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ABSTRACT

The switch of human melanoma cell phenotype from non to highly tumorigenic and metastatic is
triggered by the increase of procathepsin L secretion which modifies tumor microenvironment. Our
aim was to identify components involved in the regulation of procathepsin L secretion in melanoma
cells. We focused on Rab family members, i.e. Rab3A, Rab4A, Rab4B, Rab5A, Rab8A, Rab11A,
Rab27A and Rab33A, involved in distinct regulatory pathways. From analysis of mRNA and
protein expression of these Rab components and their knock down by specific siRNAs emerged that
Rab4A protein is involved in the regulation of procathepsin L secretion. This result was
strengthened as procathepsin L secretion was either inhibited by expression of Rab4A dominant
negative mutant or increased by overexpression of the Rab4A wild type. Rab4A regulation: 1)
discriminates between procathepsin L secretion and expression of intracellular cathepsin L forms;
2) did not modify other Rab proteins and GAPDH expression or IL-8 and MMP2 secretion; 3) still
efficient on unglycosylated procathepsin L secretion. Thus, down- or up-regulation of Rab4A
expression or Rab4A function triggered inhibition or increase of procathepsin L secretion,
respectively. Furthermore, Rab4A regulation, by modifying procathepsin L secretion, switches the
tumorigenic phenotype of human melanoma cells in nude mice.

Key words: Procathepsin L Secretion, Rab4A, Knock down, Melanoma, Metastatic, Nude Mice.
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Introduction

The switch of human melanoma phenotype from non to highly tumorigenic and strongly
metastatic is under the control of intracellular and extracellular molecular events which contribute
to modify the tumor microenvironment [1]. Among these, we undertook to identify proteinases
involved in the resistance of melanoma cells to complement-mediated cell lysis and we focused on
the identification of proteinases that cleave human C3, the third component of complement [2].
Indeed, cleavage of C3 inhibits its deposition on the cell surface and consequently complement-
mediated cell lysis. In addition, C3 cleavage generates C3 fragments involved in many biological
functions, through at least, six distinct C3 receptors [3-5].

This led us to demonstrate that highly tumorigenic and strongly metastatic human melanoma
cells oversecrete procathepsin L, a cysteine proteinase, which cleaves human C3 and contributes to
cell resistance to complement-mediated cell lysis [6, 7]. Procathepsin L is the proenzyme of
cathepsin L, a papain-type proteinase [8-10]. In normal cells, cathepsin L is stored in lysosomes as
cathepsin L mature forms, while in tumor cell secretion of procathepsin L is strongly increased [2,
11-13]. Thus, cathepsin L acts as an endopeptidase, which degrades a wide range of intracellular
cytoplasmic and nuclear proteins [10] and when secreted under procathepsin L form, also
extracellular proteins [2, 7].

Four complementary results supported that the increase of procathepsin L secretion is a major
event involved in the switch of human melanoma phenotype to highly tumorigenic and strongly
metastatic. First, inhibition of secreted cathepsin L activity by polyclonal anti-cathepsin L (CTSL)
antibodies (Ab), prevented tumor formation and decreased by 50% metastasis development in lungs
of nude mice [6]. Second, the increase of procathepsin L secretion in generated clones up-regulated
C3-cleaving activity and switched their phenotype to highly tumorigenic and strongly metastatic
[7]. Third, after designing an anti-human CTSL single chain variable fragment (ScFv) [14], we
demonstrated that its stable transfection in high tumorigenic and strong metastatic human melanoma
cells, triggered inhibition of procathepsin L secretion and consequently switched their phenotype to
poorly tumorigenic and non metastatic [15]. Fourth, we demonstrated that injection of a lentiviral
construct carrying this anti-CTSL-ScFv into tumors already induced in nude mice by human
melanoma cells inhibits tumor progression [16].

From all these data, our aim was herein to analyze whether the Rab (Ras-like proteins in brain)
proteins might be involved in procathepsin L secretion by melanoma cells. Indeed, Rab GTPase
proteins are major regulators of the intracellular vesicular transport between different organelles of
the endocytic and secretory pathways [17]. Rab proteins are involved in all steps of vesicular
transport as vesicle formation, budding from the donor compartment, transport to the acceptor
compartment, vesicle fusion and release of the vesicle content into the acceptor compartment. Rab
proteins are particularly localized into specific intracellular compartments consistent with their
involvement in distinct vesicular transport processes [17]. Cathepsin L is successively translated as
preprocathepsin L, transferred through the Golgi apparatus as procathepsin L, then stored in
lysosomes as cathepsin L mature forms [18]. Thus, we focused on major Rab proteins, i.e. Rab3A,
Rab8A and Rab27A, involved in the secretion from the Golgi apparatus [19, 20]; Rab4A, Rab5A
and Rab11A, involved in the transport between the endosomal compartment and the plasma
membrane [21] and Rab33A, down-regulated in malignant melanoma [22].

Thus, we used herein various methods to analyze the putative involvement of these Rab family
members in procathepsin L secretion. First, we analyzed their expression in four human melanoma
cell lines, characterized by different level of procathepsin L secretion and consequently by distinct
tumorigenic and metastatic phenotypes, as already demonstrated [7, 15, 16, 23, 24]. Second, in
order to discriminate between these Rab proteins, we transfected melanoma cells with specific small
interfering RNAs (siRNAs). From these two first steps, only Rab4A emerged as involved in
procathepsin L secretion. Expression level and pattern of intracellular cathepsin L forms were not
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4
significantly modified by Rab4A expression. Third, these two first results were strengthened by
stable transfections of melanoma cells with either a Rab4A dominant negative mutant form to
inhibit endogenous Rab4A function or the Rab4A wild type form to over-express Rab4A. Fourth,
modification of Rab4A function or Rab4A expression, by regulating procathepsin L secretion
switched the progression of tumors induced by human melanoma in nude mice. All together, these
data clearly demonstrate that Rab4A expression and Rab4A function regulate procathepsin L
secretion in human melanoma cells.
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Materials and Methods

Cell lines and culture conditions
Four human melanoma cell lines, derived from four patients and kindly provided by Dr M. Bar-

Eli (M. D. Anderson Cancer Center, Houston, TX, U.S.A.) [25] were used and already tested:
highly tumorigenic and strongly metastatic A375SM [15, 16, 24] and DM-4 [6] cells and
non/poorly tumorigenic and non-metastatic DX-3 [7, 23] and SB-2 [24] cells. The cells were grown
as previously described [23]. When needed, tunicamycin (Sigma), dissolved in DMSO, was added
to cell cultures at a final concentration of 10 μg/ml for 24 h.

