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The adhesion receptors of the integrin family play an essential role during tumour progression and thus
represent interesting potential targets for the development of new therapeutic agents. The snake venom
contains natural inhibitors of integrin–ligand interactions called disintegrins. It also contains C-type lectin
proteins mainly known as modulators of platelet aggregation. In this study, we demonstrate that lebectin, a
novel C-type lectin isolated from Macrovipera lebetina venom, displayed an anti-integrin activity. Lebectin
inhibited the integrin-mediated attachment of various tumour cell lines to different adhesion substrata. The C-
type lectin also completely blocked cell migration towards fibronectin in haptotaxis assays and prevented
invasion of fibrin gels by tumour cells. In addition, lebectin proved to be a potent inhibitor of tumour cell
proliferation. Although the specific integrins affected by lebectin are not identified in this study, the integrin
a5b1 might be involved.
Laboratory Investigation (2004) 84, 573–581, advance online publication, 29 March 2004; doi:10.1038/labinvest.3700088

Keywords: snake venom; integrin; tumour cell adhesion; cell migration; cell proliferation; invasion; haptotaxis

The acquisition of cell motility and the capacity
to invade basement membranes and adjacent
tissues plays a central role in the complex multi-
step process of metastasis. Cell migration results
in dynamic interactions between the cell,
the extracellular matrix (ECM) and the cytoskeleton.
These interactions are partly mediated by integrins,
a family of cell surface adhesion receptors com-
posed by the noncovalent association of a and b
subunits.1 Integrins connect the ECM proteins out-
side to the actin cytoskeleton within the
cell, allowing the traction required for cell migra-
tion.2,3 In addition to regulating cell adhesion,
integrins relay molecular cues regarding the cellular
environment that influence cell shape, survival,
proliferation and gene transcription. Integrins
therefore play a pivotal role during tumour progres-

sion (for reviews, see [Parise et al4 and Hood and
Cheresh5]).

C-type lectin proteins (CLPs) are a family of
snake venom proteins that are structurally homo-
logous to the carbohydrate recognition domain
of animal C-type lectins. CLPs are 30 kDa proteins
consisting of the association of two subunits.
In spite of their highly conserved primary structure
(40–70% similarity), CLPs are characterized
by very distinct biological activities (see Marcini-
kiewicz6, Wang et al7 and references therein).
For example, several CLPs inhibit von Willebrand
factor (vWF) binding to the GPIb/IX complex, thus
impeding platelet agglutination, whereas alboaggre-
gins activate the GPIb complex, causing platelet
agglutination. Other CLPs exhibit anticoagulant
activities by binding to vWF or to the coagulation
factors IX and/or X, while convulxin induces
platelet aggregation by activating the collagen
receptor GPVI (for a review, see Andrews and
Berndt8).

Besides the action on platelet aggregation, it has
recently been reported that venom CLPs, such as
EMS16 from Echis multisquamatus,6 or bilinexin
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from Agkistrodon bilineatus9 have an anti-a2b1
integrin activity. In the case of aggretin from
Calloselasma rhodostoma, recent studies gave rise
to conflicting results concerning its interaction with
a2b1 integrin.10–14 However, the targeting of CLPs
might not be restricted to the a2b1 integrin, as we
recently showed that lebecetin, isolated fromMacro-
vipera lebetina venom, inhibits platelet aggrega-
tion15 and adhesion of tumour cells to various ECM
ligands.16

In this work, we report a novel CLP, termed
lebectin, also from M. lebetina venom that inhibits
various integrin-mediated functions in tumour cells,
including adhesion, proliferation and cell migra-
tion.

