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Abstract
Background: The NLRP3 in�ammasome is a signi�cant component of the innate immune system that
plays a vital role in the development of various parasitic diseases. However, its role in hepatic alveolar
echinococcosis (HAE) remains unclear. Therefore, we aimed to investigate the NLRP3 in�ammasome and
its activation mechanism in HAE.

Method: We assessed the expression of NLRP3, Caspase-1, interleukin (IL)-1β, and IL-18 in the
in�ammatory marginal zone and corresponding normal liver tissues of 60 patients with HAE. We used a
rat model of HAE to investigate the role of the NLRP3 in�ammasome in the in�ammatory marginal zone
of HAE. Transwell experiments were conducted to investigate the effect of Echinococcus multilocularis in
stimulating Kupffer cells and hepatocytes. Further, immunohistochemical staining, western blotting, and
ELISA assessed the expression of NLRP3 and Caspase-1, IL-1β, and IL-18, and �ow cytometry was used
to detect apoptosis and ROS.

Results: The activation of NLRP3 in�ammasome was intimately associated with the expression of
ROS(P<0.05). Inhibition of ROS generation decreased the activation of NLRP3-Caspase-1-IL-1β pathway
and mitigated damage to hepatocytes (P <0.01) as well as in�ammation (P <0.001) in HAE

Conclusion: E. multilocularis can induce hepatocytes damage and in�ammatory response by activating
the ROS-NLRP3-Caspase-1-IL-1β pathway in Kupffer cells, indicating that ROS may be a potential target
for the treatment of HAE.

1 Background
Echinococcosis is a global zoonotic parasitic disease that has two main types, cystic echinococcosis
(CE) and alveolar echinococcosis (AE), which are respectively caused by the larvae of Echinococcus
granulosus and Echinococcus multilocularis. AE is also called "parasite cancer" (Xu 2020)[1] and about
80% of AE cases affect the liver, with other organs less frequently infected (Craig 2017)[2]. This disease is
mainly prevalent in Asia, Africa, South America, the Middle East, and Australia (Nourbakhsh 2010, Sven
2019)[3, 4]. Humans usually become infected after inadvertently eating the eggs of the worm. The
ingested egg hatches in the intestines and is absorbed into the blood through the intestines to reach
various organs of the body, where it develops into echinococcosis. Hepatic alveolar echinococcosis (HAE)
is a disease that has increased rapidly in recent years. Qinghai Province in China is a region with a high
and increasing incidence of echinococcosis (Xiu-Min 2017)[5]. Moreover, epidemiologic evidence
demonstrates that the medical and economic burden of HAE will increase drastically in the next decade
(Qingling 2014)[6].

The concept of in�ammasome was �rst proposed by Martinon[7] in 2002; its main components include
the nucleotide-binding oligomerization domain (NOD)-like receptor family (NOD-like receptors, NLRs) and
multiple receptor proteins. Recently, we identi�ed an in�ammasome comprising NLRP1, NLRP3, NLRC4
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(NLR family CARD domain-containing 4), and AIM2 (absent in melanoma 2).[8]NLRP3 in�ammasome has
received the most attention. Activated NLRP3 in�ammasome can process inactive cysteine aspartate
proteolytic enzyme 1 precursor (pro-caspase-1) into active caspase-1; activated caspase-1 can process
inactive pro-interleukin (IL)-1β and pro-IL-18 into mature IL-1β and IL-18. Activated NLRP3-caspase-1-IL-
18 IL-1β pathway exerts biological effects in processes such as stress, in�ammatory, and injury repair
responses (Hoffman 2001)[9].

The NLRP3 in�ammasome is an important participant in in�ammatory responses and has been closely
associated with in�ammation in various liver diseases, including liver cancer (Wei 2014, Saber 2010, Wei
2019)[10–12], viral hepatitis (Ding 2019, McRae 2016)[13, 14], non-alcoholic fatty liver (Sun 2020, Dwivedi
2020)[15, 16], and schistosomiasis (Liu 2019, Chen 2019)[17, 18]. However, the role and clinical signi�cance
of the NLRP3 in�ammasome in HAE remain unclear. Here, we aimed to explore the activation of the
NLRP3 in�ammasome in tissues of patients with HAE, rat HAE model, and rat cell models. We
investigated the mechanism of NLRP3 in�ammasome activation in HAE and the effect of its downstream
products on HAE. We hypothesized that E. multilocularis might aggravate hepatic damage and
in�ammation by activating the NLRP3 in�ammasome in HAE.

