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Galectins are �-galactoside-binding lectins that regulate
diverse cell behaviors, including adhesion, migration, prolifer-
ation, and apoptosis. Galectins can be expressed both intracel-
lularly and extracellularly, and extracellular galectins mediate
their effects by associating with cell-surface oligosaccharides.
Despite intensive current interest in galectins, strikingly few
studies have focused on a key enzyme that acts to inhibit galec-
tin signaling, namely �-galactoside �2,6-sialyltransferase
(ST6Gal-I). ST6Gal-I adds an �2,6-linked sialic acid to the ter-
minal galactose of N-linked glycans, and this modification
blocks galectin binding to �-galactosides. This minireview
summarizes the evidence suggesting that ST6Gal-I activity
serves as an “off switch” for galectin function.

Sialic acids comprise a family of nine-carbon sugars added
to the termini of oligosaccharides found on secreted or cell-
surface glycoproteins and glycolipids (1). Because of their
negative charge and relatively large size, sialic acids can mask
important functional domains on surface glycoproteins and
also serve more generally to protect the cell from various
types of assault (2). However, evidence is emerging that sialic
acids mediate specific cellular and molecular recognition by
regulating association with glycan-binding proteins such as
lectins. For example, sialic acids bind specifically to the siglec2
family of lectins (3), whereas other types of glycan/lectin in-
teractions are conversely inhibited by sialylation. Thus, sialic
acids are positioned to play a pivotal role in regulating lectin-
dependent cell/cell and cell/matrix interactions. Sialic acids
are added to glycans via �2,3-, �2,6-, or �2,8-linkages, and
these linkages are directed by distinct sialyltransferases.
�-Galactoside �2,6-sialyltransferase (ST6Gal-I) is one of the
principal enzymes responsible for the addition of �2,6-linked
sialic acids to the Gal�1,4GlcNAc disaccharide (4), which is
found mainly on N-glycans and, to a lesser extent, on O-gly-
cans. In this minireview, we summarize the evidence suggest-
ing that ST6Gal-I-mediated �2,6-sialylation inhibits binding
of N-glycans to galectin-type lectins, thereby serving as a neg-

ative regulator of galectin-dependent cell responses (of note,
�2,6-sialic acid/siglec interactions, although of equal biologic
importance, will be not be discussed herein due to the avail-
ability of other reviews on this topic (3, 5)).

Galectins

Galectins are animal lectins that bind �-galactosides
through their conserved carbohydrate recognition domains
(CRDs) (6, 7). At least 15 mammalian galectins have been
identified, and these are subdivided into three different
groups based on their biochemical structure (Fig. 1). The pro-
totype group (galectin (Gal)-1, -2, -5, -7, -10, -11, -13, -14, and
-15) contains one CRD and a short N-terminal sequence.
Members of this group typically assemble into noncovalent
homodimers. The chimeric group, of which Gal-3 is the only
member, contains one CRD and an extended N-terminal do-
main with a repeated collagen-like sequence. The tandem
repeat group (Gal-4, -6, -8, -9, and -12) is composed of a sin-
gle polypeptide chain that forms two distinct but homologous
CRDS, separated by a short linker. Galectins are found intra-
cellularly in the nucleus and cytoplasm (6) but are also se-
creted through a nonclassical mechanism that is not well un-
derstood (8). Extracellular galectins bind glycoproteins on the
cell surface and in the extracellular matrix (9, 10), whereas
intracellular galectins can associate with cytoplasmic and nu-
clear proteins through carbohydrate-independent interac-
tions (11). Galectins have been implicated in numerous bio-
logic processes, including cell adhesion, migration,
proliferation, differentiation, transformation, apoptosis, an-
giogenesis, and immune responses (9–15).
Although all galectins bind to �-galactosides, each galectin

