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Introduction

CD28 [1] and CD152, also called CTLA-4 [2], are homolo-
gous type I transmembrane receptor proteins on T cells [3]
and play a critical role in the regulation of T cell antigen
receptor (TCR)-dependent immune responses [3,4]. This
process is initiated by the interaction between TCRs and
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CD4 or CD8 on T cells with MHC class II or I molecules,
respectively, on antigen-presenting cells (APCs) that are
loaded with antigen-derived peptides [5]. However, this com-
plex interaction itself is not sufficient for effective T cell ac-
tivation, which also requires the presence of costimulatory
signals delivered by CD28 and CD152 [3,4]. T cell
costimulation critically depends on specific interactions be-
tween CD28 and CD152 on T cells and their ligands, CD80
and CD86, on APCs [4,6].  CD28-CD80/CD86 interactions
strongly enhance TCR-dependent immune responses [3,4],
whereas CD152-CD80/CD86 interactions counteract (nega-
tively regulate) CD28-induced costimulation [7,8].  Thus,
CD28/CD152-ligand interactions are critical regulatory ele-
ments of T cell activation in the course of antigen-specific
immune responses [8].

CD28, CD152, and their ligands are members of the im-
munoglobulin (Ig) superfamily (IgSF) [9]. CD28 and CD152
molecules have a single extracellular Ig domain, whereas
CD80 and CD86 have two [10]. On the cell surface, both
CD28 and CD152 form covalent homodimers because of a
disulphide link in the peptide segment that connects the Ig-
domain to the transmembrane region. Dimerisation of CD152
and CD28 is thought to be important for the kinetics of lig-
and binding [6]. As predicted [11], the extracellular domain
of CD152 belongs to the V(ariable)-type domain class of the
IgSF [9,12]. This was confirmed by the determination of the
solution structure of a monomeric form of human CD152
[13]. The three-dimensional structure of CD152 revealed the
spatial arrangement of characteristic sequence motifs con-
served in the CD28 family, including a non-Ig disulphide bond
and the MYPPPY motif that is critical for ligand binding
[13]. This structure also made it possible to construct a mo-
lecular model of CD28 [14]. On the basis of the CD152 struc-
ture and the CD28 model, residues important for binding, as
identified by mutagenesis [13,15-17], were mapped and the
CD80/CD86 binding site was shown to be conserved in these
proteins [14].

Recently, a novel T cell surface protein, called inducible
T cell costimulator or ICOS, has been identified and pro-
posed to be a new member of the CD28 family [18]. ICOS
displays 24% and 17% overall sequence identity with CD28
and CD152, respectively, and has a similar molecular organi-
sation. Like CD28 and CD152, ICOS consists of an N-termi-
nal signal sequence, a single extracellular domain, a linker
segment, a single transmembrane domain, and a short cyto-
plasmic region (a total of 199 residues) [18]. Such molecular
topology is quite typical for immune cell surface proteins
belonging to the IgSF or other protein superfamilies [19].
More importantly, ICOS has functional characteristics simi-
lar to, yet distinct from, CD28. Expression of ICOS is T cell-
restricted and, like CD28, ICOS potently amplifies T cell
responses to antigen presentation by MHC molecules [18]. It
costimulates T cells at levels comparable to CD28 and sup-
ports T cell-dependent proliferation of B cells, which leads
to production of antibodies. However, unlike CD28, which is
always expressed on the surface of most T cells, the expres-
sion of ICOS must be induced during T cell activation. Moreo-
ver, CD28 and ICOS differ in the profile of soluble cytokines

whose expression they trigger. These cytokines (or
lymphokines) are major mediators of T cell – T cell and T
cell – B cell communication [20]. In CD28-dependent T cell
activation, interleukin-2 (IL-2) predominates but ICOS mostly
induces the expression of IL-10 (and not IL-2) [18]. Taken
together, studies on ICOS suggest that it may play an impor-
tant role at later stages of T cell activation and T cell – B cell
communication [18], perhaps in conjunction with down-regu-
lation of the CD28 signal by CD152.

