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Following sugar patterns in search of

galectin function

Kamil Godula®"

Through evolution, glycans have been selected as a
class of biomolecules tasked with facilitating informa-
tion exchange at the cellular boundary (1). Presented
as attachments on membrane proteins or linked di-
rectly to lipids embedded in the plasma membrane
of cells, glycans serve as recognition elements for gly-
can binding proteins, such as lectins or antibodies,
and mediate essential biological processes, ranging
from cell-cell adhesion and migration to more com-
plex events associated with organismal development
and function. Not surprisingly, glycans also contribute
to disease development and progression and have
been linked to a large number of pathophysiological
processes, including infectious diseases, cancer, or
autoimmune disorders (2). However, glycans and their
cognate lectin counter-receptors are still rarely consid-
ered as suitable drug targets (3).
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Fig. 1. Galectins, p-galactoside binding mammalian lectins, act as regulators of
intracellular trafficking, cell adhesion, and cell-cell signaling. The unique activity
profiles observed for each member of the galectin family are associated with
their ability to bridge glycan receptors. Whether galectins engage glycan
partners presented on a single cell (cis-activity) or on two opposing cells or in the
extracellular matrix (trans-activity) determines their biological functions. Both
the structural identity of the glycan determinants and their spatial organization
at the cellular boundary are likely to instruct the functional paring of galectins
with their glycan receptors.

In PNAS, Xiao et al. (4) employ cell-surface mimetic
models to dissect how glycan receptor organization in
cellular membranes influences functional association
with galectins, a family of human lectins (5). Among
their many functions, galectins have been identified
to serve as important extracellular modulators of im-
mune responses and have been positively correlated
with increased aggressiveness of tumors (6). As such,
galectins are certainly enticing targets for medical inter-
vention (7); however, the broad functional polymorphism
observed for the galectin family members necessitates
that principles goveming their interactions with glycan
receptors be established first to guide the design of
selective galectin-targeting therapeutics.

The structures of glycans define their molecular inter-
actions with lectins and all members of the galectin family
generally recognize glycans containing p-galactose resi-
dues (8), with modifications such as sialylation (9) or sul-
fation (10) providing addition affinity. As is typical for
most lectins, galectins show weak (high micromolar to
low millimolar) affinity for simple soluble p-galactosides,
such as lactose. The much higher-affinity interactions
(submicromolar) observed for galectins in biological
settings are the result of their ability to engage ensem-
bles of glycans at surfaces of cells and in the extracel-
lular matrix in a multivalent fashion (11). This behavior,
characteristic to glycans and referred to as the “glyco-
side cluster effect” (12), provides a mechanism for en-
hancing the overall affinity and selectivity of glycan
recognition by lectins, while also enabling the setting
of thresholds for triggering signaling responses. Mod-
ulating biological functions can thus be achieved not
only by altering the structures of glycans but also by
varying the density and spatial organization of glycan
determinants within the cellular glycocalyx (13).

The multivalent presentation of glycans on surfaces
of cells is mirrored in the architecture of lectins, which
are often organized to present several glycan recog-
nition domains (CRDs). This is also true for galectins,
which can be classified into three distinct groups,
according to the organization of their CRDs, as pro-
totypical, chimeric, and tandem-repeat (Fig. 1) (8). The
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prototypical galectins contain a single CRD and associate into
homodimers. The chimeric galectins contain at least two CRDs em-
bedded within a single polypeptide chain separated by a short
peptide linker. Finally, the chimeric galectins contain a single CRD
and a large N-terminal domain, which facilitates self-aggregation
into higher-order oligomers. Their architecture makes galectins
well suited to serve as a bridging element between glycoonju-
gates populating the cell surface (cis-activity) and even between
glycan receptors on opposing cells and in the extracellular ma-
trix (trans-activity). While all galectins recognize a common
p-galactoside receptor structure, their different abilities to
bridge glycans are believed to be responsible for the distinct bi-
ological activity profiles observed for the individual members of
the galectin family.

In their study, Xiao et al. (4) report a simple chemical system for
dissecting the functional consequences of glycan presentation
and spatial organization on their ability to induce trans-activity
in galectins. The authors used self-assembling glycosylated am-
phiphilic dendrimers, termed Janus glycodendrimers, to generate
glycodendrimersome (GDS) nanoparticles displaying lectin recep-
tors in a manner that may resemble their presentation on glyco-
lipids in cellular membranes (14). The self-assembly process
allowed for modular display of unique glycan determinants of
galectin binding (e.g., the canonical galectin ligand, lactose, or
the higher affinity ligand, 3’-O-sulfated lactose) and their combi-
nations at the nanoparticle surface, with good control over glycan
composition and density. The GDS nanoparticles provided a plat-
form to rapidly analyze the ability of unique glycan displays to
promote cross-linking activity in galectins, which was detected
as an increase in turbidity due to particle aggregation.

