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T
he activation of T lymphocytes is
finely calibrated by positive and
negative signals to allow a vigor-
ous response to invading patho-

gens while at the same time avoiding the
recognition and destruction of the host.
Positive signals are delivered through the
antigen-specific T cell receptor (TCR) and
integrated with additional costimulatory
signals. Counteracting these stimulatory
effects, inhibitory receptors on lympho-
cytes serve to limit the response. Viruses
have developed counterattacks to the host
immune system, interfering with the pro-
cess of antigen presentation (1) as well as
with chemokine and cytokine signals (2).
In a recent issue of PNAS, Cheung et al.
(3) revealed that two evolutionarily diver-
gent herpes family viruses, Herpes simplex
virus (HSV), a member of the � herpes
family, and human cytomegalovirus
(hCMV), a member of the � herpesvirus
family, target the same cosignaling path-
way. Cheung et al. show that a previously
identified orphan receptor of the TNFR
family, UL144, expressed by human CMV,
binds to an inhibitory receptor to down-
regulate T cell responses. HSV-1 glyco-
protein D (gD) binds to the ligand of this
same inhibitory receptor and uses it as an
entry mediator (4).

Two major families of cosignaling re-
ceptors participate in modulating the T
cell response: the CD28 family and the
TNFR superfamily. Whereas engagement
of CD28 by its B7 family ligands results in
positive signals delivered to T cells, addi-
tional CD28 family members contribute
positively or negatively to T cell activation
(5). Several members of the TNFR family
also provide activation and�or survival
signals to T cells (6). The TNFR family
member herpesvirus entry mediator
(HVEM) delivers costimulatory signals to
T cells upon binding its TNF family ligand
LIGHT (for lymphotoxin-like, exhibits
inducible expression, and competes with
HSV glycoprotein D for HVEM, a recep-
tor expressed by T lymphocytes) (7).

Recently, a new member of the inhibi-
tory family of CD28�Ig superfamily recep-
tors, B and T lymphocyte attenuator
(BTLA), was identified (8). BTLA con-
tains immune receptor tyrosine inhibition
motifs and upon aggregation recruits ty-
rosine phosphatases SHP-1 and -2, leading
to attenuation of T cell activation (8).
BTLA is expressed on activated and aner-
gic T cells, resting B cells, and, at lower
levels, on dendritic cells and macrophages
(8, 9). Surprisingly, HVEM was discov-
ered to be a ligand for BTLA (10, 11),

providing the first example of a functional
interaction between a TNFR and an Ig
superfamily member. Binding of HVEM
to BTLA delivers an inhibitory signal to T
cells, whereas BTLA binding does not
appear to trigger HVEM (10, 11). Upon
binding their trimeric ligands, TNFR fam-
ily members signal by recruiting trimeric
TNFR-associated factors to the receptor
trimers (12). If the interaction of BTLA
with HVEM imposes a different oli-
gomerization state on HVEM, this may
explain why HVEM–BTLA binding leads
to BTLA but not HVEM signaling.

The implications of these findings are
that HVEM may act as a molecular
switch, delivering positive costimulatory
signals upon binding LIGHT or acting as
a ligand to deliver inhibitory signals via
BTLA. Yet, this picture is further compli-
cated by additional HVEM ligands. In
addition to LIGHT, HVEM also binds to
the TNF family ligand lymphotoxin-�
(LT�3), and LIGHT itself has three re-
ceptors, HVEM, LT� receptor (LT�R),
and the decoy receptor DcR3 (Fig. 1)
(13). Moreover, as its name suggests,
HVEM was initially identified as a recep-
tor for HSV gD (4). It is intriguing that
HSV-1 and -2 have coopted HVEM, a
molecule that serves both positive and

negative regulatory functions in the im-
mune system, as a receptor for cell entry.

The extracellular domain of HVEM,
like other TNFR family members, is made
up of cysteine-rich repeat domains (CRD)
of which human HVEM has four. The
LIGHT-binding site has been mapped to
CRD2 and CRD3 (14), whereas HVEM
binds BTLA through its CRD1 (11).
BTLA competes with gD for binding
HVEM (10). HSV-1 gD contains a V-like
Ig domain core and binds to HVEM
through an N-terminal hairpin extension
that contacts the CRD1 as well as making
additional contact with CRD2 on the face
opposite the LIGHT binding site (15).
Cheung et al. (3) used site-directed mu-
tagenesis to further delimit these binding
sites. They provide evidence that gD and
BTLA bind to distinct but overlapping
sites on the HVEM CRD1. Although
HSV gD and LIGHT bind on opposite
sides of HVEM (Fig. 2) and had previ-
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Fig. 1. HVEM and LIGHT interactions within the TNFR and Ig superfamily. TNF-family ligands usually exist
as trimers, and the receptors are also trimeric in their ligand-bound form, although higher order oligomers
are possible (12). The oligomerization state of HVEM bound to BTLA or LIGHT is unknown. The networked
interactions of this cosignaling family suggest that interference with one receptor�ligand interaction may
have a domino effect by freeing up other interacting partners.
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ously been shown to form a ternary com-
plex with HVEM when components were
soluble (10), gD blocks HVEM-Fc binding
to membrane-bound LIGHT, likely by
steric hindrance (3, 7). Therefore, with
membrane-bound LIGHT, gD appears to
nullify all interactions of HVEM while
using it as an entry mediator. How this
will impact on HVEM ligands LIGHT
and LT�3, which presumably would then
be free to interact with their other cog-
nate receptors (Fig. 1), remains to be
determined.

