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submucosa. A more striking observation 

was the prominent goblet cell hyperpla-

sia in the infl amed small intestine, most 

likely due to the excessive amounts of 

IL-13. Indeed, treatment of the transgenic 

mice shortly aft er birth with a neutral-

izing anti-IL-13 antibody abolished the 

intestinal infl ammation, including goblet 

cell hyperplasia, whereas anti-IL17 anti-

body treatment had no eff ect. Th ese data 

clearly support the hypothesis that eleva-

tion of the Th 2 cytokine, IL-13, is the key 

driver for the intestinal infl ammation in 

TL1A transgenic mice. Th e predominant 

infl ammation in intestine but not in other 

tissues is likely due to chronic intestinal 

immune activation by TL1A and gut 

microfl ora. Th is is consistent with the 

previous fi ndings of TL1A as a co-stimu-

latory factor with relative little eff ect on 

resting cells. 11  

 Th e source of excessive IL-13 produc-

tion in the TL1A transgenic mice likely 

comes from activated T cells. Th e fre-

quency of CD69    +     and CD44 hi CD62 lo  

T cell populations was increased in both 

lines of mice, regardless of which cell 

type overexpresses TL1A. It is possible 

that some of the IL-13 could be derived 

from natural killer T (NKT) cells, as 

TL1A has been reported to enhance NKT 

cell proliferation and IL-13 production  

in vitro . 12  However, in the TL1A trans-

genic mice, the NKT cell numbers are 

reduced compared with control litter-

mates. The mechanistic basis for this 

decreased number of NKT cells is not 

clear, and it remains to be seen whether 

this could be due to exhaustion of this 

cell population following prolonged 

activation by TL1A, or due to direct 

negative regulation by TL1A itself. A 

similar intestinal infl ammation pheno-

type was recently reported in another 

TL1A transgenic mouse line generated 

by Shih  et al.  13  In addition, these mice 

 The early reports from  in vitro  func-

tional studies indicated that TL1A can 

enhance T cell proliferative responses and 

can augment T-helper 1 (Th 1) cytokine 

production, interferon gamma (IFN � ) 

in particular. 1,7,8  Two new reports in 

the last issue of  Mucosal Immunology  

suggest, however, that the role of TL1A 

 in vivo  may be considerably more exten-

sive than previously assumed. 9,10  Here, 

we will review what is now being revealed 

about the biology of TL1A, and we will 

attempt to put this information in the 

context of the role that TL1A may have 

in driving inflammatory diseases that 

aff ect mucosal tissues such as the gut and 

the lung. 

 The first surprising observation to 

arise from the transgenic mice created 

by Meylan  et al.  9  and Taraban  et al.  10  was 

the marked elevation of interleukin-13 

(IL-13), not IFN � , in the small intestine. 

Even though the two transgenic mouse 

lines are quite distinct — TL1A overex-

pression in T cells is driven by the CD2 

promoter in one line, whereas TL1A 

expression is driven in DCs by the CD11c 

promoter in the other — both of these 

mouse lines exhibited 20 – 50-fold higher 

IL-13 compared with control littermates. 

Unlike the predominant IFN �  cytokine 

profi le seen in the  in vitro  studies with 

TL1A, the IFN �  levels in both trans genic 

mouse lines were largely unchanged. 

Th is unexpected fi nding of a more predo-

minant Th 2-type cytokine profi le in the 

TL1A transgenic mice underscores the 

importance of exploring the biology of 

novel molecules in the whole organism, 

rather than relying only on more con-

trived  in vitro  systems. 

 Accompanying the grossly elevated 

 levels of IL-13 in the small intestine, both 

lines of TL1A transgenic mice spontane-

ously developed intestinal infl ammation — 

regardless of whether the TL1A was 

overexpressed in T cells or DCs. Disease 

severity correlated to transgene expres-

sion level. Inflammation was largely 

restricted to the small intestine and was 

most severe in the terminal ileum, whereas 

the colon was not aff ected. Th e ileitis was 

characterized by the classical features 

of distorted villi, an infl ammatory cell 

infiltrate into the lamina propria, and 

a thickening of the muscularis and 
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 TL1A (also known as TNFSF15) is a tumor necrosis factor 
(TNF) family member expressed by monocytes, macrophages, 
dendritic cells (DCs), synovial fibroblasts, and endothelial cells 
in response to stimulation by cytokines, immune complexes, and 
microorganisms. 1 – 5  Its cell surface receptor, DR3 (also known 
as TNFSF25, WSL-1, TRAMP, and LARD), is mainly expressed 
by T cells. 6        
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also displayed  elevation of IFN � , intes-