Materials and methods

Reagents

Venom was collected from M. lebetina snake in the
serpentarium of Institut Pasteur, Tunis. Fast protein
liquid chromatography (FPLC) column and Sepha-
dex G75 were purchased from Amersham-Pharma-
cia and high-performance liquid chromatography
(HPLC) column was obtained from Beckman. Dul-
becco’s modified Eagle’s medium (DMEM) was
purchased from GIBCO (Cergy-Pontoise, France)
and foetal calf serum (FCS) from BioWhittaker
(Fontenay-sous-Bois, France). Human fibrinogen,
human laminin and poly-L-lysine were from Sigma
(St Louis, MO, USA). Rat type I collagen was from
Upstate (Lake Placid, NY, USA) and human fibro-
nectin from Chemicon (Temecula, CA, USA). Hu-
man vitronectin was purified according to Yatogho
et al.17 The 5–bromo-20–deoxyuridine (BrdU) kit was
from Boehringer (Mannheim, Germany).

Purification and N-terminal Amino-Acid Sequence of
Lebectin

M. lebetina crude venom (267mg) was dissolved in
0.2M ammonium acetate, pH 6.8 and fractionated
by a Sephadex G75 column equilibrated with the
same buffer. The fractions from peak II were loaded
onto a MonoS HR5/5 column pre-equilibrated with
50mM HEPES pH 7.5. Elution was performed with a
linear gradient of 0–1M NaCl. Finally, resulting
fractions were purified by reverse-phase HPLC on a
C8 column (5 mm; 4.6� 250mm) equilibrated with
0.1% trifluoroacetic acid in 10% acetonitrile and
then eluted at a flow rate of 1ml/min with an
acetonitrile linear gradient 10–80% over 60min.

The homogeneity and apparent molecular mass of
the purified lebectin and its subunits were deter-
mined by SDS-PAGE in 12.5% acrylamide gel under
reducing or nonreducing conditions and confirmed
by mass spectrometry analysis as previously de-
scribed.15 The protein concentration was deter-

mined by the BCA protein assay (Pierce, Rochford,
IL, USA).

The N-terminal amino-acid sequence of isolated
native lebectin was determined as already described
by using an Applied Biosystems 477A instrument.
Sequence alignment was made by CLUSTAL X
program.

Cell Adhesion Assay

The human fibrosarcoma (HT1080), melanoma
(IGR39) and adenocarcinoma (HT29–D4) cell lines
were routinely cultured in DMEM containing 10%
FCS. Human leukaemia cells K562 were cultured in
RPMI medium with 10% FCS.

Adhesion assays were performed as previously
described.18,19 Briefly, cells in single cell suspension
were added to wells coated with purified ECM
proteins and allowed to adhere to the substrata for
1h (HT1080 and IGR39 cells) or 2 h (HT29–D4 and
K562 cells) at 371C. After washing, attached cells
were stained by 0.1% crystal violet and lysed with
1% SDS. Absorbance was then measured at 600nm.
To test the dependency on divalent cations, adhe-
sion was performed in Ca2þ - and Mg2þ -free Hanks’
solution/0.2% borine serum albumin (BSA) (sup-
plemented or not with 1mM CaCl2 and 1mM MgCl2)
instead of adhesion buffer.

Cell Migration and Invasion Assays

In vitro cell migration assays were performed using
modified Boyden chambers (NeuroProbe Inc,
Bethesda, MD, USA) as previously described,18

except that incubation medium was DMEM/10%
FCS. Cells were stained with 0.1% crystal violet and
migration was quantified by measure of absorbance
at 600nm.

Tumour cell invasion of fibrin gels was carried out
as described by Naito et al,20 except type I collagen
(0.67mg/ml) and lebectin (2–10 mg/ml) were incor-
porated to fibrinogen prior adding thrombin.

Cell Proliferation

IGR39, HT1080 and K562 cells were seeded at
15 000 cells/cm2 in the presence or absence of
10mg/ml lebectin. Every day, IGR39 and HT1080
cells were quantified by crystal violet staining as for
adhesion assay. K562 cells were enumerated by
manual counting of an aliquot.

