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Abstract

CD46 is a ubiquitously expressed type | transmembrane protein, first identified as a regulator of
complement activation, and later as an entry receptor for a variety of pathogens. The last decade
has also revealed the role of CD46 in regulating the adaptive immune response, acting as an
additional costimulatory molecule for human T cells and inducing their differentiation into Trl
cells, a subset of regulatory T cells. Interestingly, CD46 regulatory pathways are defective in T
cells from patients with multiple sclerosis, asthma and rheumatoid arthritis, illustrating its
importance in regulating T cell homeostasis. Indeed, CD46 expression at the cell surface is tightly
regulated in many different cell types, highlighting its importance in several biological processes.
Notably, CD46 is the target of enzymatic processing, being cleaved by metalloproteinases and by
the presenilin/gamma secretase. This processing is required for its functions, at least in T cells.
This review will summarize the latest updates on the regulation of CD46 expression and on its
effects on T cell activation.
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Introduction

CD46 is a type | transmembrane protein expressed on all nucleated human cells (Liszewski
and Atkinson, 1992; Seya, et al., 1999; Seya, et al., 1986). Its primary function is to bind to
C3b/C4b to allow their cleavage by the serine protease Factor I, thereby protecting
autologous cells from complement attack. However, it is a complex molecule as several
isoforms, produced by splicing of various exons, can be co-expressed. Moreover, multiple
ligands bind to CD46, and its ligation induces a variety of pleiotropic actions on different
cell types. Labeled a “pathogen’s magnet” as several viruses and bacteria use CD46 as their
receptor (Cattaneo, 2004), CD46 has also been shown to modulate autophagy which could
control early pathogen infection (Joubert, et al., 2009). In addition, CD46 affects
reproductive biology as it is involved in sperm-egg fusion during the fertilization process
(Harris, et al., 2006; Riley, et al., 2002). Murine CD46 is only expressed in testes,
underlining the important role of CD46 in this process. CD46 also has the ability to
modulate acquired immunity. It affects the functions of T cells and antigen presenting cells,
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such as monocytes and dendritic cells (DCs) (Karp, 1999; Russell, 2004; Schneider-
Schaulies and Schneider-Schaulies, 2008). The role of CD46 on T cells has been
predominantly studied over the past decade. It was initially shown that CD46 could act as a
costimulatory molecule for human T cells (Astier, et al., 2000). Most importantly, it was
then shown that CD46 co-activation could in fact drive Tr1 differentiation (Kemper, et al.,
2003). Tr1 cells are a subset of Treg characterized by their secretion of IL-10, a potent anti-
inflammatory molecule. Indeed, CD46 has the ability to switch T cell phenotypes from Th1l
to Trl depending notably on the cytokine milieu (Cardone, et al., 2010). The Trl
differentiation pathway is defective in patients with multiple sclerosis (MS), as I1L-10
production upon CD46 activation was impaired in ~50% of patients (Astier, et al., 2006; Ni
Choileain and Astier, 2011). Defects in CD46-mediated Tr1 differentiation are not only
observed in MS but also in patients with asthma (Xu, et al., 2010) and rheumatoid arthritis
(Cardone, et al., 2010). This highlights the importance of CD46 in controlling T cell
activation. CD46 expression at the surface of numerous cell types is controlled by different
mechanisms. In epithelial cells (Weyand, et al., 2010) and T cells (Ni Choileain, et al.,
2011b), the CD46 ectodomain is shed after cleavage by metalloproteinases (MMP), and its
two intracytoplasmic tails cleaved by the presenilin-gamma secretase (P/yS) enzymatic
complex. The importance of CD46 processing as a means of ensuring proper T cell
activation and termination, is further discussed in this review.

