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Neutrophil extracellular traps contribute to the development
of hepatocellular carcinoma in NASH by promoting Treg

differentiation
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Non-alcoholic fatty liver disease (NAFLD) is an umbrella
term, describing a range of chronic liver disorders associated
with fat deposition in hepatocytes, defined as steatosis,
and it is mostly emerged in the presence of obesity,
hyperlipidemia and insulin resistance. NAFLD has been
classified as the most frequent liver condition worldwide
with more than 10% of NAFLD patients progressing to
the inflammatory and fibrotic disorder of non-alcoholic
steatohepatitis (NASH), which in turn can lead to end
stage liver disease including hepatocellular carcinoma
(HCC); the most frequent malignant liver tumor (1).
During HCC development the immune system interacts
with the tumour microenvironment and it can stimulate its
growth by maintaining a chronic inflammatory milieu and
the production of factors that favor tumor growth, survival,
and angiogenesis. Similar phenomena may also take place
and have significant implications in the transition from
NASH to HCC (2). Although, it is well established that
chronic inflammation within the hepatic microenvironment
is of great significance in HCC development, the exact
mechanisms leading to the transition from NASH to HCC
are yet to be elucidated.

Regulatory T cells (Tregs) is an immunosuppressive
subset of CD4" T cells which co-express the IL-2 receptor-a
chain, CD25, together with the expression of the master
transcription factor forkhead box protein P3 (FOXP3).
Tregs normally prevent autoreactivity toward self-antigens
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and suppress the production and proliferation of effector
T cells during infection-induced immune responses and
inflammation (3). Recently, there has been an increase
of literature aiming to investigate the role of CD4+ and
especially Tregs in the advancement of cancer and in
suppressing tumor-specific immunity. Iz vivo work has
showed an increase in spontaneous as well as in carcinogen-
induced tumors in immunocompromised mice (e.g.,
IFN-y, IFN-y-R, perforin, and Rag-2 gene knockouts),
thus confirming the importance of immunosurveillance
in cancer initiation and advancement. Specifically, animal
studies have showed that CD4" T cells are of high
importance for cancer immunosurveillance, either by
directly eliminating cancer cells or indirectly controlling
the tumor microenvironment (4). In the context of NASH-
associated HCC (NASH-HCC), reduction of CD4" T cells
stimulates carcinogenesis, and at the same time the IFN-y-
secreting T helper-1 (Th1) CD4" T cells seem to control
immunosurveillance over precancerous hepatocytes (2).
Although NAFLD, and its progression to NASH, is
strongly linked to the activation of innate immune response,
thus likely predisposing to the emergence of NASH-HCC,
the role of Tregs within the whole spectrum of the disease,
up to HCC, is not fully understood. Indeed, previous
studies utilizing several approaches, including genetic
depletion as well as adoptive transfer of Tregs display
controversial data on their beneficial or detrimental role to
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the emergence of steatosis and to subsequent progression
to fibrosis and NASH (5-7). During HCC, Tregs seem to
suppress the anti-tumour immune response and thus favour
tumor progression. Accordingly, previous studies have
reported increased numbers of Tregs in the blood of HCC
patients as compared to healthy individuals, as well as in the
tumor, compared to the adjacent healthy tissue (2,8). On
the other hand, the number of CD4" effector cells (Teffs)
are decreased during NASH-HCC, thereby explaining
the reduction of the total CD4" population. Indeed,
findings from the Stelic Animal Model (STAM) NASH-
HCC model have shown increased hepatic levels of IL-10,
a crucial suppressive cytokine reducing the proliferation
rates of Teffs (2,9,10). Intrahepatic Tregs obtained from
NASH mice displayed an increased suppressive effect
toward Teffs. Interestingly, although both Tregs and Tefts
derive from naive CD4" cells, inflammatory Teffs depend
on high glycolytic rates while Tregs are oxidative and
rely on mitochondrial electron transport to assist their
differentiation and activity (11). Nevertheless, important
mechanistic information is still missing on the role of
adaptive immunity, and especially Tregs, during the special
case of NASH-associated HCC, including the transition
from NASH to HCC.

