma in
particular, TGH3 acts as potent inhibitor of the anti-tumoral immauasponse. The immunosuppressive
activity of TGFf is driven by its ability to promote T-cell supps&s), increasing T-Regs against NK
cells. In turn, T-Regs interfere with T-cell pringirand maintain tolerance against tumor cells (Reste

in [36, 37]). Remarkably, as TRP2 represents aroitapt antigen for immunotherapy of melanoma [12],
such transcriptional repression of TRP2 in melanaabs by TGFB may represent an additional
mechanism that contributes to the pro-oncogenieiies of TGFf and further potentiates tumor escape

to immune clearance.
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FIGURE LEGENDS

Figure 1. TGF{3 represses TRP2 expression at the transcripti@val.l(A) 888mel, WM983A and
SKMel28 human melanoma cells were incubated for@dout (-) or with (+) TGH3, after which total
RNA was extracted an@iRP2 transcript levels measured by quantitative RT-R@pper panel). Results
are mean +/- s.e. of 2 (888mel) or 3 (WM983A andviek8) independent experiments, TRP2 protein
levels were estimated by Western blotting in patalishes (lower panel). Actin or UKHC in the same
samples served as a loading control. A represeatéaibt is shown for each cell line. (B388mel and
501mel human melanoma cells were transiently awsfexted with the -585/+34%RP2-luc promoter
construct and pRL-MLP. Sixteen hours later, medwas changed and cells were incubated for 24h
without (-) or with (+) TGH3 (5ng/ml). TRP2 promoter activity was measured as luciferase iagtiv
corrected forRenilla. Results are mean +/- s.e. of 3 independent erpets, each performed with
triplicate dishes. (C) 888mel human melanoma ce#se transiently transfected with either empty
(pcDNA), SMAD2 or SMAD3 expression vectors togethwdth -585/+344TRP2-luc and pRL-MLP.
Sixteen hours later, medium was changed and celte imcubated for 24h without (-) or with (+) T@F-

(5 ng/ml), after whichTRP2 promoter activity was measured. Results are méas.&. of 2 experiments,
each performed with triplicate dishéB.), 888mel human melanoma cells were incubate@4brwithout

(-) or with (+) the ALK5/TBRI inhibitor SB431542 (M), after which total RNA was extracted angP2
transcript levels measured by quantitative RT-PERsults are mean +/- s.e. of 2 independent
experiments, each performed with triplicate disi{&3.888mel human melanoma cells were incubated
without (-) or with (+) DMSO, PD98059 (M), SP600125 (10M) and SB303580 (3M). One hour
later, TGFB (5ng/ml) was added to the medium for 24h, afteictviTRP2 transcript levels were
measured by quantitative RT-PCR (upper panel). TRB&in levels were estimated by Western blotting
(lower panel). Actin served as an internal loadaogtrol. Results are mean +/- s.e. of 3 independent

experiments. Where indicated, differences betweaengs were estimated by either two-tailed Mann-
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Whitney (panels A, B, D and E) or one-way Anovang@aC) tests. ns: non-significant; *: p<0;05; **:

p<0.01; ***: p<0.001.

Figure 2. TRP2 repression by TGE-is partly independent from MITF downregulation.) (888mel
human melanoma cells were incubated for 6h witlfgubdr with (+) TGFS (5ng/ml), after which TRP2
and MITF protein levels were estimated by Westdattihg. The arrow indicates the M-MITF isoform
band. (B) 888mel human melanoma cells were tratigicnansfected with either control (siC) or MITF-
specific siRNA oligonucleotides (siM1 and siM2)omaé or in combination. 48h later, medium was
changed and cells were further incubated for 24thomt (-) or with (+) TGH3 (5ng/ml), after which
MITF and TRP2 protein levels were estimated by \&estblotting. UKHC served as a control. (C)
SKMel28 human melanoma cells transduced with eittmtrol (shC) or MITF (shMITF) shRNA
lentiviral vectors were incubated without (-) orthw{(+) TGFf (5ng/ml) for 24h, after which TRP2 and
MITF protein levels were estimated by Western bigtt For panels A, B and C, results are from orfe (o
three) representative experiment. (D) SKMel28 humsianoma cells transduced with either control
(shC) or MITF (shMITF) shRNA lentiviral vectors wetransiently transfected with the -585/+3P2-

luc construct and pRL-MLP. Sixteen hour later, mmetdiwas changed and cells were incubated for 24h
without (-) or with (+) TG (5ng/ml), after whichTRP2 promoter activity was measured. Results are
mean +/- s.e. of 3 experiments, each performed tnijtlicate dishesDifferences between groups were

estimated by unpaired Student t-test. ns: non-sigimit; *: p<0;05; **: p<0.01.