CD46 structure

CD46 was initially identified as the membrane cofactor protein (MCP), a member of the
regulators of complement activation (RCA) family gene cluster on chromosome 1, 1932
(Lublin, et al., 1988). The CD46 ectodomain is composed of four conserved short consensus
repeats (SCR) that are also called sushi domains or complement control protein modules
(CCP). This is the binding site for either complement or pathogens, although Neisseria also
requires the following domain, a region rich in serine, threonine and proline (STP region),
which is heavily O-glycosylated (Kallstrom, et al., 2001; Persson, et al., 2011). A twelve
amino-acid segment of unknown function then precedes a transmembrane segment and a
short cytoplasmic tail (Liszewski and Atkinson, 1996). The CD46 gene consists of 14 exons
and 14 transcripts have been reported due to extensive RNA splicing (Russell et al 1992).
However, only four main isoforms are commonly expressed, and represented in Figure 1.
They are generated by alternative splicing at two sites. One of them is within the STP region
in the ectodomain. This region consists of 3 exons called A, B and C. The four major
isoforms of CDA46 utilize the C region, while the B exon is alternatively spliced, giving rise
to either a BC or C STP region. Isoforms containing the A exon of this region have mainly
been reported on malignant cells or intestine and salivary glands (Xing, et al., 1994). Only
the C isoform was initially described in brain while an increased BC expression was
observed in kidney and salivary gland (Johnstone, et al., 1993a). However, the BC isoform
was also later identified in brain homogenate of patients who died of subacute sclerosing
panencephalitis following measles infection (Buchholz, et al., 1996). The other main
splicing event results in the generation of different short cytoplasmic tails, mainly Cyt1 and
Cyt2. The exon coding for Cytl can be spliced, giving rise to Cyt2. Their sequences are
different due to the presence of a stop codon in Cyt1. The transcripts coding for two other
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tails, called Cyt3 and Cyt4, have been reported but no proteins have been so far identified
(Hara, et al., 1998; Purcell, et al., 1991). Again, most cell types in the human body express
both Cytl and Cyt2 cytoplasmic tails. However, strikingly, a preferential expression of Cyt2
was detected in testes (Riley, et al., 2002) and brain (Johnstone, et al., 1993b). These data
suggest that the expression of CD46 in specific organs such as brain, testis and salivary
glands is differently controlled compared to other ones.

CD46 and its multitude of ligands

CD46 has cofactor activity for inactivation of C3b and C4b, as it allows their cleavage by
the serine protease Factor I, protecting the cells from complement attack. The role of CD46
in the regulation of complement activity is evidenced in several pathologies. Heterozygous
mutations in CD46 cause atypical hemolytic uremic syndrome (aHUS) (Fremeaux-Bacchi,
et al., 2006; Noris, et al., 2003; Richards, et al., 2003). In contrast, many tumoral cells
exhibit increased expression levels of CD46 and other complement regulators, rendering
them resistant to complement attack (Geis, et al., 2010).

CD46 has also been labeled as a ‘pathogen’s magnet’ (Cattaneo, 2004), as at least seven
pathogens, including several viruses and bacteria, use CD46 as their cellular receptor. This
includes the Edmonston strain of measles virus, human herpesvirus-6 (HHV-6),
adenoviruses A and B, type IV pili of Neisseria gonorrhoeae and Neisseria meningitidis as
well as group A streptococcus (Cattaneo, 2004; Riley-Vargas, et al., 2004). As mentioned
earlier, CD46 triggering induces autophagy (Joubert, et al., 2009). This is mediated by the
Cyt1 tail, which interacts with the scaffold protein GOPC linked to autophagosome
formation. The ligation of CD46 by measles virus as well as Sreptococcus induces
autophagy, which could provide a means to control infections. Interestingly, we have
recently observed that CD46 ligation on primary T cells can lead to increased levels of LC3-
Il proteins which are indicative of autophagy (Mathieson, Astier, unpublished data). Finally,
an indirect role for CD46 has been proposed for Escherichia coli-mediated urinary
infections. Opsonized E. Coli are internalized via CD46 by epithelial cells which favours the
uptake of the pathogenic bacteria (Li, et al., 2006). Moreover, the binding of pathogens to
CD46 can modulate the immune response in their favor. For example, Streptococcus
pyogenes can trigger Treg differentiation and IL-10 production to suppress ongoing effector
responses (Price, et al., 2005). A decrease in IL-12 has been observed upon measles virus
and HHV-6 infection of monocytes/macrophages (Karp, et al., 1996; Smith, et al., 2003).
However, increased expressions of 1L-12p40 and IL-23 have also been reported upon CD46
ligation in macrophages and dendritic cells, respectively, suggesting their regulation may
also be dependant on the maturation stage on the cells (Kurita-Taniguchi, et al., 2000;
Vaknin-Dembinsky, et al., 2008).

