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Abstract

Glycosylation affects many essential T cell processes and is intrinsically controlled throughout the

lifetime of a T cell. CD43 and CD45 are the two most abundant glycoproteins on the T cell surface

and are decorated with O- and N-glycans. Global T cell glycosylation and specific glycosylation

of CD43 and CD45 are modulated during thymocyte development and T cell activation; T cells

control the type and abundance of glycans decorating CD43 and CD45 by regulating expression of

glycosyltransferases and glycosidases. Additionally, T cells regulate glycosylation of CD45 by

expressing alternatively spliced isoforms of CD45 that have different glycan attachment sites. The

glycophenotype of CD43 and CD45 on T cells influences how T cells interact with the

extracellular environment, including how T cells interact with endogenous lectins. This review

focuses on changes in glycosylation of CD43 and CD45 occurring throughout T cell development

and activation and the role that glycosylation plays in regulating T cell processes, such as

migration, T cell receptor signaling, and apoptosis.
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Introduction

Glycosylation of cell surface proteins on lymphocytes is a dynamic process that affects a

multitude of cellular processes including pathogen recognition by the immune system,1

leukocyte migration,2 and tumor immunology.3 The addition of glycans to proteins is

modulated at several levels, including cell type-specific, developmental and differentiation

state-specific, and functional stimulus-specific glycosylation (reviewed in Refs. 4–9). Genes

encoding glycan-modifying proteins—glycosyltransferases and glycosidases—account for

1–2% of the protein-coding genes in eukaryotic genomes,10, 11 and the expression and

activity of these proteins depends on the cell type and environmental context. However,

simply determining expression and activity levels of glycan-modifying enzymes in a

particular cell subset will not definitively reveal whether and how specific glycan structures

on specific glycoproteins are modified, because factors, such as glycosyltransferase
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competition for substrates in the Golgi and expression of alternatively spliced isoforms of

proteins, also determine whether and how a protein will be glycosylated. Thus, to

understand the range of glycans that can decorate a specific protein, it is important to

consider which T cell subset expresses this glycoprotein, which isoform of this glycoprotein

is expressed, and which glycan-modifying enzymes are concurrently expressed.

T cells undergo major changes in glycoprotein glycosylation during development in the

thymus and activation in the periphery. Glycans found on CD43 and CD45, two abundant

glycoproteins on the T cell surface, are thus dynamically modulated throughout the life of a

T cell. These changes in glycosylation are crucial for proper T cell responses. In this review,

we will discuss changes in glycosylation on CD43 and CD45 that occur during T cell

development, activation, and survival.

Polypeptide structures of CD43 and CD45

CD43 and CD45 are two of the most abundant transmembrane glycoproteins on the T cell

surface. These two proteins are expressed throughout all stages of T cell development, from

double negative thymocytes to memory T cells,12 and play vital roles in T cell development,

activation, and survival.13–15 CD43 and CD45 are recognized by a variety of counter-

receptors, many of which are endogenous lectins produced by other immune cells,

endothelial cells, and tumor cells.16 Thus, glycosylation of CD43 and CD45 is critical in

regulating how T cells interact with their environment.

CD43 is a large, mucin-type glycoprotein with a small, globular cytoplasmic domain. The

gene that codes for CD43 has only one exon, encoding a 400 amino acid polypeptide.17 The

cytoplasmic domain of CD43 interacts with members of the ezrin– radixin–moesin family of

cytoskeleton linker proteins to regulate T cell migration,18 activation,19, 20 and survival.21

The extracellular region of CD43 extends ~45 nm from the T cell surface and is decorated

by ~80 O-linked glycans dispersed over the entire extracellular domain (Figs. 1 and 2).22

Human CD43 also has one N-glycan site, the significance of which has not been

determined.23, 24 T cells express two glycoforms of CD43, with molecular weights of 115

kDa and 130 kDa due to decoration with either core 1 or core 2 O-glycans9 (Fig. 2),

respectively. Thus, given that the predicted molecular weight of the CD43 polypeptide

backbone is ~ 44 kDa, compared to the observed molecular weight of 115–130 kDa,

~62-66% of the mass of CD43 is constituted of glycans.

