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Abstract. Mammalian galectin-1 (Gal-1), a b-galacto-
side-binding lectin has a prominent role in regulating
cell adhesion, cell growth and immune responses.
Downregulation of these biological functions may
occur via internalization of Gal-1. In the present study
we have investigated the mechanism and possible
mediator(s) of Gal-1 endocytosis. We show that
internalization occurs at a temperature higher than
22 8C in an energy dependent fashion. After one hour
incubation Gal-1 localizes in the Golgi system within
the cells, and then disappears without accumulation in

degradation compartments, such as lysosomes. Based
on their strong intracellular co-localization, two
glycoconjugates, GM1 ganglioside and CD7 are
implicated in the sorting of internalized Gal-1 into
Golgi. Other known Gal-1 binding glycoproteins on T
cells (CD2, CD3, CD43 and CD45) do not co-
internalize with the lectin. Internalization of Gal-1
depends on its lectin activity and follows dual path-
ways involving clathrin-coated vesicles and raft-de-
pendent endocytosis.
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Introduction

Endocytosis of receptor bound ligands is a common
way of signal modulation, receptor recycling and
degradation. Different mechanisms exist for entry of
ligands into cells such as classical clathrin-mediated
endocytosis, caveolin/raft-mediated endocytosis, as
well as other clathrin- and caveolin-independent
pathways [1]. The regular turn-over of the plasma
membrane can also deliver cargo to the intracellular
vesicular system [2].

Galectin-1 (Gal-1) is a b-galactoside binding animal
lectin with particular properties. Although it is
synthesized on free ribosomes as a cytoplasmic
protein, it is also secreted from the cells in a non-
classical way [3]. As it exits from the cells, it
immediately binds to glycoproteins of the secreting
and neighboring cells or extracellular matrix proteins
[4]. Secreted Gal-1 induces apoptosis of immature and
activated T cells and lymphoid cell lines [5 – 8].
Generally, Gal-1 is considered a negative regulator
of inflammatory immune responses: it shifts the
balance of Th1/Th2 cytokine secretion [9], influences
the mobilization and extravasation of leukocytes [10],
and attenuates acute and chronic inflammatory dis-* Corresponding author.
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eases [9]. Binding to the target cells, redistribution of
membrane microdomains and initiation of signaling
pathways leading to apoptosis or unresponsiveness of
T cells are well documented [11, 12, 7, 8], however, the
dynamics of Gal-1 binding and shedding or internal-
ization has not been studied previously. Recently, the
study of another galectin family member, galectin-8
revealed that its endocytosis occurred by non-clathrin
and non-cholesterol dependent pathways, and its
intracellular targeting was influenced by fine specific-
ity of the two carbohydrate-recognition domains [13].
We have previously found that Gal-1 was downregu-
lated from the cell surface and internalized by Jurkat T
cells at physiological temperature (37 8C) [6]. In the
present study we have examined the mechanism and
the possible mediator of Gal-1 internalization. Here
we show that not only the binding, but also the
internalization is mediated by the carbohydrate-bind-
ing activity of Gal-1, suggesting a receptor mediated
pathway. The internalized Gal-1 co-localizes with
GM1 ganglioside and CD7, but not with CD45, CD3
or CD43. The endocytosis of Gal-1 in Jurkat cells
follows dual routes, both the clathrin- and raft-
dependent pathways.

Materials and methods

Cells and reagents. Jurkat leukemic T cell line was
cultured in RPMI 1640 medium (Gibco, Invitrogen)
supplemented with 5% heat inactivated fetal calf
serum (FCS) (Gibco, Invitrogen). C6 rat glioma cells
(GM1 negative [14]), Chinese hamster ovary cell
(CHO) and its mutant derivative Lec8 (deficient in
translocation of UDP-galactose [15]) were main-
tained in alpha-MEM (Cambrex) with 5 % FCS.
Human recombinant galectin-1 was purified and
labeled with FITC (Sigma-Aldrich) or Alexa Fluor
555 (Zenon Labeling Kits, Invitrogen) as previously
described [6]. The monoclonal Gal-1 and CD43
monoclonal antibodies [16] were produced in our
laboratory. MitoTracker Red, LysoTracker Red, Bre-
feldin A-Bodipy 558/568, Cholera toxin B-Alexa
Fluor 647 and -Alexa Fluor 488 were purchased
from Molecular Probes, Invitrogen. Anti-mouse IgG-
R-phycoerythrin and streptavidin-FITC were ob-
tained from DAKO, anti-mouse IgG-Northern-
Lights-557 from R&D Systems, anti-human CD45-
FITC from ImmunoTools and anti-human CD7-PE/
Cy5 from BD Biosciences Pharmingen. Other re-
agents were purchased from Sigma-Aldrich.