subtype has selectivity for certain galactose-containing oligo-
saccharides, which occurs as a consequence of variability in
the CRD sequence (7). In general, galectins have particular
affinity for poly-N-acetyllactosamine (N-acetyllactosamine is
defined as the GlcNAc-Gal disaccharide) (Fig. 2); however,
finer specificity is conferred by compositional features of the
glycan, including the number of N-acetyllactosamine units
within a poly-N-acetyllactosamine chain, the presence of ter-
minal sugars on the chain such as sialic acid and fucose, and
the degree of N-glycan branching (7, 16, 17). Many galectins
exhibit stronger binding to �1,6-branched glycans (7), a struc-
ture generated by �1,6-N-acetylglucosaminyltransferase V
(designated GnTV or Mgat5). Because the expression of
Mgat5 changes significantly during pathologic conditions
such as carcinogenesis (18, 19), this enzyme can serve as a
central regulator of cell responses to galectins. Another im-
portant characteristic of galectins is that the binding affinity
between an individual galectin and its minimal glycan ligand
is typically low; however, the propensity of galectins to olig-
omerize enhances avidity. In turn, this facilitates cross-linking
of cell-surface glycans, leading to the formation of stabilized
lattices. These lattices have multiple functions, but one criti-
cal activity is to control the retention of selected glycoproteins
on the cell surface (17, 20, 21).
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Inhibition of Galectin Binding by �2,6-Sialylation

Much of what is known regarding structural determinants
for galectin binding has been gleaned from studies of syn-
thetic oligosaccharides. Results from such studies suggest that
most (if not all) galectins exhibit diminished binding to �-gal-
actosides capped with �2,6-sialic acid. Hirabayashi et al. (7)
used frontal affinity chromatography to show that �2,3-sialy-
lation of �-galactosides was tolerated by some galectins, but
none of the 13 galectins studied, including Gal-1, -3, -8, or -9,
could bind to �-galactosides that were �2,6-sialylated. It was
concluded in this investigation that there was a strict require-
ment for the 6-OH of galactose (the site for addition of �2,6-
linked sialic acid) to remain unmodified in order for galectins
to associate with N-acetyllactosamine (Fig. 2). Similarly, fluo-
rescence-based solid-phase assays were used to determine
that dimeric Gal-1 could bind unsialylated and �2,3-sialylated
poly-N-acetyllactosamines with approximately equal affinity,
whereas binding was completed inhibited by �2,6-sialylation
(22). It was also reported that �2,6-sialylation blocked the
interaction of Gal-1, -2, and -3 with N-acetyllactosamine in
glycan microarrays (23).
Despite these extensive results implicating �2,6-sialylation

as a generic inhibitor of galectin binding, it is becoming ap-
parent that the effects of �2,6-sialylation on the binding of
Gal-3, compared with other galectins, may be more complex
than initially appreciated. Chammas and co-workers (24) de-
tected some binding of Gal-3 to �2,6-sialylated poly-N-
acetyllactosamine, although the binding was lower than that
observed with unsialylated or �2,3-sialylated poly-N-
acetyllactosamine. Likewise, Cummings and co-workers (23)
reported that �2,6-sialylation was less effective at blocking the
association of Gal-3 with poly-N-acetyllactosamine compared
with Gal-1 and Gal-2. These findings are in striking contrast

to the strong inhibitory effect of �2,6-sialylation on Gal-3
binding to a single N-acetyllactosamine unit. One plausible
explanation for this incongruity is that Gal-3 (unlike Gal-1)
may bind laterally to the internal N-acetyllactosamines within
an extended poly-N-acetyllactosamine chain (23, 25), thus
weakening the inhibitory effect of the sialic acid on the termi-
nal N-acetyllactosamine (Fig. 3).

ST6Gal-I-mediated �2,6-Sialylation of N-Glycoproteins

Synthetic oligosaccharides have been invaluable for charac-
terizing determinants of galectin binding. However, cell-sur-
face glycans have much greater structural complexity, and
many of the biologic glycan structures cannot currently be
synthesized (23, 26). In addition, the mode of glycan presenta-
tion, either in solid phase or in solution, can alter the binding
specificity of galectins (23), and the glycan/lectin interaction
might be conformation-specific. Glycan/lectin interactions
may also be altered through lateral association with other
membrane glycoproteins and glycolipids. For all of these rea-
sons, it is important to study glycan/galectin interactions
within the context of the cell, and moreover, the biologic rele-
vance of these interactions and the potential significance of
�2,6-sialylation in controlling them need further elucidation.
Within the cell, variant �2,6-sialylation of N-linked glycans
occurs primarily as a consequence of differential ST6Gal-I
activity, secondary to changes in ST6Gal-I expression.
Given the putative role of ST6Gal-I as a negative regulator

of galectins, it is surprising that so few studies have focused
on this enzyme. In particular, there is still very little known
regarding factors such as 1) signaling mechanisms controlling
ST6Gal-I expression, 2) extracellular stimuli that might ini-
tiate such signaling mechanisms, 3) the biologic relevance of
variant ST6Gal-I mRNA isoforms, 4) the specific substrates
for the enzyme, and 5) the functional consequences associated
with variant �2,6-sialylation of specific substrates. Much of
the ST6Gal-I-related research has centered on correlating cell
responses with global changes in cell-surface �2,6-sialylation;
however, our understanding of the biologic importance of this
enzyme can be complete only when we have defined the role
of �2,6-sialylation in regulating the activity of specific target
molecules.
ST6Gal-I-mediated �2,6-sialylation of glycoproteins likely

influences cell behavior through several molecular mecha-
nisms, including modulation of glycoprotein conformation,

