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Characterization of human cathepsin L promoter and identification of
binding sites for NF-Y, Sp1 and Sp3 that are essential for its activity
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Cathepsin L is a cysteine protease whose overexpression in
human melanoma cells increases their tumorigenicity and swit-
ches their phenotype from non-metastatic to highly metastatic.
Regulation of the transcription of the gene encoding human
cathepsin L has not been yet studied and only preliminary data
exist on the promoter regulation of the gene encoding rodent
cathepsin L. In the present study we identified molecular elements
involved in the transcriptional regulation of human cathepsin L
in melanoma cells. The sequence of the 5'-flanking region of the
gene encoding human cathepsin L was determined up to 3263 bp
upstream of the translation start site. The major transcription
intiation site was located. Three mRNA splice variants, differing
in their 5" untranslated ends, were identified. Regulatory regions
crucial for cathepsin L promoter activity were characterized
between — 1489 and — 1646 bp. In this region, two GC boxes

(—1590/—1595 and —1545/—1550) and a CCAAT motif
(—1571/—1575) were involved in specific DNA—protein inter-
actions. An electrophoretic mobility-shift assay demonstrated
that Spl and Sp3 transcription factors bound to these GC boxes,
and only the transcription factor nuclear factor Y (NF-Y) bound
to the CCAAT motif. Mutagenesis studies demonstrated that
these binding sites contributed at least 859, of cathepsin L
promoter activity. Thus structural and functional analysis
demonstrated that binding sites for NF-Y, Spl and Sp3 are
essential for transcription of the gene encoding human cathepsin
L in melanoma cells.

Key words: complement, cysteine protease, melanoma, tran-
scription factor.

INTRODUCTION

Cathepsin L is a papain-type cysteine proteinase [1-3] whose
gene is located on human chromosome 9q21-22 [4]. Cathepsin L,
initially translated as preprocathepsin L, is then transferred
through the Golgi as procathepsin L and stored in lysosomes as
mature cathepsin L [5]. As a lysosomal endopeptidase, mature
cathepsin L degrades a wide range of intracellular cytoplasmic
and nuclear proteins [6,7]. In addition, procathepsin L can be
secreted by normal or transformed cells [5] and can therefore also
be involved in the cleavage of extracellular proteins, thus
controlling their functions. We demonstrated that procathepsin
L secreted by human melanoma cells cleaved human C3, the
third component of complement, thus inhibiting the cytolytic
activity of complement, i.e. controlling the humoral immune
system [8,9]. Cathepsin L secreted by an endothelial tumour cell
line generated endostatin from collagen XVIII, suggesting that
cathepsin L might have a role in angiogenesis [10] and in tumour
progression [11,12]. Anti-sense inhibition of cathepsin L mRNA
decreased tumour growth in murine myeloma [13]. Pretreatment
of tumorigenic and highly metastatic human melanoma cells
with anti-(cathepsin L) antibody strongly inhibited their tumori-
genicity and significantly decreased their metastatic potential in
nude mice [14]. Cathepsin L is highly expressed in transformed
cells in culture [15] and human tumours [16]. More recently, we

demonstrated that overexpression of procathepsin L in human
melanoma cells increases their tumorigenicity and switches their
phenotype from non-metastatic to highly metastatic [17]. There-
fore the enforced expression and secretion of procathepsin L by
human melanoma cells arms them with the ability to inactivate
complement-mediated cell lysis and contributes to tumour growth
and metastasis [18].

All these results emphasized the need to elucidate the exact
mechanisms of regulation of expression of the gene encoding
human cathepsin L and to analyse its transcriptional regulation.
Indeed, incomplete and very preliminary data existed in this field
only for rodents [19-22]. In human, only partial sequence data
have been described: cathepsin L cDNA was cloned [23,24] and
the intron—exon structure of its gene was determined [4]. How-
ever, although the ATG translation start site was located in exon
2 and the DNA sequences of intron 1 and exon 1 were deter-
mined, the DNA sequence upstream of the transcript region has
remained unknown. In addition, the transcription initiation site
and transcription factors involved in its promoter regulation
have not yet been identified.

In the present study we therefore analysed molecular elements
involved in the transcriptional regulation of human cathepsin L.
We first focused on the cloning of the 5’-flanking region of the
human cathepsin L gene and on the identification of transcription
initiation sites. Then we identified the region of the promoter and
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monoclonal antibody; NF-Y, nuclear factor Y; RLM—-RACE, RNA-ligase-mediated rapid amplification of cDNA ends.
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transcription factors that regulate cathepsin L promoter activity.
We demonstrated that the binding sites specifically recognized by
nuclear factor Y (NF-Y), Spl and Sp3 transcription factors were
essential for human cathepsin L gene promoter activity.

MATERIALS AND METHODS
Cell lines and culture conditions

The DM-4 human melanoma cell line was established from
surgical specimens of lymph node metastasis [25]. The A375SM
cell line was established from nude-mice lung metastasis produced
by the A375-P human melanoma cell line isolated from a lymph
node metastasis [26,27]. Both cell lines are highly tumorigenic
and metastatic in nude mice and were kindly provided by Dr M.
Bar-Eli (M. D. Anderson Cancer Center, Houston, TX, U.S.A.).
The melanoma cell lines were maintained in culture as adherent
monolayers in DMEM (Dulbecco’s modified Eagle’s medium)
supplemented with 109, (v/v) fetal calf serum, Glutamax-1,
glucose, sodium pyruvate, non-essential amino acids and peni-
cillin/streptomycin (Life Technologies) at 37 °C in an incubator
containing air/CO, (19:1).

Cloning of the 5’-flanking region of the human cathepsin L gene

To identify the unknown sequence of the 5’-flanking region of
the human cathepsin L gene, we used a PCR-based method for
DNA walking in uncloned genomic DNA (GenomeWalker kit;
Clontech). Nested PCRs were realized on adaptator-ligated
human genomic DNA provided with the GenomeWalker kit by
using two primer pairs. A first step was performed with primers
specific for the ligated adaptor (APl and AP2) and two
primers specific for the 5" region of human cathepsin LcDNA : the
primary primer was 5-GCTTTCCTGCTGCGGTCGTAGCT-
3" and the nested primer was 5'-GAAGATCTCCGAGACTCC-
ACGGATGCCGCTCAAGGTTG-3'. Then, in a second step,
the sequence of a larger DNA fragment was determined with
primers AP1 and AP2 and two primers specific for the first
fragment of the 5'-flanking region of the human cathepsin L
gene that we sequenced: the primary primer was 5-CTCTA-
GGCTATGGATTATATCTTCC-3" and the nested primer was
5-GAAGATCTGGTAACCAAGTCGTTCTCTTGAGAT-3".
The underlined Bg/Il site was added to the 5-end of nested
primers to facilitate subcloning. PCR products were analysed by
electrophoresis on a 19, (w/v) agarose gel, purified from the gel
with Sephaglas BandPrep kit (Amersham Biosciences), subcloned
in pGL3 basic vector (Promega), digested with Bg/Il and M/ul
and sequenced. Sequence analyses were performed by Genome
Express.

