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Abstract

Cells are endowed with a rich surface coat of glycans carried as glycoproteins and glycolipids on 

the outer leaflet of their plasma membranes and constituting a major molecular interface between 

cells and their environment. Each cell’s glycome, the sum of its diverse glycan structures, 

comprises a distinct cellular signature that is defined by the expression levels of the enzymes 

responsible for glycan biosynthesis. This signature can be read by complementary glycan binding 

proteins that translate glycan recognition into function. Nowhere is this more evident than in the 

immune system, where glycans and glycan binding proteins are integral to pathogen recognition 

and the control of inflammatory responses. Glycobiology – the study of glycan structures and their 

functions – is increasingly providing insights into immune regulatory mechanisms and thereby 

providing opportunities for therapeutic intervention. To promote wider appreciation of this rapidly 

expanding area of research, this review briefly examines the makeup of the human glycome, the 

glycan binding proteins that translate glycan recognition into function, and provides examples of 

glycan recognition events that are responsible for immune system regulation.
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Cells are composed of four major classes of molecules: nucleic acids, proteins, glycans and 

lipids. Among these, glycans inhabit a special niche at cell surfaces, were they are involved 

in intermolecular and cell-cell recognition events that define and control cell interactions 

and functions.1,2 Glycan recognition is often mediated by complementary glycan-binding 

proteins (GBPs), each of which carries a specific carbohydrate-recognition domain that 

confers glycan binding specificity.3 Other functional domains on GBPs translate glycan 

binding into appropriate cellular responses. Nowhere is this more evident than in the 

immune system, where glycans and GBPs on the surfaces of immune cells are involved in 

an evolutionary chess match of immune activation and regulation within a dynamic 

pathogen landscape.2,4–6

Humans have >80 different GBPs (also known as lectins) in at least 12 structural families 

(see http://www.imperial.ac.uk/research/animallectins). Knowledge of the glycans and GBPs 

that underlie and regulate immune function provides previously unanticipated opportunities 

for rational design of targeted therapies for immune dysfunction, some of which show 

promise in the clinic.7,8 This review introduces the key players in human glycobiology: the 
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human glycome (the totality of human glycan structures) and GBP families that decipher the 

glycan code. Examples of the roles of glycans and GBPs in infectious disease, inflammation, 

and the control of immune responses follow. An accompanying review in this issue provides 

a more focused perspective of the roles of glycans and GBPs in allergic diseases.9

THE HUMAN GLYCOME

Every cell in nature has a rich and diverse surface glycan coat that constitutes its interface 

with its environment.2 Whereas the complexity and diversity of glycans throughout nature 

are truly daunting, human glycans are more circumscribed and amenable to structure-

function studies using rapidly improving analytical techniques. A basic understanding of the 

building blocks, major structural themes, and general biosynthetic machinery of the human 

glycome provides the context for understanding glycomic regulation in the immune system.

The human glycome is built primarily from just nine monosaccharide building blocks (Fig 

1), each of which is a six-membered ring (five carbons and oxygen) that is further defined 

by the identity and stereochemistry of the molecular constituents on each ring carbon 

(mostly hydroxyl groups). Monosaccharides are enzymatically linked together to form linear 

and branched oligosaccharides on protein and lipid carriers. Because each monosaccharide 

can link to any of up to four hydroxyls on another monosaccharide in one of two 

configurations (α or β), and in either linear or branched arrays, an impressive diversity of 

distinct structures can be created from just a few building blocks. Whereas three different 

amino acids can combine to form six distinct tripeptides, three different monosaccharides 

can combine to form over a thousand distinct trisaccharides. The diversity of glycan 

structures found on cells is not random, but is carefully controlled by gene expression. Each 

cell’s glycome is defined by the expression of the genes responsible for glycan 

biosynthesis.10 These include genes coding glycosyltransferases (~200 in humans), 

glycosidases, glycan precursor biosynthetic enzymes and transporters that together represent 

>3% of all human genes. Cell-specific expression of a distinct suite of glycan biosynthetic 

genes generates each cell’s glycan “persona,” a face to the world that regulates its intra- and 

intercellular molecular interactions. The cell’s glycome varies among cell types, during 

differentiation, and in response to outside stimuli, providing a rich layer of regulation of 

cellular functions.