There are five isoforms of CD45 found on human lymphocytes that extend between ~28–52

nm from the T cell surface (Fig. 3).25-27 The intracellular region of CD45 is common to all

CD45 isoforms and is composed of tandem phosphatase domains that are crucial for T cell

receptor signaling.28, 29 Extracellularly, all five CD45 isoforms include three membrane

proximal fibronectin type III repeats and a cysteine-rich region; these domains are the

primary sites of N-linked glycosylation.30 The extracellular region of CD45 may contain up

to three domains termed A, B, and C, resulting from alternative splicing of exons 4, 5, and 6,

respectively, which are the primary sites of O-linked glycosylation.25 While there are at

least eight possible isoforms of CD45, only RO (containing no alternatively spliced

domains), RA, RB, RBC, and RABC polypeptides are found on human and murine

lymphocytes.25, 31 Expression of alternatively spliced isoforms of CD45 is modulated
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throughout T cell development and activation; double negative thymocytes express RA, RB,

and RBC, double positive thymocytes express primarily RO, mature single positive

thymocytes express RB and RBC, naïve peripheral T cells express RB, and activated and

memory T cells express RO.31–34

Glycans also contribute substantially to the overall mass of each CD45 isoform. Given that

the predicted molecular weight of the CD45 polypeptide ranges between ~123 kDa and

~141kDa,35 depending on the isoform, and the observed molecular weight of CD45 ranges

between 180 kDa and 230 kDa, ~32–36% of the mass of CD45 is made up of glycans.

Specifically, all isoforms of CD45 are decorated with up to 11 N-glycans in the membrane

proximal region, each contributing ~3–4 kDa to the overall molecular weight of CD45. The

membrane distal regions of CD45 are decorated with ~8–47 O-glycans, depending on the

expression of the alternatively spliced domains, each contributing ~1 kDa to the overall

molecular weight of CD45.

Changes in glycosylation during development, activation, and differentiation into effector
cells

O-glycans—Eight core O-glycan structures have been described.36 Thymocytes and T

cells display primarily core 1 and core 2 O-glycan structures (Fig. 2 and Table 1). Core 1 O-

glycans can be capped by sialic acid added by β-galactoside α2,3-sialyltransferase 1

(ST3Gal1) and/or extended into core 2 O-glycans by core 2 β-1,6-N-

acetylglucosaminyltransferase (C2GnT). C2GnT adds a β1,6-linked N-acetylglucosamine

(β1,6-GlcNAc) to the core 1 structure that can be further extended into a polylactosamine

sequence. In the thymus, sialylated core 1 structures are found on double negative immature

thymocytes and on mature CD4 or CD8 single positive thymocytes, while asialo-core 1 and

core 2 structures are found on immature double positive thymocytes.16, 37–39 Peripheral

naive T cells in general express sialylated core 1 O-glycans. Activation of CD4+ and CD8+

T cells results in a general loss of sialylation and an increase in core 2 O-glycans; this

appears to be due primarily to de novo synthesis of hyposialylated CD4315 and CD4540 (see

below and Table 1), 33, 36 although there may be microheterogeneity in sialylation at

specific sites.37, 41, 42 Additionally, Grabie et al. showed that ST3Gal1 is differentially

expressed during differentiation of CD4+ T cells into Th1 and Th2 effector populations

following an activation stimulus.43 Specifically, Th2 cells express ST3Gal1 that can

sialylate core 1 O-glycans, while Th1 cells do not express ST3Gal1 and have asialo-core 1

O-glycans.43 Both Th1 and Th2 cells express C2GnT and can bear glycoproteins decorated

with core 2 O-glycans.44

As previously mentioned, CD43 is decorated with ~80 O-glycans, and on T cells, CD43 is

found primarily in two glycoforms, displaying either core 1 or core 2 O-glycans. Two

monoclonal antibodies, S7 and 1B11, that recognize murine CD43 decorated with core 1 or

core 2 O-glycans, respectively, have been used to characterize glycoform expression of

CD43 throughout thymocyte development and T cell activation. In the thymus, both

immature and mature thymocytes are reactive with the S7 antibody and thus express CD43

with core 1 O-glycans, while immature double positive thymocytes are also reactive with the

1B11 antibody, and therefore also express CD43 decorated with core 2 O-glycans,
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consistent with the global glycosylation profile of these thymocyte subsets described

above.45, 46 In the periphery, both naïve and activated T cells express core 1 O-glycosylated