The precise mapping of the BTLA-
binding site on HVEM by Cheung et al.
(3) proved to be particularly informative.
They found that K64, with additional con-
tributions from R62 and E65, is critical
for BTLA binding. These residues form a
charged ridge on the solvent-exposed sur-
face of HVEM. Accordingly, the BTLA�
gD binding site on HVEM opposite the
LIGHT-binding site has been coined by
Cheung et al. (3) as the ‘‘DARC’’ side of
HVEM (gD and BTLA binding site on
the TNF receptor HVEM in the cysteine-
rich domain 1) (Fig. 2). Insightfully, the

authors noted that the key amino acids on
HVEM required for binding BTLA were
conserved in the hCMV-encoded protein,
UL144, previously identified as an orphan
receptor of the TNFR family (16). The
authors went on to show that a soluble
human BTLA-Fc fusion protein bound to
cells transfected with UL144 from five
different clinical isolates of human CMV.
In T cell activation assays, HVEM-Fc and
UL144-Fc each inhibited T cell prolifera-
tion. Thus, the studies of Cheung et al.
identify UL144 as a virally encoded mimic
of HVEM that coopts the BTLA inhibi-
tory pathway to inhibit T cell activation.

UL144-Fc inhibits T cell proliferation
with greater efficacy than HVEM-Fc de-
spite a lower affinity for BTLA, suggest-
ing that its effects in vivo might be to
subvert the immune system via BTLA (3).
Indeed, the finding that UL144 from five
diverse clinical isolates of CMV maintains
BTLA binding despite the sequence varia-
tion in the CRD1 argues for the impor-
tance of UL144–BTLA interaction in the
virulence of hCMV (3). One puzzling as-
pect of UL144 is that although it is readily

detected on transfected cells, when ex-
pressed in CMV infected fibroblasts, it
appeared to be largely intracellular (16).
However, hCMV- and HIV-coinfected
individuals have antibodies against UL144,
suggesting exposure of the human im-
mune system to this protein (16).

A key issue that remains to be resolved
is determining the net effect of these
competing interactions when the different
receptors and ligands are present simulta-
neously. Does HVEM acts as a molecu-
lar switch such that in the presence of
costimulation through LIGHT, HVEM–
LIGHT interactions override the inhibi-
tory signals provided by HVEM–BTLA
interactions, as suggested by Cheung
et al.? Indeed, the affinity of soluble
LIGHT for HVEM is 10-fold greater than
the affinity of HVEM-Fc to membrane-
bound BTLA (3). However, affinity mea-
surements between BTLA and HVEM
are different depending on which receptor
is soluble and which is membrane-bound
(3). How these interactions will play out
in vivo will depend on the concentration,
valency, and accessibility of the ligands
and receptors on the surface of interacting
immune cells. Moreover, the relative ki-
netics of expression of LIGHT versus
BTLA on activated T cells during an im-
mune response in vivo has not been deter-
mined, raising the possibility that the
appearance of different HVEM ligands
may play out as a ‘‘first past the post’’
phenomenon. The use of gene-targeted
mice where various elements of this path-
way are deficient in particular immune
cell subsets or in antigen-specific T cells as
well as kinetic analysis of the receptors
and ligands during in vivo immune re-
sponses may help to unravel this complex
biological system.

Together, the studies of Cheung et al.
highlight the ability of HVEM to use two
distinct surfaces to interact with its diverse
ligands. The finding that two evolutionar-
ily divergent herpesviruses target the same
cosignaling pathway underscores the im-
portance of LIGHT�HVEM�BTLA in-
teractions in immune regulation. These
findings remind us that viruses have a lot
to teach us about the immune system.
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Fig. 2. Viral interactions with the BTLA�HVEM�LIGHT cosignaling pathway. HSV gD binds to the
membrane-distal CRD1 domain of HVEM opposite the LIGHT-binding site and overlapping the binding site
of HVEM for BTLA. hCMV UL144 acts as a mimic of HVEM and binds to BTLA to send an inhibitory signal
to T cells (3). gD can be expressed as a transmembrane protein in infected cells but would also bind to
HVEM as part of the HSV envelope. UL144 is expressed intracellularly in infected cells (16) but as a
transmembrane protein could form part of the viral envelope or be shed from infected cells. The binding
site for LIGHT on HVEM is opposite its ‘‘DARC’’ side. ITIM, immune receptor tyrosine inhibition motif.
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