It is estimated that human glycosyltransferases create ~7,000 potential terminal glycan 

binding determinants, the basic unit of glycan recognition by GBPs (up to 5–6 sugars in a 

specific grouping).11 Since oligosaccharide chains are hydrophilic and often charged, they 

spread out in space and even minor changes, such as linkage position, linkage configuration 

or even the stereochemistry of a single hydroxyl group, provide the basis for the specificity 

of GBP recognition and downstream functional consequences. The interplay between glycan 

biosynthetic gene expression, glycan structure, GBP recognition, and biological function is 

the focus of the field of glycobiology.

Glycans at cell surfaces are classified as glycolipids or glycoproteins (Fig 1). Glycolipids 

have their hydrophobic lipid tail firmly embedded in the outer leaflet of the plasma 

membrane with their hydrophilic oligosaccharide chain extending out into the extracellular 
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space. In most cells, glycolipids comprise a small percentage of total plasma membrane 

lipids. In contrast, nearly all proteins at the cell surface are glycoproteins, including single- 

and multi-pass transmembrane and secreted proteins. Glycans on proteins are classified 

based on their covalent linkage to the polypeptide: to an asparagine (N-linked) or to a serine 

or threonine (O-linked). N-Linked protein glycosylation is initiated during protein 

translation in the endoplasmic reticulum whereas O-linked glycosylation occurs after 

translation, in the Golgi apparatus. In both cases the glycans are further modified and 

elaborated in the Golgi apparatus on their way to the cell surface. Whereas O-linked glycans 

are built stepwise and can be as small as a single sugar, N-linked glycans are pre-built on a 

special lipid carrier and are transferred as a characteristic 14-sugar block onto the nacient 

polypeptide where it is trimmed and then further elaborated. Most mature O-linked 

oligosaccharides are small whereas N-linked glycans are larger. A study of the adult human 

lung glycome (http://www.functionalglycomics.org/) revealed that the most abundant O-

linked glycans have 2–6 sugar residues as linear or short singe-branched oligosaccharides. In 

contrast, the major human lung N-linked glycans have 10–20 residues, most as highly 

branched structures (typically 3–5 branches).

In addition to N- and O-linked oligosaccharides, glycoproteins can also carry very long (up 

to ~100 sugars) repeating disaccharides linked to serine and threonine residues. These 

glycoproteins are classified as a separate family, the proteoglycans, to reflect their special 

structural features. The best known proteoglycans are heparan and chondroitin sulfates. 

Their long anionic sugar chains, termed glycosaminoglycans, are further substituted with 

sulfate groups making them even larger, more charged, and more structurally diverse. One 

other member of the glycosaminoglycan family, hyaluronic acid, has the same repeating 

sugar units but is not attached to a protein, remains unsulfated, and reaches molecular 

weights of millions. Proteoglycans and glycosaminoglycans, fascinating molecules 

deserving of their own review in the control of immune responses, are not addressed further 

here.12

Glycan recognition by GBPs is most often focused on the outer-most grouping of sugars on 

a glycoprotein or glycolipid oligosaccharide. In humans (and other mammals), 

oligosaccharides are often terminated with sialic acid, the largest and most structurally 

complex of the monosaccharides that make up mammalian glycans (Fig 1). Evolution has 

often utilized sialic acid’s structural complexity in developing specificity for GBP 

recognition.13 This is true for some pathogens, which use sialic acid to gain access to host 

cells, and for the immune system, which uses sialic acid for immune cell recognition, 

trafficking and regulation. Examples of both sialic acid dependent and independent GBPs 

and their roles in immune system function follow.

GLYCAN BINDING PROTEINS

Since glycans are dominant chemical determinants on the surfaces of every cell of every 

living organism, the glycan binding proteins that translate glycan recognition into function 

are also found throughout biology, from viral hemagglutinins to bacterial adhesins to plant 

and animal lectins.3 Every GBP is characterized by a unique carbohydrate recognition 

domain with precisely spaced amino acid functional groups that selectively engage a 

Schnaar Page 3

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.functionalglycomics.org/


particular glycan target. The carbohydrate recognition domain is found in association with 

other protein domains that translate recognition into appropriate biological responses. 

Understanding glycan binding proteins, their targets, and their functions provides insight 

into molecular processes in immune regulation that are amenable to therapeutic intervention.