Despite these functional insights, little, if anything, is
currently known about the structure of ICOS and its ligand(s).
It was proposed that ICOS should not bind CD80/CD86 be-
cause the MYPPPY motif was not rigorously conserved.
However, this motif in CD28 and CD152 is only a part of the
ligand binding site and mutating a variety of other residues
abolishes binding [13, 15-17]. Thus, it was attractive to evalu-
ate structural features of ICOS in more detail and to compare
the results with CD28 and C152. Therefore, a molecular model
of the extracellular Ig-like domain of ICOS was constructed
and analysed. Several questions were of interest and investi-
gated with the aid the model. For example, given the low
sequence identity shared by ICOS and CD28/CD152, how
similar are their structures? Are functionally important resi-
dues conserved and, if so, where do they map? How does the
binding site in CD28/CD152 compare with corresponding
regions in ICOS? How are glycosylation sites distributed in
the extended CD28 family? Thus, focal points of the study
presented herein were the three-dimensional analysis and
comparison of conserved residues and functionally impor-
tant regions.

Methods

Sequences of CD28 and CD152 from different species were
obtained from GeneBank [21] and Swiss-Prot [22] and com-
pared with ICOS (PIR accession number S78540). Sequences
of the Ig-like domains were aligned using the sequence-struc-
ture alignment function of MOE [23].  The alignment was
manually modified to match IgSF consensus positions [9]
and other core residues important for structural integrity of
CD152 [13]. A figure containing the sequence alignment was
produced with Microsoft Excel. Coordinates of an ensemble
of NMR structures of CD152 were obtained from the
Brookhaven Protein Data Bank [24] (PDB entry 1AH1). As
discussed below, the local structure of only one segment in
CD152 was not well defined in the NMR-derived models. As
template for model building of ICOS, an averaged energy
minimised NMR structure of CD152 was used that displayed
good stereochemistry and no short intramolecular contacts.
An averaged NMR structure of CD152 was also used previ-
ously to build a molecular model of CD28 [14].

Computer graphics and model building were carried out
with WebLab Viewer Lite [25] and MOE.  Backbone seg-
ments conserved in CD28, CD152 and ICOS were identified
on the basis of consensus residue matches and selected from
the averaged NMR structure of CD152. These regions pro-
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vided the core of the ICOS model. Side chain replacements
were carried out in standard rotamer conformations [26]. Non-
conserved regions in ICOS include the A’-B, B-C, and D-E
loops, the deletion of the C-C’ loop, and a one residue dele-
tion at the beginning of the G-strand (see Results). Approxi-
mate conformations of these regions were modelled using
suitable fragments (i.e., same length, similar sequence, good
stereochemistry, close spatial fit to the framework termini)
extracted from PDB structures.  These database searches were

performed using the homology modelling function of MOE
that combines a segment matching technique [27] with α-
carbon distance matrix comparisons [28]. The assembled
ICOS model was energy minimised using the MOE force field
[29] with complete hydrogen atom representation until the
root mean square (rms) derivative of the energy function was
approximately 1 kcal mol-1 Å-1. Following energy minimisa-
tion, hydrogen atoms were removed. Stereochemistry and
intramolecular contacts were analysed using PROCHECK

Figure 1 Sequence comparison of the extended CD28 fam-
ily.  Sequences of the Ig-like domains of human ICOS (hICOS)
and CD28 and CD152 molecules from different species (m,
mouse; r, rat; h, human; b, bovine) were aligned taking the
NMR structure of CD152 [13] into account. The β-strands in
CD152 are shown and labelled according to IgSF nomencla-
ture [9]. Residue numbers are given for ICOS. IgSF V-set
consensus residue positions and additional hydrophobic core
residues are highlighted in green. Conserved residues out-

side IgSF signature positions are shown in red. Residues only
conserved in CD28 (and ICOS) are shown in blue and resi-
dues only conserved in CD152 (and ICOS) in yellow. The
most conserved residue replacements (e.g., Y/F or R/K) were
taken into account. Magenta boxes indicate conserved resi-
dues that are particularly important for CD80/CD86 bind-
ing to CD28 and CD152, as identified by mutagenesis. Po-
tential N-linked glycosylation sites are boxed.

