
Page 1 of 8

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2014;2(9):90www.atmjournal.org

Highlighted Reports in Galectins

Galectins in tumor angiogenesis
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Abstract: The expansion of solid tumors depends on the continuous ingrowth of new blood vessels out of pre-

existing capillaries. Consequently, tumor neovascularization or tumor angiogenesis is considered a hallmark of 

cancer and an attractive target for cancer therapy. Tumor angiogenesis is mainly carried out by endothelial cells 

(EC), i.e., the cells lining the luminal vessel wall. These cells have to take on different functional activities in order 

to successfully make new tumor blood vessels. In the last decade it has become apparent that galectins are important 

regulators of tumor angiogenesis. In the present review we summarize the current knowledge regarding the role 

galectins in tumor angiogenesis focussing on the endothelial galectins, i.e., gal-1/-3/-8/-9.
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Introduction

The vascular bed forms a complex infrastructure allowing 
the transport of molecules and cells within the body. The 
pavement of this infrastructure is composed of endothelial 
cells (EC), i.e., the cells that line the luminal side of 
blood vessels. These cells act as a semi-permeable barrier 
and control the transfer of molecules and cells from the 
circulation to the underlying tissue and vice versa. In 
addition, the endothelium contributes to many different 
physiologic processes including coagulation, inflammation, 
and angiogenesis (1). In the latter process, i.e., the growth of 
new blood vessels out of pre-existing capillaries, EC are in 
fact the key players. To initiate blood vessel growth, the EC 
have to become activated since the turnover of these cells is 
low (2). Endothelial activation triggers a tightly regulated 
cascade of cellular activities, including extracellular matrix 
degradation, cell sprouting, proliferation, migration, and 
tube formation (Figure 1). Once new vessels have been 
formed the angiogenesis process ends with the deposition 
of new extracellular matrix, the attraction of pericytes 
for vessel stabilization, and a return to the quiescent EC 
phenotype (1,3). 

Already 40 years ago, it was recognized that most solid 

tumors rely on angiogenesis for continuous growth (4). 
Nowadays, tumor angiogenesis is considered a hallmark of 
cancer and an attractive target for cancer therapy (1,5,6). 
To induce tumor angiogenesis, tumor cells (TC) that are 
under metabolic/hypoxic stress undergo an angiogenic 
switch which results in the increased expression and release 
of angiostimulatory growth factors. Binding of these 
growth factors to their receptors on the EC surface results 
in activation of the angiogenesis cascade (1,6). In recent 
years, it has become evident that galectins can contribute to 
EC activation as well as to other steps of the angiogenesis 
cascade. This has identified galectins as potential target 
molecules for angiostatic cancer therapy (7,8). This review 
summarizes the recent advances in our knowledge on the 
role of galectins in tumor angiogenesis.

Galectin expression in the tumor endothelium

Thus far, 15 galectin family members have been identified 
and 11 of these are also expressed by mammalian cells. EC 
mainly express galectin-1, -3, -8, and -9 at the mRNA and 
protein level (9). These galectins can be found at the cell 
surface, in the cytoplasm and even in the nucleus of EC 
(9,10). The expression and localization depends on the 
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EC activation status as well as on the environmental 
context in which the cells reside (8). Consequently, 
galectin expression in tumor vessels is often different 
as compared to vessels in normal tissues. For example, 
increased endothelial galectin-1 expression has been 
reported in tumor EC of e.g., prostate cancer (11,12), 
lung cancer (13), oral cancer (14), and colon cancer (9,15). 
In astrocytic brain tumors galectin-1 staining in the vessel 
wall was even found to significantly increase with increasing 
tumor grade (16). Aberrant endothelial galectin-3 
expression has also been found in different tumors including 
breast (17), head and neck (13), lung (13), and colon (9). In 
primary central nervous system lymphomas multivariate 
analysis identified increased endothelial galectin-3 
expression as an independent prognostic factor (18). The 
progression of certain brain tumors appears to be associated 
with loss of endothelial galectin-3 expression (19-21), albeit 
that this expression loss mainly occurs in the central tumor 
area and not in the tumor periphery (20). With respect to 
the expression of galectin-8 in tumor endothelium little 
is known. We observed only sporadic nuclear staining 
in colon tumor endothelium (9). Similar observations 
were made in breast and prostate cancer tissues although 
there, faint cytoplasmic expression was also reported (10). 
Neither study observed major differences in the expression 
between normal and cancerous tissue. In astrocytic brain 
tumors the expression of galectin-8 in the vessel wall was 
also reported. Subsequent comparison of the expression 
levels between patients that died within 1 year following 
diagnosis and those that survived for at least 2 years did 
not reveal any significant differences (22). These findings 
do not point towards a prognostic value of vascular 
galectin-8 staining in tumor tissue.