Among the first GBPs discovered were viral hemagglutinins, with influenza virus remaining 

the clearest example. When exposed to cultured influenza virus, human red blood cells 

agglutinated in a manner that spontaneously reversed over time.14 The virus-treated red 

blood cells remained intact, but after reversal of agglutination they were resistant to 

agglutination with fresh virus. The virus receptor on the red blood cell had been removed. 

Eventually, the factor released from red blood cells after incubation with virus was 

identified as sialic acid. The viral hemagglutinin was identified as a sialic acid-specific GBP, 

and the viral enzyme that removed the receptor was identified as a sialidase (also called 

neuraminidase).15 Influenza viruses bind to sialic acid-terminated oligosaccharides on the 

human airway epithelium, enter cells and replicate, then bud out in large numbers. The 

slower acting sialidase then comes into play by removing the sialic acids on the budded 

virus particles themselves, allowing them to disengage, disseminate, and bind to sialic acids 

on fresh target cells to continue the replication cycle. The rational design of sialic acid 

analogs (sialomimetics) able to inhibit sialidase and break this cycle led to two first-line 

anti-influenza drugs, Relenza® and Tamiflu®.16,17 In the presence of these drugs sialic acids 

on the surfaces of freshly budded virions persist and engage the hemagglutinin on adjacent 

virions so that they clump together and fail to disseminate, halting the ongoing infection.

The carbohydrate binding domain of influenza hemagglutinin is specific for the particular 

way in which a terminal sialic acid is linked to the rest of the oligosaccharide chain. Avian 

influenza virus hemagglutinins bind to sialic acids linked to the 3-position hydroxyl of a 

galactose, whereas human influenza virus hemagglutinins bind to sialic acid linked to the 6-

position hydroxyl of galactose.18 While this seems like a modest structural difference, the 

shift from binding 3- to 6-linked sialic acid marks its transition from a deadly bird disease to 

a deadly human disease, and the Center for Disease Control is using that difference to track 

the potential conversion of avian to human influenza viruses worldwide.19 Many other viral, 

bacterial and parasitic pathogens also use glycans as adhesive targets, the study of which 

may provide insights into their pathophysiology and provide new antimicrobial drugs.20

Evolution has retained abundant glycans on all human cells despite the potent pathogens that 

take advantage of them, demonstrating their fundamental physiological roles. The first 

human GBP was discovered serendipitously in the late 1960’s. In the intervening years >80 

human GBPs representing a dozen different structural families have been discovered (see 

http://www.imperial.ac.uk/research/animallectins). While they have been found to play 

diverse roles, their expression and functions in the immune system continue to garner the 

most attention.4,5,21,22 Examples from three families demonstrating different ways in which 

glycans control immunity will be presented here: galectins, selectins (a subclass of C-type 

lectins) and siglecs (Fig. 2). A general description of each of these GBP families is followed 

by specific examples of the roles of selected family members in immune system function.
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Galectins are a family of evolutionarily conserved small soluble secreted GBPs (10 in 

humans) with wide tissue distribution and a variety of regulatory effects on innate and 

adaptive immune responses.23 As their name implies, they are galactose-binding lectins, and 

their major glycan targets are galactose-terminated oligosaccharides on a subset of 

glycoproteins and glycolipids. Galectins spontaneously form dimers and higher oligomers 

that crosslink target glycans on cell surfaces, altering their residency time, distribution, and 

downstream signaling. By selectively crosslinking appropriate glycans on immune cell 

surface glycoproteins such as the T cell receptor, CD45 and CD43 (among others), galectins 

direct immune cell maturation, survival, and activation.24,25

The selectins (E-selectin, L-selectin and P-selectin) are a subset of the larger calcium-

dependent (C-type) lectin family.26 They are single-pass transmembrane cell adhesion 

proteins, each with an externally-facing carbohydrate recognition domain that binds to a 

grouping of sugars that include appropriately spaced sialic acid and fucose residues. E- and 

P-selectins are expressed on vascular endothelial cells in response to inflammatory signals 

and then bind to glycans on passing leukocytes to initiate inflammation. L-Selectin is 

expressed on leukocytes and binds to glycans on the lumen of high endothelial venules, 

initiating migration of leukocytes from blood to lymph. The three selectins are examples of 

sub-specialization within the diverse C-type lectin family, which includes other important 

immune regulatory lectins such as the mannose-binding lectin, DC-SIGN, Dectins, and 