Intriguingly, different domains bind to the various ligands (Persson, et al., 2011). For
example, SCR1 is not involved in binding to C3b and C4b, and the binding sites for C3b and
C4b are different (Liszewski, et al., 2000). Moreover, glycosylation seems important and the
N-glycosylation in SCR2 and SCR4 is necessary for CD46 complement regulatory functions
(Liszewski, et al., 1998). However, there are some reports of effective recombinant bacteria-
derived CD46 suggesting that glycosylation might be differently required depending on the
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ligand or the binding domain (Kallstrom, et al., 1997; Lovkvist, et al., 2008). In contrast,
measles virus and adenovirus bind to SCR1 and SCR2 (Fleischli, et al., 2005; Gaggar, et al.,
2005; Manchester, et al., 1997), and HHV-6 binds to SCR2 and SCR3 (Greenstone, et al.,
2002). Sreptococcus interacts with SCR4 (Blom, et al., 2000) while interaction of Neisseria
with CD46 requires the SCR3 domain but also the STP region (Kallstrom, et al., 2001). The
multitude of binding sites in CD46 raises the question as to whether its ligation at different
sites differently modulates its functions.

CD46, an important regulator of T cell functions

Efficient T cell activation requires two signals, provided by TCR engagement and the
concomitant stimulation of a costimulatory molecule (Rudd and Schneider, 2003; Sharpe
and Freeman, 2002). The role of CD46 in the regulation of the adaptive immune response
was demonstrated a decade ago. It was originally shown that CD46 triggering on PBMC
transduced intracellular signals that led to enhanced T cell proliferation, hence acting as an
additional costimulatory molecule for human T cells (Astier, et al., 2000; Marie, et al., 2002;
Zaffran, et al., 2001). CD46-coactivated T cells also morphologically change, showing actin
reorganization and a ‘spread’ in the well suggestive of a migratory profile (Zaffran, et al.,
2001). Indeed, CD46-activated T cells express the integrin a4p7, LIGHT and the chemokine
receptor CCR9 in presence of retinoic acid (Alford, et al., 2008). A similar costimulatory
function for murine T cells was simultaneously reported for Crry, the murine analog of
CD46 (Fernandez-Centeno, et al., 2000; Gaglia, et al., 2001; Jimenez-Perianez, et al., 2005).
More recently, it was shown that activation of CD55, another complement regulator, could
also promote T cell activation (Capasso, et al., 2006). These data highlight the importance of
these complement regulatory proteins in regulating the adaptive immune response (reviewed
in (Kemper and Atkinson, 2007; Le Friec and Kemper, 2009; Longhi, et al., 2006; Morgan,
et al., 2005)).

The complexity of CD46 in the regulation of T cell activation was first revealed upon the
investigation of the function of its two cytoplasmic tails. The two main intracellular tails of
CD46 produced by alternative spicing (Cytl and Cyt2) are usually co-expressed in human
cells. Hence, their role in T cell activation was first investigated in a CD46-transgenic
mouse model (Marie, et al., 2002). Unexpectedly, it was found that these two tails exerted
opposite effects on T cell-induced inflammation (Marie, et al., 2002). Each isoform
differently controlled cell proliferation and the amounts of IL-2 and IL-10 secreted, and only
the Cyt1 isoform induced T cell spreading. Overall, in vivo, the expression of Cyt1 resulted
in a strong decrease in inflammation, while in contrast expression of Cyt2 promoted
inflammation. Expression of the two tails showed the dominant anti-inflammatory effect of
Cytl. Further studies in human T cells demonstrated that CD46 could drive Trl
differentiation in the presence of I1L-2, characterized by secretion of large amount of IL-10
(Kemper, et al., 2003) and Granzyme B (Grossman, et al., 2004). Sanchez et al however
reported that CD46 activation could lead towards a Thl phenotype with high levels of IFNy
produced (Sanchez, et al., 2004). The paradox was somewhat elucidated in a recent report
demonstrating that CD46 could in fact switch T cells from a Thl to a Trl phenotype,
depending notably on the concentration of I1L-2 in the milieu (Cardone, et al., 2010). This
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report highlights the ability of CD46 to adapt its response depending on its environment, and
this is described in depth in the review by Heeger and Kemper in this issue.