Characterization of the transcription initiation site

Total RNA was isolated with Trizol (Life Technologies) and
mRNA was purified with an Oligotex mRNA kit (Qiagen). To
obtain full-length 5" ends of the cathepsin L ¢cDNA, full-length
RNA-ligase-mediated rapid amplification of cDNA ends
(RLM-RACE) was performed with the GeneRacer kit (Invitro-
gen). This kit ensures the amplification of only full-length
transcripts by eliminating truncated message from the amplifica-
tion process. The procedure was performed as described in the
manufacturer’s protocol by using mRNA of the human mela-
noma cell line DM-4 and a specific primer (PCL-PE3) of cathepsin
L cDNA located downstream of the translation start site 5'-
AAAGGCAGCAAGGATGAGTGTAGGATTCAT-3". DNA
fragments resulting from the RLM-RACE PCR were analysed
by electrophoresis on a 39, (w/v) agarose gel, cloned with a
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TOPO TA Cloning kit (Invitrogen) and sequenced (Genome
Express).

Construction of the reporter gene

Genomic DNA was prepared from human melanoma DM-4
cells with a Qiagen Genomic-tip system. The nucleotide upstream
of the translation start site was numbered — 1. The high-fidelity
DNA polymerase Dynazyme EXT (Finnzymes) was used for
PCR. The underlined restriction-enzyme site in each primer was
added to the 5" end to facilitate subcloning. The 3263 bp genomic
fragment upstream of the translation start site was generated
by PCR from the genomic DNA of DM-4 cells. A first PCR
was performed with a primer upstream of the translation start
site 5'-GAAGATCTGTTTTAAAACCTAGGAAGGGAAC-3’
(primer — 1/ —23) and a primer 5-CCGACGCGTTTCCTCTA-
TCTACAACATTTCTCCA-3" complementary to —2366/—
2390 fragment of the 5" region of the cathepsin L gene. The
PCR product was subcloned in the promoterless pGL3 basic vec-
tor (Promega) digested with Bg/II and Mlul, generating the con-
struct pGL3-PCL-(—1/—2390). A second PCR was performed
with primers 5-GAAGATCTTACTCTAGTCCAGTGGCTC-
CTGTTT-3" (—1891/—1915) and 5-CCGACGCGTTTCT-
ACACATTGTGACTGGTTCT-3" (—3241/—3263). By using
the Xhol restriction site (—1224/—1230) in the 5" region of the
cathepsin L gene, the second PCR product was digested by X#ol
and Bg/lI and subcloned in pGL3-PCL-(—1/—2390) to generate
pGL3-PCL-(—1/—3263). Other constructs were generated from
cathepsin L gene reporter vector. pGL3-PCL-(—1/—1388),
pGL3-PCL-(—1/—1646) and pGL3-PCL-(—1/—2085) were
obtained by PCR with primer —1/—23 and respectively
primers 5-CCGACGCGTGACAGGGACTGGAAGAGAG-
GAC-3" (—1367/—1388), 5-CCGACGCGTAGTCAGTAAA-
CAAGCCACGAAC-3" (—1625/—1646), and 5-CCGACGC-
GTAGTCTCCTCCCTCCTAGGGTCT-3" (—2064/—2085).
pGL3-PCL-(— 1465/ —1646) was also obtained by PCR with
primer 5-GAAGATCTTCAAGGTTGCGGAGGTCGCGGT-
TCT-3" (—1465/—1489) and primer —1625/—1646. pGL3-
PCL-(—1/—460), pGL3-PCL-(—1/—644) and pGL3-PCL-
(—1/—1205) were constructed by digestion with restriction
enzymes for Stul, Smal and Kpnl sites respectively. PGL3-
GAPDH (in which GAPDH stands for glyceraldehyde-3-phos-
phate dehydrogenase) was constructed by subcloning the 1419 bp
genomic fragment upstream of the translation start site of the
gene encoding GAPDH in pGL3 basic vector digested by Bg/II
and HindIIl. Primers used for the PCR amplification of genomic
DNA from DM-4 cells were 5'-GAAGATCTCGTGTG CCCA-
AGACCTCTTT-3"and 5-CCCAAGCTTATGGTGTCTGAG-
CGATGTGG-3". pRL-CMYV (in which CMV stands for cyto-
megalovirus) was purchased from Promega. Constructs were
confirmed by sequence analysis (Genome Express).

