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Targeting the LIGHT-HVEM Pathway
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Abstract

Tumor necrosis factor (TNF)-related cytokines function as key communication systems 
between cells of the immune system and mediate inflammation and tissue destruction. 
LIGHT (TNFSF14) is a key component of the communication system that controls the 

responses of T-Cells. LIGHT activates two cell surface receptors, the Herpesvirus Entry Mediator 
(HVEM) and the Lymphotoxin-β Receptor and is inhibited by soluble decoy receptor-3. The 
LIGHT-HVEM pathway is an important cosignaling pathway for T-Cells, whereas LIGHT-LTβR 
modifies the functions of dendritic cells and stromal cells by creating tissue microenvironments, 
which promote immune responses. HVEM also binds an Ig superfamily member, B and T lym-
phocyte attenuator (BTLA) that inhibits T-Cell activation. Thus, HVEM serves as a molecular 
switch between stimulatory and inhibitory signaling. Studies in humans and experimental animal 
models reveal that LIGHT contributes to inflammation and pathogenesis in mucosal, hepatic, 
joint and vascular tissues. LIGHT is accessible to biologic-based therapeutics, which can be used 
to target this molecule during inflammation-driven diseases.

Introduction
Signals mediated through tumor necrosis factor (TNF)-related cytokines and their receptors 

modulate immune and inflammatory responses,1 thus blockade of signaling may suppress symp-
toms associated with inflammatory and immune mediated diseases. This concept was validated by 
the clinical impact of TNF inhibitors (Remicade™, an anti-TNF antibody and Enbrel™, a decoy 
receptor-Ig fusion protein) in patients with autoimmune diseases, such as rheumatoid arthritis, 
psoriasis and inflammatory bowel syndrome.2 However, successful responses were limited to a subset 
of the patients and in other autoimmune diseases TNF inhibitors failed to alleviate symptoms. These 
clinical results and support from experimental animal models, indicate that other members of the 
TNF superfamily may be operative in immune mechanisms underlying pathogenic processes.

Several members of the TNF superfamily are involved in regulating T-Cell homeostasis by 
orchestrating the balance of proliferation and elimination of antigen-activated T lymphocytes. 
The genes encoding TNF-related cytokines modulating T-Cell homeostasis are clustered in four 
regions of the genome paralogous with the major histocompatibility complex (MHC)(Fig. 1).3 
The TNF gene is located on chromosome 6p21 within the MHC in a closely linked tripartite 
locus with genes for Lymphotoxin (LT)α and LTβ sandwiched between class I and II antigen 
presenting molecules. The conservation of the TNF related MHC paralogs is reflected in their 
exon-intron organization, transcriptional orientation and functional activity. The cellular recep-
tors that bind these ligands belong to a corresponding superfamily (TNFR superfamily) defined 
by an extracellular ligand binding region comprised of several cysteine-rich domains (CRD). The 
receptors that bind these TNF related ligands are genetically linked in two clusters: TNFR-1, 
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LTβR, CD27 reside on Chr12p13 and the others, 41BB, GITR, Ox40, TNFR-2, DR3 and her-
pesvirus entry mediator (HVEM) on Chr 1p36 (Fas is an exception and resides on Chr10q24). 
The paralogous TNFR superfamily members such CD27, 41BB and OX40 (see for example4,5), 
either function as costimulatory molecules enhancing T-lymphocyte activation and survival, or 
else they induce elimination of activated T-Cells, e.g., TNFR1 and Fas. Receptor signaling is me-
diated through two distinct types of cytoplasmic modules: the death domain module (TNFR1, 
Fas and DR3), which activate caspases and the TRAF binding motif, which activates cell survival 

Figure 1. Organization of the TNF superfamily genes within the MHC paralogous regions 
present on chromosomes 1, 9, 6 and 19. Arrows indicate gene transcriptional orientation 
and solid blocks represent exons. LIGHT is 7.78kb from C3 and ~79kb from CD27L. CD27L 
is ~235 kb from 4-1BBL. FasL is separated from GITRL by 374kb, while GITRL and OX40L are 
134k apart. TNF is 2.9 kb from LTβ and 1.3kb from LTα.

Figure 2. The Members of the immediate TNF/LT family. Arrows indicate binding interac-
tions. Each ligand receptor interaction defines a system and these shared systems create a 
signaling circuit.
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genes controlled by NFκB. The evolutionary conservation of the TNF-related ligands dedicated 
to T-Cell homeostasis and linkage to antigen recognition molecules mirrors their importance in 
fine-tuning antigen recognition and immune tolerance.