2 Methods

2.1 Parasites and animal experiments
Echinococcus multilocularis was obtained from the Key Laboratory of Echinococcosis in Qinghai
Province (Qinghai Province, China)and had been maintained in the laboratory. Eight to ten-week-old male
SD rats were used as �nal hosts. SD rats were purchased from the Nanjing Qinglongshan Laboratory
Animal Breeding Centre, China. We inoculated 1200–1500 E. multilocularis in the liver of each SD rat[19]to
establish HAE rat model. 6-month-old HAE rats were used for experiments. PBN (N-tert-Butyl-α-
phenylnitrone; Saint Louis, Missouri, USA) was used as a ROS scavenger in vivo experiments. The
e�ciency of PBN[20, 21]was tested by treating HAE rats (three rats per group) with three different
concentrations—20, 50, and 100 mg/(kg.d)—for 30 days by continuous intraperitoneal injection.
Subsequently, PBN 50 mg/(kg.d) group, 50 mg/(kg.d) normal saline (ns) group and control group were
established to explore ROS-mediated activation of NLRP3 in�ammasome in HAE rats, 10 rats per group.
We administered daily intraperitoneal injection to reduce the impact of ROS generation. The feeding and
housing were performed in speci�c-pathogen free (SPF) conditions All experimental procedures were
carried out in accordance with the Guide for the Care and Use of Laboratory Animals established by
National Health Commission of China.

2.2 Patient tissues
Tissue specimens were collected from 60 patients with HAE who underwent surgery in the Department of
Hepatobiliary and Pancreatic Surgery of the A�liated Hospital of Qinghai University from January 2019
to June 2019. All patients had not received clinical adjuvant therapy, such as radiotherapy, chemotherapy,
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and radiofrequency ablation before surgery. All specimens were con�rmed to be HAE by pathological
examination. The pathological stage and degree of differentiation of the lesions were based on PNM
[22]classi�cation criteria. In all patients, the marginal zone of the lesion (less than 0.5 cm away from the
lesion) and the tissue adjacent to the lesion (more than 3 cm away from the lesion) were quickly frozen in
liquid nitrogen within 15 minutes of surgical resection, and stored in -80 °C. All patients were followed up
regularly after surgery. Blood AFP and B-ultrasound were routinely reviewed, and CT was performed if
necessary. All patients signed an informed consent and all protocols involving human and animals were
approved by Ethics Committee of the A�liated Hospital of Qinghai University. The experiment started
after the approval by Ethics Committee of the A�liated Hospital of Qinghai University. The Ethical
approval number is P-SL-2019054.

2.3 Immunohistochemical staining
Para�n sections were incubated in 3% H2O2 at room temperature for 5–10 min to eliminate the activity
of endogenous peroxidase. The sections were rinse with phosphate-buffered saline (PBS) for 5 min.
Respective primary antibodies (NLRP3, Abcam, Shanghai, China; Caspase-1, Thermo Scienti�c, Waltham,
MA, USA; IL-18, IL-1β, Boster Biotechnology, Wuhan, China) were added and incubated at 4 ℃ overnight.
The sections were rinsed with PBS and further incubated with appropriate secondary antibody (goat anti-
rabbit IgG, goat anti-mouse IgG; Beyotime Biotechnology, Shanghai, China) at 20–37℃ for 10–30 min.
The optical density and area of all the images were measured by using an Image-Pro Plus 6.0 Image
Analysis System (Media Cybernetics, Inc., Bethesda, MD, USA) and the mean density was calculated.

2.4 immuno�uorescence staining for cell localization
Para�n sections were incubated in 3% H2O2 to eliminate the activity of endogenous peroxidase. Normal
goat serum blocking solution was added to eliminate background staining. The appropriate primary
antibodies (CD68, Proteintech, Wuhan, China; NLRP3, Abcam, Shanghai,China;Caspase-1, Thermo
Scienti�c, Waltham, MA, USA) were added and incubated at 4 °C overnight. Sections were washed with
PBS and incubated with �uorescent secondary antibody (CY3 Conjugated A�niPure Goat anti-rabbit IgG,
Boster Bio, Wuhan, China) for 2 h. DAPI (Beyotime Biotechnology, Shanghai, China) was added and
incubate in the dark for 30 min to stain the nuclei. Cells was observed and images collected under
�uorescence microscope (OLYMPUS BX33, JPN).