Plasmid construction
Human Rab4A cDNA was amplified from A375SM cells by using 5’ primers flanked with the

underlined EcoRI restriction site  (5’-GGAATTCGatgtcgcagacggccatgtc-3’) and 3’ primers flanked
with the underlined HindIII restriction site (5’-agtggcatttgggacacaatcgAAGCTTCAC-3’) and was
subcloned in the pCMV-Tag3A plasmid (Stratagene) in frame with DNA encoding a N-terminal
myc epitope. The mutant construct Rab4AS22N was obtained by site directed mutagenesis (Quick-
Change mutagenesis kit; Stratagene) of the wild type Rab4A plasmid, using the primer 5’-
GCAGGAACTGGCAAAAATTGCTTACTTCATCAG-3’ containing underlined mutated
nucleotides. Sequences of the wild type and mutated Rab4A expression vectors were verified by
sequencing (Cogenics).

Stable transfection of melanoma cells
A375SM or DX-3 melanoma cells were seeded in 60 mm tissue culture plates, cultured for 24 h,

and transfected by using 8 μl of JetPEI (Polyplus Transfection) and 4 μg of pCMV-Tag3A empty
control vector or pCMV-Tag3A-myc-Rab4A or pCMV-Tag3A-myc-Rab4AS22N expression
vectors, as indicated in each set of experiments. Sixteen hours after transfection, the medium was
changed to complete culture medium. Selection was performed after 48 h with culture medium
containing G418 at 1.2 mg/ml and G418-resistant cells were established in culture.

RNA interference
Small interfering RNAs (siRNAs) were purchased from Invitrogen (Stealth™ RNAi). The

sequences of siRNAs were 5’-GCAACGACAAGAGGAUCAAGCUGCA-3’ for Rab3A, 5'-
A A C C A A C C A G G A A U C A G U G U U G U A G - 3 '  f o r  R a b 5 A ,  5 ' -
A C A A G A G A C A A G U U U C C A A G G A A C G - 3 '  f o r  R a b 8 A ,  a n d  5 ' -
CAAUAAGAGUGAUCUACGUCAUCUC-3' for Rab11A. The Rab4A knock down was
performed with two specific siRNAs alone or in combination: 5’-
ACGGCCAUGUCCGAAACCUACGAUU-3’  (Rab4A s iRNA1)  and  5 ’ -
GAUGCAGAUCGUGAAGUUACCUUCU-3’ (Rab4A siRNA2). Two negative control siRNAs
(medium GC and low GC Stealth™ RNAi; Invitrogen) were used depending on the GC content of
the corresponding Rab siRNA used. Scrambled Rab4A siRNA 1 5’-
GCGGAACGCUAUGCCCAUUACACUA-3’ was also used as a control for Rab4A inhibition.
Transfections were performed in 12-well plates using the Interferin reagent (PolyPlus Transfection).
siRNAs were transfected at a final concentration of 5 nM except for Rab8A, at 10 nM, and for
combination of two siRNAs, each at 2.5 nM. Analysis of mRNA expression or protein expression
and secretion were performed 72 h after transfection.

Reverse transcription PCR
Expression of mRNA was evaluated by semi-quantitative or quantitative reverse transcription-

PCRs (RT-PCRs). Briefly, the total RNA was isolated from melanoma cells using TRIzol reagent
(Invitrogen) and then reverse transcribed. For semi-quantitative analysis, the PCR reaction was
carried out with 24 amplification cycles for glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
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and cathepsin L using specific primers [15], 23 amplification cycles for Rab11A using primers 5'-
AGCAAGAGCACCATTGGAGT-3' and 5'-TGGCTTGTTTTCAGTGGTTG-3', 32 amplification
cycles for Rab5A using primers 5'-CTTCAGAGGCAAGCAAGTCC-3' and 5'-
TTGTGTGGGTTCGGTAAGGT-3' and 29 amplification cycles for Rab3A, Rab4A and Rab8A
u s i n g  p r i m e r s  5 ' - T A C C G G A C C A T C A C C A C C G C A T A C - 3 '  a n d  5 ' -
CAGATGACATCCACCAGGCGCTCAAA-3' for Rab3A; 5'-CCATGTCCGAAACCTACGAT-3'
and 5'-ATGTTCTGGCTCGCTAGCAT-3' for Rab4A and 5'-GGAACTGGATTCGCAACATT-3'
and 5'-TTTTGACTCCCTGGTTGCTC-3' for Rab8A. PCR products were then analyzed on a 1.5%
agarose gel containing ethidium bromide. For quantitative analysis, Real-Time RT-PCR was
performed by Beckman Coulter Genomics (Meylan, France) with an Applied Biosystems 7500 Fast
Real-Time RT-PCR System using SYBR Green. Cathepsin L amplification primers were 5’-
TGTGGGGCCCATTTCTGTTGCTA-3’ and 5’- CATGCGCCATCCCCAGTCAAGT-3’. The
amount of cathepsin L transcript in each RNA sample was quantified and normalized to GAPDH

content. Relative amounts of cathepsin L cDNA were calculated by the relative comparative 2-��Ct

method and are expressed as a percentage of cathepsin L cDNA measured in non-transfected cells.

