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Abstract

The TNF Superfamily member LIGHT (TNFSF14) has recently emerged as a potential target for 

therapeutic interventions aiming to halt tissue fibrosis. In this perspective, we discuss how LIGHT 

may influence the inflammatory and remodeling steps that characterize fibrosis, relevant for many 

human diseases presenting with scarring such as Asthma, Idiopathic Pulmonary Fibrosis, Systemic 

sclerosis, and Atopic Dermatitis. LIGHT acts through two receptors in the TNF receptor 

superfamily, HVEM (TNFRSF14) and LTβR (TNFRSF3), which are broadly expressed on 

hematopoietic and non-hematopoietic cells. LIGHT can regulate infiltrating T cells, macrophages, 

and eosinophils, controlling their trafficking or retention in the inflamed tissue, their proliferation, 

and their ability to produce cytokines that amplify fibrotic processes. More interestingly, LIGHT 

can act on structural cells, namely epithelial cells, fibroblasts, smooth muscle cells, adipocytes, 

and endothelial cells. By signaling through either HVEM or LTβR expressed on these cells, 

LIGHT can contribute to their proliferation and expression of chemokines, growth factors, and 

metalloproteinases. This will lead to hyperplasia of epithelial cells, fibroblasts, and smooth 

muscle, deposition of extracellular matrix proteins, vascular damage, and further immune 

alterations that in concert constitute fibrosis. Because of its early expression by T cells, LIGHT 

may be an initiator of fibrotic diseases, but other sources in the immune system could also signify 

a role for LIGHT in maintaining or perpetuating fibrotic activity. LIGHT may then be an attractive 

prognostic marker as well as an appealing target for fibrosis therapies relevant to humans.

Graphical abstract

LIGHT can influence both structural and inflammatory cells to promote fibrosis. LIGHT controls 

the expression of pro-fibrotic factors like cytokines and chemokines driving cellular infiltration 

and activity in inflamed sites; induction of extracellular matrix protein synthesis and degradation; 

as well as proliferation, growth, differentiation and hyperplasia of cells involved in fibrosis. 
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Introduction

In this perspective, we discuss emerging data that suggests that TNF Superfamily member 

14 (TNFSF14), also known as CD258 or its common name LIGHT (homologous to 

Lymphotoxins, shows Inducible expression, competes with HSV Glycoprotein D for 

HVEM, a receptor expressed on T cells), may control the severity of fibrotic disease and 

could be a suitable target for therapeutic interventions aiming to reduce fibrosis.

Fibrosis is a feature of a number of chronic diseases and is thought to result from an 

exaggerated or uncontrolled response to epithelial injury. It involves the accumulation of 

extracellular matrix proteins and fibers in tissues, such as collagen, elastin, periostin, 

fibronectin, smooth muscle actin, and glycosaminglycans, often leading to organ failure and 

death 1. Several autoimmune connective tissue disorders and inflammatory diseases display 
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a fibroproliferative component characterized by tissue remodeling and scarring, including 

Asthma, Systemic sclerosis (SS), Atopic Dermatitis (AD), Psoriasis, Systemic lupus 

Erythematosus (SLE), Idiopathic Pulmonary fibrosis (IPF), Chronic Obstructive Pulmonary 

Disease (COPD), Graft versus Host disease (GvHD), Rheumatoid Arthritis (RA), 

Ankylosing Spondylitis (AS), Crohn’s disease (CD), Ulcerative colitis (UC), and 

Eosinophilic Esophagitis (EoE), as well as advanced liver and kidney diseases 2. Fibrosis 

can affect one or several organs depending on epithelial injury location and atopic march 1.

Inflammation is thought to initiate fibrosis 2. Several key immune cells are likely important 

in many diseases, especially macrophages, eosinophils, and T cells, with often contributions 

from other cell types including dendritic cells, ILC2, and NK cells 3. However, tissue 

structural or stromal cells are the main end-stage drivers and/or targets of the response, with 

epithelial cells, fibroblasts/myofibroblasts, smooth muscle cells, and endothelial cells all 

capable of undergoing hyperplasia or hypertrophy and contributing to the accumulation of 

extracellular matrix proteins and fibers 4. Several cytokines that can be derived from both 

immune cells and structural cells have been found in murine models of disease to be 

involved in the fibrotic process, and in particular, TGF-β, IL-13, and/or TSLP, have often 

been associated with driving the characteristic features of the disease 3, 5. As the initiation of 

fibrosis is thought to be a consequence of inflammation, anti-inflammatory drugs have been 

tested in patients, but with only moderate success. One possible explanation is that 

corticosteroids and other anti-inflammatory drug candidates do not decrease the production 

of fibrotic factors, or do not inhibit the activity of these factors that results in tissue 

remodeling 6, 7. Therefore an increased knowledge of specific molecules that start or 

maintain fibrotic activity is warranted.