2.5 Blood biochemical testing
Tail vein blood of the SD rat was collected and WBC, lymphocytes, monocytes levels were measured
using a standard hematology analyzer (IDEXX Laboratories Inc., Westbrook, USA)

2.6 Analysis of reactive oxygen species expression and
apoptosis by �ow cytometry
To detect ROS, Kupffer cells were resuspended with diluted 50 µM DCFH-DA from a reactive oxygen
species assay kit (Nanjin Jiancheng Bioengineering Institute, Nanjing, China ), and incubated at room
temperature for 30 min. For tissue samples, we initially prepared single cell suspension. Liver was
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washed with 20 mL PBS, and incubated in 20 mL of type IV collagenase digestion solution (Beyotime
Biotechnology, Shanghai, China) at 37 °C. The liver was cut to 2–3 mm3 with scissors and washed twice
with PBS. The single cell suspension were collected for ROS detection.Cells were washed twice with PBS.
ROS relative expression was detected through the FITC detection channel (Ex = 500 nm). For apoptosis
assay, cells were stained with annexin-V-FITC (MultiSciences,Hangzhou, China) and propidium iodide (PI)
according to the manufacturer’s instructions.1–10 × 105 cells were washed with PBS and resuspended in
500 µl 1 × Binding Buffer. Next, 5 µl Annexin V-FITC and 10 µl PI to each tube. After vortexing gently, the
cells were incubated at room temperature in the dark for 5 min. Apoptosis assay was detected through
the FITC detection channel and the PI detection channel. Flow cytometry was performed on a FACS
calibur (Becton and Dickson, USA). FlowJo (V10.5, Becton and Dickson, USA)was used to analyze the
data.

2.7 Co-cultivation experiments
For co-cultivation experiments, normal rat liver cell BRL were purchased from the Institute of Cell Biology
of the Chinese Academy of Sciences (Shanghai, China). BRL cells (3 × 105) were plated in the top
chamber (6-well; 0.4 µm Pore Polycarbonate Membrane Insert; Corning Life Sciences, Shanghai, China).
E. multilocularis (1 × 103) and rat liver macrophages (1 × 106 ) were placed in the lower chamber. Rats
BRL hepatocytes, liver macrophages, and E. multilocularis were cultured in DMEM (Gibco, Burlington, ON,
Canada) medium containing 10% FBS (FBS; Gibco Burlington, ON, Canada). We chose N-Acetyl-L-
Cysteine (NAC, Macklin Biochemical, Shanghai, China)as ROS scavenger[23]. After centrifugation at
4,000 rpm for 10 min, the medium supernatant was collected and stored at -80℃, and the co-cultured
liver macrophage protein extract was collected. We detected the expression of IL-1β and IL-18 in the
supernatant, the expression levels of NLRP3 and Caspase-1 protein in Kupffer cells, and the expression
level of ROS in Kupffer cells.

2.8 Western blotting analysis
Protein samples were quanti�ed with the BCA protein assay kit (BIO-RAD, Mississauga, ON, Canada) and
subjected to electrophoresis in reducing conditions with poly-acrylamide gels. The proteins were
transferred to PVDF membranes. The membranes were blocked for 1 h in TBST (TBS with 0.1% Tween-
20) with 5% non-fat milk and incubated with the appropriate antibodies (NLRP3, Abcam, Shanghai, China;
Caspase-1, Thermo Scienti�c, Waltham, MA, USA) overnight at 4℃. After washing, the membranes were
blotted with the appropriate HRP conjugated secondary antibody; the blots were developed with ECL
reagent from Sangon Biotech (Shanghai, China) in an ImageQuant LAS 4000 image system (GE
Healthcare, USA) and analyzed with the Image-Pro Plus 6.0 (Media Cybernetics,, Bethesda, MD, USA). The
intensity of bands was normalized to the corresponding values of β-actin.

2.9 ELISA
The ELISA kit (Rat IL-18 ELISA Kit, MultiSciences, Hangzhou, China; Rat IL-1β ELISA Kit, Abcam,
Shanghai, China) was used, according to the manufacturer’s instructions to determine IL-18 and IL-1β
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levels in serum and co-cultured cell supernatant. Each sample was assayed in duplicate and the optical
density (OD value) of each well was measured immediately with microplate reader (BIO-RAD iMark, USA).