A broader functional link between several members of the TNF superfamily is revealed in 
shared ligand-receptor binding interactions. TNF, LTαβ and LIGHT overlap in binding to several 
cognate receptors (Fig. 2). This group, often referred to as the immediate TNF family, is viewed 
as an integrated signaling circuit that controls T-Cell homeostasis and a variety of other immune 
processes.6 The TNF-TNFR-1 system is an important sentinel signaling system that orchestrates 
inflammation induced by innate recognition systems as well as by T-Cells. The LTαβ-LTβR system 
controls lymphoid tissue development and structure, but is also involved in regulating cellular im-
mune processes by differentiation of stromal cells, which create microenvironments that promote 
cellular interactions.7-9

LIGHT (TNFSF14, homologous to Lymphotoxins exhibits inducible expression and com-
petes with HSV glycoprotein D for HVEM, a receptor expressed by T-lymphocytes) displays a 
unique receptor binding profile that imparts its physiological functions. LIGHT has emerged as 
a key factor controlling T-Cell immune responses and thus is a candidate to target in different 
immune-mediated diseases.

LIGHT and HVEM
LIGHT follows the canonical paradigm of a TNF superfamily member configured as a type II 

transmembrane protein containing a C-terminal TNF homology domain that folds into a β-sheet 
sandwich, which assembles into a functional homotrimer10,11 (Fig. 3). LIGHT engages two specific 
cellular receptors, the LTβR and HVEM. These TNFR are type I membrane glycoproteins that 

Figure 3. Molecular model of LIGHT. The theoretical LIGHT model was generated by SwissModel 
and encompasses amino acids Ser103 to Val240 and based on the templates for LTα and TNF 
(2TUN.pdb and 1TNR.pdb).11 The domain structure of LIGHT is depicted on the left and the 
assembled trimeric form of the TNF homology domain is shown in space filling mode. Each 
subunit is shown in a different color with atoms colored red and blue have been identified 
as contact residues for LTβR and HVEM binding.
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have an extracellular domain comprised of four CRD. LIGHT is also bound by a soluble decoy 
receptor (DcR3) providing a posttranslational control mechanism to turn off signaling12(DcR3) 
also binds TL1A and FasL reemphasizing the common functional links of these ligands. LIGHT 
can also be proteolytically cleaved (shed) into a soluble form that retains receptor-binding activity. 
Interestingly, an alternate transcript of LIGHT encodes a deletion of the transmembrane region, 
which is directed into the cytosol in a nonglycosylated form of unknown function (Fig. 4).

The LIGHT-HVEM-BTLA Switch
A new paradigm emerged with the discovery that HVEM is an activating signal for an inhibitory 

coreceptor known as B and T-lymphocyte attenuator (BTLA)13(Fig. 5). BTLA has an intermedi-
ate type Ig fold14 making it structurally diverse from other cosignaling molecules such as CD28, 
CTLA4, ICOS, or PD115,16 and providing the basis for specific interaction with HVEM. The 
cytoplasmic domain of BTLA contains an inhibitory tyrosine-based motif (ITIM) that counteracts 