A A' B C C'

mCD152 V T Q . P S V V L A S S H G V A S F P C E Y S P S H N T D E V R V T V L R Q T N D Q M T E V C A T

rCD152 V T Q . P S V V L A S S H G V A S F P C E Y A S S H N T D E V R V T V L R Q T N D Q V T E V C A T

hCD152 V A Q . P A V V L A S S R G I A S F V C E Y A S P G K A T E V R V T V L R Q A D S Q V T E V C A A

bCD152 V S Q . P A V V L A S S R G V A S F V C E Y A S S H K A T E V R V T V L R Q A N S Q M T E V C A M

mCD28 V K Q S P L L V V D S N . . E V S L S C R Y S Y N L L A K E F R A S L Y K G V . N S D V E V C V G

rCD28 V K Q S P L L V V D N N . . E V S L S C R Y S Y N L L A K E F R A S L Y K G V . N S D V E V C V G

bCD28 V K Q S P M L V V N N N . . E V N L S C K Y T Y N L F S K E F R A S L Y K G A . D S A V E V C V V

hCD28 V K Q S P M L V A Y D N . . A V N L S C K Y S Y N L F S R E F R A S L H K G L . D S A V E V C V V

hICOS M F I F H . N . G G V Q I L C K Y P . D I V . Q Q F K M Q L L K G . . G Q I . . L C D L

3 0 4 0 5 0 6 0

D E F

mCD152 T F T E K . . N T V G F L D Y P F C S G T F N E S R V N L T I Q G L R A V D T G L Y L C K V E

rCD152 T F T V K . . N T L G F L D D P F C S G T F N E S R V N L T I Q G L R A A D T G L Y F C K V E

hCD152 T Y M M G . . N E L T F L D D S I C T G T S S G N Q V N L T I Q G L R A M D T G L Y I C K V E

bCD152 T Y T V E . . N E L T F I D D S T C T G I S H G N K V N L T I Q G L S A M D T G L Y I C K V E

mCD28 N G N F T Y Q P Q F R S N A E F N C D G D F D N E T V T F R L W N L H V N H T D I Y F C K I E

rCD28 N G N F T Y Q P Q F R P N V G F N C D G N F D N E T V T F R L W N L D V N H T D I Y F C K I E

bCD28 N G N F S H P H Q F H S T T G F N C D G K L G N E T V T F Y L K N L Y V N Q T D I Y F C K I E

hCD28 Y G N Y S Q Q L Q V Y S K T G F N C D G K L G N E S V T F Y L Q N L Y V N Q T D I Y F C K I E

hICOS T K T K G S G N T V S I K S L K F C H S Q L S N N S V S F F L Y N L D H S H A N Y Y F C N L S

7 0 8 0 9 0 1 0 0 1 1 0

G

mCD152 L M Y P P P Y F . V G M G N G T Q I Y V I D P E P C

rCD152 L M Y P P P Y F . V G M G N G T Q I Y V I D P E P C

hCD152 L M Y P P P Y Y . L G I G N G T Q I Y V I D P E P C

bCD152 L M Y P P P Y Y . V G M G N G T Q I Y V I E P E P C

mCD28 F M Y P P P Y L D N E R S N G T I I H I K E K H L C

rCD28 V M Y P P P Y L D N E K S N G T I I H I K E K H L C

bCD28 V M Y P P P Y L D N E K S N G T I I H V K E Q H F C

hCD28 V M Y P P P Y L D N E K S N G T I I H V K G K H L C

hICOS I F D P P P F K . V . T L T G G Y L H I Y E S Q L C

1 2 0 1 3 0 1 3 6
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[30] and structural superpositions were calculated with
ALIGN [31].

In order to study the spatial arrangement of N-linked
glycans in the CD28 family, a glycan core structure was at-
tached to N-linked glycosylation sites in the CD28 and ICOS
models using MOE. As glycan core, an NMR-derived model
of a tetrasaccharide [mannose-(β1-4)-N-acetyl-glucosamine-
((β1-4)-N-acetyl-glucosamine)-(α1-6)-fucose] was selected.
This structure was bound to CD152 and resulted from partial
deglycosylation of N-glycans [13]. Protein-carbohydrate con-
tacts were, if necessary, improved by minor energy minimi-
sation with protein atoms held fixed.

Results and discussion

Structural features of CD152 and CD28

The extracellular domain of CD152 adopts an Ig V-like fold
[13], which consists of two β–sheets with four (A-B-E-D)
and six (A’-G-F-C-C’-C”) β–stands, respectively. This fold-
ing type is determined by characteristic Ig V-set consensus
residues [9] and those residues distinguish it from other Ig
structure classes [12]. In addition, CD152 has some unique
features. It includes a non-canonical disulphide bond that teth-
ers the C’-strand to the D-strand. Furthermore, the region
encompassing the C’-C” loop and C”-strand at the edge of
the β-sheet is highly flexible in the solution structure and the
C”-strand (which lacks interactions with the hydrophobic
core) is not formed [13]. The Ig-domains of human CD152
and CD28 share approximately 27% sequence identity and
most of the IgSF consensus and other core residues, leaving
little doubt that their structures are very similar [14].