2.10 Extraction and identi�cation of SD rat Kupffer cell
SD rat liver tissues were washed with 20 mL HBSS (Thermo�sher, Shanghai, China) and incubated in
20 mL of type IV collagenase digestion solution (Beyotime Biotechnology, Shanghai, China) at 20–37 °C.
Incompletely digested tissues were �ltered out and the centrifuged to precipitate liver cells. The
supernatant was collected and resuspended in 30% Percoll (Macklin Biochemical, Shanghai, China). The
cells in the interface layer were carefully pipetted, diluted with HBSS solution, and the cells collected. For
identi�cation, cells were prepared on glass slide cover, �xed with 4% paraformaldehyde for 15 min, and
blocked with normal goat serum room temperature for 30 min. Diluted (1:100) primary antibody (CD68
antibody, Proteintech, Wuhan, China) was added and incubated at 4 °C overnight. The slides were washed
with PBS and incubated with �uorescent secondary antibody (CY3 Conjugated A�niPure Goat anti-rabbit
IgG, BosterBio, Wuhan, China) at 20–37℃ for 1 h. DAPI (Beyotime Biotechnology, Shanghai, China) was
added with further incubation in the dark for 5 min to stain the nuclei. Cells were observed and images
collected under �uorescence microscope (OLYMPUS BX33,JPN) at magni�cations of 200x and 400x.

2.11 Statistical analysis

All statistical analyses were performed by the Graphpad prism 6. Data were analyzed by Student’s t-test,
variance (ANOVA) with Tukey’s multiple comparisons test or Wilcoxon test as appropriate. Pearson was
used for correlation analysis and Chi-square test was used to analyze the relationship between NLRP3
expression and clinicopathological characteristics of patients with HAE. Quantitative data are presented
as the mean ± standard deviation. All P values are two-sided; P value < 0.05 was considered statistically
signi�cant;*P < 0.05, **P < 0.01, ***P < 0.001,****P < 0.0001; ns, not signi�cant.

3. Results

3.1 NLRP3 is upregulated in in�ammatory marginal tissues
and associated with HAE
We found that the H&E stained tissues obtained from patients with HAE had a clear in�ammatory
marginal zone (Fig. 1A). Immunohistochemical analysis of the expression of NLRP3 in the in�ammatory
marginal zone tissues and corresponding normal liver tissues of 60 patients with HAE (Fig. 1B), showed
that the expression of NLRP3 in the marginal zone was higher than that of the corresponding normal liver
tissue (Fig. 1C, P < 0.0001). Using the NLRP3 median expression level (median 0.45) as cut-off, the 60
patients with HAE distributed into a high expression group (n = 30) and a low expression group (n = 30).
Clinicopathological analysis showed that the expression of NLRP3 in the marginal zone of HAE was
associated with jaundice symptoms (P 0.001) and child-pugh classi�cation (P = 0.012), but was not
related to the patient’s age, gender, AFP, or primary lesion (all P > 0.05; Table 1). Moreover, to understand
the prognostic signi�cance of NLRP3 upregulation in HAE, we analyzed the relationship between NLRP3
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expression and survival rate in HAE patients and found that NLRP3 high expression was associated with
a poor survival rate (Fig. 1D, P < 0.05).

Table 1

Characteristics n NLRP3 low expression NLRP3 high expression P value

    n = 30 n = 30  

Age       0.787

≥ 50 years 21 11 10  

< 50 years 39 19 20  

Gender       0.195

Male 33 14 19  

Female 27 16 11  

Serum AFP (ng/mL)       0.796

< 20 32 16 15  

≥ 20 28 14 15  

Jaundice       0.001

Yes 34 8 26  

No 26 22 4  

Primary lesion size       0.0706

≥ 5 cm 51 23 28  

< 5 cm 9 7 2  

Child-pugh grading       0.012

A 42 26 16  

B 18 4 12  

3.2 Expression levels of NLRP3, Caspase-1, and IL-1β are
increased in patients with hepatic alveolar echinococcosis
We further carried out immunohistochemical assessments of Caspase-1, IL-1β and IL-18(Fig. 2A) in the
marginal zones of the tissues obtained from patients with HAE, compared with normal liver tissues.
Expression of Caspase-1 (P < 0.001), IL-1β ( P < 0.0001) in the marginal zone were higher than normal
liver tissues, but the expression of IL-18 showed no statistical difference (Fig. 2B). We con�rmed these
�nding by western blotting (Fig. 2C, Fig. 2D) that showed higher expression of NLRP3 and Caspase-1 in
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the marginal zone compared with normal liver tissues, as shown in Fig. 2E (P < 0.01) and Fig. 2F (P < 
0.01). In addition, we evaluated the relationship between relative expression of NLRP3 and Caspase-1
(Fig. 2G, P < 0.0001), NLRP3 and IL-1β relative expression (Fig. 2H, P < 0.01), and NLRP3 and IL-18 (Fig. 2I,
P > 0.05). Taken together, these results indicate that the NLRP3-Caspase-1-IL-1β reaction pathway may be
activated in HAE and the activation of the response may play a role in the in�ammatory marginal zone.
However, IL-18 expression has no correlation with the expression of NLRP3 and Caspase-1.