Proliferation was confirmed by BrdU incorpora-
tion into DNA of cells treated for 18 h at 371C with
10mg/ml lebectin. Nuclei of proliferating cells are
stained by alkaline phosphatase activity using the
detection kit according to the manufacturer’s in-
structions. Images of cells were captured and
analysed using a Leica DM IRBE microscope with
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cool Snap FX camera and the Metaview software
(Princeton Instrument, Paris, France).

Results

Effect of Snake Venom on Tumour Cells Adhesion

To screen for venom peptides able to inhibit tumour
cells integrins, we performed cell adhesion assays
using a large array of purified ECM proteins.
As illustrated in Figure 1a, attachment of the
melanoma cell line IGR39 to fibrinogen, fibronectin
and laminin-1 was completely abolished by venom
from M. lebetina, while no effect could be observed
on type I collagen. This is not restricted to
melanoma cells, as adhesion of human tumour cells
from ovarian (IGROV1) and colonic (HT29-D4)
carcinomas was also affected (data not shown).
The inhibition of attachment to fibrinogen
of IGR39 (Figure 1b) and IGROV1 cells (not shown)

was dosedependent. As illustrated in Figure 1c,
IGR39 cells attached to immobilised proteins
from venom and to fibrinogen with similar efficien-
cies. The effect of venom likely implicated
the integrin family, as no inhibition was observed
when using an integrin-independent substratum,
such as poly-L-lysine (Figure 1a). Moreover,
the attachment of IGR39 cells to immobilised
proteins from venom was dependent on
Ca2þ/Mg2þ and was increased by Mn2þ , two
typical properties of integrin–ligand interactions
(Figure 1d).

Purification and Characterisation of Lebectin

In order to isolate the proteins acting on tumour
cells adhesion, crude venom from M. lebetina was
first fractionated by Sephadex G75 gel filtration
chromatography (Figure 2a). Proteins from peak II,
which contained most of the antiaggregating activity
on platelets, were then subjected to cation exchange
chromatography on a Mono S column (Figure 2b).
Peak P2S appeared to be composed of a single
protein, as separation by reverse-phase HPLC gave
only one peak (Figure 2c). It is a protein with an
isoelectric point of 7.8 (data not shown). The purity
of this protein, designated as lebectin, was con-
firmed by SDS-PAGE. Lebectin has a molecular mass
of 30 kDa under nonreducing conditions and 16 kDa
under reducing conditions (Figure 2c, inset). More-
over, mass spectroscopy analysis revealed a mole-
cular mass of 30 468Da for native lebectin and
16 158Da upon treatment with a reducing agent
(data not shown). This suggested that lebectin is
composed of two 16 kDa subunits (either identical or
with similar hydrophobicity) linked with disul-
phide bonds.

The N-terminal amino-acid sequence of the 39
first residues of lebectin confirmed that this protein
is likely composed of two identical subunits and
shows a relatively high degree of sequence identity
with other known members of the CLP superfamily
(Figure 3). The identity was higher with hetero-
oligomeric CLPs, such as lebecetin, alboaggregin B,
habu IX/X-bp or botrocetin, than with the homo-
dimeric CLP LmsL.

Lebectin Affects Adhesion of Tumour Cells

Besides binding to platelet membrane proteins
or blood coagulation factors, CLPs have recently
demonstrated anti-integrin activity.6,9,10 In order to
investigate the effect of lebectin on the behaviour
of tumour cells, we first performed adhesion
assays on a panel of purified ECM proteins by using
various established human cell lines. As shown
on Figure 4a, lebectin completely blocked the
attachment of the melanoma cell line IGR39 to
fibrinogen, fibronectin and laminin–1, while adhe-
sion to vitronectin was only slightly decreased.