Cathepsin L activity
Cathepsin L activity was determined using the fluorogenic synthetic substrate Z-Phe-Arg-AMC

(Calbiochem). Assays were performed at 37°C using A375SM cell extracts or conditionned
extracellular media in a sodium acetate buffer (pH 5) containing EDTA, DTT and CA-074 ([L-3-
trans-(Propylcarbamoyl)oxirane-2-carbonyl]-L-isoleucyl-L-proline), the specific cathepsin B
Inhibitor III (Sigma Aldrich), to rule out any interference with cathepsin B activity. In addition, in
the assay reported (Figure 6C, lane 4), the specific inhibitor Z-Phe-Phe-CHN2 of cathepsin L
(Calbiochem) was added. Fluorescence measurements were carried out on a multiplate reader
Victor 2 Wallac (Perkin-Elmer) and relative fluorescent units (RFU) were measured at 460 nm
using an excitation wavelength of 355 nm.

Cellular extract and extracellular media preparation and analysis
Cells were lysed in PBS containing 1% (v/v) Nonidet P-40 supplemented with a combination of

proteinase inhibitors (Roche Diagnostics). Conditioned extracellular media were prepared by
incubating cells in freshly serum-free culture medium for 24 h [7]. Both cell media were analyzed
by western blot using anti-cathepsin L moAb (clone 3D8) prepared in our laboratory [14], anti-
GAPDH moAb (moAb374, Chemicon International), anti-myc epitope moAb (clone 4G10,
Upstate) anti-Rab3A Ab (Santa Cruz Biotechnologies), anti-Rab8A moAb (BD Transduction
Laboratories), anti-Rab11A Ab (Zymed Laboratories), anti-Rab4A Ab and anti-Rab5A Ab
(Stressgen, Assay Design). Bound antibodies were detected with peroxidase-linked
immunoglobulin Ab (Dako) and the enhanced chemiluminescence system (Amersham Biosciences).
Secreted interleukin-8 (IL-8) was measured in conditioned media by using the ELISA MAX™ set
deluxe kit for human IL-8 (Biolegend), according to the manufacturer's instructions. Secreted
MMP-2 (Matrix Metallo Proteinase 2) protein was measured in conditioned media by western blot
using anti-MMP-2 moAb (Ab-3, Calbiochem) and quantified, as previously described [23]. Indeed,
we verified that a good correlation existed in our samples between the detection of MMP-2 protein
in samples by anti-MMP-2 moAb and the measure of MMP-2 activity by zymography gel. Thus, we
herein report the level of secreted MMP-2 protein. The intensity of each band of western blots was
quantified by using the ImageJ64 freeware (W. S. Rasband, National Institutes of Health, Bethesda,
MD; http://rsb.info.nih.gov/ij/), then compared to those obtained with cells transfected with control
siRNA, the best control and expressed as relative band intensity (r.b. i.).
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Pulse-Chase Analysis
A375SM melanoma cells were starved for 60 min at 37°C in 5 ml of methionine/cysteine-free

Dulbeco’s modified Eagle’s medium (DMEM) (Invitrogen Life Technologies, Cergy Pontoise),
supplemented with 2 mM glutamine and 10% heat-inactivated FCS. Then, cells were incubated in 1

ml and pulse with 0.5 mCi ml-1 of a mix of 35S-methionine/35S-cysteine (PerkinElmer,
Courtaboeuf, France), for 60 min and chase in complete RPMI 1640 containing 5% calf serum for
0, 1, 4, 8 and 16 hours. After each chase-point, cells were lysed in NP-40 lysis buffer, pH 7.4 (50
mM Tris, 150 mM NaCl, 0.5% NP-40) supplemented with 1% SDS, boiled for 5 min, then
reconstituted to 1.5 ml SDS-free NP-40 solution. The lysates were pre-cleared on irrelevant
antibodies covalent-linked on beads and then submitted to immunoprecipitation using 20 μl of
cathepsin L polyclonal antibodies covalent-linked on beads. Then, immunobeads were extensively
washed at least 5 times, with 2% FCS in the first wash and immunoprecipitated compounds were
analyzed under reducing conditions by SDS-PAGE .

In Vivo tumor progression
First of all, parental A375SM cells, characterized by a high-tumorigenic phenotype, were stably

transfected with the Rab4AS22N expression vector with the Rab4A dominant negative mutant form
(A375SM myc-Rab4AS22N) or with the empty vector (A375SM mock), used as control. In
parallel, parental DX-3 cells, characterized by a non-tumorigenic phenotype, were stably transfected
with the expression vector encoding for Rab4A wild type form fused also with the myc epitope or

with the empty vector (DX-3 mock), used as control. Then, 7 x 105 transfected cells, suspended in
Hank's buffer in a 200 μl volume, were injected subcutaneously (s.c.) into the right scapular region
of nude mice. As previously described [16], the progression of the tumors was monitored by
measuring these with calipers at the indicated days, as soon as the tumor volume of each mouse
became detectable, using six mice per group. The volume of each tumor was calculated using the
formula {(length x width x height) x pi/6 (i.e. 0.52)}. The data provided represent the mean value ±
SD calculated for each group. The mice were put to death 38 days after cell injection.

