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The current concept of inflammatory bowel disease (IBD) 
pathogenesis states that one of the earlier events in disease 
development is the disruption of the barrier function of the 
intestinal epithelial layer. This most probably is the result of 
harmful environmental pressure and, in turn, facilitates the 
increased influx of bacterial components such as endotoxin 
into the portal vein, thus triggering the persistent stimulation 
of innate and adaptive immune mechanisms through activa-
tion of immune receptors expressed on reticuloendothelial 
cells in the liver and elsewhere. The importance of paracel-
lular permeability as a biomarker is supported by its increase 
that is observed in first-degree relatives of patients with IBD 
and in patients with quiescent IBD, with its association with 
ongoing symptomatology despite mucosal healing, and its 
predictive value for subsequent disease flares [1]. That 
being said, the relation between paracellular permeability 
and the intestinal transport of bacterial toxins has not been 
confirmed in intact systems, although paracellular perme-
ability and endotoxin transport are strongly associated. Thus, 
understanding the mechanisms that underlie loss of barrier 
function would be of great importance, as it may enable the 
early therapeutic intervention in patients with IBD.

Following the successful application of anti-tumor 
necrosis factor (TNF)-α targeted therapies for the treat-
ment of IBD, the contribution of members of the TNF and 
TNFR superfamilies (TNFSF and TNFRSF, respectively) 
toward intestinal inflammation has been the focus of inten-
sive research. Among those proteins, TNF-like cytokine 
1A (TL1A, TNFSF15) and its functional receptor death-
domain receptor 3 (DR3, TNFRSF25) have emerged as 
important molecular mediators of mucosal homeostasis 

and inflammation [2]. Converging lines of evidence support 
the function of TL1A/DR3 as a co-stimulatory system that 
participates in the shaping and execution of immunological 
responses, affecting both effector and regulatory T cell func-
tion and also interfering with innate immunity. Nevertheless, 
due to these broad and multifaceted functions, the exact par-
ticipation of TL1A and DR3 in the pathogenesis of Crohn’s 
disease (CD) and ulcerative colitis (UC) still remains largely 
undefined.

In this issue of Digestive Diseases and Sciences, Yang 
et al. [3] propose a novel function for TL1A as a regulator 
of intestinal epithelial barrier integrity. The authors tested 
the effect of constitutive myeloid-specific overexpression of 
TL1A and found that, in response to dextran sodium sulfate 
(DSS) administration, TL1A-Tg mice developed signifi-
cantly severer colitis and more marked impairment of epi-
thelial barrier function. The latter was signified by increased 
bacteria present in mesenteric lymph nodes, paracellular 
permeability to a small solute, and circulating concentra-
tions of lipopolysaccharide (LPS). Those effects were linked 
to a rearrangement of the expression of proteins associated 
with tight junction formation, including claudins 1–3, zona 
occludens (ZO)-1, occludin, and junction adhesion mol-
ecules (JAM)s. The findings were recapitulated in vitro by 
showing that TL1A stimulation decreased transepithelial 
electrical resistance (TEER, a measure of paracellular per-
meability) and increased paracellular permeability of cul-
tured epithelial Caco-2 cells to a small uncharged solute, 
along with increases in p-myosin light-chain kinase (MLC), 
myeloid differentiation primary response protein (MyD88), 
and TNF receptor-associated factor (TRAF)6 expression. 
The authors conclude that TL1A impairs intestinal epithelial 
barrier function in mice with DSS colitis.