Analysis of Gal-1 binding and internalization with
flow cytometry. For binding tests the cells were
suspended at a concentration of 5 � 106 cells/ml in

cell culture medium and incubated with 3.6 mM FITC
labeled Gal-1 for 1 h at 4 8C in the presence or
absence of 100 mM lactose. To determine the concen-
tration dependence of Gal-1 internalization the cells
were treated with different concentrations of Gal-1-
FITC for 20 min at 37 8C. The cells were then
incubated in cell culture medium containing 100 mM
lactose for 30 min at 4 8C to remove the resident cell
surface bound Gal-1 and to ascertain the visualization
of the internalized Gal-1 fraction only. Finally, the
cells were washed with FACS-buffer (PBS supple-
mented with 1 % FCS and 0.1% sodium-azide) and
analyzed by a FACSCalibur cytofluorimeter (Becton,
Dickinson & Co.).

Analysis of Gal-1 internalization by laser scanning
confocal microscope. Jurkat cells were suspended at a
concentration of 5� 106 cells/ml in cell culture medium
and incubated with 3.6 mM Gal-1-FITC at 37 8C.
Samples were taken at different time points as
indicated in the figure legends, and the pattern of
the internalized Gal-1-FITC was analyzed. The tem-
perature dependence of Gal-1-FITC internalization
was determined after 20 min incubation at different
temperature as indicated in the figure legends. Ad-
herent cells, such as C6, CHO and Lec8 were grown
overnight on glass cover slips, the cell culture medium
was then aspirated and Gal-1-FITC was added for 1 h
at 37 8C. For ATP depletion the cells were pre-
incubated with 40 mM sodium-azide for 30 min at
37 8C before allowing Gal-1-FITC internalization for
1 h at 37 8C. For the last 15 min of Gal-1 internal-
ization, one of the following organelle specific dyes
was added: 100 ng/ml Hoechst 33342 (a DNA minor-
groove binding dye staining nuclei), 100 nM Mito-
Tracker Red (accumulating in active mitochondria),
50 nM LysoTracker Red (selectively incorporating
into acidic organelles) or 100 nM Brefeldin A-Bodipy
558/568 (localizing into Golgi apparatus and endo-
plasmic reticulum). The cells were analyzed with an
Olympus FV1000 laser scanning microscope using 60x
objective magnification. The attached fluorochrome
did not influence the intracellular localization of Gal-
1, since unlabeled Gal-1, detected with monoclonal
antibody after cell fixation and permeabilization,
showed a similar intracellular distribution (data not
shown). On average, 30 –50 cells were analyzed in
each laser scanning microscope image and represen-
tative cells are shown in the figures. All experiments
were repeated three times.

Detection of colocalization of Gal-1 and glycopro-
teins/glycolipids by laser scanning confocal micro-
scope. CD45 and CD7 were cross-linked with FITC
labeled anti-CD45 and PE/Cy5 conjugated anti-CD7
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mAbs at 4 8C, respectively. CD3 or CD43 were cross-
linked with unlabeled anti-CD3 or anti-CD43 fol-
lowed by NorthernLights-557 conjugated anti-mouse
IgG at 48C. Next, the cells were warmed from 4 8C to
37 8C, and then Gal-1- FITC or Gal-1-Alexa Fluor 555
was added to the samples and co-internalization was
carried out for 1 h. Co-localization of glycosphingoli-
pid GM1 ganglioside and Gal-1 was analyzed using
Cholera toxin B subunit (CTX)-Alexa Fluor 647 and
Gal-1-Alexa Fluor 555 added simultaneously to the
cells for 1 h at 37 8C. After washing, the cells were
analyzed with confocal microscope. The specific
fluorophores were excited with the following lasers:
Argon-ion Laser at 488 nm for FITC, He/Ne Green
Laser at 543 nm for Alexa Fluor 555 and Northern-
Lights-557, and He/Ne Red Laser at 633 nm for PE/
Cy5 and Alexa Fluor 647.