CD43, while activated T cells additionally express core 2 O-glycosylated CD43.37, 45, 47, 48

The alternatively spliced extracellular domains of CD45 are also decorated with core 1 and

core 2 O-glycans.24, 49 Different isoforms of CD45 differ in the extent of potential O-

glycosylation. Unlike S7 and 1B11 monoclonal antibodies for CD43, few CD45 antibodies

have been evaluated for specific CD45 glycoform binding,41, 50, 51 and most studies use

changes in global T cell glycosylation to infer how glycosylation of CD45 changes

throughout T cell development and activation. Thus, immature double negative thymocytes

and mature CD4 or CD8 single positive thymocytes express CD45RA/RBC/RB and

CD45RB/RBC, respectively, with sialylated core 1 O-glycans, while double positive

thymocytes express CD45RO decorated with asialo-core 1 and core 2 O-glycans. In the

periphery, naïve T cells express CD45RB predicted to be decorated with sialylated core 1 O-

glycans, while activated T cells, like double positive thymocytes, express CD45RO

decorated with asialo-core 1 and core 2 O-glycans.40

N-glycans—N-glycan structures are classified as high-mannose, hybrid-type, and

complex-type (Fig. 2). Thymocytes and T cells can express all three types of N-glycans

(Table 1).38, 52 High-mannose N-glycan structures can be trimmed by mannosidases to

create substrates for glycosyltransferases that create hybrid and complex N-glycan

structures. Complex N-glycans found on T cells can be tri- or tetra-antennary structures

created by the action of N-acetylglucosaminyltransferase V (GnT-V). GnT-V adds a β1,6-

linked GlcNAc residue to the mannose core, which can be further extended into a

polylactosamine sequence and capped by terminal sialic acid residues in either α2,3- or

α2,6-linkages. In the thymus, α2,3- and α2,6-linked sialic acid is added to N-glycans by

ST3Gal4 and ST6Gal1, respectively.53 Addition of sialic acid is modulated throughout

thymocyte development: both cortical and medullary thymocytes bear α2,3-linked sialic

acids on N-glycans, while mature medullary thymocytes also bear α2,6-linked sialic acids

on N-glycans.53 Like mature thymocytes, naïve T cells that leave the thymus also express N-

glycans capped with α2,6-linked sialic acid. Once activated, peripheral T cells upregulate N-

glycan processing enzymes and thus increase complex N-glycans on the cell surface, while

simultaneously decreasing levels of α2,6-linked sialic acid.54–56

As mentioned previously, the membrane proximal domains of CD45 that are common to all

isoforms are the primary sites of N-linked glycosylation. Human CD45RO has 11 potential

sites of N-glycosylation.25 Early analyses of N-glycans on CD45 revealed that roughly half

of the N-glycans on CD45 on thymocytes are high mannose or hybrid type, while the

majority of N-glycans on CD45 on peripheral T cells are complex type.57–60 As mentioned

in the previous paragraph, the sialyltransferase ST6Gal1 modifies complex N-glycans.61, 62

CD45 is an established acceptor substrate for this enzyme.53, 63 Thus, both mature

medullary thymocytes and naive peripheral T cells express CD45 with N-glycans capped

with α2,6-linked sialic acid, while CD45 on activated T cells express N-glycans that are not

capped with α2,6-linked sialic acid.
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Glycan-dependent functions of CD43 and CD45

CD43 and CD45 interact with endogenous lectins in a glycan-dependent manner to regulate

several T cell functions (Table 2). Thus, as glycans on CD43 and CD45 are modulated

throughout T cell development and activation as described previously, so are the interactions

with endogenous lectins and potential functional outcomes.

T cell migration—T cells migrate to sites of inflammation in order to generate effective

immune responses. E-selectin is an adhesion protein expressed by activated endothelial cells

that are important in recruiting T cells to sites of inflammation. CD43 has been identified as

an endogenous coreceptor for E-selectin.64 Specifically, several groups have found that, on

T cells, E-selectin binds to the 130 kDa glycoform of CD43 bearing sialyl Lewis ×

tetrasaccharide (SLex) on core 2 O-glycans.47, 48, 65, 66 As activated T cells upregulate CD43

bearing core 2 O-glycans, and thus the SLex glycan ligands for E-selectin, these cells can

preferentially bind to E-selectin and migrate to sites of inflammation to generate an immune

response.