tinal fibrosis, and a low frequency of 

extra-intestinal pathology, such as ulcer-

ated skin lesions and erythematous swol-

len joints. Th e phenotypical variations in 

these diff erent transgenic mouse lines 

may be a result of diff erences in the way 

in which the transgenic mice were gene-

rated and / or housed, e.g., use of diff erent 

promoter / enhancer, diff erent background 

strains, and / or diff erent gut microfl ora 

between animal facilities. 

 Th e phenotype of intestinal infl amma-

tion in the TL1A transgenic mice sup-

ports the emerging evidence of TL1A 

polymorphisms being associated with 

susceptibility to developing inflam-

matory bowel disease (IBD). The first 

genome-wide association study (GWAS) 

in IBD revealed significant linkage of 

TL1A single-nucleotide polymorphism 

(SNP) with Japanese and European IBD 

patient populations. 14  Subsequent addi-

tional GWASs extended the association 

of TL1A polymorphisms to Asian and 

Caucasian IBD patient populations, and 

to both adult and pediatric patient popu-

lations. 15  Corresponding to the genetic 

fi ndings, increased TL1A expression has 

been reported in infl amed Crohn ’ s disease 

lesions compared with uninvolved areas, 

and in UC patient serum. 8,16,17  Although 

expression is increased, the functional 

consequence of the various TL1A poly-

morphisms remains to be fully deter-

mined. Faster kinetics and higher levels 

of TL1A expression following Fc � R acti-

vation with immune complex have been 

reported in monocytes and T cells from 

patients carrying the disease-associated 

TL1A SNPs, supporting the notion that 

aberrant TL1A expression may be a fac-

tor driving IBD development. 18,19  More 

extensive TL1A expression analysis in 

a larger population of IBD patients, 

including both intestinal tissues, serum 

and peripheral blood, is going to be nec-

essary for advancing our understanding 

of how TL1A really contributes to IBD 

pathogenesis. 

 Given the mounting evidence that 

increased expression of TL1A may 

contribute to IBD disease pathogen-

esis, there is blossoming interest in the 

therapeutic potential of TL1A blockade 

for treating IBD. In mice, neutralizing 

anti-TL1A antibody treatment appears 

to be effi  cacious in attenuating intesti-

nal inflammation. In chronic dextran 

sulfate sodium-induced colitis, TL1A 

and DR3 expression is increased in the 

colon and the draining mesenteric lymph 

nodes, and treatment with a hamster-anti-

mouse neutralizing anti-TL1A antibody, 

either prophylactically or therapeutically, 

attenuated the disease development. 20  

Anti-TL1A neutralizing antibody treat-

ment was also shown to be effective at 

attenuating weight loss and intestinal 

inflammation in the trinitrobenzene 

sulfonic acid-induced colitis model. 9  

Although the obvious interpretation to 

these studies is that TL1A neutralization 

is benefi cial for treating mouse models of 

intestinal infl ammation, the antibodies 

used were both hamster derived. Hamster 

antibodies are notoriously eff ective at elic-

iting antibody-dependent cell-mediated 

cytotoxicity, and it should be noted that 

TL1A, like most other TNF family mem-

bers, is a type II transmembrane protein 

that can be expressed on cell surface as 

well as processed into a soluble form. It 

remains to be determined whether the effi  -

cacy observed with anti-TL1A antibody 

treatment in these IBD models resulted 

from TL1A blockade or depletion of cells 

expressing cell-surface TL1A. Evaluation 

of TL1A blockade vs. depletion in other 

spontaneous mouse IBD models will be 

useful in validating the potential of TL1A 

as a therapeutic target for treating human 

IBD patients. 