Inhibition of clathrin- and raft-dependent endocyto-
sis. For inhibition of clathrin-dependent endocytosis
K+-depletion was used according to the protocol
described by Larkin et al. [17], with small modifica-
tions. Briefly, the cells were subjected to hypotonic
shock by adding diluted cell culture medium (RPMI/
H2O 1:1) for 5 min at 37 8C. Then the cells were
incubated in isotonic K+-free buffer A (50 mM Hepes,
pH7.4, 100 mM NaCl) for 10 min. Finally, buffer B (50
mM Hepes, pH7.4, 100 mM NaCl, 1 mg/ml BSA) or
buffer C (50 mM Hepes, pH7.4, 100 mM NaCl, 1 mg/
ml BSA, 10 mM KCl) was added to the cells to analyze
the K+-depleted or K+-restored (control) samples,
respectively. Raft-dependent endocytosis was inhib-
ited with preincubation of the cells in cell culture
medium containing 10 mM b-cyclodextrin (BCD) for
30 min at 37 8C. For simultaneous inhibition of
clathrin- and raft-dependent pathways, BCD was
added to the K+-depleted samples. Internalization of
Gal-1-Alexa Fluor 555 and CTX-Alexa Fluor 488 or
transferrin-biotin (5 mg/ml) plus streptavidin-FITC
was allowed for 15 min at 37 8C. Short internalization
time was chosen to allow exploration of the early
endocytotic steps and to avoid loss of the transferrin
signal due to its recycling [18]. The resident cell
surface-bound Gal-1 was removed with incubation
of the cells in cell culture medium containing 100 mM
lactose for 30 min at 4 8C to ascertain the visualization
of the internalized Gal-1 fraction only. The cells were
analyzed with a confocal microscope and the average
fluorescence intensity of the internalized proteins was
determined using FV10-ASW 1.7 Viewer software.
Statistical differences were determined by independ-
ent Student�s t-test and P<0.001.

Results

Time and temperature dependent internalization of
Gal-1 requires energy supply and cell surface presen-
tation of glycosylated ligands. We have previously
shown that Gal-1 internalizes to Jurkat cells at 37 8C
[6]. Here we used FITC conjugated Gal-1 to follow its
internalization and cellular localization with confocal
laser scanning microscopy. The internalized Gal-1 was
detected in small patches under the plasma membrane
as early as 1 min after adding the lectin to Jurkat cells
(Fig. 1A), and its quantity increased with time. The
smaller particles fused into a bigger compartment at
about 20 min of incubation. Counting 30 – 50 cells per
sample, 83 %�11.5% of the cells at any time point
showed the typical internalization pattern. Elevation
of the mean fluorescence intensity (Mf) with time in
the samples demonstrated an increasing amount of
bound and internalized Gal-1 (Fig. 1A). The intensity
of internalization was also enhanced by increasing the
Gal-1 concentration up to 10 mM (Fig. 1B). We used
3.6 mM of Gal-1 in our further experiments to achieve
a strong fluorescence signal but avoided aggregation
of the cells caused by high concentration of the lectin.
Since Gal-1 has been shown to follow a non-classical
secretion route [3], it was conceivable that internal-
ization also occurred on a non-classical way. Never-
theless, the patchy intracellular distribution of Gal-1
suggested that it was connected to the vesicular/
endosomal fraction. The temperature- and energy-
dependence (Fig. 1C and Fig. 2A) also supported the
idea that internalization of Gal-1 was mediated by
endocytosis rather than free membrane penetration.
Gal-1 internalization did not occur below 22 8C
(Fig. 1C) and the optimal rate of intracellular accu-
mulation of Gal-1 appeared at the physiological
temperature (37 8C). Depletion of ATP-stores with
sodium-azide treatment inhibited Gal-1 endocytosis,
demonstrating an energy-dependent mechanism
(Fig. 2A).
The presence of lactose, the minimal ligand for Gal-1,
blocked the binding (Fig. 2B left panel) and internal-
ization (Fig. 2B right panel) of Gal-1, confirming that
its internalization was mediated by binding of Gal-1 to
cell surface glycosylated structures. These findings
were supported by the results obtained using the wild
type CHO cell line and its glycosylation deficient
mutant counterpart, Lec8 [15, 19]. In contrast to the
wild type CHO, Lec8 cells bound Gal-1 at a very low
level detected with flow cytometry (Fig. 2C left
panel). While internalization of Gal-1 in CHO was
similar to that of Jurkat cells, the FITC-labeled protein
was below the detectable limit in Lec8, analyzed with a
laser scanning confocal microscope (Fig. 2C right
panel).
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Internalized Gal-1 accumulates in Golgi apparatus.
The process of Gal-1 internalization was initiated at
one particular region of Jurkat cells and then the
endocytosed protein assembled in a discrete compart-
ment (Fig. 1A). The intracellular localization of Gal-1
was analyzed using organelle-specific dyes. Gal-1 was
not concentrated in the nucleus (stained with Hoechst
33342, Fig. 3A), the lysosomes (LysoTracker Red,
Fig. 3C) or mitochondria (MitoTracker Red, Fig. 3B).
In contrast, Gal-1 and Golgi system (stained with
Brefeldin A) showed significant overlay (Fig. 3D)
indicating that the internalized Gal-1 was collected in
Golgi. After several hours, the fluorescent intensity
was dramatically reduced, suggesting a step into the
degradation phase rather than recycling to the cell
surface (data not shown).