Statistical analysis
P values were calculated from the tumor volumes by using the two-tailed Student’s t test and were
considered to be significant and different from the control samples when the P value was less than
0.03.
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Results

Expression of Rab proteins in human melanoma cells
The expression of Rab proteins was analyzed at the protein and the mRNA levels in four human

melanoma cell lines characterized by different phenotypes: A375SM and DM-4 cells, highly
tumorigenic and strongly metastatic phenotype related to high procathepsin L secretion, and DX-3
and SB2 cells, poorly or non-tumorigenic and non-metastatic phenotype related to low procathepsin
L secretion [2, 7, 15, 16, 23, 24]. The Rab proteins selected were Rab3A, Rab8A and Rab27A [19,
20], Rab4A and its isoform Rab4B [26], Rab5A and Rab11A [21] and Rab33A [22]. Rab protein
expression was analyzed on total cell extracts by western blot using specific antibodies against each
Rab protein (Figure 1). The quantification of western blots was performed as described in Materials
and Methods. Data demonstrated that Rab4A protein was more expressed in A375SM and DM-4
cells than in DX-3 and SB-2 cells. Conversely, Rab5A expression was higher in DX-3 and SB-2
cells than in A375SM and DM-4 cells. In comparison, Rab8A was equally expressed in these four
melanoma cells, while Rab3A and Rab11A expression was variable with no apparent correlation
with the cell phenotype. The mRNA expression of these Rab family members was also analyzed in
these four melanoma cell lines by semi-quantitative RT-PCR analysis (Figure 2). Data
demonstrated that the pattern of Rab mRNA expression is similar to the profile of Rab protein
expression for Rab3A, Rab4A, Rab8A and Rab11A, except for Rab5A. Indeed, the expression of
Rab5A mRNA was similar in the four cell lines, a pattern different to Rab5A protein expression.
Additional analysis also demonstrated that Rab4B, Rab27A and Rab33A mRNA and protein were
not detected in these four human melanoma cell lines (data not shown). Thus, among the Rab
proteins herein analyzed, only Rab4A expression correlates with the tumorigenic phenotype of
these melanoma cell lines.

Knock down of RabA4 expression decreases procathepsin L secretion
To analyze whether Rab proteins might be involved in procathepsin L secretion, we knocked

down Rab protein expression in A375SM cells, which present the highest level of procathepsin L
secretion [15, 16]. Thus, parental cells (NT) were transfected with siRNAs specific for each Rab
and then protein expression was analyzed in total cell extracts by western blot analysis, using
specific anti-Rab Ab. Bands of each gel was quantified as described in Materials and Methods and
compared to those obtained with cells transfected with non-targeting siRNAs (control siRNA)
(lanes 2). As shown Figure 3, each specific siRNA induced effective inhibition of their respective
Rab protein, i.e. more than 90% inhibition for Rab3A, Rab5A, Rab4A and Rab11A proteins (Parts
A, B, C and E) and at least 60% inhibition for Rab8A protein (Part D). Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) expression was not significantly modified thus used as control.

In the same set of experiments, we analyzed the level of intracellular expression of procathepsin
L and cathepsin L mature forms and the level of procathepsin L secretion. Data demonstrated
(Figure 3) that knock down of Rab3A (Part A), Rab5A (Part B), Rab8A (Part D) and Rab11A
(Part E) in A375SM cells did not modify significantly the procathepsin L secretion in transfected
cells. However, in transfected cells, Rab4A knock down by Rab4A siRNA1 (lane 3) or Rab4A
siRNA2 (lane 4) induced a 51% and 63% decrease of procathepsin L secretion, respectively. In
addition, in cells transfected with Rab4A siRNA1 and Rab4A siRNA2 together, i.e. Rab4A
siRNAs(1+2), up to 80% procathepsin L secretion was decreased (lane 5). An additional control
was performed by analyzing the level of intracellular expression of Rab3A, Rab5A, Rab8A and
Rab11A, in cells transfected with Rab4A siRNAs(1+2). Data demonstrated that Rab4A knock down
by Rab4A siRNAs(1+2) did not modify significantly the expression of Rab3A, Rab5A, Rab8A and
Rab11A proteins (Figure 4).
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Regulation of procathepsin L secretion by Rab4A expression
From the above experiments (Figure 3C), emerged also that the total intracellular expression

and the pattern of procathepsin L and cathepsin L mature forms were not significantly modified.
This observation led us to analyze the time-course of cathepsin L biogenesis and maturation in
A375SM melanoma cells transfected with Rab4A siRNAs(1+2) or with control siRNA. For this

purpose, pulse chase experiments were performed on transfected A375SM cells using a mix of 35S-

methionine and 35S-cysteine, as described in Materials and Methods. As shown Figure 5, the
turnover of intracellular procathepsin L (41 kDa) and two cathepsin L mature forms (34 kDa and 29
kDa) was unchanged when A375SM cells were transfected with Rab4A siRNAs(1+2) (bands A),
as compared to cells transfected with control siRNA (bands C). These results were also supported
by semi-quantitative RT-PCR analysis (Figure 6A) and by quantitative Real-time RT-PCR analysis
(Figure 6B). Both analysis demonstrate that cathepsin L mRNA expression was not modified in
A375SM cells transfected with Rab4A siRNAs(1+2) (lane 3), as compared to cells transfected with
control siRNA (lane 2). In these same assays, GAPDH mRNA expression was also not modified,
giving an additional control (Figure 6A, lower panel). Furthermore, cathepsin L activity on the
fluorogenic substrate Z-Phe-Arg-AMC was measured in cell extracts in which was also added the
CA-074 methyl ester, a specific cathepsin B inhibitor to rule out any putative interference between
the enzymatique activity of both proteinases. As shown Figure 6C, cathepsin L activity was
unchanged in cellular extracts prepared from cells transfected with Rab4A siRNAs(1+2) (lane 3), as
compared to those prepared from cells transfected with control siRNA (lane 2). This activity was
fully inhibited by the Z-Phe-Phe-CHN2, a specific inhibitor of cathepsin L [27] (lane 4). Cathepsin
L activity on substrate Z-Phe-Arg-AMC was never detected in the extracellular conditioned media
of melanoma cells, according to our previous data that only the proenzyme form was detected [27].
Thus, Rab4A down-expression inhibits procathepsin L secretion without significant modification of
the turnover of the expression of intracellular cathepsin L forms and of cathepsin L activity.

