
T-cell regulation by CD46 and its relevance in multiple sclerosis

Introduction

The control mechanisms for accurate T-cell activation

and T-cell differentiation are essential to maintain good

immune homeostasis. Complete understanding of the fac-

tors controlling immunity is therefore likely to help to

understand human pathologies. Among autoimmune dis-

eases, multiple sclerosis (MS) is a chronic inflammatory

disease, with inflammation in the brain.1,2 It is a complex

disease that involves multiple aspects (immunological,

genetic and environmental), and although several mecha-

nisms have been uncovered, the understanding of MS

pathogenesis is far from complete. CD46 recently

appeared as a new player in the regulation of the acquired

immune response. Indeed, on top of its role in innate

immunity, CD46 controls T-cell fate.3–5 Its activation

leads to T-cell proliferation, differentiation of regulatory

type 1 T cells (Tr1) and interleukin-10 (IL-10) produc-

tion. Moreover, in a transgenic mouse model, a definite

role of CD46 in the control of inflammation was demon-

strated.6 Similarly, a role in inflammation in humans was

recently suggested by a study analysing patients with MS.

In most patients, IL-10 production was severely impaired

upon CD46 stimulation, suggesting that Tr1 differentia-

tion was defective in patients with MS.7,8 Hence, CD46 is

a regulator of T-cell function, and it is likely that it has a

significant role in human pathologies.

CD46 structure

CD46 is a transmembrane protein ubiquitously expressed,

except for red blood cells. It is composed of four short

consensus repeat structures [also called Sushi domains or

complement control protein (CCP) modules] in the

extracellular part.9 The binding of different ligands

involves different CCP modules. For example, CCP2,

CCP3 and CCP4 are necessary for C3b/C4b binding,

whereas CCP1 and CCP2 are necessary for measles virus

binding.10,11 These are followed by three exons enriched

in serine-threoine-proline residues (STP A, B and C).

Then, a short transmembrane domain is present, followed

by a common exon and several exons coding for a cyto-

plasmic tail. Multiple isoforms are produced as the result

of alternative splicing.12–17 Of note, two major intracyto-
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Summary

CD46 is a complement regulatory molecule expressed on every cell type,

except for erythrocytes. While initially described as a regulator of comple-

ment activity, it later became a ‘magnet for pathogens’, binding to several

viruses and bacteria. More recently, an alternative role for such comple-

ment molecules has emerged: they do regulate T-cell immunity, affecting

T-cell proliferation and differentiation. In particular, CD46 stimulation

induces Tr1 cells, regulatory T cells characterized by massive production

of interleukin-10 (IL-10), a potent anti-inflammatory cytokine. Hence,

CD46 is likely to control inflammation. Indeed, data from CD46 trans-

genic mice highlight a role for CD46 in inflammation, with antagonist

roles depending on the cytoplasmic tail being expressed. Furthermore,

recent data have shown that CD46 is defective in multiple sclerosis, IL-10

production being severely impaired in these patients. This lack of IL-10

production probably participates in the inflammation observed in patients

with multiple sclerosis. This review will summarize the data on CD46 and

T cells, and how CD46 is likely involved in multiple sclerosis.

Keywords: CD46; inflammation; interleukin-10; multiple sclerosis; regula-

tory T cell type 1; T-cell regulation
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plasmic isoforms are produced by Cyt1 splicing (called

C1 and C2). As there is a stop codon in the Cyt1 exon,

C1 and C2 sequences are distinct (Fig. 1). The main iso-

forms produced result from a combination of splices of

the STP exons and of the cytoplasmic ones, resulting in

isoforms C1, C2, BC1 and BC2.

CD46 function as a complement binding protein

CD46 was formerly called membrane cofactor protein. Its

primary function is to protect autologous cells from com-

plement attack. Indeed, it binds to C3b and C4b and acts

as a cofactor for the protease factor I, allowing the prote-

olytic cleavage of C3b and C4b.18 Therefore, it functions

as a complement inhibitor, along with CD55 (DAF) and

CD59.3,19 More recently, it was shown that CD46 was

shed from the cell surface of apoptotic and necrotic cells,

allowing their efficient removal by phagocytes.20 Finally,

the importance of CD46 in regulating complement activa-

tion is further demonstrated by genetic analyses. In

humans, mutations in CD46 are associated with haemo-

lytic–uremic syndrome, and even a heterozygous defi-

ciency of CD46 predisposes to this disease.21–23 In the

mouse, deficiency of the homologous protein Crry, leads

to embryonic lethality.24

CD46 described as a ‘magnet for pathogens’

