SEA-induced caspase-1 activity (Figure 3E) and IL-1
production in HSCs (Figure 3F).

Effects of caspase-1 inhibition on SEA-induced
NLRP3 inflammasome activation

We also tested the effect of caspase-1 inhibition on
SEA-induced caspase-1 activation and IL-1 production
via NLRP3 inflammasomes. It was found that blockade
of caspase-1 activity by YVAD almost completely
abolished SEA-induced increases in cleaved caspase-1
level as shown by Western blot analysis (Figure 4A and
4B) and substantially suppressed SEA-enhanced caspase-1
activity and IL-1pB production in HSCs (Figure 4C and
4D). This caspase-1 inhibition did not have effect on the
formation of NLRP3 inflammasomes because of its effect
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only on active caspase-1, downstream of inflammasome
assembling.

Mechanisms by which NLRP3 inflammasomes are
activated by soluble egg antigen (SEA)

We further examined how SEA stimulates activation
of NLRP3 inflammasomes in HSCs using inhibitors of 3
common pathways activating this inflammasome. It was
found that inhibition of both cathepsin B activity and ROS
release in HSCs markedly attenuated SEA-induced co-
localization of NLRP3 with ASC or caspase-1 (Figure SA
and 5B). Consistently, inhibition of cathepsin B activity
and scavenging of ROS release by using cathepsin B
inhibitor,Ca-074Me and N-acetyl-L-cysteine(NAC) almost
completely blocked SEA-induced increases in cleaved
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Figure 4: Caspase-1 inhibitor YVAD abolished SEA-induced caspase-1 activation and IL-1§ production in HSCs.
HSCs were stimulated without or with SEA in the presence of PBS (Vehl: vehicle), caspase-1 inhibitor Ac-Y VAD-CMK (YVAD, 10 pg/
ml, Cayman Chemical). A. and B. Representative Western blot documents and summarized data (» = 6). C. and D. Data summary shows
relative caspase-1 activity (n = 7) and IL-1f production compared with control (z = 5). Vehl: vehicle; YVAD, caspase-1 inhibitor. Data are
expressed as means £ SEM. *p < 0.05 versus untreated control group; #p < 0.05 versus SEA group.
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Figure S: Effects of cathepsin B inhibition, potassium channel blockade or ROS scavenging on SEA-induced formation
and activation of NLRP3 inflammasomes in HSCs. HSCs were stimulated without or with SEA in the presence of PBS (Vehl:
vehicle), cathepsin B inhibitor Ca-074Me (5 uM, Sigma), potassium channel blocker glibenclamide (Glib, 10 pm, Sigma) or ROS scavenger
N-acetyl-L-cysteine (NAC, 10 uM, Sigma). A. Representative confocal fluorescence images show the colocalization of NLRP3 with ASC
orcaspase-1. B. Summarized data show colocalization coefficiency of NLRP3 with ASC or caspase-1 (n = 5). C. and D. Representative
Western blot documents and summarized data (n = 6). E. and F. Data summary shows relative caspase-1 activity (n = 6) and IL-1B
production (n = 5). Vehl: vehicle; Ca-074Me, cathepsin B inhibitor; Glib, potassium channel blocker glibenclamide; NAC, ROS scavenger
N-acetyl-L-cysteine. Data are expressed as means = SEM. *p < 0.05 versus untreated control group; #p < 0.05 versus SEA group.
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caspase-1 level, caspase-1 activity and IL-1p production
in HSCs (Figure 5C-5F). In contrast, Glibenclamide
(Glib), a K channel blocker had no significant effect on
SEA-induced NLRP3 inflammasome formation and
activation. In additional experiments, we tested whether
inhibition of NADPH oxidase attenuates SEA-induced
caspase-1 activation and IL-1p production in HSCs. It
was found that inhibition of NADPH oxidase by gp91ds-
tat significantly attenuated the SEA-induced increases in
cleaved caspase-1 levels and IL-1 production in HSCs,
implicating a role for NADPH oxidase in inflammasome
activation (Supplemental Figure 1).

Effects of cathepsin B gene silencing on SEA-
induced NLRP3 inflammasome activation in
HSCs

Since our previous studies have shown that SEA
may increase NADPH oxidase activity and enhanced
production of ROS from activated NADPH oxidase
activate inflammasomes [4, 28], the present study focused
on how SEA acts through altered lysosome permeability
and cathepsin B activity. We demonstrated that silencing
of cathepsin B gene markedly inhibited SEA-induced co-
localization of NLRP3 with ASC or caspase-1 (Figure
6A and 6B) and reduced SEA-enhanced cleavage of pro-
caspase-1 (Figure 6C and 6D), caspase-1 activity (Figure
6E) and production of IL-1B (Figure 6F). These results
further confirmed that cathepsin B is indeed involved
in SEA-induced NLRP3 inflammasome formation and
activation in HSCs.