We recently identified a novel member of the TNF Superfamily called LIGHT as a key 

regulator of fibrosis and a potential target for therapies aiming to halt development of this 

disease feature 8–10. LIGHT was initially described as a molecule made by T cells 11, 12, and 

it has two receptors that are ubiquitously expressed in several cell types, both inflammatory 

and structural. LIGHT can be either membrane-bound or produced soluble as a cytokine, 

and was originally described to enhance T cell activation through a specific receptor in the 

TNF receptor superfamily named the herpes virus entry mediator or HVEM 

(TNFRSF14) 11. LIGHT additionally binds another TNF superfamily receptor, named LTβR 

or lymphotoxin beta receptor (TNFRSF3). One or both receptors are now known to be 

broadly expressed on both stromal cells and hematopoietic cells, including lymphatic 

endothelial cells, fibroblastic reticular cells, follicular dendritic cells, dendritic cells, 

macrophages, mast cells, eosinophils, neutrophils, T and B cells, and NK cells 13. 

Importantly, one or both receptors are found on the primary cells that contribute to tissue 

remodeling and fibrosis, namely epithelial cells, fibroblasts, and smooth muscle cells.

We published the first reports that a genetic deficiency in LIGHT, and blocking LIGHT 

binding to both of its receptors, strongly reduced tissue remodeling and fibrosis in the lungs 

of allergen-challenged mice in models of severe asthma and in a model of idiopathic 

pulmonary fibrosis 8, 9. Moreover, injection of recombinant LIGHT into the lungs of mice 

reproduced the primary fibrotic features seen in severe asthmatics and IPF patients 8, 9. 

Furthermore, we recently published that recombinant LIGHT alone can also induce skin 
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inflammation and dermal fibrosis, and in published and unpublished studies found that 

endogenous production of LIGHT is crucial to development of skin disease in mouse models 

of scleroderma and atopic dermatitis10. In line with the activity of LIGHT in fibrotic disease 

representing an exaggerated but normal physiological activity of this molecule, another 

study found that LIGHT-deficient animals displayed delayed closure of non-chronic wounds 

as well as exacerbated chronic wounding 14. In each report, collagen deposition and smooth 

muscle actin expression were reduced in the absence of LIGHT interactions with its 

receptors 8–10, 14. In this current perspective, we focus on the activity of LIGHT and discuss 

how this molecule can promote both inflammation and tissue remodeling/fibrosis, 

potentially making it a very attractive target for therapy of chronic inflammatory diseases 

that involve fibrotic activity. We specifically discuss the role of LIGHT on tissue infiltrating 

inflammatory cells (macrophages, eosinophils, and T cells) and structural cells (epithelial 

cells/keratinocytes, fibroblasts, smooth muscle cells, endothelial cells, and adipocytes).

LIGHT’s impact on inflammatory cells

LIGHT activity in T cells

T cells likely contribute to fibrotic disease by making cytokines that either enhance or 

recruit other inflammatory cells to the tissue sites, or by making cytokines that directly act 

on structural cells, like IL-13 or TNF, that promote pro-fibrotic activity. The connection 

between T cells and LIGHT may be significant to fibrotic disease in several ways. LIGHT is 

a stimulatory molecule for T cells, and can promote their proliferation and survival through 

binding to HVEM (LTβR is not expressed by T cells) 12, 15. In some cases, LIGHT activity 

can also promote expression of cytokines by T cells. This has been demonstrated for CD4 T 

cells of the Th2 and Th1 subsets, as well as for CD8 T cells. As such the absence of LIGHT 

in gene deficient mice has been shown to lead to reduced acute asthmatic lung inflammation 

driven by Th2 cells 8, and reduced GVHD driven by CD8 T cells or Th1 cells 16, 17. Equally 

importantly, T cells can be the source of LIGHT. Transgenic mice overexpressing LIGHT in 

T cells developed gut inflammation and Crohn’s like symptoms. Furthermore, transgenic 

LIGHT promoted enhanced atherosclerosis and Crohn’s disease when animals or cells 

derived from them were used under conditions conducive for such diseases 18, 19. Similarly, 

in a mouse model of IPF induced by bleomycin, we tested whether LIGHT from T cells was 

driving the disease. We observed that Rag-/- mice lacking T cells were resistant to disease, 

and that transfer of wild-type but not LIGHT-deficient T cells led to pronounced collagen 

deposition and smooth muscle hyperplasia (unpublished observations). Thus, LIGHT may 

both act on T cells to allow their accumulation at sites of fibrosis, and be produced by these 

T cells to contribute to fibrotic disease in other ways.