Although the present study does not elaborate on the 
mechanism of TL1A-mediated disruption of epithelial bar-
rier function, certain hypotheses are worth testing. TL1A/
DR3 may act as an intermediate regulator that increases the 
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mucosal concentration of cytokines that impair barrier func-
tion. Such proteins include IL-13 and TNF-α, which are both 
upregulated through TL1A/DR3 signaling. In particular, the 
TL1A-Tg strain that was used by the authors is associated 
with enrichment of Th-2 lymphocytes of the mucosal com-
partment with elevations of IL-13 [4], the latter known for 
its deleterious effect on epithelial integrity, including a posi-
tive effect on the expression of the pore-forming tight junc-
tion protein claudin-2 [5] that was also observed in the pre-
sent study. Since TNF-α also increases intestinal paracellular 
permeability, its association with TL1A may be of impor-
tance. In fact, TL1A may act upstream to TNF by inducing 
its expression [6], a finding that was confirmed in the recent 
work. Moreover, the addition of TL1A boosted responses to 
TNF-α in cultured Caco-2 cells, raising the possibility for a 
combined negative regulatory effect of TL1A and TNF-α on 
epithelial barrier integrity. The stimulatory effect of TL1A 
on Caco-2 cells indicates expression of its receptor by the 
cultured epithelial cell line. This was also shown in another 
recent study [7] implying that DR3 should no longer be con-
sidered an exclusive lymphocytic marker. Rather, a broader 
involvement of TL1/DR3 signaling may occur during epithe-
lial crosstalk with either stromal or myeloid cells.

In the present work, constitutive overexpression of TL1A 
led to severer colitis after DSS administration, pointing to 
a pro-inflammatory function of TL1A during acute intesti-
nal inflammation. This inflammation-aggravating effect of 
TL1A was also shown in mice with IL-12 + IL-18-induced 
enterocolitis, which again was associated with epithelial 
damage [8]. These results, however, need to be interpreted 
with caution since opposite effects have also been recently 
demonstrated. Indeed, in a recent study, TL1A-KO and 
DR3-KO mice suffered from severer DSS colitis, indicating 
a protective function for these proteins in an acute colitis 

model [9]. These discrepancies may be explained by dif-
ferences in the experimental design between the studies. In 
particular, the model used in the present study involved the 
sequential application of four cycles of DSS administration 
that eventually leads to chronic colitis. Similar to the present 
results, in a prior study, a neutralizing monoclonal antibody 
against murine TL1A ameliorated chronic DSS colitis [10]. 
Nonetheless, these models are quite different from the one-
cycle DSS administration protocol that results in acute, self-
limited colitis (and also used in the study by Buttó et al. [9]). 
It was proposed that TL1A/DR3 exerts dichotomous effects 
depending on the clinical or experimental situation, being 
protective against acute mucosal injury but pro-inflamma-
tory during chronic inflammatory conditions, a concept that 
has been recently validated for several other innate immunity 
factors.

In conclusion, TL1A and DR3 were originally shown to 
act as an amplification system for adaptive effector immu-
nity, irrespective of the particular polarization pattern, 
since they boost Th1, Th2 as well as Th17 responses. Sub-
sequently, they were shown to be equally important for the 
function of regulatory T cell responses. Finally, it was dem-
onstrated that TL1A/DR3 are essential regulators of innate 
immunity, mainly by affecting the function of innate lym-
phoid cells. In the study by Yang et al., the authors introduce 
a new potential function of TL1A/DR3 on epithelial cells 
and the increased paracellular intestinal permeability that 
is associated with immunological responses in IBD. This 
finding not only provides a framework to further understand 
the involvement of TL1A/DR3 signaling in intestinal inflam-
mation, but also adds complexity as their various functions 
may be interrelated and self-perpetuating (Fig. 1). Further 
elucidation of such mechanisms will not only help clarify 
the pathogenic functions of TL1A/DR3 signaling but, most 

Fig. 1  The multiple effects of 
increased TL1A signaling in 
the amplification of chronic 
intestinal inflammation

increased 
permeability 

immune cell 
s�mula�on 

epithelial  
injury 

inflammatory 
mediators 

TL1A ⇔ DR3 

immunological ac�va�on 

breakdown of epithelial barrier

TNF-α

IL-13 

Bacterial 
transloca
on

LPS 

Tight junc
on 
protein 

imbalance
MLC
MyD88
TRAF6

Th1 

Th2 Th17  



1730 Digestive Diseases and Sciences (2019) 64:1728–1730

1 3

importantly, the therapeutic potential of their manipula-
tion in patients with IBD and other chronic inflammatory 
conditions.
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