CD46 and multiple sclerosis

CD46 activation was first reported to be defective in T cells from patients with MS, as
evidenced by a lack of 1L-10 production by CD46-activated T cells in these patients. While
CD46 activation of CD4+T cells from healthy donors led to IL-10 production, I1L-10
production was strongly impaired in most patients with MS, in the relapsing remitting stage
(Astier, 2008; Astier, et al., 2006). Of note, polymorphisms in the alpha chain of the I1L-2
receptor (IL-2RA) have been identified as risk factors in MS patients (Hafler, et al., 2007).
Considering the crucial role of IL-2 in differentiating Tr1 cells, it is possible that this
contributes to the defects identified in the CD46 pathway. Moreover, CXCR3 expression
levels are elevated in CD46-activated T cells from patients compared to the levels expressed
in cells from healthy donors which may contribute to their recruitment to the brain (Ni
Choileain and Astier, unpublished data and (Ni Choileain, et al., 2011a)). Importantly, the
lack of Trl differentiation in MS was corroborated by another study (Martinez-Forero, et al.,
2008), as well as in an in vivo monkey model of MS (Ma, et al., 2009). Moreover, in MS,
CD46 activation might lead to the production of increased levels of IL-1beta and IL-17A
(Yao, et al., 2010). Very interestingly, abnormal CD46 regulation of T cells has now also
been demonstrated in asthma (Xu, et al., 2010) and rheumatoid arthritis (Cardone, et al.,
2010). The role of CD46 in so many important diseases underlines its importance in
maintaining immune homeostasis, and highlights the need to further understanding its
function.

Defects of CD46 in MS are not only confined to T cells. CD46-activation of dendritic cells
(DCs) was also skewed towards a pro-inflammatory profile. The pro-inflammatory cytokine
IL-23 is essential for the survival of IL-17 producing effector cells (McGeachy, et al., 2009),
and increased IL-23 production by DCs from patients was reported (Vaknin-Dembinsky, et
al., 2006). Indeed, CD46 activation strongly increased IL-23 secretion levels by activated
DCs of MS patients. In addition, CD46-activated DCs supernatant significantly increased
IL-17 secretion by CD4* T cells (Vaknin-Dembinsky, et al., 2008). Hence, it appears that, at
least in MS but probably in other diseases, CD46 switches both T cells and DCs cells
towards a pro-inflammatory phenotype. It would be interesting to test CD46 functions in
other cell types.

Of note, a preliminary study has described the presence of inhibitory autoantibodies to
CD46 and CD59 in the sera of MS patients that may contribute to CNS complement attack,
although this small study has not been replicated yet (Pinter, et al., 2000).

Finally, it is intriguing that many infections have been associated with MS, mainly EBV
(Maghzi, et al., 2010; Serafini, et al., 2010) and HHV-6 (Fogdell-Hahn, et al., 2005; Soldan,
etal., 1997), albeit controversially (Ingram, et al., 2010; Lindsey and Hatfield, 2010; Tuke,
et al., 2004). Relapses as well as increased Expanded Disability Status Scale (EDSS) scores
have been correlated with active HHV-6 replication in remitting relapsing MS patients
(Alvarez-Lafuente, et al., 2006). Increased levels of HHV-6 DNA have also been reported in
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MS plaques and serum that correlated with clinical exacerbations (Berti, et al., 2002;
Cermelli, et al., 2003). Expression of CD46 on oligodendrocytes and astrocytes facilitates
cell-cell fusion with infected T cells and may support transmission of HHV-6 from the
periphery to the CNS (Tang, et al., 2008). Hence, it is possible that HHV-6 binding to CD46
in MS triggers CD46 co-stimulation and its defective pathway.