FIGURE 1. Galectins are categorized into three distinct groups. The proto-
type group contains one CRD and a short N-terminal sequence. The chi-
meric group, of which Gal-3 is the only member, contains one CRD and an
extended N-terminal domain with a repeated collagen-like sequence. The
tandem repeat group is composed of a single polypeptide chain that forms
two distinct but homologous CRDs, separated by a short linker domain.

FIGURE 2. Structural studies suggest that three free OH groups are necessary for galectin binding to N-acetyllactosamine: 4-OH and 6-OH on galactose (gal)
and 3-OH on GlcNAc (note that N-acetyllactosamine is defined as the GlcNAc-Gal disaccharide). The ST6Gal-I enzyme adds a sialic acid (SA; depicted as Neu-
5-Ac) to 6-OH of galactose (boxed OH shown in red). The addition of sialic acid at this position blocks galectin binding.
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alterations in receptor clustering or retention at the cell sur-
face, and regulation of protein/protein interactions. For ex-
ample, studies from our group suggest that �2,6-sialylation
alters the conformation and function of the �1 integrin,
thereby regulating cell adhesion and migration (27–30). Baum
and co-workers (31) have shown that �2,6-sialylation inhibits
clustering of the CD45 tyrosine phosphatase on T cells, lead-
ing to diminished signaling, whereas Kitazume et al. (32) con-
versely reported that �2,6-sialylation is necessary for cluster-
ing and cell-surface retention of PECAM (platelet endothelial
cell adhesion molecule) on endothelial cells. In another note-
worthy study, �2,6-sialylation of the core glycan in the IgG Fc
domain was shown to regulate IgG binding to Fc receptors,
and coordinately, the loss of sialylation switched IgG from
having anti-inflammatory effects at steady state to having pro-
inflammatory activity after antigen challenge (33). Finally, the
hemagglutinin of human (but not avian) influenza viruses pre-
dominantly binds �2,6-sialic acid structures on the noncili-
ated cells of human trachea (34). These examples highlight
the many ways in which �2,6-sialylation can alter the activity
of specific molecules or molecular interactions. However, it is
emerging that one of the major physiologic roles for �2,6-
sialylation may be to block galectin-dependent responses.
This important function of ST6Gal-I-mediated �2,6-sialyla-
tion has been most extensively studied in immunology and
cancer biology.

Role of ST6Gal-I-mediated �2,6-Sialylation in Regulating
Galectin-dependent Immune Cell Responses

ST6Gal-I expression is tightly regulated in many immune
cell types and varies as a consequence of cell activation or dif-
ferentiation status. Glycan profiling studies reveal that �2,6-
sialylated structures comprise the predominant type of com-
plex N-glycans in freshly isolated CD4 and CD8 T cells,
whereas activated T cells exhibit a dramatic decrease in �2,6-
sialylated glycans due to down-regulated expression of
ST6Gal-I (35, 36). ST6Gal-I expression and activity are simi-
larly down-regulated during dendritic cell maturation (37, 38)
and differentiation of primary monocytes and promonocytic
cell lines along the macrophage lineage (27, 30, 39). Collec-
tively, these results hint that decreased �2,6-sialylation may
be necessary for some aspect of immune cell maturation or
activation. Indeed, ST6Gal-I-deficient mice exhibit alterations
in thymopoiesis and granulopoiesis (40, 41); disruptions in

eosinophil and dendritic cell profiles (42, 43); and finally, defi-
cits in B cell proliferation and antibody production (44). Un-
doubtedly, some of these phenotypes are due, at least in part,
to elimination of the ligand for �2,6-sialic acid-specific si-
glecs. For instance, it is well established that impaired B cell
responses observed in ST6Gal-I deficient mice occur as con-
sequence of diminished signaling from the B cell siglec, CD22,
due to loss of its �2,6-sialylated ligand (45, 46). Nevertheless,
one anticipates that deletion of ST6Gal-I also contributes to
immunopathology through effects on galectin signaling. One
very important function of extracellular galectins is to induce
apoptosis (15). It is tempting to speculate that diminished
ST6Gal-I-mediated �2,6-sialylation, resulting in exposure of
galectin-binding galactosyl-type glycans, provides a mecha-
nism for limiting the life span of activated and/or differenti-
ated immune cells.
Some of the earliest evidence supporting �2,6-sialylation as