Similar as for galectin-8, only limited information is 
available on specific endothelial galectin-9 expression in 
cancer. In general, loss of galectin-9 expression is associated 
with poor survival. However, most studies that reported 
on this inverse correlation did not distinguish between 
the different cellular compartments (23-25). Recently, we 
described that endothelial galectin-9 expression was elevated 
in lung, liver, and kidney cancer tissues as compared to 
normal tissue (26). This appeared to be in contrast with 
our previous observation that galectin-9 expression was 
decreased in activated EC in vitro (9). However, this 
discrepancy only illustrates that the cellular context and 
locoregional differences in the tumor microenvironment 
influence galectin expression. For example, it is known 
that e.g., galectin-1 expression can be induced under 

hypoxic conditions (27-29) although not necessarily though 
HIF proteins (29). Interactions of EC with e.g., TC or 
inflammatory cells have also been shown to alter the 
expression and localization of endothelial galectins (30-33). 
Moreover, components of the extracellular matrix as well 
as factors secreted by TC or inflammatory cells can affect 
endothelial galectin expression. For example, interferon 
gamma can induce the expression of galectin-1 and 
galectin-9 (34-36) while interleukin-1b induces endothelial 
galectin-1 and galectin-3 expression (34,37). Interestingly, 
EC grown on fibronectin show increased galectin-3 
expression but decreased interleukin-1b expression (38). All 
these data exemplify the complex regulation of endothelial 
galectin expression which is most likely further influenced 
by the expression and presence of specific glycan-ligands on 
galectin-binding proteins (32). Nevertheless, there is ample 
evidence that tumor-associated EC express multiple galectins 
and that the expression level and protein localization can be 
distinct from endothelium in normal tissues.

Figure 1 Tumor angiogenesis. Schematic representation of the 
different steps during tumor angiogenesis. Tumor angiogenesis is 
initiated by the secretion of angiostimulatory growth factors like 
VEGF and bFGF. Following activation, vessel destabilization is 
initiated through detachment of pericytes (A) and degradation of 
the basal membrane (B). Next, endothelial cells start to proliferate 
(C) and migrate towards the growth factor gradient guided by the 
endothelial tip cell (D). The growing sprouts form a lumen and 
sprouts can fuse to form functional capillary vessels. Normalization 
of these capillaries by the production of a new basal membrane 
(E) and attraction of pericytes (F) for structural support. EC, 
endothelial cell; BM, basal membrane; Pe, pericyte; NC, normal 
cell; TC, tumor cell.
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Galectins and EC function in vitro

As evidenced in the previous paragraphs, endothelial 
galectin expression is often altered in EC of cancerous 
tissues as compared to those in normal tissues. This is most 
likely related to the different environmental conditions in 
tumor tissues which are in general angiostimulatory. Thus, 
it can be anticipated that the altered galectin expression 
contributes to EC function during angiogenesis. As already 
described, EC adopt different roles during neovessel formation 
which requires different cellular activities (Figure 1). Galectins 
have been shown to be involved in proper execution of 
these activities. In general galectins appear to promote EC 
function in vitro, but the exact effect depends on multiple 
parameters, like galectin concentration, EC source, and 
environmental context.

EC activation

The first step in the angiogenesis cascade is the activation 
of quiescent EC. This is mediated through different growth 
factors like VEGF, EGF and bFGF, that bind to cell surface 
receptors thereby triggering intracellular downstream 
signaling. Galectins have been shown to facilitate signaling 
both extracellularly and intracellularly (39). On the cell 
surface, galectins can enhance or prolong signaling by 
mediating interactions between (co)receptors or by 
hampering the uptake of receptors (14,40-42). A recent 
study showed that galectin-1 stimulates VEGFR2 signaling 
even in the absence of ligand (43) confirming previous 
findings that galectin-1 can act by itself as a proangiogenic 
growth factor (44). Whether this is a common mechanism 
that also underlies the proangionic activity of other 
galectins still needs further investigation. Interestingly, the 
extracellular functions described above are mostly glycan-
dependent while intracellulary, galectins can engage in 
direct protein-protein interactions with Ras proteins to 
facilitate further downstream signaling (45). For example, 
galectin-1 augments signaling via interactions with H-Ras 
while galectin-3 directs signaling downstream from K-Ras 
(46,47). The exact role of galectin-8 and galectin-9 in 
intracellular signaling has not been resolved.