The timing of CDA46 ligation controls T cell activation

Whilst CD46 indisputably promotes T cell activation (Astier, et al., 2000), regulates
inflammation (Marie, et al., 2002) and Tr1 differentiation (Kemper, et al., 2003), as well as
affects T cell morphology (Zaffran, et al., 2001) and polarity (Oliaro, et al., 2006), these
actions require the co-engagement of the T cell receptor. However, the timing of CD46
ligation can dramatically alter T cell fate (Oliaro, et al., 2006). Ligation of CD46 prior to T
cell activation leads an altered polarization, preventing the formation of an immunological
synapse, and hence inhibiting T cell activation (Oliaro, et al., 2006). Indeed, it abrogated
recruitment of the microtubule-organizing centre (MTOC) to the site of TCR triggering. A
similar effect was also observed on NK cells as ligation of CD46 inhibited the recruitment of
the MTOC to the interface with target cells and correlated with reduced killing (Oliaro, et
al., 2006). This inhibitory effect on cell activation is notably due to the recruitment of CD46
to the lipid rafts upon its ligation, hence recruiting lipid rafts away from the site of TCR
stimulation (Ludford-Menting, et al., 2011). Importantly, both cytoplasmic isoforms Cytl
and Cyt2 were able to relocate to the rafts upon their ligation, which required the presence of
the transmembrane palmitoylated cysteine. Surprisingly though, only recruitment of Cytl
could inhibit the MTOC formation at the site of TCR triggering (Ludford-Menting, et al.,
2011). As CD46-Cyt1 has been shown to interact with the protein DLG4 that is involved in
cell polarization (Ludford-Menting, et al., 2002), it is likely that multiple events contribute
to the inhibitory effect of CD46 ligation on MTOC formation. Hence, CD46 ligation
controls cellular activation depending on how and when it occurs.

The expression of CD46 is tightly regulated

CD46 Surface Downregulation

Cell surface expression of CD46 on a variety of cell types is tightly regulated. Ligation of
CD46 by several viruses and bacteria induced its downregulation from the cell surface (Gill,
et al., 2003; Lovkvist, et al., 2008; Mahtout, et al., 2009; Naniche, et al., 1993; Sakurai, et
al., 2007). The YXXL motif present in the juxtamembrane region is required for its
downregulation (Yant, et al., 1997). Several modes of downregulation have been described,
and depend in part on the strength of ligation. In DCs and other non-lymphoid cells, CD46 is
constitutively internalized via clathrin-coated pits and recycled to the surface. However,
multivalent cross-linking of CD46 induces a process similar to macropinocytosis, in both
lymphoid and non-lymphoid cells (Crimeen-Irwin, et al., 2003). Shedding of the entire
molecule in vesicles has been observed for cancer cells (Hakulinen, et al., 2004) as well as
apoptotic cells (Hakulinen and Keski-Oja, 2006). Lastly, shedding of the ectodomain of
CD46 by metalloproteinases and related proteins from the family of A Disintegrin And
Metalloproteinase (ADAM) has been reported. Indeed, necrosis of cells and apoptosis of
epithelial and neuronal cells induced CD46 shedding from the cell surface and from the
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apoptotic vesicles (Cole, et al., 2006; Elward, et al., 2005; Hakulinen and Keski-Oja, 2006).
This contributes to the resolution of inflammation by inducing the clearance of apoptotic
cells. Inhibition of caspases decreased the release of shed CD46 (Hakulinen and Keski-Oja,
2006). Similarly, infection of epithelial cells by Streptococcus pyogenes induced CD46
shedding from the cell surface, and this was associated with apoptotic cell death (Lovkvist,
et al., 2008). The metalloproteinases MMP-3, MMP-8, MMP-9 as well as ADAM-10 have
been involved in CD46 cleavage in apoptotic epithelial and neuronal cells (Cole, et al.,
2006; Hakulinen and Keski-Oja, 2006). It is possible that altered protease levels involved in
CD46 shedding affects CD46 processing and subsequent functions. Loxoceles spider venom
provokes the MMP-dependent loss of CD46 from leukocytes, resulting in loss of protection
against complement-mediated lysis (Van Den Berg, et al., 2002). Binding of pathogenic
Neisseria to epithelial cells also induces the MMP-dependent shedding of CD46 ectodomain
(Weyand, et al., 2010). Strikingly, CD46 ectodomain is also shed after co-activation of
primary human T cells in a metalloproteinase-dependent manner (Ni Choileain, et al.,
2011b). Addition of active Vitamin D to T cell culture modulates CD46 expression at the
surface of activated T cells and promotes Tr1 differentiation (Kickler, Ni Choileain and
Astier, unpublished data). This effect could be related to the regulation of MMPs by Vitamin
D (Coussens, et al., 2009). Therefore, CD46 cell surface expression is tightly regulated in a
variety of cell types, even upon cell activation, such as activation of T cells.