Figure 4. Processing pathway and isoforms of LIGHT Left panel, 293T-Cells were transiently 
transfected with plasmids encoding either membrane LIGHT or empty pCDNA3.1(+). HVEM-Fc 
was used to precipitate LIGHT from the tissue culture supernatant (lane 1) or cell lysate (lane 
3) of full length LIGHT transfected 293T-Cells. The precipitates were resolved by SDS-PAGE 
and Western blot analysis using a rat anti-LIGHT polyclonal serum as a probe. TNFR1-Fc was 
used to control for nonspecific binding to membrane LIGHT (lane 2) or supernatants (lane 4). 
An equivalent amount (5x104 cell equivalents) from each transfected cell lysate was loaded in 
lanes 5 and 7. Purified recombinant soluble LIGHTt66 (10 ng)(lane 6) used as a molecular mass 
marker. Right panel, LIGHTΔTM is not glycosylated. Immunoprecipitates from the NP40 cell 
lysates of 293T-Cells transfected with soluble LIGHTΔTM (lanes 1-3), pCDNA3.1(+) alone (lane 
4-6), LIGHTt66 (lanes 7-9) or full length LIGHT (lanes 11-13) encoding plasmids are shown. 
Detergent lysates were precleared with an isotype control and then immunoprecipitated with 
mouse anti-human LIGHT antibody and protein G. The immunoprecipitates were digested 
with either endoglycosidase H (lanes 2, 5, 8,12), PNGaseF (lanes 3, 6, 9,13) or left untreated 
(lanes 1,4, 7,11); purified soluble LIGHT (lane 10). The cartoon depicts the alternate spliced 
forms of LIGHT and LIGHT shedding from the membrane. Reproduced with permission from: 
Granger SW, Butrovich KD, Houshmand P et al. J Immunol. 2001;167:5122-5128.
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kinases via recruitment of tyrosine phosphatases (SHP-1 and SHP-2) attenuating proliferation 
signals in antigen activated lymphocytes.17-19 BTLA engages the N-terminal, first CRD of HVEM 
in the same topographical site occupied by Herpes Simplex virus glycoprotein D.14,20 In contrast, 
LIGHT occupies a topographically distinct site in CRD2 and 3 on the opposite face of HVEM 
from where BTLA binds. Thus, HVEM can mediate both positive and negative signaling though 
different mechanisms. BTLA has a strong inhibitory effect on T- and B- cells, which is thought 
to function as a control for tolerance to self tissues and homeostasis.

LIGHT-Mechanism of Action
LIGHT is a key factor in the HVEM-BTLA switch between positive and inhibitory signal-

ing.20-22 Studies indicate that LIGHT in its membrane-anchored position disrupts the binding 
interaction between HVEM and BTLA.20 This feature provides LIGHT with three functional at-
tributes: (1) activation of LTβR, (2) activation of HVEM and (3) disruption of the HVEM-BTLA 

Figure 5. The LIGHT-HVEM-BTLA system. The arrows indicate the ligand-receptor binding 
interactions. LIGHT-HVEM activates NFκB as part of its positive signaling activity, where as 
HVEM activates BTLA to recruit tyrosine phosphatase SHP2, which attenuates signaling in 
T- and B-cells. Decoy receptor-3 binds LIGHT and can inhibit signaling.
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complex, all of which act to promote immune and inflammatory processes.20 Thus, targeting 
LIGHT may block signaling via its two receptors, HVEM and LTβR and leave intact the inhibitory 
HVEM-BTLA pathway. Interestingly, supportive evidence for this mechanism is found in a viral 
pathogen. A BTLA binding protein encoded by human cytomegalovirus (UL144 orf ) competes 
with HVEM for binding BTLA and effectively inhibits human T-Cell proliferation.20

Expression patterns of the ligand and receptor determine the physiological cellular response. 
LIGHT is expressed transiently in activated T- and B-cells, but constitutively in lymphoid tissue 
resident dendritic cells. HVEM is expressed on T- and B-lymphocytes and other hematopoietic 
cells and on mucosal epithelium, whereas LTβR is broadly distributed on stroma and parenchyma 
cells of most organs, dendritic cells and tissue macrophages, but is conspicuously absent on T and 
B-lymphocytes. BTLA is also broadly expressed in all hematopoietic cells. This complex expres-
sion pattern suggests that intercellular interactions between multiple cell types will be involved in 
determining whether the response is ultimately stimulatory and/or inhibitory.

As a cosignaling system, LIGHT expression on antigen presenting dendritic cells is thought to 
engage HVEM on the surface of naïve T-Cells, enhancing proliferation and differentiation into 
effector cells following antigen recognition. Both HVEM and BTLA are constitutively expressed 
on naïve DC, B and T-Cells, thus the action of HVEM-BTLA pathway may keep naïve cells in 
a resting state by controlling the extent of kinase activity emanating spontaneously from antigen 
receptor complex on T- and B-cells. As part of the cosignaling process, the LTβR controls the 
proliferation of dendritic cells within lymphoid organs after binding LTαβ or LIGHT expressed 
on activated cells.23 Thus, blockade of LTαβ or LIGHT may decrease the numbers of DC involved 
in activating T-Cells, thus dampening inflammation.