Mincle (among others).27

Siglecs (sialic acid binding immunoglobulin like lectins) are the most recently discovered 

family of human glycan binding proteins.21 The family is comprised of 14 members in 

humans, most of which are selectively expressed on subsets of hemopoietic cells. They are 

single-pass transmembrane proteins with varying numbers of externally facing Ig-like 

domains terminated with a carbohydrate recognition Ig-like domain that binds to sialic acid-

terminated glycans. Many members also have immune regulatory sequences (ITIMs or 

ITAMs) on their cytoplasmic tails, indicating their roles in immune regulatory 

transmembrane signaling. Although every siglec requires a sialic acid in its glycan binding 

target, the family has evolved to take advantage of the many ways in which sialic acids are 

arranged in larger glycan structures. Like the influenza virus hemagglutinin, some siglecs 

bind only to sialic acid when it is linked to the 3-hydroxyl of galactose and others only to 

sialic acid linked to the 6-hydroxyl of galactose. Yet others prefer sialic acid linked to the 8-

hydroxyl of another sialic acid, and some require other spaced molecular constituents (such 

as sulfates) on their oligosaccharide targets. In a metaphorical sea of cell surface sialic acids, 

these glycan binding specificities provide selective recognition to siglec family members 

that are key to their functions in immune regulation.

GLYCANS AND GLYCAN BINDING PROTEINS IN IMMUNE REGULATION

GBPs, which are expressed on immune cells of all types, serve diverse regulatory rolls in 

leukocyte trafficking, pathogen recognition, antigen processing, immune activation, and 

immunosuppression.4,5,22 Glycans on immune cells are also recognized by GBPs on non-

immune cells and tissues (like those on the vascular endothelium) that bind to leukocyte 

glycans. The three vignettes from this extensive area of research that follow (Fig. 2) 
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demonstrate paradigms for glycan-mediated immune regulation. Additional examples that 

are especially relevant to allergic diseases are detailed in an accompanying paper in this 

volume.9

Galectin binding to N-glycans on the T cell receptor tunes adaptive immune responses

The adaptive immune response is carefully tuned to protect against autoimmunity. One 

mechanism by which this occurs is via galectins binding to N-linked glycans on the T cell 

receptor (TCR).28,29 As glycoproteins, including the TCR, traverse the Golgi apparatus their 

nacient N-linked glycans are subject to modification by a suite of glycosidases and 

glycosyltransferases that act in concert to generate mature glycans on selected protein 

targets. The TCR (along with many other glycoproteins) is subject to the action of the 

glycosyltransferase “mannoside N-acetylglucosaminyltransferase 5,” the product of the 

MGAT5 gene. This leads to elongation of one of its N-linked glycan branches with repeated 

Gal-GlcNAc repeats, which are high-affinity receptors for galectins such as Galectin-3. 

Once the TCR reaches the surface of T cells, the Gal-GlcNAc repeats on the TCR recruit 

galectins, which crosslink the TCRs into a cell surface lattice that restricts the TCR 

clustering required for T cell activation. The effect of galectin-TCR lattice formation is that 

the T cells require higher agonist concentrations to trigger activation. Thus the action of a 

particular Golgi glycosyltransferase in T cells is responsible for fine-tuning its 

responsiveness to agonists.

In a potential feedback loop, activation of the TCR regulates expression of Golgi 

glycosidases and glycosyltransferases to shift the balance of N-linked glycans on the TCR 

toward those with enhanced galectin binding.30 In this way, initial TCR activation may be 

followed by glycan-regulated desensitization.

The function of this pathway in immune regulation was demonstrated in Mgat5-knockout 

mice, which display worse outcomes (enhanced sensitivity) in models of autoimmunity 

including autoimmune glomerulonephritis, delayed-type hypersensitivity, and autoimmune 

encephalomyelitis (EAE, an animal model for multiple sclerosis).28 In humans, genome 

wide association studies revealed hypomorphic MGAT5 variants as factors in multiple 

sclerosis susceptibility.31 Remarkably, oral administration of N-acetylglucosamine to mice 

increased the galectin-binding N-glycan structures on their T cells, reduced TCR signaling 

and reduced the symptoms of experimental autoimmunity.32 This N-glycan link to T cell 

activation may provide new ways to intervene in human autoimmune diseases.