T cell receptor signaling—T cell receptor signaling is vital for proper positive and

negative selection of thymocytes and activation of peripheral T cells. Activity of the CD45

intracellular phosphatase domain is critical for regulating signaling thresholds required for

signaling through the T cell receptor.29, 67, 68 There is intriguing evidence to suggest a role

for glycans in regulating the activity of the CD45 intracellular phosphatase domains. Briefly,

bulky N-and O-glycans and negatively charged sialic acid residues on the extracellular

domains of CD45 can keep individual CD45 molecules physically separated on the plasma

membrane, resulting in increased T cell receptor signaling, most likely due to activation of

the intracellular phosphatase domains of CD45.69 Conversely, reduction in sialic acid

content and/or binding of multivalent lectins to the extracellular domain of CD45 results in

clustering or oligomerization of CD45 and decreased T cell receptor signaling;69–72

oligomerization of CD45 also has been shown to decrease activity of the intracellular

phosphatase domains of CD45 in cell extracts.70 Thus, when CD45 is bound by lectins such

as placental protein 14 (PP-14),73, 74 macrophage galactose-type lectin (MGL),75 or

galectin-1,70 clustered CD45 molecules would be predicted to have inactive phosphatase

domains and thus negatively regulate T cell receptor signaling (Table 2).

The role of CD43 in T cell receptor signaling is less clear than that of CD45. Historically, it

was thought that CD43 negatively regulates T cell activation by sterically hindering

interactions of T cells with antigen presenting cells via CD43's large extracellular domain.76

Recent studies have also explored the participation of the cytoplasmic domain of CD43 in T

cell receptor signaling events.20, 77 However, few studies exploring the role of CD43 in T

cell receptor signaling have examined the specific role of glycans on CD43 in this process.

T cell apoptosis—Specific thymocyte subsets and activated peripheral T cells undergo

apoptosis induced by galectin-1, the prototypic member of the family of β-galactoside-

binding lectins.78 Three glycoprotein counter-receptors, CD43, CD45, and CD7 are involved

in T cell death induced by galectin-1.79–82 Expression of CD7 on human T cells is required

for galectin-1-induced apoptosis.81 Although neither CD43 nor CD45 is required for
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galectin-1-induced apoptosis, expression of both of these glycoproteins enhances apoptosis

induced by galectin-1.83, 84 Galectin-1 binding to CD43 and CD45 is dependent on the

relative amount and type of glycans present on these glycoproteins. Although galectin-1

preferentially binds to lactosamine sequences that are not capped by α2,6-linked sialic

acid,63 such as those found on core 2 O-glycans and complex N-glycans, galectin-1 may

also bind to low affinity, yet highly abundant glycans such as core 1 O-glycans if presented

in sufficient density on a polypeptide backbone (i.e., a mucin, such as CD43).70, 84 Core 2

O-glycans on CD45 appear to be required for galectin-1-induced T cell apoptosis,83, 85 while

either core 1 or core 2 O-glycans on CD43 are sufficient for galectin-1 binding and apoptotic

signaling.84

In the thymus, galectin-1 induces apoptosis of immature thymocytes undergoing negative

selection.86 CD43 and CD45 on immature thymocytes are decorated with core 2 O-glycans

and can bind galectin-1. In contrast, CD45 on mature thymocytes bears core 1 O-glycans as

well as N-glycans capped with α2,6-linked sialic acid. Thus, this “glycophenotype” inhibits

galectin-1 binding, due both to loss of core 2 O-glycans and increased α2,6-sialylation.

Moreover, this glycosylation renders mature thymocytes resistant to galectin-1-induced

apoptosis.63, 70 In the periphery, naïve T cells also express CD45 with core 1 O-glycans and

α2,6-linked sialic acid, and are likewise resistant to galectin-1-induced apoptosis. Upon

activation, CD4+ and CD8+ T cells express CD43 and CD45 bearing core 2 O-glycans and

complex N-glycans with reduced α2,6-linked sialic acid, thus rendering activated T cells

susceptible to galectin-1-induced apoptosis.70 However, CD4+ Th2 effector cells express

sialylated core 1 O-glycans and α2,6-linked sialic acid on N-glycans, which reduces

galectin-1 binding and decreases Th2 cell susceptibility to galectin-1-induced apoptosis.87

Thus, although thymocytes and T cells are universally exposed to galectin-1 in the thymus

and peripheral tissues, specific T cell subsets are resistant to galectin-1-induced apoptosis

due to differential glycosylation of CD43 and CD45.