In order to determine whether knock down of Rab4A expression might modify other secretion
pathways, we analyzed also the amount of Interleukin-8 (IL-8) and Matrix MetalloProteinase 2
(MMP-2) secreted in extracellular medium of transfected A375SM cells. Indeed, IL-8 is a member
of the CXC chemokine family. This chemokine, one of the major mediators of the inflammatory
response, is a chemoattractant and also a potent angiogenic factor secreted by several cell types
[28]. In addition, MMP-2, an important metallo-proteinase, is also secreted by human melanoma
[23, 29]. Secreted IL-8 was quantified by ELISA, as described in Material and Methods, while
secreted MMP-2 was quantified by western blot as previously described [23]. As shown Figure 6D,
knock down of Rab4A expression in A375SM cells transfected with Rab4A siRNAs(1+2) did not
modify IL-8 secretion (black histogram) and MMP-2 secretion (white histogram) (lane 3), as
compared to cells transfected with control siRNA (lane 2) or to non-transfected cells (lane 1). Thus,
knock down of Rab4A expression did not regulated IL-8 or MMP-2 secretion.

To confirm the involvement of Rab4A in procathepsin L secretion, we used other methods, i.e.
expression of Rab4A dominant negative mutant form that inhibits Rab4A function or
overexpression of Rab4A. In a first set of experiments, we prepared the Rab4A dominant negative
mutant form, Rab4AS22N, which is locked in the GDP-bound form and acts as a trans-dominant
inhibitor of Rab4A vesicular transport [30]. This Rab4AS22N protein was fused to a myc epitope to
allow its detection. Then, A375SM cells were stably transfected with the Rab4AS22N expression
vector (A375SM myc-Rab4AS22N) or with the empty vector (A375SM mock), used as control.
Rab4AS33N expression in transfected cells was determined by western blot analysis of total cell
extracts using anti-myc epitope moAb. As shown Figure 7A, expression in transfected A375SM
cells (lane 3) of Rab4AS22N protein, characterized by a 28 kDa molecular weight slightly higher
than the endogenous Rab4A, induced a 58% inhibition of procathepsin L secretion, as compared to
cells transfected with the empty vector (lane 2). The expression and the pattern of intracellular
cathepsin L forms (middle panel) were not significantly modified (lane 3 versus lane 2). Then, in
a second set of experiments, cells were transfected with an expression vector encoding for Rab4A
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wild type form also fused with the myc epitope, i.e. myc-Rab4A. As shown Figure 7B, Rab4A
overexpression in transfected A375SM cells induced a 64% increase of procathepsin L secretion
(lane 3, lower panel), as compared to cells transfected with the empty vector (lane 2), with no
significant modification of the expression and the pattern of intracellular cathepsin L forms (middle
panel). We also verified that Rab4A involvement in procathepsin L secretion was not restricted to
A375SM cells. For this purpose, we used DM-4 melanoma cell line also characterized by a high
level of procathepsin L secretion [2, 6]. As shown Figure 7C, Rab4A knock down (upper panel) in
DM-4 cells inhibits with efficiency up to 80% procathepsin L secretion (lower panel). In addition,
we performed the opposite experiment by using DX-3 cells characterized by a very low
procathepsin L secretion and consequently by a non tumorigenic phenotype [7]. As shown Figure
7D, DX-3 cells were stably transfected with the expression vector encoding for Rab4A wild type
form (lane 3) or with the empty myc epitope, used as control (lane 2). Data demonstrated that
Rab4A overexpression in transfected DX-3 cells induced at least a 4.7 time increase of
procathepsin L secretion (lane 3, lower panel), as compared to DX-3 mock cells (lane 2). In both
transfected cells, the expression and the pattern of intracellular cathepsin L forms and of GAPDH
expression were not modified (middle panels). Thus, using three distinct methods and three distinct
cell lines, we herein demonstrated that both Rab4A expression and Rab4A function regulate
procathepsin L secretion in human melanoma cells.

Secretion of unglycosylated procathepsin L is not modified by Rab4A knock down
The mannose 6-phosphate receptors (M6PRs) pathway is suspected to be involved in cathepsin L

secretion [31]. Thus, we verified the putative involvement of Rab4A in this pathway, by submitting
A375SM cells to a 24 h treatment of tunicamycin, an inhibitor of protein N-glycosylation and
consequently of M6PRs pathway. Thus, A375SM cells were transfected with Rab4A siRNAs(1+2)
or with control siRNA and also compared to non-transfected cells (Figure 8). First, as expected, in
tunicamycin-treated cells (Part B, lanes 4 to 6) the apparent molecular weight of intracellular
(upper panel) or secreted (lower panel) procathepsin L was lowered, as compared to the one of
cells treated with DMSO alone (Part A, lanes 1 to 3). Second, in tunicamycin-treated cells, while
the amount of intracellular procathepsin L and cathepsin L mature forms strongly decreased (upper
panel), the amount of secreted procathepsin L increased (lower panel, compare lanes 4 and 5 to
lanes 1 and 2). Third, in tunicamycin-treated cells, Rab4A down-regulation still triggered the same
54% inhibition of procathepsin L secretion (lower panel, lane 6 versus 5), as compared to cells not
treated by tunicamycin (lane 3 versus 2). Thus, regulation of procathepsin L secretion by Rab4A
expression is independent of the glycosylation state of procathepsin L.