Selectins initiate leukocyte extravasation during inflammation

Cell adhesion between circulating leukocytes and the vascular endothelium initiates 

leukocyte movement across the vascular wall into tissues. Glycans and GBPs, notably 

glycans on leukocytes that bind to E-selectin and P-selectin on the endothelium, initiate this 

process.33 Leukocytes typically ignore the blood vessel wall until inflammatory signals (e.g. 

histamine, bacterial lipopolysaccharides, TNF-α) activate the expression of selectins by 

vascular endothelial cells. P-selectin is pre-packaged in granules (Weibel-Palade bodies) 

inside the endothelial cells ready for rapid deployment to the cell surface within minutes of 

detection of an inflammatory signal, whereas E-selectin is expressed over a longer time 
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frame. Surface-expressed E- and P-selectin snag passing leukocytes from the blood by 

binding to pre-existing leukocyte cell surface glycans. The leukocytes then roll along the 

endothelium before stably adhering and migrating into the adjoining tissues.

E- and P-selectin bind to related but distinct glycans on human neutrophils. E-Selectin binds 

to sialylated fucosylated glycolipids,34 whereas P-selectin binds to sialylated fucosylated O-

linked glycans on the glycoprotein PSGL-1.26 The commonality of fucose as an essential 

part of the target glycans for selectins leads to the human leukocyte adhesion deficiency 

LAD-II.35,36 This rare congenital disorder results in insufficient addition of fucose to 

glycans. Affected individuals are unable to mount inflammatory responses and suffer 

repeated and persistent tissue bacterial infections despite high circulating leukocyte counts. 

Remarkably, oral administration of fucose can dramatically reverse this phenotype, leading 

to effective leukocyte extravasation and re-establishment of inflammatory anti-bacterial 

responses. The underlying genetic fault is in a transporter (coded by the SLC35C1 gene) that 

carries an activated form of fucose from the cytoplasm into the Golgi apparatus where it is 

required for fucosyltransferase-mediated synthesis of selectin-binding glycans.37,38 By 

administering oral fucose, the concentration of activated fucose entering the Golgi apparatus 

increases sufficiently to reinstate selectin ligand biosynthesis thereby reinstating selectin-

mediated leukocyte adhesion. These clinical observations provide convincing evidence of 

the essential role of glycans and GBPs in cell-cell adhesion in the immune system and in 

effective immune system function.

Based on the structures of glycans bound to selectins, a pan-selectin inhibitor, Rivipansel 

(GMI-1070), was developed and has completed initial trails for vaso-occlusive crisis, an 

inflammatory disorder resulting in significant morbidity in Sickle Cell patients.8,39 

Rivipansel retains an intact fucose residue, a sialic acid mimetic, an N-acetylglucosamine 

mimetic and a functionalized galactose. It is a model for the potential of glycobiology to 

provide therapeutic lead molecules to target glycan-mediated processes.7

Siglec-1 (sialoadhesin) balances self and non-self recognition in adaptive immunity

Of the 14 human siglecs, 13 are expressed on more or less restricted sets of cells of the 

hemopoietic lineage.21 The result is overlapping expression of siglecs throughout the innate 

and adaptive immune systems. The immune functions of siglecs depend on the cells on 

which they are expressed and the roles of those cells in physiology and pathology. Examples 

relevant to lung inflammatory diseases are discussed in more detail in an accompanying 

review in this issue.9 Siglecs function by binding to sialoglycans on their own cell surfaces, 

on other cells and tissues, and/or on sialic acid-bearing pathogens.21 The interplay of sialic 

acids and sialic acid recognition in immune regulation, pathogenesis, and pathogen 

recognition results in something of an evolutionary arms race as pathogens and hosts 

respond to changing glycan landscapes.40

Siglec-1 is a major receptor on macrophages and plays important roles in both self and 

pathogen recognition and responses.41 It is well conserved in mammals where it is restricted 

to macrophages, especially those in lymph nodes and spleen residing at the borders of 

lymphoid tissues and circulating fluids where they come in contact with both blood-borne 

pathogens and lymphocytes. Siglec-1 is notable for its size (17 Ig-like domains) and shape, 
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with a globular head attached to a long stalk inserted in the membrane with a short 

cytoplasmic tail. This places the N-terminal carbohydrate recognition domain well above the 

cell surface where it interacts with extracellular targets including other cells and pathogens. 