 As mentioned above, the dramatic 

induction of IL-13 accompanied by gob-

let cell hyperplasia in the small intestine 

of the TL1A transgenic mice revealed an 

unexpected, but important, role for TL1A 

in Th2 cell regulation. One might be 

tempted to predict that these mice might 

be prone to other infl ammatory diseases 

involving IL-13, goblet cell hyperplasia, 

and Th 2 cells, such as is seen in mouse 

models of asthma. Somewhat surpris-

ingly, neither of the studies describing 

the TL1A transgenic mice reports on any 

spontaneous infl ammatory changes in the 

lung. It will be very interesting, though, to 

examine whether these TL1A transgenic 

mice are more susceptible to experi-

mentally induced allergic responses, 

especially because there is already one 

report showing that TL1A blockade can 

dampen lung infl ammatory responses in 

the ovalbumin-induced asthma model. 12  

Moreover, concordant with the phar-

macological inhibition of TL1A being 

benefi cial at attenuating lung infl amma-

tion, DR3 knockout mice are reported 

to be resistant to ovalbumin-induced 

asthma. 11  

 It appears that multiple cell types might 

contribute to the lung infl ammation in the 

allergic asthma models, including T cells 

and NKT cells. Adoptive transfer of DR3-

deficient T cells or DR3-mutant NKT 

cells failed to support the infl ammatory 

processes in the lung. 11,12  It remains to be 

determined if and how TL1A expression 

is regulated in the ovalbumin-induced 

lung asthma model in normal animals. 

It is possible that local aerosol antigen 

challenge directly induces TL1A expres-

sion in the lung tissues. Th e expression 

of local TL1A may subsequently induce 

secretion of IL-13 directly or may simply 

promote Th 2 eff ector cell accumulation in 

the lung. Supporting this hypothesis, the 

DR3-defi cient mice, although resistant to 

lung infl ammation, are still able to launch 

immune response upon systemic ovalbu-

min challenge. 12  Th is begs the question 

of whether there is a specific require-

ment for the TL1A – DR3 pathway in the 

local mucosal infl ammatory response but 

not in the systemic immune response. 

Perhaps this can be tested via pharmaco-

logical inhibition studies. 

 Despite the increasing number of publi-

cations describing a role for TL1A in 

lung infl ammation, there are no reports 

regarding whether TL1A and / or DR3 

expression is aberrant in human asthma 

patients. Given the recent fi ndings of the 

impact of TL1A blockade in Th2 res-

ponses in preclinical models of asthma 

and lung infl ammation, it might be fruit-

ful to investigate whether there is any 

association between TL1A polymor-

phisms and susceptibility to diseases of 

the human lung. If so, TL1A may prove 

interesting as a drug target for asthma. 

 In addition to demonstrating effi  cacy 

in preclinical models of IBD and asthma, 

TL1A blockade has shown efficacy in 

mouse experimental autoimmune enceph-

alomyelitis and collagen-induced arthritis 

models. 21,22  This opens the question of 
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whether TL1A blockade merely aff ects 

IL-13 and IFN �  responses, or whether 

the impact is broader across the immune 

universe. Recently, TL1A has been impli-

cated in Th 17 cell regulation. 20,21  Recom-

binant TL1A protein has been reported 

to enhance differentiation and prolif-

eration of Th 17 cells, although it should 

be noted that DR3     −     /     −      T cells can still 

be polarized toward the Th17 pathway 

similar to wild-type T cells. TL1A also 

appears to modulate regulatory T cell 

(Treg) responses, although it is not clear 

whether this regulation is benefi cial or 

detrimental to infl ammation. Treatment 

of Treg cells by either recombinant TL1A 

or an anti-DR3 agonist antibody has been 

reported to enhance Treg cell prolifera-

tion. 9,10,23  However, whether the outcome 

of this Treg expansion by TL1A might be 

counterbalanced by TL1A suppression 

of Treg cell induction and attenuation of 

Treg cell suppressive activity remains to 

be seen. 9,10  Indeed, pending on the tim-

ing of treatment relative to antigen expo-

sure, both TL1A antagonist antibody and 

DR3 agonist antibody have been shown to 

be eff ective in alleviation of allergic lung 

infl ammation in the ovalbumin asthma 

model. 12,23  Th e emerging role of TL1A in 

regulating Th 17 and Treg cells is largely 

derived from mouse studies. Further stud-

ies, using human cells in particular, will be 

essential for clarifying what type of regula-

tory activity TL1A exerts on Th 17, Treg, or 

other immune cell types. 