Gal-1 cointernalizes with CD7 and GM1 ganglioside.
On T cells, specific Gal-1-binding glycoproteins, such as
CD2, CD3, CD7, CD43 and CD45 have been identified
recently [20, 11, 6]. Co-localization of these proteins

with internalized Gal-1 was assayed to clarify whether
these cell surface receptors were involved in Gal-1
entry into the cells. We had previously shown that the
level of CD45 did not decrease on the cell surface
during Gal-1 internalization, indicating that Gal-1
endocytosis was not accompanied by the down-regu-
lation of the examined glycoprotein [6]. Accordingly, a
strong co-localization of Gal-1 and CD45 was found on
the cell surface; however, CD45 was not internalized
(Fig. 4A). Two other Gal-1 binding glycoproteins, CD3
and CD43 also failed to co-internalize with Gal-1,
although they were transported into the cytoplasm
upon cross-linking with the corresponding specific
monoclonal antibodies (Fig. 4B and C). CD7 has been
implicated previously as the receptor responsible for
transmitting Gal-1 induced apoptotic signal on T cells
[21]. Supporting these data, Gal-1 and CD7 co-
localized both on the cell surface and after internal-
ization (Fig. 4D), indicating that CD7 might be one of
the mediators of Gal-1 endocytosis. However, Gal-1
internalization also occurred in a CD7 deficient T cell

Figure 1. Time- and tempera-
ture-dependence of Gal-1 inter-
nalization. Jurkat cells were in-
cubated with FITC-labeled Gal-1
for the indicated time at 37 8C
(A), with different concentration
of Gal-1 for 20 min at 37 8C (B),
or at various temperatures for
20 min (C). The samples were
analyzed with a confocal micro-
scope and flow cytometry (A),
with flow cytometry (B) or with a
confocal microscope (C). Mean
fluorescence intensity (Mf) ob-
tained from flow cytometry data
is presented (A and B). Scale bar,
5 mm.
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line, H9, with a similar pattern to that of Jurkat cells
(data not shown).
The localization of the sphingolipid GM1 ganglioside, a
non-protein Gal-1 binding glycoconjugate [22] was
followed by its ligation with cholera toxin B subunit.
We detected high extra- and intracellular overlay of
GM1 and Gal-1 (Fig. 4E). Hence, GM1 ganglioside was
determined as a possible transmitter of Gal-1 entry.
Beside T cells, Gal-1 internalization was detected in
other cell types of hematopoietic origin (i.e. B lympho-
blasts (BL-41 and Daudi), histiocytic (U937) and mono-
cytic cells (MonoMac), data not shown) and in non-
hematopoietic cells as well (i.e. Chinese hamster ovarian
cells (Fig. 2C), cervix carcinoma cell line (HeLa, data
not shown) and glioblastoma (U87, data not shown)).
Since these cells lack T cell specific proteins, such as

CD7, GM1 might have a general role in mediating Gal-1
endocytosis. These experiments further supported our
finding that Gal-1 was transported into the Golgi, since
cholera toxin B subunit is a known Golgi-targeted GM1-
binding protein [23], showing strong intacellular co-
localization with Gal-1 (Fig. 4E).

