
    1Gut Month 2020 Vol 0 No 0

Hepatic inflammasome 
activation as origin of 
Interleukin-1α and Interleukin-
1β in liver cirrhosis

We appreciate the interest of Stengel et al1 
in our recent multicenter study published 
in Gut.1 2 The group suggests that periph-
eral blood mononuclear cells (PBMC) are 
a source of interleukin (IL)-1β in acute 
decompensation (AD) independent of 
the canonical inflammasome activation 
pathway.1

While we acknowledge this meticu-
lous work performed, we still think that 
the source of IL-1 and, therefore, the site 
of inflammasome activation is rather the 
diseased liver than circulating PBMC. 
Especially since in our work, we found 
these pathways persistently increased 
even in compensated, recompensated and 
decompensated cirrhosis.

In order to prove the origin of IL-1α 
and IL-1β, we assessed gene expression in 
PBMC and liver from our animal model 
of compensated and recompensated 
(after recovery from AD) cirrhosis. In this 
model, bile duct ligation in rats was used 
to induce liver cirrhosis and lipopolysac-
charide to induce AD as described previ-
ously.2 Gene expression of both IL-1α 
and IL-1β is significantly higher in liver 
tissue compared with PBMC in recompen-
sated cirrhosis. In compensated cirrhosis, 
gene expression of IL-1α, but not IL-1β, 
is significantly increased in liver tissue 
compared with PBMC (figure 1A,B).

Translating those results into the clinical 
setting, portal venous and hepatic venous 
blood samples from patients with decom-
pensated liver cirrhosis were collected. 
Levels of IL-1α and IL-1β were signifi-
cantly higher in hepatic veins compared 
with portal veins (figure 1C,D), suggesting 
a net production of IL-1 in the liver. That 
this may be inflammasome dependent is 
also suggested by our previous publica-
tion, showing that several inflammasome-
dependent ILs, such as IL-18, also are 
elevated in the hepatic outflow compared 
with the portal vein in patients who 
develop organ failures.3 4

Moreover, the relevant pathway of 
inflammasome activation in human whole 
blood and liver tissue was assessed by 
correlation analyses of gene expression 
of IL-1α and IL-1β with NACHT, LRR 
and PYD domains-containing protein 
3 (NLRP3) and Caspase-1 (CASP1) (as 
markers of canonical inflammasome acti-
vation) as well as CASP4 and CASP5 (as 
markers of non-canonical inflammasome 

activation).5 Gene expression of IL-1α 
showed significant correlation with 
NLRP3, CASP1, CASP4 and CASP5 in 
liver tissue but not in whole blood (online 
supplemental figure 1A,B). However, gene 
expression of IL-1β is strongly correlated 
with the expression of NLRP3, CASP1, 
CASP4 and CASP5 in liver tissue, as well 
as in whole blood (online supplemental 
figure C,D).

Gene expression of key downstream 
effectors of inflammasome activation, 
IL-18 and gasdermin-D (GSDMD), was 
assessed in liver tissue from cirrhotic and 
non-cirrhotic control patients. The anal-
ysis showed significantly higher expres-
sion of both downstream effectors (IL-18 
and GSDMD) of inflammasome activation 
in the cirrhotic liver tissue (figure 2A,B). 
After cleavage of GSDMD, the N-terminal 
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Figure 1  (A) Gene expression of interleukin (IL)-1α and (B) IL-1β in liver tissue and peripheral 
blood mononuclear cells (PBMC) in compensation (comp; left) and recompensation (recomp; right) 
model, as described in Monteiro et al.2 n=5 in all groups. **p<0.01 PBMC versus liver. (C) Serum 
concentrations of IL-1α and (D) IL-1β in portal venous compartment (black dots) and in hepatic 
venous compartment (gray dots) from patients with cirrhosis. n=27. *p<0.05 portal vein versus 
hepatic vein.

Figure 2  (A) Gene expression of interleukin (IL)-18 and (B) Gasdermin-D (GSDMD) in liver 
tissue from cirrhotic and non-cirrhotic control patients. (C) Protein levels of GSDMD and cleaved 
N-terminal GSDMD by Western Blot in liver tissue from cirrhotic and non-cirrhotic control patients. 
Controls (black dots), cirrhosis (gray dots). *p<0.05, **p<0.01, ***p<0.001 cirrhosis versus 
control.
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cleavage product is biologically active. We, 
therefore, assessed GSDMD and its cleaved 
N-terminal GSDMD on the protein level 
via western blot (online supplemental 
material 1). Importantly, full-length 
GSDMD and cleaved N-terminal GSDMD 
are both significantly higher expressed in 
cirrhotic livers (figure 2C).

Our results indicate that (1) the liver is 
a significant contributing source of circu-
lating IL-1α and IL-1β, (2) the expression 
of IL-1α in the liver, but not in peripheral 
blood, is associated with canonical and 
non-canonical inflammasome activation 
and its downstream effectors and (3) the 
expression of IL-1β is highly associated 
with canonical and non-canonical inflam-
masome activation in both liver and whole 
blood. The study of Stengel et al1 and our 
current data suggest multiple cellular 
sources in different stages of cirrhosis, 
mainly hepatic tissue and PBMC. In 
conclusion, there is evidence for canon-
ical, non-canonical and alternative inflam-
masome activation in the liver involved in 
the release of IL-1α and IL-1β.
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