Figure 1 Effect of M. lebetina venom on tumour cells adhesion.
(a) IGR39 cells in single cell suspension were incubated with ( )
or without ( ) venom from M. lebetina (1:100) for 30min at room
temperature. Cells were then added to 96-well microtiter plates
coated with 10mg/ml fibrinogen (Fg), fibronectin (Fn), type I
collagen (Coll I) or poly-L-lysine (PL) or with 2 mg/ml laminin (Ln)
and allowed to adhere for 1 h at 371C. After washing, adherent
cells were stained with crystal violet, solubilized by SDS and
absorbance was measured at 600nm. (b) Attachment of IGR39
cells, treated with M. lebetina venom at the indicated dilutions,
was measured as above using wells coated with 10mg/ml
fibrinogen. (c) Microtiter plates were coated with M. lebetina
venom at the indicated dilutions or with 10mg/ml fibrinogen prior
performing cell adhesion assays as described above. (d) IGR39
cells were resuspended, either in Hanks’ solution/0.2% BSA in
the absence (&) or in the presence of 1mM MnCl2 ( ), or in Ca2þ -
and Mg2þ -free Hanks’ solution/0.2% BSA ( ). Cells were then
added to plates coated with 10mg/ml fibrinogen or with M.
lebetina venom (1:100) and allowed to adhere for 1 h at 371C. All
data shown are means (7s.d.) from two or three experiments
performed in triplicate.
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The effect on attachment of K562 cells to fibronectin
and IGR39 cells to fibrinogen (Figure 4b), fibro-
nectin or laminin-1 (data not shown) was dose-
dependent. Lebectin also inhibited the adhesion of
the fibrosarcoma cell line, HT1080 to fibrinogen
and fibronectin (Figure 4c), but only partially
affected that of the colonic HT29–D4 cells
(Figure 4d). Whatever the cell line, lebectin did
not affect the attachment to type I and IV collagens.
Moreover, no inhibition could be observed with any
cell line on the integrin-independent substratum,
poly-L-lysine, suggesting that the effect of lebectin
indeed involved the integrin family of adhesion
receptors.

Lebectin Abolishes Tumour Cells Migration and
Invasion

In order to colonise new organ sites, tumour cells
have to access the lymphatic or blood vessel system,
disseminate, extravasate and invade the new organ
parenchyma. These events require cell adhesion, but
also migration. We tested the ability of lebectin to
inhibit integrin-dependent migration of HT1080
cells, using haptotaxis assays towards attractive
proteins in modified Boyden chambers. As shown
in Figure 5 25 mg/ml lebectin totally abolished
HT1080 cells migration towards fibronectin (Figure
5a, upper panels). This inhibition was dosedepen-
dent with a partial effect at a concentration as low as
1mg/ml (about 30nM) (Figure 5b). Lebectin also
affected migration of HT29-D4 and IGR39 cell lines
(data not shown). However, as observed with cell
adhesion, lebectin had not effect on migration of
HT1080 cells towards type I collagen (Figure 5a,
lower panels).

We next evaluated the effect of lebectin on tumour
cell invasion using a previously described in vitro
assay.20 Because HT1080 cells secrete large amounts
of matrix metalloproteinases that rapidly hydrolyse
fibrin gels,21 we therefore incorporated small
amounts of collagen to perform invasion studies.
As illustrated in Figure 6, lebectin at concentrations
as low as 2mg/ml (B60nM) completely blocked
invasion of fibrin/collagen gels by HT1080 cells. In
this assay, the venom peptide likely inhibited
migration to fibrin, because invasion of collagen
gels was unaffected (not shown).

Figure 2 Purification and characterisation of lebectin. (a) Gel
filtration chromatography of M. lebetina crude venom on a
Sephadex G75 column. Elution was performed at 20ml/h and
3ml aliquots were collected. (b) Cation exchange chromatography
on a MonoS HR5/5 column using a FPLC system. Fractions from
peak II of gel filtration were directly applied to the column
equilibrated with 50mM HEPES pH 7.5. Elution was performed
with a linear gradient of 0–1M NaCl. (c) Proteins from peak P2S
were resolved by RP-HPLC on a C8 column and eluted using an
acetonitrile gradient. The inset shows purified lebectin analysed
by SDS-PAGE under nonreducing (NR) and reducing (R) condi-
tions.