Sequence comparison

A structure-based sequence alignment of Ig domains of CD28
and CD152 from different species and human ICOS is shown
in Figure 1. The figure highlights IgSF consensus residues
and conservation of residues outside consensus positions. In
the aligned region, ICOS and CD28 (CD152) display approxi-
mately 24% (17%) sequence identity. Most Ig V-set consen-
sus residues are conserved, or conservatively replaced, in
ICOS, consistent with the idea that the extracellular domain
of ICOS also adopts a V-fold. CD152 is likely to be a good
structural template for ICOS because the non-canonical di-
sulphide bond (C63-C83; in addition to the canonical Ig di-
sulphide bond C42-C109) and the structurally important leu-
cine residue in the E-F loop are conserved. The presence of
these structural elements in CD152 causes some departures
from typical Ig V-fold geometry [13]. These features together
with the conservation of IgSF V-set consensus residues sug-
gest that the structures of CD152 and ICOS are similar, de-
spite relatively low sequence identity. When only conserva-
tion outside IgSF signature residues is considered (which

determine structure but not binding specificity), the sequence
identity between ICOS and CD28 (CD152) is only approxi-
mately 17% (10%). At this low level of sequence identity, it
is often difficult to decide whether sequence similarities are
functionally relevant or occurrence by chance [32], thus mak-
ing a more detailed analysis necessary. However, although
sequence identity is low in this case, the alignment of ICOS
relative to CD152 and CD28 is unambiguous, due to the con-
servation of IgSF consensus residues and signature residues
of the CD28 family. If it is possible to generate topologically
correct sequence alignments [19,33], reasonable molecular
models can be generated even if sequence identities shared
by template and target structures are only 20-30% [34-36].

Model building

The modelled region of ICOS includes residues 30-132. The
model displays good stereochemistry and intramolecular con-
tacts. Using ALIGN, 94 residues can be superposed on corre-
sponding positions in CD152 with an α-carbon rms devia-
tion of 0.8 Å. Figure 2 shows a superposition of the CD152
structure and CD28 and ICOS molecular models. The aver-
age backbone conformation of the C’-C” region, which is
highly flexible in CD152, was retained in the model. For the

Figure 2 Comparison of  ICOS, CD152, and CD28. Alpha–
carbon traces of the structure of CD152 (black) and molecu-
lar models of CD28 (blue) and ICOS (red) are shown after
optimal superposition. The view is from the side approximately
along the interface of the two β–sheets of the domains. The
BED and A’GFCC’ β–sheet surfaces in ICOS are labelled as
well as the positions of the A’-strand and F-G loop (see also
”Supplementary material available”).

A’

F-G

BED

A’GFCC’
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B-C loop that is not conserved in ICOS and CD152, only
constrained backbone conformations could be identified by
database searching, given the end point geometry of the loop,
its length, and composition. The modelled conformation was
considered tentative and residues 46-48 were omitted from
the final model. By contrast, several similar database seg-
ments were available to model the one residue deletion in
ICOS in the C-terminal segment of the F-G loop following
the conserved triple proline motif. In the model, the trans-
trans-cis conformation of the PPP motif in CD152 was re-
tained. ICOS lacks the proline residue that marks the transi-
tion of the A- to the A’-strand and the strand switch from one
β–sheet to the other that is usually seen in Ig V-domains [12].
Furthermore, A-strand IgSF consensus residues are not found
in ICOS, indicating that the A-strand is not formed. Similar
observations have been made for other cell surface proteins
belonging to the IgSF, for example, CD2 and CD58, which
also lack an A-strand [37]. No A-strand was modelled and

residue M30 marks the beginning of the A’-strand in ICOS.
Thus, the modelled Ig domain of ICOS is composed of two
β-sheets, the A’GFCC’ sheet and the BED sheet that are con-
nected by loops following conserved Ig V-type topology [9].
Residue C134 (six positions C-terminal of the G-strand) is
conserved in ICOS, CD152, and CD28 and responsible for
the formation of the disulphide bond that dimerises their do-
mains on the cell surface [13].