LIGHT signaling in macrophages

LIGHT may have several activities linked to macrophages that are relevant for development 

of tissue fibrosis. In concert with other cells, macrophages are known to be involved in 

many remodeling diseases, including asthma and COPD, through production of TGF-β. This 

cytokine is likely to be central to many fibrotic states as it can induce epithelial-

mesenchymal transition (EMT) 20, differentiation of fibroblasts into myofibroblasts, 

production of extracellular matrix proteins including collagen, and enhance smooth muscle 
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cell proliferation 21. LIGHT was shown to affect the accumulation of macrophages and up-

regulate the expression of TGF-β by macrophages 8. Macrophages express LTβR and 

HVEM, and reside close to subepithelial regions, where smooth muscle hyperplasia and 

fibrosis often occur. We showed that lung macrophages, after chronic challenge with 

allergen, were impaired in accumulating in the lungs of animals where LIGHT was inactive, 

likely through a survival activity exhibited on these cells. Moreover, expression of latency-

associated peptide, a marker for membrane-bound TGF-β, was decreased in macrophages 

from these mice. Suggesting this represented a direct activity of LIGHT on lung 

macrophages, stimulation of the LTβR on these cells in vitro was found to increase 

expression of TGF-β8. Other studies have suggested that LIGHT itself can signal into 

macrophages when membrane bound, and interestingly stimulating the monocytic THP-1 

cell line with an agonistic antibody to LIGHT promoted the expression of MMP-9 and 

IL-822. MMP-9 is a positive regulator of inflammation that functions through degradation of 

ECM proteins to enable the migration of immune cells to inflamed sites, and activation of 

cytokines and chemokines 23. IL-8 can recruit neutrophils into inflammatory sites, enhances 

blood vessel formation, and regulates phagocytosis by neutrophils and macrophages, all of 

which could contribute to fibrotic activity 23. Therefore, LIGHT might drive fibrosis by 

enhancing the survival and accumulation of macrophages in the inflamed sites, as well as 

increasing their expression of TGF-β, MMP-9, and IL-8.

LIGHT signaling in eosinophils

In humans, the importance of eosinophils to fibrosis has been assessed when treating 

asthmatics with anti-IL-5 antibodies, which in select populations has led to a reduction of 

eosinophils in the lungs accompanied by a reduction in airway deposition of extracellular 

matrix proteins 24. Eosinophils might contribute to fibrotic disease in several ways, but their 

ability to make IL-13 and TGF-β could be central to any activity in this regard. IL-13 has 

been reported to possess a number of pro-fibrotic activities, including inducing epithelial 

cell proliferation, myofibroblast proliferation, and smooth muscle actin expression, and 

IL-13 can synergize with TGF-β to promote certain features associated with EMT 25–27. 

Eosinophils have been found to upregulate IL-13 production after chronic challenge with 

allergens in mouse severe asthma models correlating with the development of fibrosis or 

accumulation of smooth muscle cells or alpha smooth muscle actin. Suggesting that LIGHT 

contributes to this activity, we showed that lung eosinophils express HVEM, and when they 

were analyzed in allergen-challenged LIGHT-deficient animals, or mice where LIGHT 

interactions were blocked, they had reduced IL-13 expression. Showing this was a direct 

activity, recombinant LIGHT upregulated IL-13 expression in eosinophils cultured in 

vitro 8. In line with this, in models of IPF, the effect of recombinant LIGHT in driving some 

aspects of lung tissue remodeling was also found to be dependent on signaling through the 

receptor for IL-13 9. Thus, LIGHT-HVEM signaling in eosinophils can promote fibrotic 

activity by maximizing the expression of the pro-remodeling cytokine IL-13. Whether 

LIGHT also enhances TGF-β production by eosinophils has not been studied, but this may 

be another way in which it could contribute to tissue remodeling.
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LIGHT’s impact on structural cells

LIGHT function in epithelial cells

Epithelial cells can contribute to fibrosis and tissue remodeling in several ways, through 

undergoing EMT and making extracellular matrix proteins, producing chemokines, and 

secreting inflammatory cytokines 20, 28, 29. Recent work from our laboratory and elsewhere 

has focused on the function of LIGHT signaling in epithelial cells. Airway epithelial cells 