Regulation of Rab4A expression in vivo switched the phenotype of melanoma cells
We previously demonstrated [7, 14-16] that regulation of procathepsin L secretion switches the

phenotype of human melanoma cells. These data and those described above led us to analyze the
influence of Rab4A down- or up-regulation on in vivo progression of tumors induced by melanoma
cells in nude mice. Thus, we prepared A373SM cells stably transfected with the Rab4AS22N
expression vector with the Rab4A dominant negative mutant form (A375SM myc-Rab4AS22N) or
with the empty vector (A375SM mock) used as control, as described above in Figure 7A. In
parallel, we prepared DX-3 cells stably transfected with the expression vector encoding for Rab4A
wild type form (lane 3) or with the empty myc epitope (lane 2) used as control, as described above
in Figure 7D. Then, transfected cells were injected s.c. into nude mice. The tumor volumes were
monitored on the indicated days and the mean values were reported. As shown Figure 9, A375SM
mock cells, transfected with empty vector, induced tumors which attained a mean volume of 510

mm3 on day 38 (curve 1), as did the non-transfected parental cells (not shown). However, when

Biochemical Journal Immediate Publication. Published on 18 Apr 2011 as manuscript BJ20110361
T

H
IS

 IS
 N

O
T

 T
H

E
 V

E
R

S
IO

N
 O

F
 R

E
C

O
R

D
 -

 s
ee

 d
oi

:1
0.

10
42

/B
J2

01
10

36
1

Ac
ce

pt
ed

 M
an

us
cr

ip
t

Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.

© 2011 The Authors Journal compilation © 2011 Portland Press Limited



11

A375SM cells were stably transfected with the Rab4A dominant negative mutant form (A375SM
myc-Rab4AS22N), the size of the tumors strongly decreased by 45%, to a mean volume of 280

mm3 (curve 2). The DX-3 cells stably transfected with empty vector were non- or poorly-
tumorigenic (curve 3), as the non-transfected parental cells [7]. However, when Rab4A was
overexpressed in the DX-3 cells, the phenotype of these cells was modified, i.e. the size of tumors

increased to a mean volume of 345 mm3 (curve 4). Thus, down-regulation of Rab4A function or
up-regulation of Rab4A expression by triggering the decrease or the increase of procathepsin L
secretion, respectively, switched the tumorigenic phenotype of human melanoma cells.
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DISCUSSION

We focused on the putative involvement of small Rab GTPase proteins [17] in procathepsin L
secretion in human melanoma cells, by selecting Rab3A, Rab4A, Rab5A, Rab8A, Rab11A, Rab27A
and Rab33A involved in distinct regulatory pathways [19, 20-22].

Thus, we herein provide the first demonstration that among these Rab proteins, only Rab4A was
clearly involved in the regulation of procathepsin L secretion in human melanoma cells. This new
result was supported by complementary data. First, only Rab4A mRNA and protein expression in
these four human melanoma cells correlates with their level of procathepsin L secretion, i.e. Ra4A
expression is higher in cell lines characterized by a high level of procathepsin L secretion than in
cell lines characterized by a low level of procathepsin L secretion. The Rab4B isoform that shares
redundant functions with Rab4A [26] was not expressed in these cells. Second, the knock down of
Rab4A expression by two specific siRNAs used together, induced a strong 80% decrease of
procathepsin L secretion, without modification of the intracellular expression of cathepsin L protein
forms and cathepsin L mRNA. These data ruled out direct off-target effect on cathepsin L mRNA.
The use of “off-target” database, (http://rnai.cs.unm.edu/offTarget) with the Rab4A siRNA
sequences did not identify any off-targets. The specificity of these two Rab4A siRNAs was
supported as they did not modify the expression of GAPDH and other Rab proteins, as Rab3A,
Rab5A, Rab8A, Rab11A. The melanoma cells used did not express Rab27A and Rab33A. Rab27A
was expressed in some melanoma cell lines [32], while Rab33A was often not expressed in human
melanoma cells [22]. Third, Rab4A inhibition by Rab4A siRNAs(1+2) discriminates between the
synthesis and the secretion pathways of regulation of procathepsin L. Indeed, such inhibition of
Rab4A expression did not modify the pattern and the relative band intensity of the intracellular
procathepsin L and cathepsin L mature forms. This is also supported by pulse chase experiments
since the turnover of procathepsinL and cathepsin mature forms was not modify in cells transfected
with Rab4A siRNAs(1+2), as compared to cells transfected with control siRNA. Fourth, Rab4A
involvement in procathepsin L secretion was strengthened by the expression of Rab4A dominant
negative mutant form which blocks Rab4A functions: expression of Rab4A dominant negative form
inhibits by 58% procathepsin L secretion. Fifth, Rab4A over-expression induced a 64% increase of
procathepsin L secretion. Thus, down- or up-regulation of Rab4A expression or Rab4A function
triggered decrease or increase of procathepsin L secretion, respectively, without significant
modification of the synthesis and maturation processes of intracellular cathepsin L forms.

In addition, the specific involvement of Rab4A in procathepsin L secretion was strongly
supported by two different results. First, by analyzing other Rab family members we herein
demonstrated that knock down of Rab3A, Rab5A, Rab8A and Rab11A by their specific respective
siRNAs, did not modify procathepsin L secretion. Second, down-regulation of Rab4A in human
melanoma cells regulated procathepsin L secretion without modifying the secretion of IL-8 and
MMP-2. These data are in agreement with others that Rab4A could not be considered as a general
regulator of secretion and is involved in only specific secretion pathways, depending on the cell

type [19]: Rab4A was involved in the Ca2+-induced exocytosis of a-granules in platelets [33] or in
the amylase secretion in pancreatic acinar cells [34]. Furthermore, the absence of secretion of
procathepsin B or procathepsin D in these four melanoma cell lines [35 and Frade et al.,
unpublished data] prevented to analyze the impact of Rab4A expression on these two proenzymes.
Interestingly, in Hela cells inhibition of Rab4A by specific siRNA anti-Rab4A did not modify
procathepsin D secretion [36].

