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Intestinal fibrosis becomes clinically evident in approxi-
mately 40% of patients with Crohn’s disease (CD) and in 5% 
of those with ulcerative colitis (UC). Fibrosis, a consequence 
of local chronic inflammation, is characterized by excessive 
deposition of extracellular matrix (ECM) protein.

Although the transforming growth factor β1 (TGF-β1)/
small mothers against decapentaplegic (Smad) pathway is 
the main driving force for fibrosis, several pro- and anti-
fibrogenic molecules may also directly interact with this 
pathway [1, 2]. Emerging evidence indicates that reactive 
oxygen species/reactive nitrogen species (ROS/RNS) and 
nuclear factor erythroid-2-related factor 2 (Nrf2) are con-
nected with TGF during fibrosis development in numerous 
organs, including the intestine [3–6]. Nrf2 is an ubiquitous 
master transcription factor that upregulates the expression of 
antioxidant enzymes and cytoprotective proteins by antioxi-
dant response elements (ARE). An impaired Nrf2 response 
has been described in several fibrotic diseases involving the 
liver, lung, kidney, heart, and arteries.

The Nrf2 pathway has the ability to alleviate acute colitis, 
chronic colitis, and associated colorectal cancer (CRC) in 
mouse models, but whether it can protect against colitis-
associated fibrosis remains to be clarified. In this issue of 
Digestive Diseases and Sciences, Guan et al. [7] evaluated 
the effects of tert-butylhydroquinone (tBHQ) on colorec-
tal fibrosis in mice with 2,4,6-trinitrobenzene sulfonic acid 
(TNBS)-induced chronic colitis. The Nrf2 inducer tBHQ, 
a widely used antioxidant food additive that induces the 
expression of Nrf2 and Nrf2-related genes in several organs 
including mouse intestines, significantly attenuated colorec-
tal inflammation and fibrosis, as shown by reduced expres-
sion of myeloperoxidase activity, tumor necrosis factor α 
(TNF-α), interleukin-1β (IL-1β), collagen, and α-smooth 
muscle actin (α-SMA, a marker of activated myofibroblasts). 

In mice with TNBS-induced intestinal fibrosis, tBHQ treat-
ment downregulated TGF-β1 expression, and phosphoryla-
tion of SMAD2/3 in a Nrf2-dependent manner, and signifi-
cantly downregulated tissue inhibitor of metalloproteinases 
(TIMP)-1, but it did not affect matrix metalloproteinase 
(MMP).

Similar results were obtained in CCD-18Co fibroblasts 
stimulated with TGF-β1. Moreover, Nrf2 knockdown 
increased the expression of the TGF-β1/Smad signaling 
pathway in CCD-18Co fibroblasts. These findings indicate 
that Nrf2 activation inhibited TGF-β1/Smad signaling in 
intestinal fibrosis. In colon-derived CCD-18Co fibroblasts, 
Nrf2 attenuated intestinal fibrosis by inhibiting the ROS-
dependent TGF-β1 signaling pathway via ROS scavenging. 
These in vitro results should also be confirmed using intes-
tinal fibroblast cultures isolated from patients with fibros-
tenosing CD.

The Nrf2 inducer tBHQ has proven effective in prevent-
ing the development of intestinal fibrosis (prophylactic 
purpose). It would be crucial to ascertain whether it is also 
efficacious in treating established intestinal fibrosis in animal 
models (therapeutic purpose). To clarify whether the anti-
fibrotic effect of Nrf2 induction is merely secondary to its 
anti-inflammatory action, and not a direct effect, it would 
be useful to compare its action on fibrogenesis in the acute 
and the chronic phase of intestinal inflammation induced by 
TNBS, during the first week and then at 6 and 12 weeks of 
treatment.

Furthermore, since Nrf2 is also involved in carcinogen-
esis in several organs, including the large bowel [8], the 
effects of Nrf2 activation observed in TNBS-induced colitis 
should also be replicated in dextran sodium sulfate-induced 
chronic colitis, which is also susceptible to evolve to CRC.

Taken as a whole, the above data suggest that Nrf2 could 
be a new target for the treatment of intestinal fibrosis.
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