Site-directed mutagenesis

Mutagenesis was performed with the QuickChange site-directed
mutagenesis kit (Stratagene). The following oligonucleotides
(single-stranded sense and anti-sense oligonucleotides) were used
as primers: 5-GCACCCAGAGTCCCCGaaCAGCTGCCGG-
CACAGC-3" for mutation in the GC.1 binding site, 5'-GCAGC-
CAGGCGGCGGaaCGGTGCCGGCCGAACC-3" for muta-
tion in the GC.2 binding site and 5'-GCTGCCGGCACAGtCA-
gTCGCAGCGCAGCC-3’ for mutation in the CCAAT motif.
Mutated nucleotides are indicated by lower-case letters. In
accordance with the manufacturer’s instructions, PCRs were
performed with wild-type reporter vector as template; the PCR
products, digested by Dpnl, were used for transformation. The
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TTCTACACAT TGTGACTGGT TCTCCAGAGA AGCAATGCAT AAAAAGAGGA ATAATCGGCC GGGCACGGTG GCTCACACCT  GTAATTCCAG  CACTCTGGGA
GGCCAAGGCA GGCGAATCAC GAGGTCAGGA GTTCAAGACC AGTCTGGTCA ATATGGTGAA ACCCCATCTC  TACTAAAAAT ACAAAAATTA GCCAGGCGTG
GTGGTGCGCG  CCTGTAGTCC  CAGCTCCTCT  GGAGGCTGAG  GCAGAGGAAT CACTTGAACC CAGGAGGCAG ACATTGCAGT GAGCTGCGAT TGCGCCACTG
CACTCCAGCC TGAACAACAG AGCCAGACTC CGTCTCAAAA AAAAAAA GAGGAATAATCTC CAAAATAGTA AACAAATTCC TGCAGACAGG AAATATAATG
** (deletion AA)
GTAGATACCT GAGCTAGGAG AGGGGGAATG GGGAACTATT ATTCAATGGA TACAGTTTCA GTTTAGGAAG ATAAACAAGC TCTGGGAATA AACAGTAGTA
ATGGTTACAC AATGTGAAGG TACTTAATGC TACTGAACTC AAAGITGGTT AAAATGGTAC TTGCTATGTG AGGTATATTT TACCACTTAA AAAACTATAG
GTGATTGTGC TTCTAAAAGA GTTATCAGTT TAATCTTCAA TAGAAATCAA TGGACTTTGT TCATTTTTAA CAAAGTCAAA ATATGCATAC GAAAAGGTTA
TGGGGTAAAG GCAGAGGTAA TTATTITTTT  CCCCGAAAGG TATTTTCTAC  AATGAATGTT TTTATGTAAT AAAAAATGAA ATGACAAAAG TTTAGAATGT
TTGTGGGTTT TGTTCCTTAA  ATCCTTAATT ACATAAATTA ATATCTACAT TATACAGATT AAGATACATA TTTTTCCICT  ATCTACAACA TTTCTCCATT
CTCTGTATCT =~ TAAATCCTGA CATTAAATGT CATTAAATTT CTTAAATCTC AAGAGAACGA CTTGGITACC AAGGAAGATA TAATCCATAG CCTAGAGAGT
GGGCGAATAA  AAGCAGCTTC TAATGTTCTC  AACTGCTTTT  CTCCTGTCAA  CCAAATGTTT CTGTAAATAA CTCATTTCTG  TTGGTTTTGG GTAAGACGTG
GGAGAAGGAA GAATCCCTGA ATGGAGGAGT CTGGAAAGGA TGCTTGACAA AACGCCOGCG CTCTCTGGAG  ACGCAGCCAG TCTCCTOCCT — CCTAGGGTCT
GGTCTTGACG  ATAGCATCTC  GTGTTTTGGG GATGCCTTTC CTTACCAGAT TCTTCTAAAG CCCAGCTGCA CCCACCCTTA  AGTGGGAGAT AAGGCTTCTG
COCGCGGGCT  CTGOGTTOGT  CCACCOGGCC  CCACGTTIGC  TGTGGACTAA  ACAGGAGCCA CTGGACTAGA GTACACTTGA CTCTCGGCTC  TGCGGACCAA
AAATTCCAGG ACTAAGGAAT AGCAAGGTTA GGCTGAAACA GTCCACACAG GGCTTGCGGT AAACGTCTTT TCAGGAGOCA CTCGCCCAGT  GCAGTAAGTC
GTGTACTTAG TTGACTCGAG CGCTCCAGGG AGACGCCCGA CCOCTACTCTG — CGOCGCCOCG  GGGCACCAGC TCTGCTTCCT — CCAGGTCCAC  TGAGGCAGGC
ACGCCCAGCT  CTGGGACAGT CAGTAAACAA GCCACGAACC GCGCCAGGGA TCAGAGCACC CAGAGTOCCC GCCCAGCTGC CGGCACAGCC AATCGCAGCG
CAGCCAGGCG  GCGGGGCGGT GOCGGCCGAA CCCAGACCCG  AGGTTTTAGA  AGCAGAGTCA GGCGAAGCTG GGCC AGAACC GCGACCTCCG. _CAACCTIGAG
CGGCATCOGT  GGAGTGCGCC _TGCGCAGCTA. . CGACCGCAGC . AGGAAAGCGC CGCOGGCOCAG  GCCCAGCTGT GGCC(IK;:E,\;} GGACTGGAAG  AGAGGACGCG
GTCGAGTAGG. TGIGCACCAG COCTGGCAAC GAGAGCGTCT ACCCCGAACT  CTGCTGGCCT  TGAGGTGGGG AAGCCGGGGA GGGCAGTTGA GGACCCCGCG
GAGGCGCGTG  ACTGGTTGAG  CGGGCAGGCC AGOCTCCGAG  CCGGGTGGAC  ACAG GTACCG  CAGCCAGGCC  GCGCCGCGCC, GACTCAGGGE . CTGGCOCGGC

Exon t | Intron 1
CAGACAGGGA _AGCTCAGTCC CCGCACGCCA GACAGCGGTA CTCCTGCTGG.. CGTCACCGCA  AACATCCTCT  GACCGCTACA GCCAGTGTGT GGCGCAGGCG

TCATGTCOCC  GGCCCTGCCA | CGOCTGGAGC CCTGGAAGCT  GGCTGCAGGG  CTCTGGCTTC — COGOGTGCGG. CCATATGACC  COGTCOCTGA — TTTAGGGGAG
* (T/G)
CAGTTTGGGG TGTCGGCAGC  ACAGGCCCAA GTGAATGAAG GAGGGAGC! G TGCGTGCTCT — CCTTCCCAGT CCTGGG  AAAGCATTTC ATAAAGGTTT
* (T/G)
CATTTAAGGA GAGGTTGGGG CGGCGCGGTG. GCTCACTCCT — GTAATCCCAG  CAC 'GGGA  GGCIGAGGTG GGCGGATCAC CTGAGGTCAG TAGTTCGAGA

CCAGCCTGGC CAACATGGTG  AAAQCCCGTC  TCTACTGAAA  ATACAAAATT AGACGGGCGA GGCGGCGCAC GCCTGTAGTT CCAGCTATTC  AAGAGGCTGA

GGAAGAATGG CTTGAACQCG  GGAGGCAGAG GTTGCIGTGA  GCCGATATCG  CGCOCGTTGAA  CTCCAGCCTG  GGCCACAGAG  CAAGACTCCA  TCTCAAAAAA

TAAATAAATA AATAAATAAA TAAATAAATA AATAAATAAA TA G, T GAAAA T GTCAGG GATGTGTG.

**  ** (Insertion AATA)

AGGQCTCCTA  ACTCTTGGGG  ATCTCTTTGT __CCCTACTTGG  GAATCCCACC ATCATTAG TGAGGTTTTG CCTGGGCACG. AAACCTGGAT TT 'GCGAT
GGTACAAAA CCTGGATCAA COGTTTCCCG — GTTTCCTAGT GTTGCCITA  AGCTTCTCAC.  _ACACAAGGTA GTTTCATACC_ GTTCTCATAA CCTAAATTGT

CATCGCATAA ACTGTTTCAG CTCCTACAGC CIGGACAGG CTGCTTTTCA TGGTGAG TCCATCCAGT . ACCTCCACGT GCCCTG TCTCCAGGCA

CATCCTTGGC CTCTTCCACA  GTCCTTGGGT — AAATGCITGG  GAGAATAATT TAAATA TATTCTACCA _TGGTGGCCCT AA’ ‘CAG  GGGGCAGTAA

GATGGCTTTT. _ TAGGATTGGT __ GTAATCAGAT CCTCATTTTT . GTTCCCITCC .. TAG GTTTTAA__AAC ATG
* (GIC) Intron 1t Exon2 B

Figure 1 5’ region of the human cathepsin L gene

DNA sequence of the 3263 bp genomic fragment upstream of the translation start site of the human cathepsin L gene cloned from DM-4 human melanoma cells. The translation start codon is
indicated with an arrow. The region of our sequence that corresponded to the sequence of exon 1, intron 1 and exon 2 published by Chauhan et al. [4] is underlined; within this region, sequences
not underlined correspond to differences between both sequences. Differences between the genomic DNA of DM-4 cells and the working draft sequence segment of human chromosome 9
(NT_024008) are indicated by asterisks.

presence of mutations was verified by sequencing (Genome
Express). Reporter vectors containing mutations were chosen for
large-scale DNA preparation and used in transfection experi-
ments. Oligonucleotides containing mutations were also
annealed and used in electrophoretic mobility-shift assays
(EMSAs) as probes or as competitors to verify the effect of
mutations.