In the early 1990s, it was reported that CD46 was able

to act as a receptor for measles virus.25,26 This is true

for the vaccine strains such as Edmonston, but some

clinical isolates do not bind to CD46 but to SLAM.27 A

series of manuscripts then reported the role of CD46 on

the control of immunity, aiming at understanding the

immunosuppression induced by measles virus infec-

tion.28–30 This was followed by description of the bind-

ing to CD46 of other viruses such as human herpes

virus 6 (HHV6) (subgroups A and B)31–33 as well as

adenoviruses.34,35 Several strains of bacteria have also

been shown to bind to CD46, including Streptococcus

pyogenes36,37 and the pathogenic Neisseria strain Neisseria

gonorrhoeae,38 which leads to meningitis in a mouse

model.39 Altogether, seven human pathogens, so far,

have been found binding to CD46. Hence, it was pro-

perly baptized a ‘pathogens’ magnet’.40 Of note, HHV7,

which does not bind to CD46, enhances CD46 expres-

sion on infected human T cells, which is likely to allow

the virus to evade the immune system.41

CD46 affects T-cell fate

CD46 as a costimulatory molecule for human T cells

While CD46 was described as a receptor for several

pathogens, several groups tried to identify the intracellular

mediators involved after CD46 activation. Indeed, CD46

ligation, by crosslinking of antibodies or binding of

natural ligands at the surface of several cell types, induces

intracellular signalling, such as calcium flux, NO produc-

tion, and phosphorylation of intracellular substrates.42–47

Notably, the phosphorylation of two substrates previously

identified in T-cell signalling was observed: LAT and

p120CBL were tyr-phosphorylated in human T cells upon

CD46 activation.44 Hence, a role of CD46 in T-cell activa-

tion was investigated; it turned out that costimulation of

CD46 and CD3 led to potent proliferation of human

T cells, with intensity comparable to that of CD28.44

Moreover, a similar role in T-cell costimulation has also

been observed for Crry, the murine homologue of CD46

that is not expressed in mouse except on testis.48–50 This

highlights the new role of these complement regulatory

molecules in the control of T-cell activation. The expres-

sion of CD46 in testis might be explained by its role in

reproduction.51

CD46 alters T-cell shape and polarity

CD46 activation also leads to morphological changes in

human T cells that are suggestive of a role in migra-

tion.52 CD46 plays a crucial role in the regulation of

T-cell polarity53,54 by interacting with members of the

PDZ-containing Scribble complex.54 While CD46 acts as

a costimulatory molecule when coengaged with CD3, its

ligation alone causes capping at the distal site in anti-

gen-presenting cell : T-cell interaction, which prevents

the immunological synapse formation, subsequent T-cell

activation and natural killer cell cytotoxicity. In human

primary T cells, CD46 localizes at the uropod, a pro-

trusion formed during migration, and colocalizes with

DGL4, which binds specifically to Cyt1 but not Cyt2.55

The polarization of the CD46–DGL4 complex is also

dependent on the functional expression of Scribble.

Therefore, the triggering of CD46 at the surface of

human T cells induces a redistribution of the PDZ

polarity network, and regulates in fine T-cell shape and

migration.54 Therefore, CD46 influences T-cell fate by

modulating T-cell proliferation and affecting T-cell

shape.

A TMB C

*stop

CCP1 CCP2 CCP3 CCP4

A TMB CCCP1 CCP2 CCP3 CCP4 CYT1

CYT2

Figure 1. Schematic structure of CD46 cytoplasmic isoforms. The

two cytoplasmic isoforms, C1 and C2, derived from the alternative

splicing of the Cyt1 exon. They exhibit different sequences, because

of the stop codon present in the Cyt1 sequence. CCP, complement

control protein modules.
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CD46, an important source of IL-10

Regulatory T cells

There has been a resurgence of interest in regulatory T

cells (Treg). Such cells play a role in tolerance by switch-

ing off the activation of effector T cells.56–59 Several Treg

subsets have been described. Briefly, the main ‘natural

Tregs’ express high levels of CD25 and Foxp3 and require

cell-to-cell contact to exert their suppressive activity.60

Several classes of ‘induced’ Treg have also been described,

which act mainly through the release of soluble media-

tors. They do not need cell-to-cell contact to exert sup-

pression. Among these, Tr1 cells are characterized by the

large amount of IL-10 secreted61 whereas Th3 cells

produce mainly transforming growth factor-b.62 The

possibility of inducing such cells in vitro has generated a

lot of interest because of their possible use in therapies,

aimed at turning off unwanted immune responses, such

as those observed in autoimmune diseases. Indeed, data

on asthma patients suggest that a combination of drugs

can restore in vivo Tr1 function, measured by IL-10 pro-

duction.63 Hence, the manipulation of Tregs in vivo,

either by inducing their differentiation or by modu-

lating their activity, is an attractive tool for future

immunotherapies.

CD46 and Tr1

In 2003, Kemper and colleagues showed that activation of

naı̈ve human CD4+ T cells by CD46 and CD3 in the pres-

ence of IL-2 led to differentiation towards a Tr1 pheno-

type.4,64 These CD46-induced cells secrete large amounts

of IL-10 and are able to inhibit the proliferation of

bystander CD4 effector cells. Hence CD46 is a potential

tool for therapy to dampen an unwanted immune

response; one can imagine that its triggering could induce

Tr1 and IL-10 production in vivo. Importantly, the

authors reported that a natural ligand of CD46,

S. pyogenes, also leads to a Tr1 phenotype, demonstrating

the physiological relevance of CD46-induced Tr1 cells.65

Further studies have then shown that these Tr1-induced

cells secrete granzyme B as well as IL-10, and have the

potential to kill autologous targets.66,67

CD46 controls inflammation

As mentioned earlier, multiple isoforms of CD46 exist,

including two main cytoplasmic tails, C1 and C2. These

two isoforms are coexpressed in human cells, rendering

their individual analysis difficult. Transgenic mice were

produced that expressed either the C1 or the C2 isoform.