Shedding of CD46 results in production of soluble CD46 (sCD46) in the supernatants of
CD46-activated T cells (Ni Choileain, et al., 2011b). Although the exact cleavage site has
not been identified so far, it is likely close to or in the transmembrane domain as determined
using CD59-CD46 fusion proteins (Van Den Berg, et al., 2002). Soluble CD46 has been
identified in tears, plasma and seminal fluid (Hara, et al., 1992). Interestingly, increased
levels of SCD46 have been documented in sera from cancer patients (Seya, et al., 1995), and
from systematic lupus erythematosus (SLE) and MS patients (Kawano, et al., 1999; Soldan,
et al., 2001). Moreover, sCD46 retains its ligand binding capacity, as SCD46 bound to
HHV-6 was isolated from the serum of MS patients (Fogdell-Hahn, et al., 2005; Soldan, et
al., 2001). It is intriguing that activated T cells secrete some C3b that, in turn, has been
proposed to activate T cells (Cardone, et al., 2010). Alternatively, the C3b produced might
bind to the shed sCD46, resulting in T cell inhibition in a negative feedback loop.

Cytoplasmic tail processing

Subsequent to their ectodomain cleavage, a number of proteins (such as amyloid precursor
protein (APP), CD44, Notch and ERBB4) are subjected to further enzymatic processing.
The C-terminal transmembrane fragment (CTF) generated by MMP-cleavage of the
ectodomain is cleaved by the presenilin-y-secretase (P/yS). This generates intracellular
domains (ICDs) with signaling abilities (Parks and Curtis, 2007). Upon Neisseria
gonorrheae or Neisseria meningitides infection of epithelial cell, CD46 tails are processed
by the P/yS (Weyand, et al., 2010). This was inhibited by pre-incubation with a chemical
inhibitor of MMPs, indicating that the MMP-dependent shedding of CD46 ectodomain was
required for the subsequent tail processing. N. gonorrhoeae-induced CD46 tail processing
required the presence of type IV pili (Tfp) and PilT, the Tfp retraction motor, suggesting that
mechanotransduction plays a role in this event (Weyand, et al., 2010). Similarly, CD46
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processing by the P/yS is tightly regulated in CD46-activated Trl cells, as further discussed

below (Ni Choileain, et al., 2011b). It is intriguing that CD46 and Notch, both substrates of

the P/yS, participate in IL-10 production. Indeed, Notch1 is upregulated by CD46 ligation in
primary human T cells (Ni Choileain and Astier, unpublished data, and review from Heeger
and Kemper), suggestive of a common path.

Processing of CD46 cytoplasmic isoforms — rheostat for T cell activation

The two main intracellular tails of CD46 produced by alternative spicing (Cytl and Cyt2)
are usually co-expressed in human cells. Although short (Cytl contains 16 amino-acids and
Cyt2 23), both tails can transmit signals within the cells (Lee, et al., 2002; Russell, 2004;
Wong, et al., 1997; Yant, et al., 1997). As mentioned earlier, they exert opposite effects on T
cell-induced inflammation in an in vivo CD46-transgenic mouse model (Marie, et al., 2002).
Interestingly, we observed increased levels of Cyt2 mRNA in CD46-activated T cells from
patients with MS, compared to T cells from healthy donors (Astier, et al., 2006). At the
protein level, the expression of Cytl and Cyt2 in the cytoplasm fluctuates upon T cell
activation in a timely fashion. Cyt1 levels first decreased concomitantly with an increase in
Cyt2 expression, followed by a decrease in Cyt2 expression levels, likely due to their
temporal cleavage by the P/yS (Ni Choileain, et al., 2011b). These data also reinforce the
notion of specific roles of CD46 isoforms in T cell function. Indeed, it was shown that Cyt1
expression could drive IL-10 production by transfected Jurkat cells, which was dependent on
its interaction with SKAP (Cardone, et al., 2010). We have observed that the expression and
specific activation of Cyt1 in primary T cells promotes IL-10 secretion, while the expression
and activation of Cyt2 isoform decreased IFNy expression but increased CTLA-4 expression
(Ni Choileain, et al., 2011b). Most importantly, the cleavage by the P/yS was required for
the function of CD46 cytoplasmic isoforms. Cleavage of Cyt1 was indeed required to
activate T cells, promote proliferation, and increase CD25 expression and IL-10 secretion.
These parameters were largely impaired when an uncleavable Cytl was expressed in
primary human T cells. In contrast, whilst little effect was observed when wild-type Cyt2
was expressed, expression of the uncleavable mutant led to increased proliferation, increased
CD25 expression and increased IFNy production. Therefore, CD46 acts as a sort of “yin and
yang’ molecule for T cells, with the cleavage of Cyt1 promoting T cell activation, and the
cleavage of Cyt2 turning T cells off (Ni Choileain, et al., 2011b), as represented in Figure 2.
Hence, the balance in the expression of the two cytoplasmic isoforms of CD46 appears
crucial to determine the outcome of the CD46-activated T cell. This also strongly supports
the hypothesis that the abnormal Cyt1/Cyt2 ratio observed in MS participates in the
inflammation. Moreover, in MS, the temporal downregulation of Cytl and Cyt2 was not
detected (Ni Choileain, et al., 2009). Where do these tails go upon cleavage? Both tails have
a nuclear localization motif, suggesting that similarly to Notch, they have the ability to
translocate into the nucleus and probably regulate gene transcription. Indeed, our
preliminary data suggest their nuclear localization in activated T cells (Ni Choileain and
Astier, unpublished data). It is likely that an understanding of the behavior of the cleaved
tails will give new insights into their biological functions, and highlight altered molecular
pathways in human autoimmune diseases.
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Conclusion