Gal-1 endocytosis occurs in parallel via clathrin-
dependent and -independent pathways. Potassium
depletion was used to disrupt coated pits [17] and
investigate whether Gal-1 internalization took place
via clathrin-dependent or independent endocytosis.
Potassium depletion decreased the internalization of
Gal-1 significantly but not completely (Fig. 5A and
quantitative analysis in Fig. 5B). Endocytosis of CTX
was only marginally affected by inhibition of clathrin-
coated pits. In contrast, the internalization of trans-
ferrin (used as a validation control), occurring via the
classic clathrin dependent way [18], was abolished by
K+-depletion of the cells (Fig. 5C). Extra- and intra-
cellular co-localization of Gal-1 with GM1 ganglioside,
a component of lipid microdomains (Fig. 4E) raised the
possibility of raft-mediated endocytosis. As shown in
Fig. 5A and B, b-cyclodextrin (BCD), a raft-disrupting
agent, did not affect CTX and Gal-1 endocytosis.
Treatment of the cells with the combination of K+-
depletion and BCD during Gal-1 and CTX internal-
ization resulted in a complete inhibition (Fig. 5A and
B), suggesting the simultaneous presence of clathrin-
and raft-mediated processes during Gal-1 endocytosis.
In C6, a GM1 negative glioma cell line [14], K+-
depletion alone dramatically diminished the internal-
ization of Gal-1 (Fig. 5D), indicating that in GM1
deficient cells the clathrin-dependent pathway domi-
nated.

Figure 2. Internalization of Gal-1 is an energy dependent process
mediated by cell surface glycoconjugates. (A) Jurkat cells were
preincubated with (ATP-depleted) or without (control) sodium-
azide, then Gal-1-FITC was added. The cells were analyzed with a
confocal microscope. (B) Jurkat cells were incubated with Gal-1-
FITC in the presence (grey line) or absence (black line) of lactose at
4 8C (left) or at 37 8C (right), and then analyzed by flow cytometry
(left) or confocal microscopy (right). (C) CHO (black line) and
Lec8 cells (grey line) were incubated with Gal-1-FITC at 4 8C (left)
or 37 8C (right) and the bound and internalized Gal-1 was detected
with flow cytometry (left) or confocal microscopy (right). Scale
bars, 5 mm.

Figure 3. Internalized Gal-1 accumulates in the Golgi apparatus.
Confocal microscopic pictures of Jurkat cells were taken after
incubation of the cells with Gal-1-FITC for 1 h at 37 8C (green) and
stained with organelle-specific dyes: (A) Hoechst 33342 – blue, (B)
MitoTracker Red – red (Mito), (C) LysoTracker Red – red (Lyso),
(D) Brefeldin A-Bodipy 558/568 – red (BFA). Scale bar, 5 mm.
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Discussion

Gal-1, a member of the galectin family, has recently
challenged immunologists due to its powerful immu-
nosuppressive function [9]. Soluble Gal-1 induces
apoptosis of activated T cells and leukemic T cell lines
[5] with a feature of a relatively prolonged time

required for induction of T cell death [8]. So far, an
explanation for this slow cell response to Gal-1
treatment has not been found. One possible reason
could be the continuous and intensive internalization,
shown in this paper, which is associated with the
presence of Gal-1 in cell culture medium. As we show,
the main mediator of Gal-1 endocytosis is GM1

Figure 4. Cointernalization of Gal-1 with glycoproteins and GM1
ganglioside. The examined glycoproteins were cross-linked with
fluorochrome labeled specific antibodies (A) anti-CD45-FITC,
green and (D) anti-CD7-PE/Cy5, blue), or unlabeled antibodies
and NorthernLights-557 conjugated anti-mouse IgG (B) anti-CD3,
red and (C) anti-CD43, red) at 4 8C. Then the cells were warmed to
37 8C and Gal-1, conjugated with FITC (green, B and C) or with
Alexa Fluor 555 (red, A and D), was added to them and they were
incubated for 1 h. (E) Jurkat cells were incubated with Alexa Fluor
555 labeled Gal-1 (red) and Alexa Fluor 647 conjugated cholera
toxin B subunit (GM1, blue) for 1 h at 37 8C. The cells were
analyzed with a confocal microscope. Scale bar, 5 mm.