a negative regulator of galectin-mediated immune cell apo-
ptosis was provided by Baum and co-workers (31). In this
study, ST6Gal-I expression was forced in a murine T cell line,
and it was found that �2,6-sialylation blocked Gal-1 binding
as well as Gal-1-induced cell death. These effects were medi-
ated by �2,6-sialylation of CD45, which was shown to be a
selective target for ST6Gal-I. ST6Gal-I-dependent resistance
to Gal-1 may have particular relevance in the positive selec-
tion of maturing thymocytes; �2,6-sialylation is highly en-
riched in mature medullary thymocytes (47), which in turn
exhibit resistance to Gal-1-induced apoptosis (48, 49). Inter-
estingly, there appears to be selectivity not only in the glyco-
proteins bound by various galectins but also in the cell-sur-
face receptors responsible for translating galectin-initiated
signals into specific cell responses. For example, Gal-3 binds a
different (although overlapping) complement of receptors
than Gal-1, and of these Gal-3-binding partners (including �1
integrin, CD43, CD45, and CD71), only CD45 appeared to be
required for Gal-3-induced apoptosis of several T cell lines
(50). Fukumori et al. (51) alternately suggested that the �1
integrin and CD7 receptors were involved in Gal-3-directed
apoptosis of the MOLT-4 T cell line. The important implica-
tion emerging from these studies is that there is an apparent
dependence on specific receptors to direct galectin-induced
responses, although this feature of galectin signaling is not
well understood at this time.
More recently, it has been reported that �2,6-sialylation is a

critical factor controlling the expansion of selected CD4 T cell
subtypes. Effector CD4 T cells (TH1, TH2, and TH17) orches-
trate the functional activity of both the innate and adaptive
immune systems, and the homeostatic process is often ac-
companied by a shift toward a TH2 profile. In an elegant
study, Toscano et al. (52) found that TH2 cells have higher
ST6Gal-I protein expression, ST6Gal-I enzyme activity, and
�2,6-sialic acid compared with TH1 and TH17 cells. This ele-
vated surface �2,6-sialylation was associated with protection
of TH2 cells from Gal-1-induced cell death. Similarly, Gal-1-
deficient mice developed hyper-TH1 and hyper-TH17 re-
sponses after antigenic challenge, reflecting better survival of
TH1 and TH17 cells in the absence of Gal-1, whereas no dis-
ruption was observed in the levels of TH2 cells. These com-

FIGURE 3. Gal-3 may bind internal N-acetyllactosamine units on an ex-
tended poly-N-acetyllactosamine chain, thus attenuating the inhibitory ef-
fect of the terminal �2,6-sialic acid.
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bined results suggest that Gal-1 may function to preferentially
eliminate antigen-specific TH1 and TH17 cells (due to low
levels of surface �2,6-sialylation) (52), and they may also ex-
plain the prior observation that administration of exogenous
Gal-1 suppresses chronic inflammation and skews the im-
mune response toward a TH2 cytokine profile (53). Intrigu-
ingly, TH1 and TH2 cells exhibit equivalent levels of cell death
when exposed to Gal-3 (52), which mirrors the results from
synthetic oligosaccharide studies indicating that �2,6-sialyla-
tion does not always block the activity of Gal-3 as it does for
other galectins. In support of this concept, the enzymatic
removal of �2,6-sialic acids from the surface of HL-60 pro-
myelocytic cells sensitizes cells to Gal-1- but not Gal-3-
directed apoptosis (23). It remains to be determined
whether the persistence of Gal-3 activity observed in vari-
ous models results from binding of Gal-3 to internal N-
acetyllactosamines or is alternatively due to other mecha-
nisms. Recently, it was shown that Gal-3 can bind to
extended type 1 glycans, which contain the Gal�1,3GlcNAc
linkage (lacto-N-biose) rather than Gal�1,4GlcNAc (54).
Given that ST6Gal-I has preferential activity toward the
Gal�1,4GlcNAc disaccharide, alterations in ST6Gal-I-di-
rected sialylation may have little effect on Gal-3 binding to
cells presenting extended type 1 surface glycans. It is also
possible that Gal-3 binding to certain O-linked glycans
would be independent of ST6Gal-I-mediated �2,6-sialyla-
tion. Clearly, further studies are needed to dissect the com-
plex relationship between ST6Gal-I activity and Gal-3.
In addition to effects on T cell responses, protection from