 Taken together, TL1A is emerging 

as an important cytokine involved in 

a variety of preclinical inflammatory 

 disease  models ( Table 1 ), although how 

it mediates its eff ects, and which cells are 

the real targets, remains to be elucidated. 

Association of TL1A SNPs with human 

IBD patients strongly supports its poten-

tial contribution to human IBD patho-

genesis. More extensive human disease 

association studies, together with better 

characterization of TL1A blockade in ani-

mal disease models, will be important in 

the evaluation of TL1A as a therapeutic 

target for IBD, asthma, and other infl am-

matory diseases.  

 DISCLOSURE 
 HH and JLV are employees of Amgen. The 
authors declared no conflict of interest. 

  ©  2011 Society for Mucosal Immunology        

   REFERENCES  
    1   .      Migone  ,   T . S .        et al.       TL1A is a TNF-like ligand for 

DR3 and TR6/DcR3 and functions as a T cell 
costimulator  .   Immunity     16   ,    479   –   492   (  2002  ).  

  2   .      Cassatella  ,   M . A .        et al.       Soluble TNF-like cytokine 
(TL1A) production by immune complexes 
stimulated monocytes in rheumatoid arthritis  . 
  J. Immunol.     178   ,    7325   –   7333   (  2007  ).  

  3   .      Prehn  ,   J . L .        et al.       The T cell costimulator TL1A 
is induced b Fc � R signaling in human 
monocytes and dendritic cells  .   J. Immunol.   
  178   ,    4033   –   4038   (  2007  ).  

  4   .      Shih  ,   D . Q .        et al.       Microbial induction of 
infl ammatory bowel disease associated gene 
TL1A (TNFSF15) in antigen presenting cells  . 
  Eur. J. Immunol.     39   ,    1   –   12   (  2009  ).  

  5   .      Zhang  ,   J .        et al.       Role of TL1A in the 
pathogenesis of rheumatoid arthritis  . 
  J. Immunol.     183   ,    5350   –   5357   (  2009  ).  

   6   .      Screaton  ,   G . R .        LARD: a new lymphoid-specifi c 
death domain containing receptor regulated 
by alternative pre-mRNA splicing  .   Proc. Natl. 
Acad. Sci. USA     94   ,    4615   –   4619   (  1997  ).  

  7   .      Papadakis  ,   K . A .        Dominant role for TL1A/DR3 
pathway in IL-12 plus IL-18-induced IFN-g 
production by peripheral blood and mucosal 
CCR9+ T lymphocytes  .   J. Immunol.     174   ,  
  4985   –   4990   (  2005  ).  

   8   .      Prehn  ,   J . L .        et al.       Potential role for TL1A, the 
new TNF-family member and potent 
costimulator of IFN- � , in mucosal infl ammation  . 
  Clin. Immunol.     112   ,    66   –   77   (  2004  ).  

        9   .      Meylan  ,   F .        et al.       The TNF-family cytokine TL1A 
drives IL-13-dependent small intestinal 
infl ammation  .   Mucos. Immunol.     4   ,    172   –   185   
(  2011  ).  

   10   .      Taraban  ,   V . Y .        et al.       Sustained TL1A expression 
modulates effector and regulatory T-cell 
responses and drives intestinal goblet cell 
hyperplasia  .   Mucos. Immunol.     4   ,    186   –   196   (  2011  ).  

       11   .      Meylan  ,   F .        et al.       The TNF-family receptor DR3 
is essential for diverse T cell-mediated 
infl ammatory diseases  .   Immunity     29   ,    79   –   89   
(  2008  ).  

       12   .      Fang  ,   L .    ,    Adkins  ,   B .    ,    Deyev  ,   V .      &     Podack  ,   E . R .      
  Essential role of TNF receptor superfamily 25 
(TNFRSF25) in the development of allergic lung 
infl ammation  .   J. Exp. Med.     205   ,    1037   –   1048   
(  2008  ).  