Its sialoglycan binding site on the outermost Ig-like domain is a shallow pocket that cradles 

the sialic acid and adjoining sugars against precisely spaced amino acids that provide ionic, 

hydrogen, and hydrophobic bonds that cooperate to specifically engage glycans bearing 

terminal α2,3-linked sialic acids.42

Siglec-1 provides a mechanism for binding, clearance, and antigen presentation of 

pathogenic bacteria. Although sialic acid is not broadly found in prokaryotes, several 

important human pathogens express sialoglycans, some with structures quite similar to those 

in humans.43 Sialic acid-expressing pathogens include group B Streptococcus (GBS), N. 

meningitides, Campylobacter jejuni, Haemaphilus influenza, and pathogenic E. coli. The 

finding that Siglec-1 is sharply upregulated during infection, especially via the type I 

interferon pathway, suggested it may play a role in responses to sialylated pathogens.44 This 

has been confirmed in vivo. In response to intravenous injection of GBS, wild type mice 

effectively cleared the pathogen into secondary lymphoid tissue macrophages, whereas mice 

lacking Siglec-1 suffered increased pathogen dissemination and decreased survival.45 

Likewise, injected C. jejuni were more effectively cleared into spleen macrophages in wild 

type compared to mice lacking functional Siglec-1, and capture was accompanied by a 

robust proinflammatory response.46

In addition to clearing and killing pathogens, Siglec-1 processes and presents antigens to B 

cells and invariant natural killer T cells (iNKT) to enhance adaptive immunity.47,48 This 

pathway has been accessed experimentally to improve the delivery of protein and lipid 

antigens to the immune system.49,50 In one study, a nanoparticle decorated with a 

sialomimetic that selectively binds Siglec-1 delivered an iNKT-activating lipid to 

macrophages, which then presented the antigen to iNKT cells (via CD1d) leading to an 

enhanced inflammatory response.50

Despite its useful functions in immune surveillance and response, Siglec-1 also facilitates 

disease progression both by pathogen binding and lymphocyte dysregulation. Enveloped 

viruses that carry sialic acids on their surfaces, such as HIV, use Siglec-1 to gain access to 

macrophage intracellular compartments, thereby promoting trans-infection and 

dissemination to T cells.51 Siglec-1 can also exacerbate autoimmunity, at least in animal 

models.52 The expansion of regulatory T cells (Tregs), a process important to immune 

system balance, is directly inhibited when Siglec-1 binds to abundant sialoglycan targets on 

Treg surfaces, thereby shifting the immune response toward pro-inflammation. In animal 

models of nervous system autoimmunity, Siglec-1-null mice experienced reduced 

inflammatory responses with reduced disease progression in every case, implicating Siglec-1 

as a facilitating factor in the progression of autoimmunity.44

The above examples are representative of the many glycan-mediated recognition and 

regulation events important for proper immune system function. They represent the 

functions of glycans and GBPs in immune activation and in moderation of the immune 

response in health and disease. As the field continues to grow and develop enhanced tools 
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for glycan synthesis, analysis, and function, glycobiology promises to provide previously 

unanticipated insights and opportunities for therapeutic intervention.
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FIG. 1. 
Cell surface glycans. All mammalian cells are endowed with a dense and diverse surface 

coat of glycans comprised of glycoproteins, proteoglycans and glycolipids. They are built 

primarily from just nine different monosaccharide building blocks, each a six-membered 

ring with distinct structural substituents. A color-coded symbol nomenclature for these (key) 

has been agreed upon by the field.53 N-Linked glycans are attached to protein asparagine 

residues and are invariably branched structures that display varied termini. O-Linked 

glycans are attached to protein serine or threonine residues and typically consist of shorter 

branched or unbranched structures. Proteoglycans are also attached to protein serine or 

threonine residues, but are notable for their long disaccharide repeats, most of which are 

highly charged due to the abundance of sugar acids and sulfates. Mammalian glycolipids 

primarily consist of glycans attached to a ceramide lipid moiety. Together these glycans 

comprise the glycome of each cell, providing it with the diverse surface structures required 

for that cell’s functions.
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FIG. 2. 
Representative roles of glycans and glycan binding proteins in immune regulation. (Left 

panel) Galectin-3 crosslinks T cell receptors (TCR) via their N-linked glycans to regulate 

immune activation. (Center panel) E- and P-Selectins engage glycans on the surface of 

passing leukocytes to mediate the initial (tethering) step of inflammation. (Right panel) 

Siglec-1 (sialoadhesin) captures sialylated pathogens for clearance and antigen presentation, 

but can be commandeered by HIV for trans-infection and dissemination.
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