Conservation of protein surface residues

Using the ICOS model, conservation of residues in the ex-
tended CD28 family was studied. Figure 3 shows a side-by-
side comparison of ICOS, CD152, and CD28. Only residues
on the protein surface outside IgSF consensus positions can
determine the binding specificity of these receptors. The
A’GFCC’ β–sheet surface in CD152 and CD28 is extended

Figure 3 Conservation of residues in the CD28 family. ICOS,
CD152, and CD28 are shown in equivalent orientation and
space-filling representation. IgSF consensus positions and
conserved residues are mapped on the structures following
the classification and colour code of Figure 1. IgSF consen-
sus and core residues are shown in green, residues conserved
in CD152, CD28, and ICOS in red, residues conserved only
in CD152 (and ICOS) in yellow, and  residues conserved only

in CD28 (and ICOS) in blue. Residues conserved in CD152
and CD28 important for CD80/CD86 binding are coloured
magenta. Both β–sheet surfaces are viewed (top: A’GFCC’
face; bottom: BED face of ICOS, corresponding to the ABED
face of CD152 and CD28). The top and bottom views are
related by approximately 180° rotation around the vertical
axis.
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by the F-G loop that contains the MYPPPY motif. The upper
part of this face is highly conserved in CD152 and CD28 and
forms the center of the binding site for CD80 and CD86 [13].
The A’GFCC’ face has been shown to contain binding sites
in a variety of cell surface receptors and adhesion molecules
belonging to the IgSF, regardless of the structure of their lig-
ands [38]. In ICOS, the critical MYPPPY motif is partly con-
served (i.e., FDPPPF) but the majority of other CD152/CD28
residues that form the CD80/CD86 binding site are not con-
served. This suggests that ICOS does not bind these ligands.
CD152 and CD28 molecules also have largely conserved sur-
face patches outside the CD80/CD86 binding site. The upper
parts of the A’GFCC’ face and the opposite BED face display
strong conservation in CD28, while the A’GFCC’ face and
the lower part of the BED face are mostly conserved in CD152.
Overall, residue conservation is greater on the A’GFCC’ than
the BED face. ICOS shows spurious conservation of CD28
and/or CD152 surface residue positions throughout the do-
main but no strongly conserved region. It appears that all
surface patches conserved in CD28 and CD152 or only in
CD28 have some residual residue conservation in ICOS. Con-
servation is least obvious in regions that are conserved in
CD152 only, most notably the lower part of the BED surface.
This supports the idea that ICOS is more closely related to
CD28 than to CD152.

Distribution of N-linked glycosylation sites

Glycosylation of CD152 is important to prevent its aggrega-
tion in solution but does not directly participate in CD80/

CD86 binding [13]. CD152 has two N-linked glycosylation
sites, one in the G-strand (conserved in CD28) and one in the
E-strand that is exposed on the BED face [13]. By contrast,
human CD28 has five N-linked glycosylation sites. In order
to study their spatial arrangement relative to conserved resi-
dues, glycan core structures were modelled, as shown in Fig-
ure 4. Branched N-linked carbohydrates are much larger than
the tetrasaccharide core structures shown here. Nevertheless,
these structures provide a view of the spatial constraints im-
posed by N-linked glycosylation and illustrate how glycans
limit the accessibility of the protein surface. Figure 4 shows
that the CD80/CD86 binding site in CD28 is, as to be ex-
pected, not covered by N-linked glycans. Glycosylation sites
are peripheral to this region but do not mask the binding site.
By contrast, an N-linked glycan, the position of which ap-
proximately corresponds to one in CD152, maps to the cen-
ter of the BED face and limits access to this region. In addi-
tion, another glycan in CD28 that is conserved in ICOS maps
to the top of the BED face. Like CD152, ICOS has only two
N-linked glycosylation sites, and modelled glycans are shown
in Figure 5. In addition to the glycosylation site at N89 on
the BED face that is conserved in CD28, a second site at
N110 is located on the opposite A’GFCC’ face. N110 in ICOS
replaces a lysine that is conserved in CD28 and CD152 and
critical for CD80/CD86 binding (Figure 1). The N-linked
glycan bound to N110 in ICOS maps to the center of the
region that corresponds to the ligand binding site in CD28
and CD152 and masks this site (Figure 5). Thus, this region
is not be available for ligand binding to ICOS, although it
can not be ruled out that N-linked carbohydrates participate
in ICOS-ligand interactions. As shown in Figures 3 and 5,