Synthetic glycomaterials, such as glycopolymers and glycoden-
drimers, have long been used (15) as soluble probes with controlled
glycan presentations to provide mechanistic insights into how
glycan valency (16) and glycoconjugate scaffold architecture (17)
influence binding by oligomeric lectins. These tools were also in-
strumental in revealing the roles of cell-surface glycoconjugates in
signaling receptor organization and modulation of signal trans-
duction (18). While having many useful attributes, soluble glyco-
conjugates are limited in their ability to emulate the larger scale
glycan displays found on cellular membranes, such as glycolipid
patches. The GDS system addressed this limitation and provided
new insights into how trans-activity of galectins may be regulated
through dynamic changes in cell surface glycan presentation.

To obtain a fuller picture of the mutual relationships between
cell surface glycan presentation and galectin recognition, Xiao
et al. (4) also generated an extended set of galectin structures,
including members of the prototype (Gal1), tandem-repeat
(Gal4 and Gal8), and chimeric (Gal3) galectin subgroups, as well
as newly engineered galectins to probe the effects of CRD orga-
nization and spacing on receptor cross-linking. The combination
of both GDS and lectin toolkits yielded several interesting obser-
vations with implications for our understanding of how galectin
activity might be regulated in cellular microenvironments.

While glycan ligands with increased affinity for their lectin
partners would normally be expected to elicit a stronger recognition
event, this may not necessarily translate into a better ability to
induce receptor bridging. As Xiao et al. (4) report, presentation of
3-O-sulfated lactose (a more potent inhibitor of galectin binding
compared with lactose) on the GDS particle did, indeed, yield
enhancements in cross-linking by galectins 4 and 8 of the
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tandem-repeat class; however, it produced the opposite effect
with the prototypical galectin 1. The programmability of the
GDS surface also allowed for variations in the surface density of
the active epitope by inclusion of spectator mannoside glycans,
which are not natural receptors for galectins. This modification
revealed greatly increased sensitivity of galectin 8 toward varia-
tions in 3-O-sulfated lactose displays compared with galectin 4.
This suggests that dynamic alterations in glycosylation patterns
may provide a functional switch for the interactions of galectins
at the cell surface. Interestingly, the GDS system also provided
evidence for the ability of galectins to cooperate in stabilizing
nascent cross-linked networks.

Although alternative splicing in tandem-repeat galectins to
produce protein variants with variable linker regions connecting

Combined, the findings of the Xiao et al. study
begin to expose the intricate mechanisms
through which galectins may achieve their
function in the complex setting of the cellular
glycocalyx.

the respective CRD domains is common, the functional conse-
quences of altering the linker length have not been well-defined.
By testing several naturally occurring as well as engineered vari-
ants of galectins 4 and 8 in the GDS platform, Xiao et al. (4) dis-
covered significant effects of linker length variations on
aggregation capacity of the lectins. This points to the possible
functions of the linker region, which unlike the CRD regions shows
little sequence homology across galectin classes, in regulating the
activity of tandem-repeat galectins.

Combined, the findings of the Xiao et al. study (4) begin to
expose the intricate mechanisms through which galectins may
achieve their function in the complex setting of the cellular glyco-
calyx. Complete mapping of the galectin interactome will require
considerable effort and will necessitate a better understanding
of the contributions from not only simple galactoside-bearing
glycolipids, but also larger galectin receptor structures embed-
ded within the extended glycocalyx, particularly complex
N-glycans and poly-N-acetyllactosamine chains (19). The pro-
grammable GDSs reported by Xiao et al. (4) are well positioned
to aid in this quest by defining the broader principles that govern
galectin engagement in biological settings. A more detailed
view of the functional pairing between glycan displays and
galectin function will help guide the design of glycomaterials
capable of modulating galectin activity in vivo. Such efforts are
already underway, as synthetic neoglycoproteins (20) or self-
assembling glycopeptide nanoparticles (21) and nanofibers
(22), which generate biomimetic glycan displays, are being ex-
plored as selective ligands for galectins or as biomaterials for
modulating galectin activity.
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