Figure 3. TRP2 inhibition by GLI2 is independent from MITF wlioregulation. (A) 888mel human
melanoma cells were stably transfected with eitimpty (pc) or constitutively active GLI2 mutant
(GLI2AN) expression vector&LI2 overexpression antiRP2 transcript levels in the same samples were
estimated by semi-quantitative RT-PCR in two didtipuromycin-resistant populations (1,2, left panel

Results were normalized witAPDH. TRP2 protein levels were estimated by Westerrtib{p in
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parallel dishes (right panel). Actin served as atmd. Results are from one (of three) represerdati
experiment. (B) SKMel28 human melanoma cells transd with either control (shC) or MITF (shMITF)
shRNA lentiviral vectors were transfected with eitempty (-) or GLIAN (+) expression vectors, the -
585/+344 TRP2-luc construct and pRL-MLPTRP2 promoter activity was determined 48h later (left
panel).Differences between groups were using the unp&tadent t-test. ns: non-significant; **; p<0.01;
***: p<0.001. 293T human embryonic kidney cells were co-transfibcwith the -585/+344TRP2
promoter luciferase construct without (pc) or W{tBLI2AN) GLI2AN expression vector. Luciferase
activity was measured 48h later. Results are méase: of 3 experiments, each performed withitrigie
dishes.Differences between groups were estimated usimgpaailed Mann-Whitney test. *: p<0;05. (C)
SKMel28 human melanoma cells transduced with eitbatrol (shC) or GLI2 (shGLI2) shRNA lentiviral
vectors were incubated for 24h without (-) or wi#) TGF{3, after which total RNA was extracted and
TRP2 transcript levels measured by quantitative RT-RGR panel). Results are mean +/- s.e. of 3
independent experiments, each performed with ¢apd dishes. Differences between groups were
estimated by one-way Anova. **: p<0.01; ***: p<ODOTRP2 protein levels were estimated by Western

blotting in parallel dishes (right panel). A regatative blot is shown.

Figure 4. TGF{3 and by GLI2 responsive elements within the hurfRR2 promoter.(A) Nucleotide
sequence of the proximal (-585/+1) hunERP2 promoter region and transcription factor binditigss
identified with the Matlnspector module of the Geratix database (Matrix Family Library version 8.3).
Note the presence of three putative GLI bindingssit positions -371/-364 (BS1); -251/-246 (BS2) an
238/-230 (BS3). (B) Effect of TGB-(center panel) and GLAN overexpression (right panel) on the
activity of a library of 5’-end deletion construat$ the human TRP2 promoter (left panel) in tranisie
transfection experiments using 888mel melanoma.ckliciferase activity was measured after overnight
incubation. Results, expressed as % of inhibitiprither TGFB or GLI2 overexpression are mean + s.e.

of 3 independent experiments, each performed wijthidate dishes.
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Figure 5. Analysis of the putative GLI2 binding sites of thBP2 promoter. (A) Chromatin Immuno-
precipitation (ChIP) analysis of GLI2 binding to the -498/-253 andthe -272/-1 regions of thERP2
promoter in the 1205Lu human melanoma cells (higlogenous GLI2 levels). (B) ChIP analysis of
GLI2 binding to the -498/-253 and -272/-1 regioristiee TRP2 promoter in control (shC) and GLI2-
knockdown (shGLI2) SKMel28 human melanoma cellét anels). Efficacy of GLI2 knockdown was
verified by Western blotting in parallel dishegyfri panel). (C) ChIP analysis of CREB binding te th
272/-1region of the TRP2 promoter in control (shC) and GLI2-knockdown (SHBLSKMel28 human
melanoma cells. In all experiments, amplificatidnacl666-bp region of the huma»APDH promoter
was used as a negative control, as recommenddteimanufacturer’s protocol. Results are from one
representative (of three) experiment. (D). 888nuehéin melanoma cells were transiently transfectdld wi
empty pcDNA (-) or constitutively active GLI2 mutaGLI2AN (+) expression vector, together with
either wt, BS1*, BS2* or BS3* -412/+34PRP2 promoter-luciferase constructs and pRL-MLP. Pramnot
activity was determined 48h later. (E) 888mel humalanoma cells were transiently transfected with
either wt, BS1*, BS2* or BS3* -412/+348RP2 promoter-luciferase and pRL-MLP constructs. Sintee
hours later, medium was changed and cells incubfated4h without (-) or with (+) TG (5 ng/ml).
TRP2 promoter activity was determined. Results are mdas.e. of 3 experiments, each performed with
triplicate dishesDifferences between groups were estimated by oneAmava. ns: non-significant; **:

p<0.01; ****: p<0.0001.

Figure 6. Schematic representation of humaRP2 promoter downregulation by TGF-and GLI2.
ConstitutiveTRP2 promoter activity is dependent upon binding of ®R& a CRE-like cis-element and of
MITF to both an E-BOX and a proximal M-BOX. T@F-acts on CREB-driven transcription by
downregulating PKA activity [29]. Also, TGB-inhibits MITF transcription [29]. Both mechanismmay

contribute to reduce TRP2 expression in melanonia. &GF{f3 induces GLI2 and GLI2 inhibits TRP2
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transcription via two distinct GLI2 binding sites @ositions -371/-364 and -238/-23ndogenous GLI2
levels therefore control basal TRP2 expressidre most proximal GLI2 binding site overlaps &ical
CRE-like domain [23] and GLI2 binding prevents tlditCREB to the same promoter element. This

Figure was created using Servier Medical Art Tetgpl&MART, which is licensed under a Creative

Commons unported license attribution 3.0 httpsafsservier.com.
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