galectin-mediated apoptosis through �2,6-sialylation has been
reported in human B cells. Suzuki et al. (55) determined, in
several B lymphoma cell lines, that �2,6-sialylation prevents
the binding and apoptotic activity of Gal-1. Cell-surface sialy-
lation also inhibits Gal-3-induced apoptosis of HBL-2 B lym-
phoma cells, although the specific type of sialyl linkage was
not determined in this study (56). Finally, sialylation-depen-
dent blockade of galectin signaling may contribute to the
worse prognosis known to be associated with diffuse large B
cell lymphoma patients harboring tumors that express sialy-
lated oligosaccharides (57).

ST6Gal-I-dependent Inhibition of Galectin Function May
Promote Tumor Cell Survival

Another example of variant ST6Gal-I expression is found
in tumor cells. ST6Gal-I is overexpressed in many types of
human cancers, including colon (58–62), breast (63), ovarian
(64), gastric (65), oral (66), cervical (67), choriocarcinoma
(68), leukemia (69), and brain tumors (70), and high expres-
sion positively correlates with tumor metastasis and poor
prognosis (61, 63, 66). Furthermore, both in vitro cell culture
and animal studies have implicated ST6Gal-I in regulating
tumor cell invasiveness and differentiation state, as well as
metastasis (71–79). Although mechanisms regulating
ST6Gal-I expression have not been widely investigated, it is
known that ST6Gal-I is up-regulated by oncogenic Ras (re-
viewed in Ref. 28) signaling through a Ral guanine exchange
factor-dependent mechanism (80). The functional conse-
quences of ST6Gal-I up-regulation are not well defined but

are likely mediated through multiple molecular pathways im-
pacting tumor cell behaviors such as adhesion to matrix and
cell migration and survival. Recent studies suggest that, as
with immune cells, epithelial tumor cells are protected against
galectin-mediated apoptosis via �2,6-sialylation of surface
receptors. Notably, like ST6Gal-I, Gal-3 is commonly up-reg-
ulated in several types of cancers (81–83), raising the paradox
of why a tumor cell would up-regulate a sugar structure that
blocks Gal-3 binding. To address this issue, our group forced
expression of ST6Gal-I in SW48 cells, a colon epithelial cell
line that lacks both �2,3- and �2,6-sialyltransferases (84), and
then evaluated apoptosis induced by recombinant Gal-3
(added extracellularly). These studies showed that parental
cells lacking sialylation had significantly greater binding to
exogenous Gal-3 than ST6Gal-I expressors (85). Using a blot
overlay approach, it was shown that Gal-3 binds directly to
the �1 integrin but not when this integrin carries �2,6-sialic
acids (85). Moreover, �2,6-sialylation of the �1 integrin was
found to protect cells against Gal-3-mediated cell apoptosis
(85). Thus, increased ST6Gal-I-mediated receptor sialylation
protects cancer cells from the pro-apoptotic function of se-
creted Gal-3. However, intracellular Gal-3 is known to have
many protumorigenic functions, including enhancement of
Ras signaling and inhibition of pro-apoptotic mitochondrial
proteins (11, 12, 86). These carbohydrate-independent func-
tions would not be affected by ST6Gal-I activity; therefore, on
balance, simultaneous up-regulation of ST6Gal-I and Gal-3
should provide a survival advantage for tumor cells. It is also
noteworthy that, in this cell model system (unlike HL-60 mye-
locytic cells), �2,6-sialylation by ST6Gal-I served as a strong
inhibitor of Gal-3-induced apoptosis. These results point to a
role for cell type-specific glycans in the regulation of Gal-3
efficacy. Factors such as N-glycan branching and chain length,
expression of type 1 versus type 2 glycans, and/or the presence
of certain O-linked oligosaccharides are likely important, and
all of these structures are correspondingly controlled by the
unique complement of glycosylating enzymes expressed by
each distinct cell type.
In contrast to reports of simultaneous up-regulation of