Transient transfections and luciferase assays

DM-4 and A375SM melanoma cells were seeded in 12-well tissue
culture plates, cultured for 24 h and transfected by using 2 ul and
0.8 xl of the Lipofectin reagent (Life Technologies) respectively,
in accordance with the manufacturer’s protocol. Transfections

were performed with 800 ng of pGL3 vector reporter constructs
and 25 ng of pRL-CMV (Promega) as a control for transfection
efficiency. After incubation overnight, the cells were washed and
transfection medium was replaced for 24 h by serum-containing
culture medium. The cells were then washed with PBS and
harvested in Passive Lysis Buffer (Promega). After incubation
for 30 min, cell extracts were centrifuged at 12000 g for 30 min to
pellet the cell debris and were subjected to luciferase assays.
Quantification of firefly and Renilla luciferase activities was
performed with the Dual-Luciferase Reporter Assay System
(Promega). The relative firefly luciferase activity was calculated
by normalizing transfection efficiency with the Renilla luciferase
activity. The experiments were performed in triplicate and similar
results were obtained from at least three independent experi-
ments.
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+
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Figure 2 5 RLM-RACE analysis of transcription initiation sites

(A) 5" RLM—RACE PCR products were analysed on an ethidium bromide-stained 3% (w/v) agarose gel (lane 2). The DNA molecular-size standard is indicated (lane 1; scale at the left). (B) DNA
sequence of the cathepsin L gene (—1500 to + 40). The underlined sequence corresponds to the PCL-PE3 primer used. Transcription initiation sites are identified by boxes. Arrows indicate

the 5" splice site and the asterisk indicates the 3" splice site.

Preparation of nuclear extracts

DM-4 melanoma cells at 70-80 9, confluence were harvested by
scraping in cold PBS and washed, then lysed with a Dounce
tissue homogenizer in 10 mM Hepes buffer, pH 7.9, containing
1.5 mM MgCl,, 10 mM KCl, 0.5 mM dithiothreitol and complete
protease-inhibitor cocktail (Roche). After centrifugation, the
nuclear pellet was resuspended in 20 mM Hepes buffer, pH 7.9,
containing 259, (v/v) glycerol, 1.5 mM MgCl,, 600 mM KCl,
0.2 mM EDTA, 0.5 mM dithiothreitol and protease inhibitors,
then incubated on ice for 30 min. Soluble proteins were separated
by centrifugation at 15000 g for 30 min. Nuclear extracts were
dialysed in 20 mM Hepes buffer, pH 7.9, containing 20 %, (v/v)
glycerol, 100 mM KCl, 0.2 mM EDTA, 0.5 mM dithiothreitol
and protease inhibitors, then stored at —80 °C before use.
Protein concentration was determined by the Bio-Rad protein
assay.

EMSA

DNA fragments —1326/—1646 and —1326/—1489 of the 5’
region of the cathepsin L gene were amplified by PCR by using
Dynazyme II (Finnzymes) with primers 5'-GAAGATCTGTTT-
TAAAACCTAGGAAGGGAAC-3" and 5-CCGACGCGTA-
GTCAGTAAACAAGCCACGAAC-3 or 5'-CCGACGCGTA-
GAACCGCGACCTCCGCAAC-3 respectively. PCR products
were then separated on an agarose gel and purified with a DNA
Sephaglas Bandprep kit. Single-stranded sense and anti-sense
oligonucleotides spanning the —1476/—1646 region of the
cathepsin L gene promoter, oligonucleotides containing the con-
sensus binding site for NF-Y and CCAAT-enhancer-binding
protein (C/EBP) [28] and an oligonucleotide containing a
mutated Spl binding site (5-ATTCGATCGGTTGGGGGCG-
AGC-3") were synthesized by Sigma—Genosys; double-stranded
oligonucleotides were prepared by annealing. Double-
stranded oligonucleotides containing consensus binding sites for
Spl, CCAAT-binding transcription factor/nuclear factor 1
(CTF/NF-1) and activator protein 3 (AP-3) were purchased
from Stratagene. Probes were labelled with T4 polynucleotide
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kinase (Life Technologies) and [y-**P]JdATP (Amersham Bio-
sciences) and unincorporated nucleotides were eliminated on a
Microspin G-25 column (Amersham Biosciences). EMSAs were
performed by incubating nuclear extracts (5 xg) for 30 min with
32P_end-labelled double-stranded DNA (20000 c.p.m.) in binding
reaction buffer [25 mM Hepes buffer (pH 8) containing 4 %, (v/v)
glycerol, 50 mM NaCl, 0.5 mM EDTA, 0.5 mM dithiothreitol
and 1 ug of poly(dI-dC)] on ice. Samples were resolved on 59, or
6% (w/v) non-denaturing polyacrylamide gel in 0.5 x Tris/
borate/EDTA buffer. Gels were dried and exposed to X-ray film.
In competition assays, nuclear extracts were preincubated with a
100-fold molar excess of unlabelled competitor oligonucleotide
for 30 min and a binding reaction to the labelled probe was
performed. In supershift assays, antibodies were added after the
binding reaction and incubation was continued for 60 min on
ice. The following antibodies were used in supershift analyses:
anti-Spl and anti-Sp3 polyclonal antibodies (Santa Cruz
Biotechnology), monoclonal antibody (mAb) anti-(NF-YA)
(Pharmingen) and anti-p53 mAb (Oncogene). Polyclonal anti-
body anti-(NF-YB) was kindly provided by Dr R. Mantovani
(Universita di Modena, Modena, Italy).