Figure 4 Spatial arrangement of N-linked glycosylation sites
in CD28. The model is shown with solvent-accessible sur-
face (probe radius 1.4 Å) [39] and the same colour code as
in Figure 3. Five N-linked glycans in human CD28 are ap-
proximated as tetrasaccharide core structures and shown in
space-filling representation. Glycans are colour-coded (yel-
low, gold, silver, pink) with respect to their conservation in
CD152 and ICOS. The yellow glycan is conserved in CD152

and the pink glycan is conserved in ICOS. The position of the
silver glycan approximately corresponds to the position of
the second glycan in CD152. Gold glycans are unique to
CD28. The left view focuses on the A’GFCC’ β–sheet surface
that contains the CD80/CD86 binding site. From the left to
the right, the CD28 model is rotated in 90° increments so
that the view on the right shows the ABED face of the do-
main.
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the lower part of the BED face in ICOS contains very few
conserved residues and no glycosylation site. Thus, it is the
most unique surface area in ICOS.

Dimerisation

As mentioned above, CD28, CD152, and ICOS form disul-
phide-linked dimers on the cell surface. An engineered form
of CD152 lacking this disulphide link is predominantly
monomeric in solution [13], suggesting that non-covalent
dimerisation is weak, if at all present. It is currently unknown
whether a conserved dimer interface exists in the CD28 fam-
ily or at least a preferred relative orientation of the domains
on the cell surface. The residue mapping studies reported
here do not predict a preferred domain orientation, if it ex-
ists, but help to rule out some possibilities.  The distribution
of glycosylation sites and residues important for binding sug-
gests that neither β–sheet surface is available to preferen-
tially orient the domains or support covalent dimerisation.
The A’GFCC’ face contains the ligand binding site in CD28
and CD152 and should thus not be involved in dimerisation.
Moreover, in ICOS, the corresponding region is masked by
an N-linked glycan. The opposite BED faces of these do-
mains also carry either one or two N-linked glycans. Thus, a
face-to-face interaction of the Ig domains is not likely. In

CD28 and CD152, the conserved glycosylation site in the G-
strand would also prevent dimer formation involving this re-
gion. However, a lateral (i.e., side-by-side) arrangement of
domains, for example, along the site opposite to the G-strand
may be possible. On the other hand, an important function of
N-linked glycans could be to sufficiently space the covalently
linked domains so that simultaneous binding or rebinding of
ligands is readily possible, consistent with fast kinetic on-
and off-rates of binding observed for these receptors [6].

Evolutionary implications

Taken together, the findings discussed above make it possi-
ble to draw some conclusions regarding the evolution of the
extended CD28 family. Conservation of IgSF consensus resi-
dues and other features suggests that the structures of extra-
cellular regions of members of the CD28 family are quite
similar. However, the distribution of conserved and non-con-
served surface residues is consistent with the idea that ICOS
has diverged from CD28 during evolution earlier than CD152,
which has preserved the CD80/CD86 binding specificity.
However, CD152 has developed a different signalling func-
tion, due to changes in its cytoplasmic region, and negatively
regulates CD28-mediated T cell costimulation. By contrast,
ICOS has substantially diverged from CD28 and very likely

Figure 5 Glycosylation sites and conserved residues in ICOS.
The model is shown with solvent-accessible surface (probe
radius 1.4 Å) [39] and colour-coded, as in Figure 3, except
that IgSF consensus residues (green in Figure 3) are not high-
lighted here. The view on the left focuses on the BED face.
From the left to the right, the model is rotated in 90° incre-
ments around the vertical axis (i.e., BED face is followed by
a side view, the A’GFCC’ face, and another side view). In

this orientation, the F-G loop including the conserved triple
proline motif (magenta) is at the top and the C-terminus (i.e.,
membrane-proximal region) of the domain at the bottom. N-
linked glycan core structures (shown in space-filling repre-
sentation) map to the upper part of the BED face (pink, con-
served in CD28; see also Figure 4) and the A’GFCC’ face
(gold, unique to ICOS).
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recognises ligand(s) other than CD80/CD86 by a different
mechanism. Nevertheless, ICOS enhances T cell functions
in a way similar to, yet distinct from, CD28. This illustrates
the rather complex manner in which the CD28 family en-
hances and regulates T cell functions and T cell – B cell
communication.
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Supplementary material available Coordinates of the mo-
lecular model of ICOS have been deposited with the Jour-
nal. The model is also available from the author via e-mail
upon request. In addition, a stereo version of Figure 2 of the
manuscript is available as a postscript file from the author.
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