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Editorial

Toll-like receptor 9, a possible blocker of non-alcoholic
steatohepatitis?
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Toll-like receptor 9 (TLR9) is a transmembrane protein which is
expressed on the cell surface of immune system cells such as T
cells, macrophages, natural killer cells, and other antigen-presenting cells.1 TLR9 binds the cytosine-phosphate-guanine dideoxynucleotide motif within bacterial and viral DNA, and triggers signaling cascades that lead to a pro-inflammatory cytokine response,
including interferon γ (IFN-γ), tumor necrosis factor α (TNF-α),
and interleukin 6 (IL-6).2,3 Plasma from mice and patients with
non-alcoholic steatohepatitis (NASH) contained high levels of mitochondrial DNA (mtDNA) from microparticles of hepatocyte origin and activated TLR9.4 TLR9 ligands, such as mtDNA, may activate the innate immune system through TLR9, which leads to the
development of steatohepatitis, fibrosis, and insulin resistance.5
The prevalence of nonalcoholic fatty liver disease (NAFLD) increases worldwide, and it is emerging as a major cause of chronic
liver disease. Among the various phenotypes of NAFLD, NASH is
highly likely to progress to the development of end-stage liver dis-

ease and cardiometabolic disease, resulting in both liver-related
and non-liver-related mortality.6,7
In this issue of Clinical and Molecular Hepatology , Alegre et al.8
reported that TLR9 expression on liver and peripheral T cells was
the lowest in patients with simple steatosis (SS) and was positively
associated with anthropometric, biochemical, and histopathological features of NAFLD. The authors interpreted the mechanism of
an overall downregulation of TLR9 on T cells from SS patients as a
protective adaptation from hepatocellular injury, whereas a constant, unvarying expression in patients with NASH was considered
as a failure of this regulatory mechanism.
At baseline, patients with SS showed a low frequency of circulating type 1 CD8+ cells. In vitro co-stimulation of T cells in these
patients induced a limited number of IFN-γ-producing CD8 + T
cells. However, NASH patients showed a higher frequency of
IFN-γ producing cells compared to SS patients and controls at
baseline. These results confirmed the previous data concerning a
synergism between T cell receptors and TLR9 during the induction
of IFN-γ.9
IFN-γ is produced predominantly by natural killer cells as part of
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the innate immune response, and by CD4+ T helper cells and CD8+
cytotoxic T cells once antigen-specific immunity develops. It is an
important activator of M1 macrophages (classically activated
macrophages), which play an important role as the pro-inflammatory type in phagocytosis and secretion of pro-inflammatory cytokines. Inflammation driven by M1 macrophages is counterbalanced by alternatively polarized M2 macrophages that promote
the resolution of inflammation and tissue repair.10,11 Wan et al.12
suggested that promoting M2-induced M1 Kupffer cell apoptosis
might prove to be a relevant strategy to limit high fat-induced inflammation and hepatocyte injury.
Innate immune signaling has been considered to play a key role
in initiating and developing hepatic inflammation, contributing to
the transition from nonalcoholic fatty liver to NASH. Recently,
Garcia-Martinez et al.4 tried TLR7/9 antagonist IRS954 to block
the ability of hepatocyte mtDNA from high fat diet fed mice to activate proinflammatory cytokines in primary macrophages. IRS954
led to a significant reduction in histological NAFLD parameters,
including steatosis, ballooning, and inflammation, and also reduced pro-IL-1β, IL-6, TNF-α, and serum alanine aminotransferase
levels.
In summary, intrahepatic and peripheral TLR9 protein expressions were the lowest in patients with SS, which was likely a protective adaptation from hepatocellular injury. On the other hand,
the constant expression in patients with NASH may be a failure of
this regulatory mechanism. However, NASH patients showed a
higher frequency of IFN-γ producing cells compared to SS patients
and controls at baseline. TLR9 activation initiates the innate immune system, which leads to the development of steatohepatitis,
fibrosis, and insulin resistance.
Blocking TLR9 may reverse NASH and be a possible therapeutic
target for the blocking of NASH. Further study is needed to examine the effect of TLR9 ablation and TLR9 antagonism on T cells,
as well as to investigate the role of TLR9 in the activation of stellate cells and fibrosis.
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