(bronchial and alveolar origin) and epidermal keratinocytes, thought to be key players in 

development of asthma and atopic dermatitis, were found to express both LTβR and HVEM 

on their surface 10, 30. These cells are considered important sources of inflammatory 

molecules and extracellular matrix proteins that contribute to lung and skin disease. LIGHT 

induced a limited but distinct set of inflammatory genes, namely adhesion molecules 

(ICAM-1, VCAM-1), chemokines (CCL5, CCL20, CXCL1, CXCL3, CXCL5 and 

CXCL11), cytokines (IL-6, Activin A and GM-CSF), and metalloproteinases (matrix 

metalloproteinase-9 and a desintegrin and metalloproteinase domain-8) in lung epithelial 

cells 30, 31 and many of these are upregulated in keratinocytes (unpublished observations). 

The induction of most of these genes was resistant to steroid treatment in lung epithelial 

cells 30. ICAM-1 and VCAM-1 play an important role in the recruitment, infiltration and 

retention of leucocytes to the lung and skin. This could emphasize an indirect activity of 

LIGHT on epithelial cells to perpetuate fibrosis. LIGHT’s modulation of genes involved in 

chemotaxis appears to be very specific, and may primarily impact migration of T cells, 

macrophages, neutrophils, and eosinophils. GM-CSF expression was also strongly induced 

upon LIGHT stimulation. GM-CSF is a modulator of growth of myeloid cells such as 

dendritic cells and monocytes/macrophages and granulocytes. Like GM-CSF, IL-6 can 

control growth and differentiation of macrophages, T cells and dendritic cells 32. MMP-9 is 

elevated in asthmatics and positively correlates with disease progression 33–36. In line with 

MMP-9 playing a role in fibrosis development, mice deficient in this molecule presented 

with less eosinophilia, lower levels of CCL5, and reduced collagen deposition in their lungs 

after allergen challenge 37. Activin A has also been implicated in lung fibrosis, since it was 

elevated in sera of asthmatics and COPD patients, as well as mice induced with 

allergens 38, 39. However its exact contribution to inflammation and remodelling processes 

remains unclear and needs further investigation.

Whether LIGHT strongly contributes to the production of extracellular matrix proteins by 

epithelial cells is not clear. Certainly in isolation, we found that LIGHT only had a weak 

activity in this regard 30, but it remains to be determined if LIGHT can synergize with other 

fibrotic factors to directly drive collagen or similar molecules. A more obvious link between 

LIGHT’s activity in epithelial cells and induction of fibrosis was revealed when we showed 

that LIGHT stimulation of either lung or skin epithelial cells promoted the expression of 

TSLP 9, 10. TSLP has been described as a master regulator of fibrotic disease associated with 

allergic inflammation, and has been tightly associated with several autoimmune and 

inflammatory diseases with a fibrotic component such as idiopathic pulmonary fibrosis, 

asthma, scleroderma and atopic dermatitis 5, 40. We found that much of the fibrotic activity 

of recombinant LIGHT in the lungs and skin was reduced when LIGHT was injected into 

animals lacking the receptor for TSLP. This suggests that LIGHT not only controls 
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expression of TSLP but also likely synergizes with TSLP for certain pro-fibrotic 

activities 9, 10.

LIGHT function in fibroblasts and smooth muscle cells

Fibroblasts contribute to tissue fibrosis by proliferating and forming bundles of cells thereby 

decreasing tissue elasticity, as well as by producing extracellular matrix proteins and by 

secreting inflammatory cytokines and chemokines. Fibroblasts from several organs have 

long been known to express LTβR (e.g. mouse embryonic fibroblasts, human synovial 

fibroblasts), and we recently found in unpublished data that both smooth muscle cells and 

fibroblasts from the lungs and skin express LTβR as well as HVEM. There is presently a 

paucity of data on the activity of LIGHT in fibroblasts and smooth muscle cells, but several 

reports suggest that its activities on these cells are likely to contribute to tissue fibrosis. One 

study that used synovial fibroblasts showed modulation of MMP-9 and IL-6 expression by 

LIGHT in these cells 41, similar to that we observed in epithelial cells 30. LIGHT also 

promoted fibroblast proliferation and upregulated several chemokines 41. Additionally, 

LTβR signaling induced the expression of ICAM-1, several chemokines including CCL5, 

and several MMPs, in synovial fibroblasts 42. This suggests the activity of LIGHT in 

fibroblasts might be quite similar to that in epithelial cells. From our in vivo studies in mice, 

recombinant LIGHT administration led to smooth muscle hyperplasia and collagen 

accumulation in both the lung and skin. However, as yet we have not found any strong direct 

activity of LIGHT on lung or skin fibroblasts or smooth muscle cells in terms of 

upregulation of collagen or alpha smooth muscle actin. In contrast, LIGHT was able to 

induce proliferation of these cells (unpublished observations), which may contribute to the 

increase in the former features seen in vivo.