Table 1. LIGHT in experimental pathogenesis models

Model Result References

Transgenic LIGHT 
LIGHT Tg in T-Cells Acute onset, autoimmune like disease.  48,49 
 Inflamed intestines, reproductive organs,  
 skin and liver; abnormal lymphoid tissues
LIGHT-Tg T-Cell transfer Atherosclerosis 46
LIGHT-Tg T-Cell transfer Inflammatory bowel disease 50
LIGHT tumor transgene LIGHT induced tumor rejection by CD8 T-Cells 51
Decoy Receptor
MHC II disparte GVHD  HVEM-Fc or LTβR-Fc decreased inflammation 52,53
EAE experimental  LTβR-Fc suppressed paralysis 54 
autoimmune encephalitis 
Cuperizone-induced  LTβR-Fc decreased demyelination 55 
demyelination and enhanced remyelination
CIA collagen-induced  LTβR-Fc suppressed 56 
arthritis
LIGHT-/- mice
Cardiac allograft rejection Rejection was minimized 57
Graft vs host disease Reduced inflammation 58
Superantigen CD8 T-Cell proliferation defect 25
Mitogen induced hepatitis increased survival and decreased hepatic  30 
 inflammation mediated by CD4 T or NK cells
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Immunobiology of LIGHT
In vivo analyses of transgenic, knockout and pharmacological models in mice indicate that 

LIGHT and LTαβ play a crucial role in immune regulation and targeting these molecules may 
impact disease processes (Table 1). An inflammatory role for LIGHT has emerged from studies 
of transgenic mice with constitutive LIGHT expression in the T-Cell lineage. T-Cells that express 
human or mouse LIGHT displayed a profound multi-organ inflammatory phenotype. LIGHT is 
normally transiently expressed and highly regulated at multiple steps during transcriptional and 
posttranslational (shedding and DcR3) stages of its expression. Although enforced expression might 
not replicate the physiological action of LIGHT, the model clearly demonstrates the potential 
of LIGHT as a potent inducer of tissue damaging inflammation. The proinflammatory action of 
LIGHT to induce an immune response is further underscored by the rejection of tumors engi-
neered to express LIGHT. Additionally, some of the phenotypes within these LIGHT transgenic 
mice may mimic the action normally provided by LTαβ-LTβR system, or the nonphysiological 
disruption of inhibitory signals mediated by the HVEM-BTLA pathway needed to maintain 
immune homeostasis.

The use of purified receptor-Fc fusion proteins (LTβR-Fc or HVEM-Fc) as decoys to pharma-
cologically block the interactions of LIGHT or LTαβ with cellular receptors has provided comple-
mentary results to the genetic models (Table 1). Delineating the role of LIGHT by pharmacologic 
methods alone is complicated by the multiple ligand specificities of these decoy receptors.

Alternately, mice deficient in LIGHT provide a genetic model for understanding more directly 
the physiological role of this cytokine.24-26 LIGHT deficient mice are developmentally normal, with 
wild type lymphoid subsets and tissues, unlike animals deficient in components of the LTαβ-LTβR 
pathway or the offspring of pregnant mice treated in utero with LTβR-Fc, which lack most of 
their secondary lymphoid tissues (intestinal Peyer’s patches and lymph nodes).27 Although both 
LTαβ and LIGHT can signal via the LTβR, the difference in phenotype is due in part to prefer-
ential expression of LTαβ during embryogenesis by lymphoid tissue inducer cells.28 Deficiency in 
LIGHT enhanced cardiac allograft survival and decreased tissue damage in graft vs host disease, 
both CD8 T-Cell effector models (Table 1). CD4 T-Cells may also use LIGHT as a mediator of 
inflammation. LTβR-Fc blocked intestinal inflammation in the CD4 T-Cell transfer model29 and 
in a hepatitis model mediated by CD4 T and NK cells, LIGHT-/- mice had significantly increased 
survival and decreased hepatic inflammation.30

Evolutionary pressures have guided multiple viral families (pox, herpes, adeno) to target the 
immediate TNF family as part of the pathogen’s strategy to modulate host defenses.31 For instance, 
poxviruses utilize soluble TNF receptors as virulence factors in controlling host defenses,32 provid-
ing a prototype of TNFR2-Fc (etanercept). Two distinct human herpesviruses, Herpes Simplex 
and Cytomegalovirus, target the LIGHT-HVEM-BTLA switch, which strengthens the notion 
that this pathway is an important control point for regulating immunity.20,33 Thus, viruses provide 
additional hints at potential pathways for controlling unwanted immune responses. Interestingly, 
LIGHT is dispensable for host defense to some viral pathogens indicating that genetic inactivation 
of LIGHT was not overwhelmingly immunosuppressive.34,35