Figure 3 Comparison of the N-terminal amino-acid sequence of lebectin with those of others snake CLPs. Sequence homology was
evaluated by computer search in the protein sequence database (BLAST search). Alignment of the N-terminal amino-acid sequence of
lebectin with other CLPs from snake venom was performed with the program CLUSTAL X. The percentage of aminoacid identity with
lebectin is indicated at the right side.
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Figure 4 Lebectin inhibits the adhesion of various tumour cells.
IGR39 (a), HT1080 (c) or HT29-D4 (d) cells were preincubated
with 25mg/ml lebectin for 30min at room temperature. Cells were
then added to 96-well microtiter plates coated with 10mg/ml
fibrinogen (Fg), fibronectin (Fn), vitronectin (Vn), type I or type IV
collagens (Coll I and Coll IV, respectively) or poly-L-lysine (PL) or
with 2 mg/ml laminin (Ln) and allowed to adhere for 1 h or 2h at
371C. After washing, adherent cells were stained with crystal
violet, solubilized by SDS and absorbance was measured at
600nm. (b) HT1080 (-&-) or K562 (-B-) cells were preincubated
with the indicated concentrations of lebectin and allowed to
adhere to microtiter plates coated with 10mg/ml fibrinogen
(HT1080 cells) or fibronectin (K562 cells). Data shown are means
(7s.d.) from two to four experiments performed in triplicate.
They are expressed as a percentage of adhesion in the absence of
lebectin.

Figure 5 Lebectin inhibits migration of tumour cells. (a) Cell
motility was determined in a modified Boyden chamber using
porous membrane precoated with 10mg/ml of fibronectin (Fn) or
type I collagen (Coll I). After treatment with lebectin for 30min at
room temperature, HT1080 cells were seeded into the upper
reservoir and allowed to migrate through the filter towards the
lower reservoir for 5 h at 371C. Cells that migrated to the
underside of the filter were stained with 0.1% crystal violet.
Scale bar: 50mm. (b) Cell migration towards fibronectin was
performed upon lebectin treatment at the indicated concentra-
tion. After staining of cells with crystal violet, the colorant was
solubilised with 1% SDS and absorbance was measured at
600nm. Data shown (7s.d.) are from one experiment representa-
tive of three performed in triplicate.

Figure 6 Lebectin inhibits invasion of fibrin gels. Subconfluent
HT1080 cell monolayers in 24-well microtiter plate were covered
with 200ml of a solution of DMEM/10%FCS containing 5mg/ml
fibrinogen, 0.67mg/ml type I collagen and lebectin at the
indicated concentration. After fibrin polymerisation by adding
0.5U/ml of thrombin, cells were allowed to invade the gel for 6 h
at 371C. Invading cells that displayed a characteristic morphology
were enumerated by microscopic observation. Data are means
(7s.d.) from two experiments performed in triplicate.
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Lebectin Inhibits Proliferation of Tumour Cells

It has long been known that most cell types require
attachment to a substrate to be able to grow. As
integrins are primarily responsible for cell adhesion
to ECM, it is not surprising that they are involved in
cell proliferation,22,23 In order to know whether
lebectin interferes with proliferation, we first fol-
lowed the growth of IGR39, HT1080 and K562 cells
in the absence or in the presence of the peptide. For
all cell lines, the number of cells in the wells was
dramatically reduced by the presence of 10 mg/ml
(B0.3 mM) lebectin in culture medium (Figure 7a).
To confirm that the reduced cell number was really
due to growth inhibition, HT1080 cells were
cultured with lebectin for 18 h and proliferation
was then visualised by detecting cells that have
incorporated BrdU into DNA. As shown in Figure
7b, few nuclei exhibited uptake of BrdU in lebectin-
treated cells when compared to control condition.
Thus, lebectin clearly affected DNA synthesis and
appears to be a potent inhibitor of tumour cell
proliferation.