RESULTS

Cloning and characterization of the 5’-flanking region of the
human cathepsin L gene

To sequence the 5'-flanking region of the human cathepsin L
gene, we used a PCR-based method as described in the Materials
and methods section. In brief, the use of specific primers of
human cathepsin L ¢cDNA led us to identify a first 930 bp
sequence of the 5" -flanking region of the human cathepsin L
gene from a human genomic library. Then an additional 863 bp
sequence of this region was determined by using the same
protocol with primers specific for the first sequence identified
above. These results allowed us to design specific primers and to
clone by PCR the 5 region of human cathepsin L from the
genomic DNA of DM-4, a human melanoma cell line. Thus we
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Figure 3 Promoter activity of the 5" region of the human cathepsin L gene

Reporter vectors were transfected into DM-4 cells and firefly and Renilla luciferase activities
were quantified with the Dual-Luciferase Reporter Assay System 2 days after transfection. PRL-
CMV reporter vector, which contained the reporter gene Renilla luciferase driven by the CMV
promoter, was introduced in each experiment to correct for variations of transfection efficiency.
(R) A reporter vector containing the 5” region of human cathepsin L subcloned in front of the
firefly luciferase gene [pGL3-PCL-(—1/—3263)] was transfected into DM-4 cells. A
promoterless vector (pGL3 Basic) and a reporter vector containing the GAPDH promoter (pGL3-
GAPDH) were used as negative and positive controls respectively. (B) A 5’-deletion mutant of
human cathepsin L promoter subcloned into the pGL3 vector was used for transient transfection.
Results are means + S.D.

determined the complete nucleotide sequence of the 3263 bp
genomic fragment upstream of the translation start site of human
cathepsin L (Figure 1). Comparison of the relevant part of our
data with the sequences of exon 2, intron 1 and exon 1 described
previously by Chauhan et al. [4] demonstrated differences that
will be detailed in the Discussion section.

Next we focused on the identification of the transcription
initiation site of the cathepsin L gene. For this purpose, full-
length RLM-RACE was performed on mRNA isolated from
DM-4 cells, with a specific primer of the coding sequence of
cathepsin L ¢cDNA (PCL-PE3). Three major DNA fragments
resulting from the 5" RLM-RACE PCR were obtained (Figure
2A). PCR products were cloned and 60 clones were analysed.
DNA sequence analysis allowed us to localize the major tran-
scription initiation site between 1489 and 1491 bp from the ATG
translation start site (Figure 2B). Furthermore, in 13 of these
clones, an additional transcription initiation site was identified
between 1371 and 1382 bp from the translation start site (Figure
2B). Three splice variants were also identified in the 5" untrans-
lated region of cathepsin L mRNA. As shown in Figure 2(B),
alternative splicing of cathepsin L mRNA in DM-4 cells occurred
with a 5" splice site in the three positions 1210, 1300 and 1355 bp
from the translation start site. We observed that the frequency of
splice variants was the same and splicing occurred independently
of the transcription initiation site. Taking into account the
transcription initiation site at — 1489 bp from the translation
start site and a splicing involving one of the three 5 splice sites,
the size of the 5 RLM—RACE PCR products was 220, 275 and

365 bp, corresponding to the size of the three major DNA
fragments observed on the agarose gel (Figure 2A).

Taken together, these data constitute the structural basis for
the study of the regulation of the human cathepsin L gene
promoter.

Regulatory sequences within human cathepsin L gene promoter

To analyse the promoter activity of the cloned 5 region, two sets
of experiments were performed. First, the 3263 bp sequence
upstream of the translation start site of the cathepsin L gene was
subcloned in front of the luciferase reporter gene into the pGL3-
Basic vector [pGL3-PCL-(—1/—3263)]. This construct was co-
transfected into DM-4 cells with the pRL-CMYV plasmid, used as
an internal control to measure the transfection efficiency. Pro-
moter activity was analysed with the Dual-Luciferase Reporter
System. As shown in Figure 3(A), a marked increase in luciferase
activity was observed in cells transfected with the pGL3-PCL-
(—1/—3263) vector, in comparison with the pGL3-Basic vector.
In DM-4 cells, promoter activity of this 5" region of the human
cathepsin L gene was similar to the GAPDH promoter activity
used as positive control. Secondly, to define the DNA regions
involved in cathepsin L gene expression, we constructed 5'-
deletion mutants of the cathepsin L promoter in the reporter
vector pGL3-Basic. These constructs were transfected into DM-
4 cells and luciferase activities were quantified (Figure 3B). No
significant promoter activity was detected with reporter vectors
that contained the first 1388 bp sequence upstream of the
translation start site of the cathepsin L gene, in comparison with
luciferase activity obtained with the pGL3-Basic vector. How-
ever, a strong luciferase activity was detected when DM-4 cells
were transfected with the vector pGL3-PCL-(—1/—1646). These
results demonstrate that the 3263 bp sequence upstream of the
translation start site of the cathepsin L gene had a strong
promoter activity and that the region between —1388 and
— 1646 bp was crucial for cathepsin L gene transcription. Fur-
thermore, the decrease in luciferase activity observed with the
construct pGL3-PCL-(—1/—2273) suggested the presence of
negative regulator sequences between —2085 and —2273.
Taking into account the fact that the major transcription
initiation site was identified between —1489 and — 1491 from
the translation start site and the above data, we focused on the
identification of transcription factors that bound to the proximal
promoter —1489/—1646 of the cathepsin L gene. For this
purpose, EMSA was performed with nuclear extracts of DM-4
cells and, as a probe, a labelled DNA fragment corresponding to
— 1326/ — 1646 sequence of cathepsin L promoter. As shown in
Figures 4(A) and 4(B) (lanes 2), five DNA—protein complexes
were detected. These DNA—protein interactions (Figure 4A) were
specific, because they were totally inhibited by an excess of un-
labelled fragment — 1326/ — 1646 (lane 3) and were not affected
by an excess of a non-specific fragment corresponding to the
—1/—313 DNA sequence of the cathepsin L gene promoter
(lane 4). Complexes 1 and 5 were abolished in presence of
oligonucleotide — 1326/ — 1489 (Figure 4A, lane 5). The identifi-
cation of regions within cathepsin L proximal promoter involved
in the formation of complexes 2, 3 and 4 was performed by
competition studies with 30 bp oligonucleotides spanning the
— 1476/ — 1646 region of the cathepsin L gene promoter (Figure
4B). The formation of complexes 2 and 4 was inhibited by
oligonucleotides — 1576/ — 1606 and — 1536/ — 1566 (Figure 4B,
lanes 6 and 8). The band intensity of complex 3 decreased with
oligonucleotides — 1576/ — 1606, —1556/ — 1586 and — 1536/ —
1566 (Figure 4B, lanes 6 to 8); other oligonucleotides (lanes 3-5
and 9-11) had no effect. The presence of consensus binding sites

© 2002 Biochemical Society



178 D. Jean, N. Guillaume and R. Frade

A I 2 B

£

Competitor: =) (-)

1326/-1646 w5
T326/-1489 L

-14-313

Nuclear Extract: (=) (+) (+) (+) (+)

1

e

3
e :
- &

Prabe

132601646 7

C

) ¢

L
(]

4 5 6
s - -
i e 3z
- e
=L ol ol
& & 8
= &
oo W
"R

EHEEE®HEEGHEHEHE

*® - .