Clinical Indications for LIGHT
The concept that LIGHT provides a critical proinflammatory signal during cellular immune 

responses is reinforced by the studies of patients with inflammatory bowel disease (IBD).36,37 Cell 
surface LIGHT is expressed on human mucosal T-Cells and NK cells and a subpopulation of 
gut-homing CD4+ T-Cells in the periphery, but not by naïve T-Cells in blood. Quantitative analysis 
of LIGHT mRNA in a cohort of inflammatory bowel disease patients indicated elevated expression 
in biopsies from small bowel and from inflamed sites, implicating LIGHT as a mediator of mucosal 
inflammation. In addition, CD2-mediated stimulation induced LIGHT expression on intestinal 
CD4+ T-Cells, but not on peripheral blood T-Cells, suggesting a gut-specific, Ag-independent 
mechanism can regulate LIGHT expression. A susceptibility locus for IBD (IBD6) is found on 
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Chr19p13,38-40 although this region is gene dense, the status of LIGHT as disease candidate is 
significant and is consistent with observations in experimental animal models.

LIGHT has been implicated as a key mediator in atherosclerosis and rheumatoid arthritis. In 
atherosclerosis, oxidized HDL induced LIGHT in vitro and LIGHT expression was detected in 
atherosclerotic plaques with elevated serum levels in patients with angina.41 In a mouse model of 
allograft arterial disease (class II mismatch), blockade of the LIGHT pathway with HVEM-Fc 
attenuated luminal occlusion, decreased intragraft cytokine expression and reduced smooth muscle 
cell proliferation.42 In a potentially related observation, an allelic variant of LTα (252 A—>G) is 
linked to dislipidemia43 and risk for myocardial infarction44 although the latter observation was 
not replicated in all populations.45 The shared binding of LIGHT and LTα to HVEM provides 
a potential mechanistic link, however LTα is a low affinity ligand for HVEM10 (high affinity for 
TNFR1 and TNFR2) and LTα is also part of the LTαβ-LTβR signaling pathway. Recent studies 
in mice support a role for LIGHT and LTαβ in regulating lipid metabolism during inflamma-
tion.46 Moreover, LTβR-Fc reduced the dyslipidemia in mice deficient in low-density lipoprotein 
receptor, which lack the ability to control lipid levels in the blood, an important risk factor for 
coronary heart disease. Additionally, LIGHT is expressed in inflamed joints and patients with 
rheumatoid arthritis accumulated elevated serum levels, consistent with a role of LIGHT in bone 
resorption.47

Together, the genetic evidence, animal models, pathogen targeting and expression patterns in 
human disease provides evidence that therapy directed at antagonizing LIGHT or LTαβ may be 
effective in inflammation driven mucosal and arterial diseases and similar autoimmune disorders. 
Early clinical trials of LTβR-Fc in rheumatoid arthritis revealed promising results at low doses, 
reinforcing the idea that LIGHT and LTαβ may play a role in joint disease.

Directed Therapeutics
The discovery of the LIGHT-HVEM-BTLA switch provides three novel targets for modu-

lating immunity that may be useful in treatment of autoimmune diseases, cancer and infections. 
The extracellular position of the ligands and receptors in the TNF family provides a direct route 
to biologic-based therapeutics. Antibodies or decoy receptors antagonize the ligand-receptor 
interaction, thus interfering in cellular communication. However, antibodies may have secondary 
effects, such as activating effector systems like complement and cellular cytotoxicity, which may 
eliminate disease causing cells that express LIGHT or LTαβ on their surface. By contrast, antibody 
based agonists to individual receptors may be useful in activating specific receptors, in contrast 
to polygamous ligands, thus selectively enhancing cellular responses required to help resolve per-
sistent infections or eliminate tumors. Blockade of LIGHT and LTαβ may be useful in limiting 
inflammation in autoimmune diseases. Agonists directed at BTLA may be useful in preventing 
activation of initial immune responses for instance in allograft rejection or graft vs host disease. 
By contrast, agonists directed at LTβR or HVEM may be useful in promoting immune responses 
against tumors and pathogens causing persistent infections.

Historically, no single criterion stood out as a predictor of the relevant clinical indication to 
apply TNF modulators. Presently, integration of the all available data including experimental 
animal models and human studies coupled with a mechanistic understanding is required to identify 
the relevant clinical situation to apply a given inhibitor.
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