Concluding remarks and remaining questions

T cells intrinsically regulate interactions with the extracellular environment, including those

with endogenous lectins, by regulating the type and abundance of glycans on the cell surface

glycoproteins CD43 and CD45. Thus, processes such as migration, T cell receptor signaling,

and apoptosis, which are all affected by glycans on CD43 and CD45, are “decided” at the

level of the T cell. It is therefore critical to analyze glycans on CD43 and CD45 at specific

points during T cell development and activation in order to infer how a T cell might function

at that point.

Currently, our understanding of thymocyte and T cell glycosylation during development and

activation is largely limited to analyses of global cellular glycosylation patterns, with few

analyses of glycoprotein-specific glycosylation patterns. Many questions regarding the

glycosylation of CD43 and CD45 during the lifetime of a T cell remain unanswered. For

instance, how do changes in the glycosylation of the extracellular domain of CD43 affect the

intracellular functions of CD43? Unlike CD45, for which a role for glycans in regulating the

activity of the intracellular phosphatase domains of CD45 has been suggested, few studies

have evaluated the functional role of the glycans on CD43. Secondly, how are each of the
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individual ~80 O-glycans on CD43 and the ~11 N-glycans and ~8-47 O-glycans on CD45

modulated throughout the lifetime of a T cell? What is the role of microheterogeneity of

glycans on these glycoproteins?41 Finally, how does glycosylation of CD43 and CD45 on

thymocytes and T cells compare to that of CD43 and CD45 expressed by other leukocytes,

such as B cells or dendritic cells? Answering these questions will bring us closer to

understanding how the intricate nature of glycosylation of CD43 and CD45 regulates T cell

development and function.
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Figure 1.
Thymocytes and T cells express two glycoforms of CD43. The CD43 polypeptide backbone

extends ~45 nm from the T cell surface and is decorated by ~80 O-linked glycans. Human

CD43 also has one N-glycan site, which is not depicted in this schematic, as the significance

of this glycan has not been determined. CD43 can be decorated by either sialylated core 1 O-

glycans or core 2 O-glycans, generating the 115 kDa and the 130 kDa glycoforms of CD43,

respectively. The 115 kDa glycoform of CD43 is the primary glycoform expressed by

immature double negative thymocytes, mature CD4 or CD8 single positive thymocytes, and

naïve peripheral T cells. The 130 kDa glycoform of CD43 is upregulated by immature

double positive thymocytes and by activated peripheral T cells.
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Figure 2.
T cells decorate their glycoproteins with asialo-core 1, sialylated core 1, and core 2 O-

glycans and high mannose-, hybrid-, and complex-type N-glycans. (A) Core 1 structures can

be uncapped (asialo) or α2,3-sialylated by the enzyme ST3Gal1. Core 1 O-glycans can also

be extended into core 2 O-glycans by the enzyme C2GnT. Core 2 O-glycans contain

lactosamine (Gal-GlcNAc) sequences and may or may not also be capped by ST3Gal1 (this

schematic depicts uncapped core 2 O-glycans). (B) High mannose N-glycans are precursors

for hybrid-type and complex-type N-glycans. Complex N-glycans on T cells are elaborated

by the action of the enzyme GnT-V, which adds a β1,6-linked GlcNAc residue that can be

further extended into a polylactosamine sequence (bracket). Complex N-glycans can be

capped by α2,3- or α2,6-linked sialic acid.
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Figure 3.
There are five isoforms of CD45 on human lymphocytes due to alternative splicing.