This model, although in the mouse, allowed the analysis

of each cytoplasmic tail individually.6 When T-cell-depen-

dent inflammation was induced in a contact hypersensi-

tivity model, striking opposite effects were observed for

each cytoplasmic tail (summarized in Fig. 2). While the

C1 isoform inhibited the overall inflammation, the C2

isoform increased it. This was the result of differential

effects on CD4+ proliferation and CD8+ cytotoxicity and

of different profiles of cytokine released. In particular,

IL-2 was decreased by C1 expression whereas IL-10 secre-

tion was decreased by C2 expression. Hence, it appears

that CD46 function is quite complex since, depending on

which cytolasmic tail is expressed or activated, a regula-

tory or proinflammatory phenotype can be observed. This

implies that CD46 function in humans must be thor-

oughly examined and understood before CD46 is applied

in therapies, because opposite and undesired results could

be obtained.

CD46 is altered in patients with MS

Defective immune regulation by natural CD4+ CD25+

Tregs has been widely reported in the community in the

context of autoimmunity and in particular in MS.68–70

When Tr1 induction was analysed upon CD46 activation,

a defect in Tr1 differentiation was observed in a large pro-

portion of patients with MS who were in the relapsing–

remitting phase.8 This was characterized by a defect in

IL-10 secretion, specifically upon CD46 activation. IL-10

secretion upon CD28 was normal in these patients. This

suggests that Tr1 differentiation is abnormal in patients

with MS. The expression of both cytoplasmic isoforms

was analysed in patients with MS and in healthy donors.

Inflammation

Cytokines

Cytotoxicity

Proliferation

BIOLOGY

ISOFORM
CYT1 CYT2

Morphology
(change in)

IL-2

No effect

IL-10

Figure 2. Opposite role of CD46 cytoplasmic isoforms in inflamma-

tion. C1 and C2 isoforms were expressed in transgenic mice, and the

hypersensitivity contact reaction to dinitrofluorobenzene was assessed

in each strain, after stimulation by heat-inactivated measles virus

(which binds to CD46). Purified T cells were then costimulated

in vitro by CD3/CD46, and proliferation, cytokine production and

cytotoxicity were determined.6
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While no difference was observed in freshly isolated

T cells between healthy volunteers and patients, an

increased C2 expression was detected in some patients

upon activation. These data, although preliminary, corre-

late with the findings obtained in the murine model, in

which C2-expressing mice have increased inflammation

and decreased IL-10 secretion. Moreover, CD46 is also

altered in dendritic cells from patients with MS. In these

patients, triggering of CD46 on DCs leads to increased

IL-23 production and exacerbated chemokine secretion

compared to healthy donors.71 There is a profound

decrease in CCL2 expression, whereas both CCL3 and

CCL5 secretions are increased. Hence, CD46 might be a

key element in MS pathogenesis with a likely role in the

inflammatory process.

What’s next?

Overall, within the past years, CD46 has become a new

regulator of T-cell function. Besides being just another

costimulatory molecule for T cells, it is an inductor of

Tr1 cells, and hence a potent provider of IL-10. Impor-

tantly, this very function is altered in patients with MS.

It will be important to discover whether CD46 functions

in other diseases. Is CD46 defective in other auto-

immune diseases? Also, one could imagine that in aller-

gic reactions, the Tr1 function of CD46 is altered – and

no IL-10 is secreted by T cells from atopic patients.

Similarly, in patients with asthma who are resistant to

steroids, dexamethasone treatment does not induce

IL-10-producing Tr1. One obvious question is: are

CD46-induced Tr1 also defective in these refractory

patients? Finally, by analysing patients with tumours, we

could determine if CD46 is overreacting in such

patients. Is CD46 involved and secreting high amounts

of IL-10, suppressing a very much wanted immune

response? Another fascinating study could be the analysis

of an alternative ligand for CD46. Although a multitude

of natural ligands have already been described, it is pos-

sible that an endogenous ligand, expressed on dendritic

cells or other antigen-presenting cells, exists. This is

suggested by Gasque and collaborators who recorded

specific binding of a CD46–IgG4 fusion protein to

THP1, HL60 and polymorphonuclear cells.20 Finally, it

should be noted that MS relapses are often associated

with HHV6 infection.72,73 As HHV6 binds to CD46, this

suggests that HHV6 could be the trigger for CD46 stim-

ulation in the brains of these patients.

Conclusion

Much more work is needed to further investigate the role

of CD46 in T-cell regulation and inflammation. The com-

bined efforts of several investigators will likely improve

our common knowledge on CD46, thus improving our

understanding of how to modulate the immune response,

with potential therapeutic benefits.
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