LIGHT activity in adipocytes

Adipose tissue inflammatory activity can also lead to fibrosis whereby accumulation of 

collagen covers the adipose tissue as well as the connective tissue below the adipose layer. 

HVEM was found to be expressed in mature human adipocytes and has been suggested to be 

important for their homeostasis. The interaction between soluble LIGHT and HVEM can 

contribute to adipose tissue inflammation by enhancing T cell and macrophage accumulation 

and activation at these sites 43, 44. Serum levels of LIGHT were described to be increased in 

obese patients, and soluble LIGHT increased the release of the inflammatory cytokines and 

chemokine, TNF, IL-6, and MCP-1, from human adipocytes. Treatment with anti-HVEM 

antibody, or the genetic deletion of HVEM, markedly blunted the infiltration of CD4 or CD8 

T cells and macrophages, and the release of cytokines, in adipose tissue. Furthermore, 

LIGHT was also found elevated in the serum of Non Alcoholic Fatty Liver Disease patients 

that suffer from dyslipidemia and metabolic disorders 45. Moreover, blocking LIGHT 

reduced dislypidemia in mice deficient in LDLR, which lack the ability to control lipid 

levels in the blood rendering its host at high risk of coronary heart disease 46. Therefore, by 

directly modulating adipose cell activity, and regulating inflammatory cell recruitment, 

LIGHT may also contribute to a fibrotic response in this tissue.
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LIGHT effects in endothelial cells

Vascular damage and increased angiogenesis is also one of the main characteristics of 

tissues where fibrosis is found. Endothelial cells play a critical role in the control of vascular 

function and additionally can participate in inflammatory and immune reactions. LIGHT 

signaling through LTβR expressed in endothelial cells has been described to promote T cell 

adhesion through upregulation of E-selectin, ICAM-1, and VCAM-1 47, 48. Additionally, 

LIGHT can induce IL-8 47 and CXCL12 49 expression in these cells that would further 

facilitate the migration of leucocytes to areas of inflammation, and indirectly promote the 

environment conducive for promoting tissue fibrosis.

Conclusion

Recent data suggest that LIGHT is an important driver of fibrosis and tissue remodeling. By 

signaling concomitantly on inflammatory and structural cells, through its receptors LTβR 

and HVEM, LIGHT is able to control the expression of major pro-fibrotic factors such as 

TGF-β, IL-13 and TSLP, and these factors combined can subsequently regulate hyperplasia 

of fibroblasts, epithelial cells, and smooth muscle cells, and promote deposition of 

extracellular matrix proteins such as collagen. Additionally, LIGHT can regulate 

accumulation of Th2 cells, chemokines that attract these and other immune cells, adhesion 

molecules that will maintain the inflammatory environment, and other factors such as 

metalloproteinases that can participate in the fibrotic response. In some model systems, the 

expression of LIGHT is early, likely derived from activated T cells, and it can therefore be 

viewed as a potential prognostic marker and initiator of fibrosis. However, there may be 

other scenarios where LIGHT is made by T cells or other immune cells at a later time, once 

the fibrotic response is ongoing and chronic, and LIGHT then participates in maintaining 

this response through continued production of the factors above, such as IL-13 and TGF-β. 

Although there is a paucity of data at present in humans, LIGHT has been found elevated in 

the serum or sputum of patients suffering from a number of inflammatory diseases with a 

fibrotic component, including asthma 50, atopic dermatitis 51, rheumatoid arthritis 41, non 

alcoholic fatty liver disease 45, atherosclerosis 48 and colitis 19. Polymorphisms in the gene 

encoding LIGHT have also been associated with Crohn’s disease. Blocking LIGHT can be 

achieved with either neutralizing reagents such as antibodies or soluble decoy receptors (e.g. 

LTβR.Ig) that bind LIGHT, or by using specific antibodies to either of its receptors that 

prevent their binding to LIGHT. Given the state of research on LIGHT at present, there is a 

reasonable expectation that such reagents might provide significant therapeutic benefit in 

patients whose diseases present with scarring and tissue remodeling.
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