ST6Gal-I and Gal-3 in tumor cells, Gabius and co-workers
(87) suggested that there was an inverse relationship between
the expression of Gal-1 and the levels of �2,6-sialylation. This
group forced expression of the p16INK4a tumor suppressor in
pancreatic epithelial cells (87). It is well known that abroga-
tion of the Rb/p16INK4a pathway is found in virtually all pan-
creatic carcinomas (88), although the mechanism is still not
fully elucidated. It was found that pancreatic carcinoma cell
lines stably transfected with p16INK4a had increased Gal-1
protein expression but decreased �2,6-sialylation on N-gly-
cans (although ST6Gal-I expression and activity were not di-
rectly evaluated in this study). Nonetheless, the effects of
�2,6-sialylation on Gal-1 function observed by Gabius and
co-workers were consistent with the larger literature; reduced
�2,6-sialylation was associated with greater Gal-1 binding,
leading to p16INK4a-mediated anoikis in pancreatic cell lines
(87).
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Regulation of Surface �2,6-Sialylation by Extracellular
Sialic Acid-modifying Enzymes

Variant �2,6-sialylation of N-glycosylated proteins typically
occurs as a consequence of changes in the levels of ST6Gal-I
within the trans-Golgi, resulting from either transcriptional
or post-transcriptional mechanisms. The gene encoding
ST6Gal-I (siat1) displays multiple promoter sequences, and
several alternatively spliced mRNAs have been identified (4,
89–93). In addition, glycoprotein sialylation can be down-
regulated following shedding of ST6Gal-I from cells after
cleavage in the Golgi by the BACE1 �-secretase (30, 94).
ST6Gal-I activity may also be altered through oligomerization
of the enzyme within the Golgi (95). Regardless of these vari-
ous modes of regulation, it has generally been thought that
�2,6-sialylation has a relatively long-lived effect on glycopro-
tein function. Because �2,6-sialic acids are added during bio-
synthesis of N-glycosylated proteins, this modification is ex-
pected, at least in theory, to be retained for the lifetime of a
protein targeted to the plasma membrane. However, exciting
new evidence suggests a potential mechanism for inducing
rapid loss of �2,6-sialic acid from receptors already translo-
cated to the cell surface, which hints at a complexity in sialic
acid signaling not previously appreciated. More specifically,
Cha et al. (96) reported that the TRPV5 Ca2� channel is re-
tained at the cell surface through an interaction with extracel-
lular Gal-1 and that �2,6-sialylation by ST6Gal-I can block
this interaction, leading to receptor internalization. The semi-
nal finding by this group is that cells secrete an �2,6-specific
sialidase enzyme known as Klotho, which cleaves the �2,6-
sialic acids from TRPV5 and restores galectin binding and
galectin-mediated receptor retention. The Klotho enzyme
appears to have a restricted specificity for TRPV5 and related
ion channels, which prompts speculation regarding the possi-
bility of other receptor-specific sialidases. The identification
of a surface-acting �2,6 sialidase suggests a putative mecha-
nism for directing rapid glycoform switching and an exquisite
level of control over glycan/galectin interactions.

Conclusions and Future Directions

There is currently intensive interest in characterizing galec-
tin structure and function, which is not surprising given the
many important cell responses regulated by this class of lec-
tins, as well as accumulating evidence implicating galectins in
human disease. In contrast, there is a marked dearth of re-
search centered on ST6Gal-I, despite the strong inhibitory
effect of ST6Gal-I-mediated sialylation on glycan/galectin
interactions. As with galectins, ST6Gal-I expression is dynam-
ically regulated in many cell types, and thus, the degree of
receptor �2,6-sialylation can change as a consequence of cell
status or in response to microenvironmental cues. Accord-
ingly, defining ST6Gal-I regulatory mechanisms and specific
ST6Gal-I substrates will be necessary for a complete under-
standing of the physiologic function of galectins and may also
have translational relevance. Recombinant galectins and ga-
lectin inhibitors are currently being developed for use in can-
cer (and other) treatments (97–100). However, there is a good
likelihood that the elevated ST6Gal-I expression known to

occur during carcinogenesis may alter the efficacy of inter-
ventions targeting galectin pathways. As an alternative (or
possibly complementary) approach, it may be fruitful to di-
rectly target ST6Gal-I expression as a mechanism to modu-
late glycan/galectin associations. In sum, the emerging role
for ST6Gal-I as one of the principal negative regulators of
galectin-mediated events highlights the need for future stud-
ies aimed at defining molecular pathways regulating this criti-
cal glycosyltransferase.
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67. López-Morales, D., Velázquez-Márquez, N., Valenzuela, O., Santos-
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