This past decade has brought a new focus for complement biologists as the interplay
between complement regulators and adaptive immunity has become more apparent. Indeed,
the impaired CD46-mediated Tr1 differentiation observed in patients exhibiting a C3
deficiency, along with defects in B cell memory and DC differentiation, underlines the
importance of the complement receptors in the regulation of acquired immunity (Ghannam,
et al., 2008). Moreover, it is now well established that this interplay, at least for CD46, is
altered in MS and other human pathologies, resulting in abnormal immune responses and
inflammation. While antigen presenting cells and T cells have mostly been studied, it is very
likely that CD46 ligation modulates other cell types. Indeed, a recent paper describes its role
in modulating B cell responses (Jabara, et al., 2011). It will now be interesting to see what
CD46, and possibly the other complement regulators, do to other cell types in the context of
human pathologies. The other main notion recently emerging is the complexity of CD46. Its
biochemical structure is itself a source of complex regulation with many isoforms produced,
and its expression is tightly regulated by different signals, such as apoptosis and cellular
activation. ldentifying new means to modulate CD46 expression, such as use of Vitamin D,
could be a useful tool to modify immune response. Functionally, not only does CD46 fine-
tune T cell responses depending on its environment, but it also has the ability to initiate and
then terminate T cell responses through its tight regulation of expression and enzymatic
processing. The recent data generated on CD46 indeed illustrate the plasticity of CD46 in
regulating T cell activation. It will now be important to understand how to modulate this
plasticity to potentially use it in future drug designs.
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Abbreviations

MS multiple sclerosis

DCs dendritic cells

MMP Matrix Metalloproteinases

P/yS presenilin/gamma secretase

RA Rheumatoid arthritis

PBMC peripheral blood mononuclear cells
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Figure 1. Representation of the four main isoforms of CD46
These isoforms arise from the alternative splicing of exon B, giving rise to a BC or C

isoform. The exon coding for Cytl can also be spliced to produce either Cytl or Cyt2 tail.
As Cytl contains a stop codon, Cytl and Cyt2 sequences are different. Hence, the four main
isoforms are BC1, C1, BC2 and C2.
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Figure 2. Proposed model of therole of CD46 processing on T cell activation
Upon CD46 co-activation, CD46 is cleaved by a metalloproteinase (MMP), resulting in the

release of soluble CD46 in the milieu. sSCD46 is likely to retain its binding function,
suggesting a potential ability to further regulate T cell activation or neighboring cells. CD46
Cytl cytoplasmic tail is then cleaved by the presenilin/y-secretase concomitantly with an
increased in Cyt2 expression. This provides an “on” signal for T cells, resulting in
proliferation, 1L-10 secretion, and increased CD25 expression. Cleavage of Cyt2 by the P/yS
terminates T cell activation by inhibiting T cell proliferation, decreasing IFNy production
and CD25 expression.
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