EC proliferation

The activation of EC by growth factors results in increased 
cell proliferation. By inducing or maintaining this 
activation galectins directly contribute to regulation of EC 

proliferation. Indeed, we and other have shown galectin-1 
can induce EC proliferation (44) and that interfering 
with galectin-1 expression or function results in lower 
proliferation rates (15,29). Galectin-3 has also been shown 
to induce EC growth (40). On the other hand, the effects 
on proliferation appear to be cell type and concentration 
dependent as not all EC respond equally to galectin-1 
and galectin-3 treatment (40) while high concentration 
of exogenous galectins can even inhibit EC growth (44). 
Cell type and concentration dependent inhibition of EC 
proliferation was also observed following treatment with 
galectin-9 (26). However, the role of this galectin requires 
further study as multiple splice variants have been identified 
in EC which might exert different functions (26,48). The 
same holds true for galectin-8.

EC adhesion/migration

Once activated, the EC have to migrate towards the 
angiogenic stimulus. This requires continuous interaction 
of the cells with their environment. Galectins have 
been shown to be involved in these interactions thereby 
modulating EC migration. For example, we have shown 
that, similar to proliferation, exogenous galectin-1 can 
promote migration while blocking galectin-1 reduces the 
migratory capacity (15,44). This was also reported by Croci 
et al. (29) and Hsieh et al. (14). The latter group also showed 
that galectin-1 modulates the adhesion of EC to matrix 
components like laminin and fibronectin (14). Galectin-3 
has also been associated with EC migration. Knockdown 
of endogenous galectin-3 expression reduces the migratory 
activity of EC (41). In addition, galectin-3 promotes 
migration by serving as an exogenous chemoattractant 
(41,49,50). The activity of galectin-3 appears to mainly 
involve stimulation of pro-migratory signaling via clustering 
of integrin alphavbeta3, stimulation of integrin-linked 
kinase activity, or maintaining VEGF receptor signaling 
(40,41,51). 

Regarding the tandem repeat galectins, EC migration 
on a gelatin coating that contained galectin-8 was shown to 
be enhanced while knockdown of endogenous expression 
reduced EC migration (10). Exogenously applied galectin-9 
can both induce and inhibit migration, depending on 
the concentration. On the other hand, increasing the 
endogenous galectin-9 expression does not seem to affect 
EC migration (26). However, the latter might depend on 
environmental conditions and further research is required 
to fully understand how the different splice variants of 
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galectin-8 and galectin-9 modulate EC migration.

EC tube formation and sprouting

Cell proliferation and migration are important features 
during angiogenesis .  However,  more specif ic  EC 
functions involve the capacity to form tube-like structures 
on 2D matrices and to sprout into 3D matrices. There is 
ample evidence that galectins are involved in regulating 
both processes. For example, EC isolated from galectin-1 
knockout mice show hampered tube formation on 
matrigel (52). While this suggests that EC require galectin-1 
for tube formation, Le Mercier et al. reported no difference 
in tube formation between normal HUVEC and HUVEC 
transfected with anti-gal-1 siRNA (53). Most likely, this 
discrepancy is related to the degree of expression knockdown. 
Apart from endogenous galectin-1, Croci et al. showed that 
galectin-1 secreted by Kaposi’s sarcoma cells could regulate 
tube formation by HUVEC (29). The galectin-1-mediated 
tube formation could be neutralized by lactose as well as by 
a galectin-1 blocking antibody (29). Similar observations 
were made by Laderach et al. using prostate cancer cells (12) 
and by D’haene et al. and Croci et al. using recombinant 
galectin-1 (40,43). Both latter studies linked the increased 
activity to elevated VEGFR2 signaling (40,43). Moreover, 
D’haene et al. also observed increased tube formation in the 
presence of galectin-3 (40). The latter confirmed previous 
findings by Markowska et al. (41,42) and Nangia-Makker 
et al. who also found increased tube-forming activity of EC 
in response to a processed form of galectin-3 (49,50,54). In 
addition, knockdown of endogenous galectin-3 expression 
resulted in reduced tube forming capacity (41) and 
hampered sprouting (42). Similar as for galectin-1, the 
stimulatory function of galectin-3 appears to be directly 
related to enhanced VEGF signaling (40-42). Whether 
this is also true for the other vascular galectins remains to 
be studied. Regarding this, exogenously applied galectin-8 
was found to stimulate tube formation on matrigel while 
knockdown of endogenous galectin-8 expression reduced 
tube formation (10). While several galectin-8-binding 
proteins have been identified that might underlie this 
activity, e.g., CD166 and several members of the integrin 
family (55), an interaction with VEGF receptors has not 
yet been reported. Of note, Cueni et al. only observed 
a stimulatory effect of galectin-8 on tube formation by 
lymphatic EC and not by HUVEC (56). In addition, these 
effects depended on the context in which galectin-8 was 
presented to the cells, i.e., soluble or immobilized (56). This 