SEA increased lysosome membrane permeability
leading to enhanced cathepsin B release and
activity in HSCs

In these experiments, living HSCs were stained with
lysomotropic agent, acridine orange, which accumulates in
acidic organelles such as lysosome with red fluorescence,
but shows green fluorescence in a neutral environment
such as nucleus or cytoplasm. This fluorescence changes
can be used to directly observe changes in the lysosome
membrane permeability. Lysosomal alkalization induced
by lysosome membrane permeability leads to decreased
red fluorescence from acridine orange. In control HSCs,
lysosomes were visualized as red puncta with high
fluorescence intensity. However, SEA stimulation resulted
in decreased fluorescence intensity of red puncta (Figure
7A). Similarly, these HSCs were stained with a fluorescent
cathepsin B substrate z-Arg-Arg-cresyl violet for cathepsin
B activity, and with hoechst staining for the cell nuclei.
Silencing cathepsin B genes decreased fluorescence
intensity of cathepsin B substrate in lysosomes, and SEA
stimulation lead to decrease in fluorescence intensity of
cathepsin B substrate in these lysosomes (Figure 7A),

which is an indicative for the leakage of cathepsin B into
cytoplasm. Silencing cathepsin B genes or cathepsin B
inhibitor Ca-074Me also reduce cathepsin B activity, while
SEA stimulation enhanced cathepsin B activity in control
HSCs, but in HSCs treated with cathepsin B siRNAs or
cathepsin B inhibitor Ca-074Me (Figure 7B and 7C).

Effects of lysosome membrane stabilizer on SEA-
induced NLRP3 inflammasome activation

We also tested the effect of lysosome membrane
stabilizer on SEA-induced caspase-1 activation and IL-13
production via NLRP3 inflammasomes. It was found that
lysosome membrane stabilizer dexamethasone (Dex) or
chloroquine (CQ) significantly abolished the SEA-induced
increases in cleaved caspase-1 levels and IL-1 production
in HSCs (Figure 8).

DISCUSSION

In the present study, we demonstrated that
Schistosoma J. infection or soluble egg antigens (SEA)
from Schistosoma J. eggs induced the formation and
activation of NLRP3 inflammasomes in hepatic stellate
cells (HSCs) in both in vitro and in vivo. In the mice
infected for 6 weeks with Schistosoma J. cercariae,
confocal microscopy studies showed increased co-
localization of IL-1p with HSCs marker desmin around
the Schistosoma J. eggs in the portal area, which can be
inhibited by caspase-1 inhibitor YVAD. This NLRP3
inflammasome activation in HSCs upon SEA is associated
with both redox regulation and lysosomal dysfunction-
related increases in cathepsin B release and activity.

To determine whether NLRP3 inflammasome
activation occurs in HSCs from the liver of mice infected
with Schistosoma J. and whether this inflammasome
activation is implicated in the development of
schistosomiasis-associated liver fibrosis (SSLF), we
first produced a SSLF mouse model with Schistosoma J.
cercariae. It was found that the IL-1p level and collagen
deposition were markedly increased at the periphery of
the eosinophilic granuloma with Schistosoma J. eggs in
the liver of mice infected with cercariae. In mice receiving
YVAD, a caspase-1 inhibitor, the fibrogenic pathology
and the increases in IL-1f level were substantially
attenuated. These results suggest that during Schistosoma
J. infection inflammasome activation is accompanied
with fibrogenic changes in the liver, which provides the
first evidence that the development of SSLF may be
associated with caspase-1 activation via inflammasome.
In previous studies, IL-13 was found to contribute to
local inflammation in response to parasitic, bacterial
or viral infections [25-27], and the inflammasome was
reported to be involved in the complex signaling pathway
driving fibrosis under different pathological conditions,
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Figure 6: Cathepsin B gene silencing inhibited SEA-induced NLRP3 inflammasome activation in HSCs. A. Representative
confocal fluorescence images show the co-localization of NLRP3 with ASC or caspase-1. B. Summarized data show co-localization
coefficiency of NLRP3 with ASC or caspase-1 (n = 5). C. and D. Representative Western blot documents and summarized data (n = 6).
E. and F. Data summary shows relative caspase-1 activity (n = 6) and IL-1f production compared with control (n = 5). Scram, scrambled
siRNA; CathsiRNA, Cathepsin B siRNA. Data are expressed as means £ SEM. *p < 0.05 versus scrambled control group; #p < 0.05 versus
scramble + SEA group.
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Figure 7: SEA stimulation increased lysosome membrane permeability, subsequent cathepsin B release and activity
in HSCs. A. Representative fluorescence images show the fluorescence intensity of lysosome and cathepsin B (n = 5). B. and C. Data
summary shows relative cathepsin B activity compared with control (n = 5). Scram, scrambled siRNA; CathsiRNA, Cathepsin B siRNA;
Ca-074Me, cathepsin B inhibitor (5 pM, Sigma). Data are expressed as means + SEM. *p < 0.05 versus scrambled control group or
untreated control group; #p < 0.05 versus scramble + SEA group or SEA group.
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and the role of inflammasomes has been related to their including HSCs may produce IL-1p or IL-18, resulting

inflammatory or non-inflammatory effects [24]. In this in the upregulation of transforming growth factor-f1
regard, there are some reports that the formation and (TGF-B1) and collagens and also causing myofibroblast
activation of NLRP3 inflammasomes in fibroblasts differentiation into active fibroblast to trigger or promote

Figure 8: Lysosome membrane stabilizer abolished the SEA-induced caspase-1 activation and IL-1§ production in
HSCs. HSCs were stimulated with or without SEA in the presence of PBS (Vehl: vehicle), lysosome membrane stabilizer dexamethasone
(Dex, 100 um, Sigma) or chloroquine (CQ, 20 pm, Sigma). A. and B., D. and E. Representative Western blot documents and summarized
data (n =5). C. and F. Data summary shows IL-1f production (n = 4). Vehl: vehicle; DEX: Dexamethasone, CQ: Chloroquine. Data are
expressed as means £ SEM. *p < 0.05 versus untreated control group; #p < 0.05 versus SEA group.
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