Furthermore, while the exact mechanism through which Rab4A regulates procathepsin L
secretion in human melanoma cells remains unknown, data suggested that further analysis should be
conducted at the intracellular level but also at the cell surface level. At the intracellular level, first of
all, we demonstrated that Rab4A involvement in the regulation of procathepsin L secretion is not
linked to the glycosylation state of procathepsin L, using tunicamycin-treated cells. After being
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initially translated as preprocathepsin L in the reticulum endoplasmic and transferred through the
Golgi, procathepsin L, like other cysteine proteinases, could be translocated to the endosomal
compartment. This translocation from the trans-Golgi network (TGN) to the endosomes is mediated
by M6PRs and can be inhibited by tunicamycin, the inhibitor of protein N-glycosylation [31]. Thus,
our data suggested that procathepsin L may be directed to a Rab4A endosomal compartment
through a distinct M6PRs-independent pathway between the TGN and the endosomal compartment.
Recently, it was shown that cathepsin D and cathepsin H could be targeted to lysosome by the
sortilin receptor, independently of M6PRs [37]. These authors also suggested that cathepsin L could
reach the lysosomes in a M6PRS- and sortilin receptor-independent manner [38]. Second, the fact
that Rab11A knock down, at the opposite of Rab4A knock down, had no effect on procathepsin L
secretion, should be also taken into account. Indeed, as Rab4A, Rab11A is a regulator of endosomal
traffic, i.e. in pathway from endosomes to the plasma membrane [30]. This apparent discrepancy is
most likely related to the main localization of Rab4A in early endosomes at the cell periphery [22],
which are mainly composed of Rab4A and contain only few amounts of Rab11A, mainly localized
in perinuclear recycling endosomes [39]. Third, we could not demonstrate any high or low protein-
protein interaction between Rab4A and procathepsin L (Frade et al., unpublished data), in spite of
the two distinct methods used: a) the yeast two-hybrid interaction system; b) co-
immunoprecipitation assays of Rab4A and procathepsin L, with covalent cross-linking of
intracellular molecules in live cells, while this protocol was successful to identify a new
procathepsin L binding protein. Indeed, Maldi-TOF mass spectrometry analysis of cellular
components covalent cross-linked to procathepsin L in live cells and isolated by specific
immunoprecipitation assays, led us to recently demonstrate that GRP94, one chaperone protein of
the endoplasmic reticulum, interacts with procathepsin L in human melanoma cells. Down-
regulation of GRP94 expression by specific GRP94 siRNA increased secretion of procathepsin L,
whereas the level of intracellular cathepsin L forms was not modified (Frade et al., manuscript in
preparation). This new result incites for analysis at the cell surface. Indeed, GRP94 is not only
localized in the endoplasmic reticulum, but also expressed at the cell surface, where this chaperone
protein was associated to proteases and peptides processing. It was recently demonstrated that, at
the cell surface, the chaperone GRP94 is regulating the processing of the metalloprotease Pro-
ADAMTS9 [40]. GRP94 was also recently described as involved, at the cell surface, in the cross-
presentation of associated peptides [41]. It was previously suggested that GRP94, as other heat
shock protein, play important functions at cell surface, in cell signaling and immunity [42]. While,
the functional relationship between “heat shock protein” and Rab protein is poorly documented
(only 13 citations in PubMed), it was observed by others that heat shoch protein surface 70-positive
tumor exosomes are enriched in Rab4 protein [43]. Thus, from all these data we propose the
hypothesis that Rab4A may regulate procathepsin L secretion through the chaperone GRP94 protein
at the cell-surface level.

In addition, the biological impact of the specific regulation of Rab4A expression and function on
the phenotype of human melanoma cells is herein demonstrated. Indeed, down-regulation of Rab4A
function in A375SM cells stably transfected with Rab4A dominant negative mutant form decreased
by around 50% the high tumorigenic phenotype of human melanoma cells. Conversely, up-
regulation of Rab4A expression in DX-3 cells stably transfected with Rab4A wild type form
switched their phenotype from non or poorly- to highly-tumorigenic in nude mice. These data
provide the molecular basis of a new gene therapy to inhibit the progression of tumors induced by
human melanoma cells, as well as we performed with anti-cathepsin L ScFv [15, 16].

In conclusion, we herein provide the first evidence that down-regulation of Rab4A expression
and Rab4A function inhibit procathepsin L secretion, without modifications of the expression and
the pattern of intracellular procathepsin L and cathepsin L mature forms. By regulating procathepsin
L secretion, Rab4A expression and Rab4A function contribute to the switches of the tumorigenic
phenotype of human melanoma cells in nude mice.
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LEGENDS

FIGURE 1: Rab protein expression in melanoma cell lines.
Cellular extracts prepared from A375SM (lanes 1), DM-4 (lanes 2), DX-3 (lanes 3), and SB-2
(lanes 4) cells were submitted to SDS-PAGE and analyzed by western blot using specific anti-
Rab3A, Rab8A, Rab4A, Rab5A and Rab11A Abs. GAPDH expression was used as controls.
Western blots were quantified, as described in Materials and Methods, using bands of A375SM
cells as 100%.

FIGURE 2: Rab mRNA expression in melanoma cell lines.
cDNAs were prepared from A375SM (lanes 1), DM-4 (lanes 2), DX-3 (lanes 3), and SB-2 (lanes
4) cells. Then, Rab mRNA levels were evaluated by semi-quantitative RT-PCR with specific
primers for Rab3A, Rab8A, Rab4A, Rab5A and Rab11A. As control, GAPDH was also amplified
from the same cDNA.

FIGURE 3: Regulation of procathepsin L secretion by Rab protein knock down.
A375SM cells were non-transfected (NT, lanes 1) or transfected with control siRNAs (lanes 2) or
specific siRNAs (lanes 3) for Rab3A (Part A), Rab5A (Part B), Rab4A (Part C), Rab8A (Part D)
and Rab11A (Part E). Cellular extracts were prepared 72 h after transfection and protein expression
was analyzed by western blot using specific anti-Rab3A (Part A), Rab5A (Part B), Rab4A (Part
C), Rab8A (Part D), Rab11A (Part E), cathepsin L (Parts A-E) and GAPDH (Parts A-E) Abs.
Extracellular media, conditioned during 24 h by A375SM cells, were also analyzed using anti-
cathepsin L Abs (lower gels of Parts A-E). Western blots were quantified as described in Materials
and Methods, using data from cells transfected with control siRNA (lane 2) as 100% (r.b.i. =
relative band intensity).