shows that still little is known regarding the exact function 
of galectin-8 in EC function during tube formation. The 
same is true for galectin-9 and additional studies are required 
to fully dissect the role of both tandem repeat galectins in EC 
tube formation and sprouting.

Galectins and tumor angiogenesis in vivo

As described above, galectins contribute to multiple 
steps of the angiogenesis cascade (Table 1). Consequently, 
vascular galectins have been found to contribute to tumor 
angiogenesis in vivo. Surprisingly, mouse knockout strains 
that lack one or more galectin genes are viable and do 
not present severe vascular defects (57-59). Only recently, 
we observed a small and transient growth delay in pups 
from galectin-1 null mice that might be due to impaired 
vascularization (60). Interestingly, under more pathological 
conditions, the absence of galectins does result in hampered 
angiogenic responses. For example, in the mouse corneal 
micropocket assay, bFGF and VEGF-induced neo-
vascularization was impaired in galectin-3-/- mice (41). 
Likewise, using a corneal suture model, Markowska 
et al. observed reduced corneal neovascularization in 
galectin-3-/- mice as compared to wild-type animals (42). 
More compelling evidence for a role of galectin-3 in tumor 
angiogenesis was provided by Nangia-Makker et al. They 
performed matrigel plug assays with breast cancer cells 
with either absent or high galectin-3 expression. The 
latter cells significantly induced vascularization of the TC-
containing matrigel plugs (61). In a subsequent study the 
authors showed that targeting galectin-3 with a modified 
citrus pectin reduced tumor growth and metastasis of 

Table 1 Effect of endothelial galectins on in vitro cell function 
and in vivo tumor angiogenesis

Process Galectin-1 Galectin-3 Galectin-8 Galectin-9

Activation ↑ ↑ UNK UNK

Proliferation ↓/↑* ↑ UNK ↓

Migration ↓/↑* ↑ ↑ ↓/↑*

Tube formation ↑ ↑ ↑ UNK

Sprouting ↑ ↑ UNK ↑

Tumor 
angiogenesis 
in vivo

↑ ↑ UNK UNK

UNK, unknown; *, concentration dependent, i.e., stimulation 

in low nM range and inhibition in high nM/low μM range.
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breast and colon cancer cells. In treated mice, the number 
of blood vessels in the breast cell tumors was reduced to 
approximately 30% as compared untreated mice (49). In a 
more recent study, the angiostimulatory activity in in vivo 
breast cancer progression was linked to MMP processing 
of the N-terminal ‘tail’ of galectin-3 (50). Altogether, these 
findings suggest a role for galectin-3 in tumor angiogenesis 
during tumor progression in vivo. On the other hand, we 
did not see differences in tumor progression or tumor 
vascularization when comparing genetic mouse tumor 
models in galectin-3-/- or wildtype mice (62). Possibly, the 
relatively slow development of tumors in these models 
allowed the development of adaptive mechanisms. This 
might also explain the lack of an overt vascular phenotype in 
galectin-deficient mice. Regarding the adaptive mechanisms, 
it would be interesting to determine the contribution of 
galectin-1 in galectin-3-/- mice as this galectin has also been 
linked to tumor angiogenesis and cancer progression. For 
example, we have shown that tumor growth is hampered 
in galectin-1-/- mice due to impaired angiogenesis (15). 
Additional experiments showed that this inhibitory effect 
was tumor type independent although tumors could partially 
compensate the lack of endothelial galectin-1 by secreting 
the protein (44). This was later confirmed by Laderach 
et al. who observed that the induction of angiogenesis by 
tumor-secreted galectin-1 was reduced by anti-galectin-1 
antibodies or by knockdown of galectin-1 expression in the 
TC (12). Furthermore, knockdown of galectin-1 in B16 
melanoma cells and subsequent injection of these cells in 
either wildtype or galectin-1-/- mice prolonged the survival 
as compared to injection of wildtype melanoma cells. This 
was also suggested to be related to the angiostimulatory 
activity of tumor-secreted galectin-1 (52). Croci et al. also 
showed that TC derived galectin-1 induces angiogenesis 
in vivo. The authors performed matrigel plug assays with 
culture medium of Kaposi’s sarcoma cells that were either 
wildtype or galectin-1 knockdown. The latter showed 
considerable lower vascularization (29). In addition, when 
the knockdown cells were grafted into nude mice, tumor 
growth was inhibited compared to wildtype cells. This was 
accompanied by a decreased amount of EC in the galectin-1 
knockdown tumors (29). More recently, the same group 
showed that tumor derived galectin-1 could even counteract 
VEGF-targeted angiostatic therapy by facilitating VEGF 
receptor signaling in the absence of VEGF. Blocking this 
escape mechanism by anti-galectin-1 antibodies resulted in 
vascular remodeling and inhibition of tumor growth (43). 
All these findings show that galectin-1 is involved in the 