-1516/-1546 &

-1/-313
-1556/-1586 -3
~1536/-1566 2¢
-1496/-1526 =
-1476/-1506 =

Complex 2 Complex 2

Complex 4 {Complex 3) Complex 4

(Complex 3) {Complex 3)

-1586 -1556

~1606 -1576 -1566 -1536

coGooe CCAAT GGGCGE
—{cecced]—e]

-1595 -1590 1575 -1571 <1550 <1545

Figure 4 Formation of specific DNA—protein complexes within the region — 1489/ — 1646 of human cathepsin L promoter

EMSAs were performed with nuclear extracts isolated from DM-4 human melanoma cells and, as a probe, the radiolabelled — 1326/ — 1646 fragment of the human cathepsin L gene promoter
(A and B). Competition was performed with unlabelled fragments of human cathepsin L gene promoter in the presence of 100-fold molar excess of either large oligonucleotides (A) or 30 bp
oligonucleotides spanning the — 1476/ — 1646 region (B). Specific DNA—protein complexes numbered 1—5 are indicated with arrows. (C) Schematic representation and localization of GC boxes

and the CCAAT motif.

of transcription factors on the inhibiting oligonucleotides was
analysed. As shown in Figure 4(C), oligonucleotides — 1576/
—1606 and — 1536/ —1566 had a GC box at positions — 1590/
—1595 and —1545/—1550 respectively, and oligonucleotide
—1556/—1586 contained a CCAAT motif at position
—1571/—1575.

Sp1 and Sp3 transcription factors regulate the human cathepsin L
gene promoter

The GC box was described as a binding site for Spl and Sp3,
which belong to the Sp family of transcription factors [29]. Thus
we performed complementary experiments to analyse the possible
contribution of members of this transcription-factor family in
melanoma cells. First, we analysed whether GC boxes present
in oligonucleotides — 1576/ —1606 and — 1536/ — 1566 were in-
volved in the formation of complexes 2, 3 and 4. For this
purpose, competition studies were performed with the labelled
fragment — 1326/ —1646 as a probe and nuclear extracts from
DM-4 cells. As shown in Figure 5(A), preincubation with an
oligonucleotide containing the Sp1 consensus binding site com-
pletely inhibited the formation of complexes 2 and 4 and, in part,
complex 3 (lane 3), whereas preincubation with oligonucleotides
containing the CTF/NF-1 consensus binding site or a double-
mutated Spl-binding site did not modify the formation of these
complexes (lanes 4 and 5). Secondly, the involvement of Sp1 and
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Sp3 transcription factors in the formation of these complexes
was analysed by using specific antibodies in supershift studies. As
shown in Figure 5(B), the formation of complexes 2 and 4 was
inhibited in the presence of a specific anti-Sp3 antibody (lane 4),
whereas the band intensity of complex 3 decreased slightly in the
presence of a specific anti-Spl antibody (lane 3). Thirdly,
the presence of an active transcription factor in DM-4 cells that
bound to the Spl consensus binding site was analysed. EMSA
was performed by using radiolabelled consensus Sp1 oligonucleo-
tide and nuclear extracts prepared from these cells. As shown in
Figure 5(C), three DNA-protein complexes were identified,
namely two slower-migrating bands (complexes 1 and 2) and a
faster-migrating band (complex 3) (lane 2). These interactions
were specific because they were totally inhibited by unlabelled
consensus Spl oligonucleotide (Figure 5C, lane 3) and not by
unlabelled consensus CTF/NF-1 oligonucleotide (lane 4). In
addition, preincubation of these samples with specific anti-Sp1
antibody (Figure 5C, lane 5) supershifted complex 1, and preincu-
bation with specific anti-Sp3 antibody (lane 6) inhibited the
formation of complexes 2 and 3. Fourthly, the binding of Spl
and Sp3 present in DM-4 nuclear extracts to each GC box
present in the cathepsin L promoter was analysed. EMSAs were
performed with radiolabelled oligonucleotides — 1576/ — 1606
(Figure 5D) or —1536/—1566 (Figure 5E) as probes. The
DNA-protein complexes, which presented a similar specific
pattern to that observed with the Sp1 consensus oligonucleotide
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complexes are indicated at the right.

(Figures 5D and SE, lane 2), were totally inhibited by unlabelled
oligonucleotide —1576/—1606 (lanes 3) or —1536/—1566
(lanes 4) and by the Sp1 consensus oligonucleotide (lanes 6), but
not modified by the non-specific oligonucleotide —1616/ — 1646
(lanes 5) or the CTF/NF-1 consensus oligonucleotide (lanes 7).
Incubation with specific anti-Spl or anti-Sp3 antibody induced
similar modifications of DNA-protein complexes to that ob-
served with the Spl consensus sequence (Figures 5D and SE,
lanes 9 and 10). Fifthly, the functional contribution of these two
GC boxes on cathepsin L promoter activity was studied.
Mutational analysis was performed in DM4 and A375SM, two
human melanoma cell lines. As shown in Figure 6(A), mutations
were introduced in each GC box (GC.l1 and GC.2). EMSA
allowed us to verify that oligonucleotides containing these
mutations did not form any complexes with nuclear proteins of
DM-4 cells and did not inhibit the binding of Spl and Sp3 to
oligonucleotides — 1576/ — 1606 and — 1536/ — 1566 (results not
shown). The effects of GC-box mutations on cathepsin L

promoter activity were analysed by using pGL3-PCL-
(—1/—1640), i.e. the luciferase reporter construct containing the
1646 bp sequence upstream of the translation start site of the
cathepsin L gene. Results demonstrated that mutations in both
GC boxes inhibited up to 409, of the promoter activity in
A375SM and DM-4 cells, in comparison with the wild-type
promoter. We also analysed the effects of mutations in GC boxes
on the promoter activity of a fragment of the cathepsin L
promoter that initiated close to the major transcription initiation
site, identified above. For this purpose we used the construct
pGL3-PCL-(— 1465/ —1646), wild-type or containing mutated
GC boxes, in transfection assays. Luciferase assays demonstrated
that mutations of both GC boxes in this construct decreased
promoter activity by 65 9%, and 60 9, in DM-4 and A375SM cells
respectively. Mutations in either the GC.1 or the GC.2 box
decreased promoter activity by approx. 309, suggesting that
each GC box contributed equally to cathepsin L promoter
activity.

© 2002 Biochemical Society
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Figure 6 Effect of GC-box mutations on human cathepsin L promoter activity

(R) Schematic representation of nucleotide modifications between the wild-type and mutant GC boxes. (B and €) GC boxes individually (GC.1 and GC.2) or in combination (GC.1/GC.2) were mutated

in luciferase reporter vectors containing a fragment of cathepsin L promoter: pGL3-PCL-(—1/

—1646) (B) or pGL3-PCL-(— 1465/ —1646) (C). Transient transfections were performed with these

constructs in DM-4 and A375SM melanoma cells, and promoter activities were determined with the Dual-Luciferase Reporter Assay System. The PRL-CMV reporter vector was introduced in each
experiment to correct for variations in transfection efficiency. All activities are presented as percentages of wild-type promoter activity. Results are means + S.D.