Figure 5. Gal-1 is internalized by clathrin- and raft-dependent
pathways. Jurkat (A, B and C) or C6 cells (D) were incubated with
Gal-1-Alexa Fluor 555 (A, B and D), CTX-Alexa Fluor 488 (A and
B) or transferrin-FITC (Tfn, C) for 15 min at 37 8C in different
buffers: control without inhibitor, K+-free (K+-depleted) buffer
(A –D), in the presence of b-cyclodextrin (BCD) alone (A and B),
or K+-free buffer combined with BCD (A and B). After the
internalization period the cells were washed with buffer containing
lactose to remove the cell surface bound Gal-1. The samples were
analyzed with confocal microscope and the average fluorescence
intensity of the internalized proteins was determined using FV10-
ASW 1.7 Viewer software (B). Statistical differences were
determined using the Student�s t-test and P<0.001. Scale bars,
5 mm.
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ganglioside, a Gal-1 binding glycosphingolipid, which
has not yet been implicated in Gal-1 triggered T cell
apoptosis. Receptor mediated transport is suggested
by the rapid internalization of Gal-1 (detected as early
as 1 min) requiring its carbohydrate-binding activity, a
temperature higher than 22 oC and an energy supply.
It is known from earlier studies that Gal-1 binding
results in raft formation in T cell membrane [8, 12].
The plausible mechanism is that Gal-1 binds to the
raft-component, GM1 ganglioside [22], induces rapid
reorganization of the lipid microdomains, then is
delivered as a cargo to endosomes and the Golgi
system following the route of glycosphingolipid traf-
ficking [24]. However, inhibition of the raft-depend-
ent pathway does not reduce Gal-1 (and GM1)
internalization, suggesting that this might not be the
sole route. Indeed, blocking clathrin-mediated endo-
cytosis along with disruption of lipid rafts leads to the
complete arrest of Gal-1 internalization, demonstrat-
ing that Gal-1 uses multiple mechanisms for its entry
into Jurkat cells. This concept is supported by previous
findings, namely that GM1 transports one of its
ligands, cholera toxin, into the Golgi system via
similar endocytotic machinery [25].
Pace et al. have shown that Gal-1 binding to cells
segregates the main Gal-1 binding glycoproteins,
CD45 with CD3 and CD43 with CD7, into different
microdomains [11], but they have not followed the
localization of Gal-1 itself in their study. Our results
show a co-localization of Gal-1 with CD45, CD3,
CD43 and CD7 on the cell surface, segregated in small
patches. However, following internalization, only
CD7, the putative receptor for transmitting the
apoptotic signal of Gal-1 in T cells [21] displays a
general overlay with Gal-1. Nevertheless, Gal-1 is also
internalized by a CD7 negative cell line, H9, hence
CD7 is not the mediator receptor, rather a bystander,
traveling together with GM1-bound Gal-1 in the
endocytosed membrane microdomain. Moreover,
Gal-1 internalization takes place in cell lines of non-
lymphoid origin as well, implying that Gal-1 internal-
ization is not mediated by a glycoprotein specific for T
cells, but rather by GM1 ganglioside, which is univer-
sally present on various cell types.
Polypeptides synthesized without signal peptide are
frequently transported (secreted or internalized)
through cellular membranes via an unconventional
way. Well known examples are fibroblast growth
factor (FGF)-1 and 2, interleukin-1b (IL-1b) and
members of the galectin family [26]. It has recently
been published that Gal-1 is secreted via inside-out
transport involving direct translocation across the
plasma membrane of mammalian cells and requiring
as yet unidentified integral membrane proteins and
cytosolic factors [27]. Galectin-1 transport machinery

requires b-galactoside-containing surface molecules
for export of intracellular Gal-1 [27] and, as our results
show, for entry of Gal-1 as well. It would be intriguing
to explore whether GM1 ganglioside also plays a role
in the secretion of Gal-1.
The signal of internalized Gal-1 diminishes after
several hours, indicating that Gal-1 degrades without
accumulation in lysosomes, cytoplasm or nucleus. The
role of Gal-1 internalization in biological processes
has not yet been defined. Our unpublished results
show that monoclonal antibody to Gal-1 is trans-
ported as a cargo together with the internalized lectin
(R.F.B., unpublished results), suggesting that Gal-1
may function as a transporter for extracellular glyco-
sylated particles. Supporting this theory, Gal-1 can
cross-link HIV-1 with target cells and promote a stable
adhesion of the virus to the cell surface, thereby
augmenting the efficiency of the infection process
[28]. The internalization of Gal-1 itself was not shown
in the referenced study. Other members of the galectin
family have also been suggested as participating in
endocytosis and phagocytosis [29 – 31]. A prominent
example is galectin-3, which is a scavenger receptor
for advanced glycation end products and modified low
density lipoproteins [32].
Further analysis is required to clarify whether Gal-1
internalization simply downregulates Gal-1 biological
function, or whether it plays a role, as the above
examples indicate, in outside-in transport mecha-
nisms.
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