From the side of the innate immunity, neutrophils
are the largest population of granulocytes and the main
innate immune cells remaining active during hepatic
inflammation and injury. Evidence that neutrophils are
capable of releasing net-like structures known as neutrophil
extracellular traps (NETs) has raised growing interest
as it has shown to be essential in chronic inflammatory
conditions and cancer development (12,13). NETs consist
of extracellular DNA fibers, histones and cytoplasmic
granule proteins, which were initially observed in response
to microbial invasions. The formation of NETs in the liver
has been reported to take place within the whole spectrum
of NAFLD. In the early stages of NASH, the formation of
NETs depends on S1P receptor 2 signaling and promotes
inflammation, further perpetuating the progress of the
disease (14). In the later stage of the disease, NETs has been
shown to be implicated in NASH to HCC transition, and
likely also to HCC metastases (12,15).

Although NASH to HCC transition is thought to
take place under conditions of Treg-related disturbed
immunosurveillance, while other studies associate NETs
with the protumorigenic inflammatory setting in NASH,
a mechanistic link between these two major players of
adaptive and innate immunity in NASH-HCC was not so
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far studied. In a recent paper by Wang et 4. in the Fournal of
Hepatology, findings from a STAM and a Choline-Deficient,
High-Fat Diet + Diethylnitrosamine (DEN-HFCD)
model showed that neutrophils increase significantly in
comparison to other cell types in the NASH liver (10).
Infiltration of macrophages, dendritic cells and B cells
has also appeared elevated. On the other hand, CD8" T
lymphocytes Kupffer cells, NK cells, and NK T cells did
not appear to change in the NASH liver. Importantly,
although the total number of CD4" lymphocytes was found
to be decreased in NASH livers as compared to control
ones, a tremendous increase in the numbers of Tregs
was observed. By utilizing both genetic and anti-CD25-
mediated depletion of Tregs, the authors also showed that
this population was associated with increased burden of
NASH-HCC and that their ablation resulted to an increase
of both CD4TFN-y" Thl cells and TNF-secreting CD8+
cells. Of note, NETs appeared to impact the differentiation
of Tregs from naive CD4" cells, as well as their suppressive
function in the NASH liver microenvironment. Wang et a/.
also used transcriptome analysis to demonstrate that NETs
can alter the equilibrium between regulatory and effective
gene profiles in naive CD4" T cells, favouring a more anti-
inflammatory (Treg-related) expression program (10).
Specifically, 1d3, a gene responsible for activating Foxp3
gene transcription in TGF-B-induced iTreg differentiation
and sustaining Treg suppressive activity, was upregulated
following NETs stimulation, as opposed to other genes
influencing T-effector cells activity, such as 1/6st, Ifngri,
Satbl, and Stat4, which were down-regulated following
NETs stimulation. Importantly, RNA-seq data suggested
that NETs stimulate Treg differentiation from naive CD4"
T cells during NASH through enhancing mitochondrial
oxidative phosphorylation (OXPHOS) in a Toll-like
receptor 4 (TLR4)-dependent manner (Figure I). These
findings were confirmed by inhibiting NET formation
in NASH livers in vivo by using PAD4”" mice or DNase I
treatment and resulting to decreased Treg proliferation (10).

Taken together, the importance of Tregs in HCC
initiation and advancement through the interaction with
NETs is unquestionable. The novel work conducted by
Wang et al. associates the activity of Tregs and NETs in
NASH-induced HCC and their findings further support
the theory that Tregs should be classified as an opponent
when it comes to NASH-HCC prevention. Metabolic
pathways controlling Treg development have indeed
emerged as potential therapeutic targets for HCC; such as
in this case the metabolic reprogramming of naive CD4* T
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Figure 1 During Nonalcoholic steatohepatitis (NASH), neutrophil extracellular traps (NETs) enable the crosstalk between innate and

adaptive immunity by promoting T regulatory cell (Treg) proliferation and activity. As a result, the Treg subpopulation selectively increases

in the course of NASH and continues to do so during the transition to Hepatocellular carcinoma (HCC). As a result, immune surveillance is
impaired along with a decrease in both CD4'TFN-y" and TNF-secreting CD8" cells.

cells towards OXPHOS through TLR4 signalling, which
facilitates Treg differentiation (10,11). However, the parts of
the NET structure that are able to activate TLR4 on CD4"
T cells, the exact downstream pathways that are activated
and how the latter affect the suppression competence of
Tregs in vivo are still to be identified.
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