Taken together, these results show clearly that, in human
melanoma cells, cathepsin L promoter activity was under the
control of the two GC boxes in positions —1590/—1595 and
— 1545/ —1550, to which the transcription factors Spl and Sp3
bound specifically.

NF-Y transcription factor regulates human cathepsin L gene
promoter

As mentioned above, the oligonucleotide — 1556/ —1586 con-
tained a CCAAT motif, which could be recognized by several
transcription factors. In addition, the above demonstration that
mutations in GC boxes did not totally inhibit cathepsin L
promoter activity also supported the notion that other tran-
scription factors were involved in its regulation. Indeed, complex
3 obtained with the fragment —1326/—1646 could contain at
least two different DNA—protein complexes, one formed with
Spl and one with protein that bound to oligonucleotide
— 1556/ —1586. First, we verified this point by EMSA with
labelled oligonucleotide —1326/—1646 in the presence of an
excess of unlabelled consensus Sp1 oligonucleotide. As shown in
Figure 7(A), in the presence of the consensus Sp1 oligonucleotide,
nuclear extracts induced a pattern of two DNA—protein com-
plexes (lane 2); in agreement with the results described above,
complexes 2 and 4 were not detected because they resulted from
the interaction of Sp3 with the fragment — 1326/ —1646. Com-
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plex 3 was totally inhibited by oligonucleotide — 1556/ —1586
(Figure 7A, lane 6) and not by other 30 bp oligonucleotides
spanning the —1476/—1646 region of the cathepsin L gene
promoter (lanes 3-5 and 7-10).

Secondly, this result and the property of the CCAAT motif to
be recognized by such transcription factors as C/EBP, NF-Y or
CTF/NF-1 [30] led us to identify the transcription factor that
bound to fragment —1326/—1646. For this purpose, com-
petition and supershift analyses were performed in the presence
of the consensus Spl oligonucleotide. As shown in Figure 7(B),
only the NF-Y consensus binding site competed with the complex
3 (lane 1), whereas the consensus binding site for CTF/NF-1,
C/EBP or AP-3 had no effect (lanes 2—4). Because NF-Y results
from the interaction of three subunits (NF-YA, NF-YB and NF-
YC), we incubated the above samples with an anti-(NF-YA)
mADb, which induced a supershift of complex 3 (Figure 7B, lane
7). The control, an anti-p53 mAb, had no effect (Figure 7B,
lane 8). In addition, EMSA was performed with labelled oligo-
nucleotide — 1556/ — 1586 and DM-4 nuclear extracts. As shown
in Figure 7(C), only one DNA-protein complex was detected
(lane 2). This complex was specifically inhibited by the unlabelled
oligonucleotide — 1556/ —1586 (Figure 7C, lane 3) and not by
the non-specific oligonucleotide —1616/—1646 (lane 4). The
complex was totally inhibited by unlabelled NF-Y consensus
binding site (Figure 7C, lane 5) but was not modified by con-
sensus binding sites for CTF/NF-1, C/EBP or AP-3 (lanes 6-8).
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Interaction of NF-Y with the CCAAT motif of human cathepsin L promoter

(A and B) EMSAs were performed by incubating DM-4 nuclear extracts with the radiolabelled — 1326/ — 1646 fragment of the human cathepsin L promoter in the presence of an excess of an
unlabelled oligonucleotide containing the Sp1 consensus binding site. The following competitors were also added: fragments of human cathepsin L promoter (A) or oligonucleotides containing
consensus binding sites for the identified transcription factors (B). (C and D) EMSAs were also performed by incubating DM-4 nuclear extracts with radiolabelled probes: the —1556/ — 1586
fragment of the human cathepsin L promoter (C) or an oligonucleotide containing the NF-Y consensus binding site (D). For competition studies the indicated competitors were used at 100-fold
molar excess. In supershift studies, the indicated specific antibodies were added to the samples. Numbered specific DNA—protein complexes are indicated with arrows.

Furthermore, the addition of anti-(NF-YA) mAb supershifted
this complex (Figure 7C, lane 11), whereas the control anti-
p53 mADb had no effect (lane 12). This complex formation was
inhibited by a polyclonal anti-(NF-YB) antibody (Figure 7C,
lane 13) and not by polyclonal anti-Sp3 antibody (lane 14).
Identical results were obtained in EMSAs with an oligonucleotide
containing the NF-Y consensus binding site as a probe (Figure
7D). Taken together, these results demonstrate clearly that NF-
Y transcription factor specifically recognized the CCAAT site
present in the human cathepsin L gene promoter.

Thirdly, the function of NF-Y binding to the CCAAT motif
was analysed by site-directed mutagenesis and reporter assay,
with the two human melanoma cell lines A375SM and DM-4.

Two mutations were introduced into the CCAAT motif (Figure
8A). EMSA allowed us to verify that the oligonucleotide con-
taining these two mutations did not bind NF-Y and failed to
inhibit NF-Y binding to oligonucleotide — 1556/ — 1586 (results
not shown). Mutations in the CCAAT motif were tested either
alone or in combination with mutations in both GC boxes with
the luciferase reporter construct pGL3-PCL-(—1/—1646) (Fig-
ure 8B). Mutation of the CCAAT motif decreased promoter
activity by 309, and 359% in DM-4 and A375SM cells re-
spectively; mutations of the CCAAT motif and GC boxes
together decreased the activity of the cathepsin L promoter by
859% and 709, in DM-4 and A375SM cells respectively. These
results demonstrate that, in addition to binding sites for Sp1 and

© 2002 Biochemical Society



182 D. Jean, N. Guillaume and R. Frade

A

L5095 =1 500

- =157T5 -1571 =155 =1545
COCAGAGTCOCOGCCCAGCTGOCGOCACAGCCAATCGCAGOGCAGCCAGGOGOOGGGGCGHTGOCGGOCGA

GC.1

CCAAT

GC.2

COCAGAGTCCCOGaaCAGCTGCCGGCACAGICAA p COCAGCOCAGCCAGGCGGCAGaa COGTGOCOGOCGA

B

POL-PCL(11-1646) H‘—

PGLI-PCL-(-1/-1646)
mut{CCAAT)

—

pGL3-PCL-(-1/1646)
mut{GC, 1IGC.2)

pGL3-PCL-1/1646)
mu{CCAATIGC. 1/GC.2)

0 -4
AFTESM

0% 207 40% [ 0% 100%  120%

Figure 8 Effect of CCAAT motif mutations on human cathepsin L promoter activity

(R) Schematic representation of nucleotide modifications between the wild-type and mutant GC boxes and the CCAAT motif. (B) Mutations were introduced in luciferase reporter vector containing
a fragment of the cathepsin L promoter pGL3-PCL-(— 1/ —1646). Constructs were transiently transfected into DM-4 and A375SM melanoma cells, and promoter activities were determined with
the Dual-Luciferase Reporter Assay System. PRL-CMV reporter vector was introduced in each experiment to correct for variations of transfection efficiency. All activities are presented as percentages

of wild-type promoter activity. Results are means +S.D.