Discussion

The snake venom proteins are well-known modula-
tors of platelet adhesion receptors and their ligands
(reviewed in [Andrews and Berndt,8 Brand et al24]).
Since their characterisation, snake disintegrins have
been extensively studied. They specifically anta-
gonise the integrin receptors and can thus prevent
invasion of breast cancer cells and in vivo tumour
progression.25 On the other hand, very little is
known about the effect of venom CLPs on tumour

cells behaviour. Here, we report the structural and
biochemical characterisation of a new peptide,
termed lebectin, isolated from the venom of the
North Africa viper M. lebetina. Lebectin demon-
strated a potent anti-integrin activity on various
cancer cells.

Several lines of evidence suggest that lebectin is a
member of the C-type lectins family. First, lebectin
is composed of two 16 kDa subunits, a structure
found in C-type lectins from snake venom.26–28

Second, lebectin was recognised (in enzyme-linked
immunosorbent assay (ELISA), Western blot and
immunoprecipitation assays) by an antibody raised
against lebecetin, an already characterised C-type
lectin from M. lebetina venom.15,16 This suggests
that, although lebecetin is an heterodimeric C-type
lectin while lebectin is homodimeric, both proteins
share some structural features. Third, the N-terminal
amino-acid sequence shows a relatively high degree
of sequence identity with other known members of
the CLP superfamily. Curiously enough, the identity
was higher with heterooligomeric CLPs such as
lebecetin, alboaggregin B, habu IX/X-bp or botroce-
tin,15,29–31 than with the homodimeric CLP LmsL.26

Determination of the entire amino-acid sequence of
lebectin is in progress in order to confirm its
homodimeric structure.

Until recently, the anti-integrin activity among
snake venom proteins was considered to be char-
acteristic for disintegrins. However, it has been
reported that EMS16, a CLP from E. multisquamatus
inhibits endothelial cells migration by interacting
with a2b1 integrin.6 Here, we extend this initial
observation to various established human tumour
cells from diverse origin and to other integrin-

Figure 7 Lebectin inhibits tumour cells proliferation. (a) IGR39, HT1080 and K562 cells were cultured for the indicated periods of time
in the absence (-&-) or in the presence (-B-) of 10mg/ml lebectin. IGR39 and HT1080 cells were quantified by staining with 0.1% crystal
violet, solubilisation with 1% SDS and measure of absorbance at 600nm. K562 cells were enumerated by manual counting. The results
(7s.d.) are from a representative experiment of two performed in triplicate. (b) HT1080 cells were cultured in the presence or in the
absence of lebectin for 18h at 371C and then with 10 mM BrdU for an additional 2 h period. Cells that have incorporated BrdU into DNA
(dark nuclei) were detected as described in Materials and methods. Scale bar: 100mm.
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dependent functions. Lebectin inhibits adhesion of
melanoma, fibrosarcoma, adenocarcinoma and leu-
kaemia cells to different integrin ligands. Moreover,
cell attachment to immobilised lebectin is enhanced
by Mn2þ and is divalent cationdependent (not
shown), two typical properties of integrins, suggest-
ing that lebectin affects cell adhesion by interacting
with ECM receptors of the integrin family.

Cell migration requires the formation of new
attachments at the leading edge and the release of
attachments at trailing edge of the cell.32 Although
the detailed mechanisms are not yet understood, it
is clear that dynamic and reciprocal interactions
between cell adhesion molecules, ECM and soluble
factors are essential.5,33,34 Consequently, as primary
receptors for ECM proteins, integrins are required
for cell motility. Integrins also play a major role in
cell invasion along with others protagonists, such as
cadherins, matrix metalloproteinases or growth
factors.35 The inhibitory effect of lebectin on cell
migration and invasion is likely due to the reduced
attachment to ECM proteins observed in the pre-
sence of the CLP. Indeed, both cell adhesion and
migration are inhibited by lebectin in the case of
fibronectin, whereas neither attachment nor migra-
tion to type I collagen are affected. In the same way,
lebectin blocks adhesion to fibrinogen and invasion
of three-dimensional matrices of fibrin, which
derives from fibrinogen, but do not prevent invasion
of collagen gels.