Intracellularly, all isoforms of CD45 have tandem phosphatase domains (P1 and P2; only P1

is enzymatically active). Extracellularly, all isoforms have three fibronectin type III repeats

(F), a cysteine-rich region (CR), and a terminal region. The F, CR, and terminal regions are

the primary sites of N-linked glycosylation. Alternative splicing of exons 4, 5, and 6

generates up to three additional extracellular domains—termed A, B, and C, respectively—

and a total of five isoforms of CD45: RO (with no alternatively spliced domains), RB (exon

5), RA (exon 4), RBC (exons 5 and 6), and RABC (exons 4-6). The extended region and

alternatively spliced regions are the primary sites of O-linked glycosylation, although RA

and RC also have canonical sites of N-linked glycosylation. The schematics of the five

isoforms of CD45 depict glycans based on the following assumptions: 1) The molecular

weights of CD45RO, RB, RA, RBC, and RABC are 180, 190, 210, and 230, respectively; 2)

Each N-glycan is complex and contributes ~4 kDa to the overall molecular weight; RO has

core 2 O-glycans, each contributing ~1.5 kDa to the overall molecular weight; RB, RA, and

RBC have sialylated core 1 O-glycans, each contributing ~0.7 kDa to the overall molecular

weight; 3) All N-glycan sites in the F, CR, and extended regions are occupied in all

isoforms; 4) Some O-glycan sites may overlap between isoforms, but the total number of O-

glycans should be higher for larger isoforms (i.e., RO should have the least number of O-

glycans, while RABC should have the most O-glycans); 5) Domains with more serine and

threonine residues should have more potential O-glycosylation sites (i.e., RB has the least

and RA has the most); and 6) The alternatively spliced domains A, B, and C should have O-
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glycan occupancy approximately proportional to the number of serine and threonine residues

contained in the polypeptide sequences.

Clark and Baum Page 15

Ann N Y Acad Sci. Author manuscript; available in PMC 2014 October 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Clark and Baum Page 16

Table 1

Global, CD43-, and CD45-specific glycosylation during T cell development

Thymus Cell type: Double negative Double positive CD4 or CD8 single positive

Global O-glycans: Sialylated core 1 Asialo-core 1; core 2 Sialylated core 1

Global N-glycans: High mannose; hybrid High mannose; hybrid α2,6-sialylated complex

CD43 O-glycans: Core 1 Core 1; core 2 Core 1

CD45 isoform: RA, RBC, RB RO RB, RBC

CD45 O-glycans: nd
a Sialo-core 1; core 2 nd

CD45 N-glycans: High mannose; hybrid High mannose; hybrid α2,6-sialylated complex

Periphery Cell type: Naive CD4+ or CD8+ Activated CD8+ Activated CD4+ Th1 Th2

Global O-glycans: Sialylated core 1 Asialo-core 1; core 2 Asialo-core 1; core 2 Asialo-core 1;
core 2

Sialylated core 1

Global N-glycans: α2,6-sialylated complex Complex Complex Complex α2,6-sialylated complex

CD43 O-glycans: Core 1 Core 1; core 2 Core 1; core 2 Core 1; core 2 nd

CD45 isoform: RB RO RO RO RO

CD45 O-glycans: Sialylated core 1 Asialo-core 1 asialo-core 1 nd nd

CD45 N-glycans: α2,6-sialylated complex Complex Complex Complex nd

a
Nd: not determined
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Table 2

Lectin coreceptors of CD43 and CD45 on thymocytes and T cells

CD43 coreceptor Glycan Function Reference

E-selectin Sialyl Lewis x structure on core 2 O-glycans T cell migration 47, 4866

Galectin-1
Lactosamine

a T cell apoptosis 79, 84

Galectin-3 Lactosamine Unknown 80

Macrophage galactose-type lectin Terminal GalNAc Unknown 75

Mannose receptord
Mannose

b Unknown 60

CD45 coreceptor Glycan Function Reference

Galectin-1
Lactosamine

a T cell apoptosis 78, 79

Galectin-3 Lactosamine T cell apoptosis 80

Placental protein 14 Lactosaminec T cell apoptosis 73, 74

CD22/Siglec-2 a2,6-linked sialic acidd T cell signaling 67, 68

Macrophage galactose-type lectin Terminal GalNAc T cell apoptosis 75

Serum mannan-binding protein Mannose; GlcNAc Unknown 57

Mannose receptor
Mannose

b Unknown 60

a
Binding is inhibited by a2,6-linked sialic acid

b
Interaction was determined for the cysteine-rich region of the mannose receptor only60
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