Sp3, the NF-Y-binding site is also important for cathepsin L
promoter activity in human melanoma cells.

DISCUSSION

The demonstration that the enforced expression and secretion of
procathepsin L by human melanoma cells contribute to tumour
growth and metastasis [18] and the few results, mainly obtained
in rodents, on molecular mechanisms responsible for regulation
of cathepsin L transcription, led us to identify new and basic
elements that were involved in the regulation of human cathepsin
L expression.

For this purpose, we first identified the 5’-flanking region of
the human cathepsin L gene, up to 3263 bp upstream of the
translation start site. Comparison of the corresponding part of
our data with the sequence of exon 1, intron 1 and exon 2
(1489 bp upstream of the translation start site), previously
described by Chauhan et al. [4], demonstrated differences at 15
distinct positions. However, 12 of these 15 differences were not
found between our sequence and that of a working draft sequence
segment of human chromosome 9 (NT_024008.2), on which the
cathepsin L gene locus was previously mapped, i.e. chromosome
9q21-22 [4]. Indeed, these two sequences share up to 999,
identity; differences, found at only five positions, were more
probably due to polymorphism or analytical errors.

In addition, in the human melanoma DM-4 cell line we
identified the major and a minor transcription initiation sites of
the human cathepsin L gene, localized between 1489-1491 and
1371-1382 bp from the translation start site respectively. Our
results demonstrate that alternative splicing occurred in DM-4
melanoma cells and allowed us to identify three cathepsin L
splice variants: one new had a 5" splice site at position —1355
generating a small transcript, and two were identical with those
described by others [4,31], with a 5" splice site at positions — 1300
and —1210. Indeed, the two first species of human cathepsin L
mRNA were described as hCATL-A [23] and hCATL-B [24]:
hCATL-A resulted from the splicing of intron 1 between —11
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and — 1210 from the translation start site; no splicing occurred
in hCATL-B because the 5" end of hCATL-B was identical with
the 3" end of intron 1 [4]. Rescheleit et al. [31] also identified two
other splice variants in the 5" untranslated region of cathepsin L
mRNA, one form lacking 27 nt (hCATL-A I) and another
lacking 90 nt (hCATL-A II) in exon 1 in comparison with
hCATL-A [4,23], suggesting a 5" splice site at positions — 1300
and — 1237. Analysis of the 50 bp DNA sequence downstream of
the translation start site of the cathepsin L gene with the human
expressed sequence tag (EST) database (Megablast; National
Centre for Biotechnology Information) confirmed that we had
identified the three most common splice variants in the 5" non-
coding sequence of cathepsin L mRNA; 509, of Blast hits
corresponded to the new splice variant that we identified at
position —1355. In contrast, splicing similar to hCATL-B [24] or
hCATL-A II [31] was not found in the EST database. Thus our
results show that in DM-4 melanoma cells, several cathepsin L
mRNA species differed at their 5" untranslated ends, owing to the
selection of alternative transcription initiation sites and to
differences in mRNA splicing.

We characterized the proximal promoter of the cathepsin L
gene and identified sites essential for its regulation. The absence
of typical mammalian TATA box close to the major transcription
initiation site suggested that human cathepsin L gene has a
TATA-less promoter. One of the major findings was to dem-
onstrate that a 50 bp region, containing one CCAAT motif and
two GC boxes and located 60 bp from the major transcription
initiation site, contained transcription-factor-binding sites re-
quired for cathepsin L promoter activity. The CCAAT motif was
found in cathepsin L promoter in a direct orientation at 82 bp
from the major transcription initiation site. Interestingly, in the
higher eukaryotic proximal promoter of many genes, the CCAAT
motif has typically been described between 80 and 100 bp
upstream of the transcription initiation site [30], in both direct
and inverted orientations. Here we have clearly identified NF-Y
as the protein that bound specifically to the CCAAT motif
present in the cathepsin L promoter. NF-Y, also named CBF or
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CP1, is a heterotrimeric transcription factor composed of three
subunits (NF-YA, NF-YB and NF-YC) all necessary for
DNA binding [32,33]. CTF/NF-1 and C/EBP, two other
CCAAT-binding proteins [30], did not interact with the CCAAT
motif present in cathepsin L promoter in DM-4 cells. This is the
first demonstration that the NF-Y binding site is involved in
the transcriptional regulation of a member of the papain-type
cysteine protease family.

Furthermore, close to this CCAAT motif, we identified two
GC boxes that were recognized by members of the Sp family of
transcription factors (Spl, Sp2, Sp3 and Sp4). We demonstrated
that Spl and Sp3 transcription factors are involved in the
regulation of the cathepsin L promoter in DM-4 melanoma cells.
Further studies are needed to determine whether other members
of the Sp family might be involved in regulation of the cathepsin
L promoter. In addition, the respective functions of Sp1 and Sp3
in cathepsin L promoter activity remain to be explained. Indeed,
Sp1 is described as a general activator of transcription, whereas
Sp3 can act as an activator or as a repressor of Spl-mediated
activation, depending on the sequence context, the number of
Spl-binding sites and the availability of specific co-activators,
co-repressors or other transcription factors [29]. The presence of
an Spl-binding site on the rat cathepsin L promoter has been
suggested, in a very preliminary study [22], without identification
of the transcription factor that might interact specifically with
this site and without functional studies to demonstrate the
relevance of this site on rat cathepsin L promoter activity.

The proximity of the two GC boxes near the CCAAT motif in
the cathepsin L promoter suggested that Spl and/or Sp3 might
co-operate with NF-Y in the regulation of cathepsin L promoter.
Indeed, NF-Y might regulate the transcription of various pro-
moters by co-operative interactions with other transcription
factors [29]. Functional synergism between NF-Y and Spl was
also described in other genes such as the major histocompatibility
complex class II-associated invariant chain [34], rat fatty acid
synthase [35] and human tissue inhibitor of metalloproteinases 2
[36]. The promoters of these genes have in common one or
several Spl-binding sites located close to (20-30 nt) a CCAAT
motif. Direct interactions between both Sp1 and Sp3 and subunit
NF-YA of NF-Y have recently been demonstrated [37,38]. These
interactions depended on the expression level of each tran-
scription factor, because for example the expression of NF-Y
subunits varied during the growth and differentiation of in-
dividual cell lineages [33,39].

In conclusion, in the present study we characterized the human
cathepsin L promoter and a specific region, upstream of the
initiation site, containing a CCAAT motif and two GC boxes
involved in the regulation of this promoter. In addition, we
clearly identified three transcription factors, NF-Y, Sp1 and Sp3,
that bound to these regulator elements of cathepsin L promoter.
Further studies will allow us to determine the contribution of
these transcription factors on cathepsin L overexpression in
human melanoma cells.
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