Lebectin also drastically decreases growth of
melanoma, fibrosarcoma and leukaemia cell lines.
Such an inhibition of tumour and endothelial cell
growth has been reported for BJcuL, a CLP from the
snake Bothrops jararacussu,36,37 although this inhi-
bition by BJcuL required higher concentrations.
Because lebectin impairs cell adhesion, its anti
proliferative effect might be an indirect one, as
detachment of adherent cells may cause apoptosis.
This is probably not the case for several reasons.
First, in the proliferation test, cells are seeded in
standard culture conditions. ECM proteins are those
brought by FCS, that is, mainly vitronectin and
fibronectin. As illustrated in Figure 4, adhesion to
vitronectin is barely affected by lebectin. Moreover,
cells did not detach from the substrate during the
test and no cell debris could be observed. Further-
more, if the effect of lebectin on proliferation was
due to cell detachment, the ratio of stained vs
unstained nuclei should have been the same in the
presence and in the absence of lebectin. This is
clearly not the case, as shown in Figure 7b. Finally,
the detachment cannot be taken into account in the
case of K562 cells because these leukemia cells grow
in suspension. The antiproliferative effect of lebec-
tin is thus likely due to the impediment of integrin
function, as reported in the case of function-
blocking anti-integrin antibodies.23 However,
whether the effect on integrins is direct (eg, physical
association) or indirect (via a third partner) remains
to be determined.

Recent reports have shown that CLPs may interact
with the platelet integrin a2b1.6,9,10 However, the
effect of CLPs on integrin function might not be as
simple as suggested by initial observations. Thus,
aggretin and trimucytin were first described as
activating platelets by binding to a2b1 integ-
rin,11,12,38,39 but there is now evidence to suggest
that these CLPs do not bind to a2b1 integrin.13,14,40

The fact that cell adhesion to collagens, which
involves a2b1 integrins, is not affected by lebectin
indicates that this integrin is probably not the target
of lebectin. In addition, lebectin has not effect on
migration towards type I collagen, a ligand of a2b1
integrin in HT1080 cells.41 The a2b1 integrin is
likely not the only target of CLPs. It is possible that
lebectin might act on several integrins because
various different integrins mediate the adhesion of
the tumour cells used in this study to fibrinogen,
fibronectin and laminin–1. The integrin a5b1 may
likely be involved, at least in some of the effects,
because lebectin inhibited the adhesion and growth
of the leukemia cell line K562 that only expresses
this integrin at its cell surface.42 Moreover, the
integrin a5b1 is expressed by both IGR39 and
HT1080 cells.41 It is also worth pointing out, that
HT29-D4 cells, that do not express a5b1 integrin,18,43

are very little sensitive to lebectin. The identifica-
tion of the specific integrin(s) involved in the effects
of lebectin on tumour cells behaviour is currently
under investigation.

In conclusion, we have isolated and characterised
a novel homodimeric C-type lectin protein with a
potent anti-integrin activity. Indeed, this venom-
derived protein is able to prevent adhesion, migra-
tion, invasion and proliferation of tumour cells
using in vitro assays. It could thus be interesting to
check the effect of lebectin on in vivo tumorigenesis
and metastasis development in animal models such
as nude mouse or new born immunosuppressed rat.

Acknowledgements

We thank Professor Koussay Dellagi (Institut Pasteur
de Tunis) for his continuous interest in this study
and for his support. Dr Benlasfar Zakaria and Ben
Zakour Lotfi (laboratoire vétérinaire, Institut Pasteur
de Tunis) are acknowledged for providing viper
venom. This work was supported in part by a grant
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