   13   .      Shih  ,   D . Q .        et al.       Constitutive TL1A (TNFSF15) 
expression on lymphoid or myeloid cells leads 
to mild intestinal infl ammation and fi brosis  . 
  PLoS One     6   ,    e16090   (  2011  ).  

   14   .      Yamazaki  ,   K .        Single nucleotide polymorphisms 
in TNFSF15 confer susceptibility to Crohn’s 
disease  .   Hum. Mol. Genet.     14   ,    3499   –   3506   
(  2005  ).  

   15   .      Shih  ,   D . Q .        et al.       Insights into TL1A and IBD 
pathogenesis  .   Adv. Exp. Med. Biol.     691   ,  
  279   –   288   (  2011  ).  

  16   .      Bamias  ,   G .        et al.       Expression, localization, and 
functional activity of TL1A, a novel Th1-
polarizing cytokine in infl ammatory bowel 
disease  .   J. Immunol.     171   ,    4868   –   4874   (  2003  ).  

  17   .      Bamias  ,   G .        et al.       High intestinal and systemic 
levels of decoy receptor 3 (DcR3) and its ligand 
TL1A in active ulcerative colitis  .   Clin. Immunol.   
  137   ,    242   –   249   (  2010  ).  

   18   .      Michelsen  ,   K . S .        et al.       IBD-associated TL1A 
gene (TNFSF15) haplotypes determine 
increased expression of TL1A protein  .   PLoS 
One     4   ,    e4719   (  2009  ).  

  19   .      Kakuta  ,   Y .        TNFSF15 transcripts from risk 
haplotype for Crohn’s disease are 
overexpressed in stimulated T cells  .   Hum. Mol. 
Genet.     18   ,    1089   –   1098   (  2009  ).  

      20   .      Takedatsu  ,   J .        et al.       TL1A (TNFSF15) regulates 
the development of chronic colitis by modulating 
both T-helper 1 and T-helper 17 activation  . 
  Gastroenterology     135   ,    552   –   567   (  2008  ).  

    21   .      Pappu  ,   B . P .        et al.       TL1A-DR3 interaction 
regulates Th17 cell function and Th17-
mediated autoimmune disease  .   J. Exp. Med.   
  205   ,    1049   –   1062   (  2008  ).  

    22   .      Bull  ,   M . J .        et al.       The death receptor 3-TNF-like 
protein 1A pathway drives diverse bone 
pathology in infl ammatory arthritis  .   J. Exp. 
Med.     205   ,    2457   –   2464   (  2008  ).  

  23   .      Schreiber  ,   T . H .        Therapeutic Treg expansion in 
mice by TNFRSF25 prevents allergic lung 
infl ammation  .   J. Clin. Inv.     120   ,    3629   –   3640   (  2010  ).       

  Table 1     The effects of intervening in the TL1A – DR3 pathway in rodent models of 
inflammatory disease 

    Human diseases    Mouse disease models    Means of inhibition     Reference  

   IBD  Chronic DSS-induced colitis  a    TL1A antibody    20 

     TNBS-induced colitis  TL1A antibody    9 

     G � i2     −     /     −      T-cell transfer colitis  TL1A antibody    20 

   Asthma  OVA asthma model  a    TL1A antibody    12 

       DR3     −     /     −         11 

   Multiple sclerosis  MOG 35    −    55  EAE model  TL1A     −     /     −         21 

       DR3     −     /     −         11 

   Arthritis  Antigen-induced arthritis  DR3     −     /     −         22 

     Collagen-induced arthritis  TL1A antibody    22 
     Abbreviations: DSS, dextran sulfate sodium; EAE, experimental autoimmune encephalomyelitis; IBD, 
infl ammatory bowel disease; OVA, ovalbumin; TNBS, trinitrobenzene sulfonic acid.   
   a    Indicates effi cacy with both prophylactic and therapeutic anti-TL1A antibody treatment.   
     The table shows the effi cacy of inhibition of the TL1A – DR3 pathway by either genetic knockout or treatment 
with anti-TL1A neutralizing antibody in the indicated rodent disease models.   
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