FIGURE 4: Effect of Rab4A knock down on the expression of other Rab proteins.
A375SM cells were non-transfected (NT, lanes 1) or transfected with control siRNAs (lanes 2) or
with two specific Rab4A siRNAs(1+2) (lanes 3). Rab protein expression was analyzed by western
blot 72 h post transfection using specific anti-Rab3A, Rab8A, Rab4A, Rab5A and Rab11A Abs.
Western blots were quantified as described Figure 3.

FIGURE 5: Time course of cathepsin L biogenesis and maturation in A375SM cells in which
Rab4A synthesis was specifically inhibited.
A375SM melanoma cells transfected with control siRNA (C) or Rab4A siRNAs(1+2) (A) were
pulsed chased, as described in Materials and methods. Intracellular procathepsin L and cathepsin L
forms were immunoprecipitated from labeled cell lysates and analyzed under reducing conditions
by SDS-PAGE (Upper Part). Each gel was submitted to density analysis and data represented in
the graph (Lower Part).

FIGURE 6: Effect of Rab4A knock down on cathepsin L mRNA expression, cathepsin L
activity and IL-8 and MMP-2 secretions.
Part A: Rab4A and cathepsin L mRNA expression level was analyzed by semi-quantitative RT-
PCR on cDNAs prepared from non-transfected A375SM (NT, lane 1), transfected with control
siRNA (lane 2) or Rab4A siRNAs(1+2) (lane 3), 72 h after transfection. GAPDH cDNA, also
amplified from the same cDNA, was used as a control for DNA integrity and equal loading. Part B.
The cDNA was also analyzed for cathepsin L expression by quantitative Real-Time RT-PCR.
Cathepsin L transcript levels were normalized to GAPDH mRNA and are expressed as a percentage
of the transcript level measured in non-transfected cells. Part C: Cathepsin L activity was measured
using Z-Phe-Arg-AMC in total extracts of non-transfected A375SM cells (lane 1 and 4), cells
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transfected with control siRNA (lane 2) or Rab4A siRNAs(1+2) (lane 3) in the absence (lanes 1, 2
and 3) or presence (lane 4) of the specific inhibitor Z-Phe-Phe-CHN2 of cathepsin L. In all these
samples was added CA-074, the specific cathepsin B Inhibitor III, to rule out any interference with
cathepsin B activity. The histogram represents the percentage of relative cathepsin L activity as
compared to non-transfected A375SM cells. Part D: secreted IL-8 (black histogram) and secreted
MMP-2 (white histogram) were measured by Elisa or western blot respectively, in extracellular
media conditioned by A375SM cells non-transfected (NT, lane 1), transfected with control siRNA
(lane 2) or Rab4A siRNAs(1+2) (lane 3). The histograms represent the percentages compared to
the one of non-transfected A375SM cells. Results are means ± s.d.

FIGURE 7: Regulation of procathepsin L secretion by Rab4AS22N dominant negative mutant
form or by wild type Rab4A overexpression in melanoma cells.
Parts A and B: A375SM parental cells (lanes 1) were stably transfected with either the dominant
negative mutant Rab4AS22N expression vector (Part A, lane 3) or with the wild type Rab4A
expression vector (Part B, lane 3). In control, cells were transfected with empty vector (lanes 2).
Part C: DM-4 melanoma cells non-transfected (NT, lanes 1), transfected with control siRNA
(lanes 2) or Rab4A siRNAs(1+2) (lanes 3). Part D: parental DX-3 melanoma cells (lanes 1) were
stably transfected with wild type Rab4A expression vector myc-Rab4A (lanes 3) or with myc
empty vector (lanes 2), used as control. Then, cellular extracts and extracellular media were
prepared and analyzed by western blot using anti-Rab4A, anti-GAPDH and anti-cathepsin L Abs,
where needed. In all experiments, western blots were quantified as described in Figure 3, using
mock cells as control.

FIGURE 8: Procathepsin L secretion by tunicamycin-treated A375SM cells.
A375SM cells were treated for 24 h with DMSO alone (lanes 1-3) or tunicamycin in DMSO (lanes
4-6) 48 h after transfection with siRNAs. Cellular extracts and extracellular media prepared from
non-transfected cells (lanes 1 and 4) and from cells transfected with control siRNA (lanes 2 and 5)
or Rab4A siRNAs(1+2) (lanes 3 and 6), were analyzed by western blot using anti-cathepsin L and
anti-GAPDH Abs. Western blots were quantified as described Figure 3.

FIGURE 9: Effect of Rab4A down-regulation on progression of tumors induced in nude mice
by stably transfected A375SM and DX-3 cells.
In a first step, A375SM cells were stably transfected with the dominant negative mutant
Rab4AS22N expression vector, as described Figure 7A and DX-3 cells were stably transfected with
wild type Rab4A expression vector myc-Rab4A, as described Figure 7D. Then, in all experiments,

7 x 105 A375SM (curves 1 and 2) or DX-3 (curves 3 and 4) cells transfected with respective
construct (curves 2 and 4) or empty vector (mock cells) (curves 1 and 3), were injected s.c in nude
mice. The tumor progression was monitored by measuring the volume of each mouse’s tumor, with
calipers, on the indicated days, using six mice per group. P values were calculated by using the
Student’s t test and are indicated by a    when significantly different (P value < 0.03) from control, i.
e. curve 2 versus curve 1 and curve 4 versus curve 3. These curves are representative of three
separate sets of experiments.
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Figure 3
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Figure 5
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Figure 7
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Figure 8
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Figure 9
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