induction and maintenance of tumor angiogenesis during 
tumor growth. Moreover, targeting galectin-1 could provide 
a therapeutic opportunity (15,43).

In line with the limited information on galectin-8 and 
galectin-9 in EC biology, the role of both galectins as 
regulators tumor angiogenesis in vivo is not well studied. 
Cardenas-Delgado observed increased ingrowth of vessels 
in matrigel plugs supplemented with galectin-8 that 
were subcutaneously injected in mice (10). This suggests 
that galectin-8 might stimulate tumor angiogenesis but 
experiments comparing in vivo growth of TC with or 
without galectin-8 expression as well as tumor models in 
galectin-8-/- mice are still lacking. Regarding galectin-9, we 
observed a small decrease in in vivo angiogenesis during 
treatment of the chicken chorioallantoic membrane (26). 
As already described, we frequently observed increased 
galectin-9 expression in EC from human tumor tissues. 
This does point towards a role in tumor progression but 
similar as for galectin-8 further studies in animal models are 
required to uncover this role.

Concluding remarks

Galectins have emerged as important regulators of tumor 
progression that influence different hallmarks of cancer, 
e.g., TC transformation, tumor immune escape, and tumor 
angiogenesis (7,8,63). Regarding the latter, four galectins 
are frequently reported to be expressed in the tumor 
endothelium, i.e., galectin-1, galectin-3, galectin-8 and 
galectin-9 (9). Ongoing research has shown that at least 
galectin-1 and galectin-3 and most likely also galectin-8 and 
galectin-9, contribute to proper EC function during tumor 
angiogenesis. These galectins are not only involved in 
initial EC activation but also contribute to the subsequent 
steps of the angiogenesis cascade. All this has identified 
galectins as potential targets for angiostatic cancer 
therapy (64). Consequently, several compounds have 
been developed that interfere with galectin function in 
either tumor angiogenesis or in other tumor-promoting 
activities including immunosuppression and metastasis 
(15,43,49,65-67). However, further development of 
effective galectin-targeted therapy relies on a better 
understanding of the exact role of endothelial galectins in 
tumor angiogenesis. An important aspect of endothelial 
galectin biology that needs to be resolved is the regulation 
of galectin expression. Multiple triggers have been found 
to influence endothelial expression, including hypoxia, 
cytokines, and cell-cell interactions [see reference (8)]. 
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However, which intracellular signaling pathways and 
transcription factors control galectin expression in response 
to these triggers is still poorly understood. A better insight 
in the regulatory pathways will help to understand how and 
when endothelial galectin expression is modulated during 
tumor angiogenesis and how and when interfering with 
endothelial galectin expression could be beneficial.

Another important issue to address is the cross-talk 
between the different galectins during angiogenesis. As 
D’Haene already showed, combined application of galectins 
can potentiate their activity (40). On the other hand, we 
and others have shown that the activity of galectins is 
concentration dependent and can be both stimulatory as 
inhibitory (44). All this already suggests a complex fine-
tuning mechanism by which galectins control EC function. 
This mechanism becomes even more complex when 
taking into account that several protein modifications have 
been identified including splicing, phosphorylation, and 
proteolytic processing, that further affect galectin function 
(26,50,68-70). In addition, still relatively little is known 
regarding the expression regulation of galectin-binding 
glycans in the (tumor) endothelium. Using an elegant 
set of experiments Croci et al. showed the importance of 
N-glycosylation in controlling the angiogenic activity of 
galectin-1 (29,43). Further unraveling these galectin-glycan 
axes is one of the major challenges for future research as it 
will provide leads for the development of novel galectin-
targeting agents for the treatment of cancer. 
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