3.3 ROS is highly expressed in the HAE in�ammatory marginal zone and is intimately associated with the
activation of NLRP3

We established HAE rat models. The growth of HAE rats is shown in Fig. 3A.We compared the generation
of ROS in the marginal zone and normal tissues of HAE rats and observed a relatively higher ROS
generation in the marginal zone. About 70.8% of cells in the marginal zone of HAE liver tissues showed
high generation of ROS, compared with 31.9% in normal liver tissues (Fig. 3B, Fig. 3C, P < 0.0001). The
levels of ROS correlated with the relative levels of NLRP3 ,the linear correlation coe�cient r = 
0.9489(Fig. 3D, P < 0.05), Thus, we speculated that ROS may play a role in the activation of the NLRP3-
Caspase-1-IL-1β reaction pathway in the in�ammatory marginal zone of HAE.

3.4 ROS-mediated activation of NLRP3 in�ammasome in
HAE rats
To further investigate ROS involvement in NLRP3 activation in HAE in�ammation, we con�rmed that
50 mg/(kg.d) PBN could signi�cantly decrease ROS levels compared to the other concentrations
(Fig. 4A). Therefore, 50 mg/(kg.d) PBN was used in subsequent experiments. After 30 days of
intervention, we detected generation of ROS in the marginal zone of in�ammation in HAE rats of each
group (Fig. 4B). We found that white blood cells in the PBN group were signi�cantly decreased compared
to NS and control groups (Fig. 4C). Lymphocytes and monocytes were also decreased in the PBN group
as shown in Fig. 4D and Fig. 4E. The relative values of in�ammatory marginal zone are shown in Fig. 4F.
Immunohistochemical analyses of NLRP3, Caspase-1, IL-1β, and IL-18 in the HAE rat marginal zone and
normal liver tissues are shown in Fig. 4G. As seen in Fig. 4H, the expression of NLRP3 (P < 0.001),
Caspase-1 (P < 0.05), and IL-1β (P < 0.05) in the marginal zone were higher than normal liver tissues, with
no statistical difference in the expression of IL-18 (P > 0.05). NLRP3 and Caspase-1 protein expression in
the marginal zone and normal liver tissues are shown in Fig. 4I with their relative expression (NLRP3
IntDen/β-actin IntDen, Fig. 4J; Caspase-1 IntDen/β-actin IntDen, Fig. 4K). Pearson analysis showed
correlation between ROS and NLRP3 expression (Fig. 4L, P < 0.01), and between NLRP3 and the
in�ammation of marginal zone (Fig. 4M, P < 0.05), Overall, we observed that NLRP3 expression was
closely related to the increase of ROS and in�ammation in the marginal zone.

3.5 Echinococcus multilocularis activates the NLRP3-
Caspase-1-IL-1β pathway through Kupffer cell
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We further localized the cells expressing NLRP3 in�ammasome and Caspase-1 in the marginal zone of
HAE rats as shown in Fig. 5A and Fig. 5B. The results suggest that both NLRP3 in�ammasome and
Caspase-1 were highly expressed in macrophages (Kupffer cells), but no obvious expression was found
in hepatocytes. We asked whether E. multilocularis activates the NLRP3-Caspase-1-IL-1β pathway in
Kupffer cells by increasing the generation of ROS in Kupffer cells, which increases of IL-1β synthesis and
release, leading to hepatocytes damage and promotes acute in�ammatory response. In view of this, we
isolated rat Kupffer cells, and the identi�cation results are shown in Fig. 5C and 5D. Further, we isolated
the E. multilocularis in HAE lesions as shown in Fig. 5E. In co-cultures of E. multilocularis with Kupffer
cells for 24 h, the generation of ROS in Kupffer cells was signi�cantly increased, compared with the
control as shown in Fig. 3F(P < 0.01).

3.6 ROS mediates activation of NLRP3-Caspase-1-IL-18
pathway in Kupffer cells
We chose N-acetylcysteine (NAC) as ROS scavenger to intervene the generation of ROS in a co-culture
system, by treating cells with 5, 10, or 20 mM NAC at 24, 48, and 72 h. We observed that 5 mM NAC most
e�ciently abrogated ROS production in co-cultured cells and thus, the dose was used for further
experiments. In transwell co-culture experiments of E. multilocularis stimulating Kupffer cells and
hepatocytes were set up (Fig. 6B). The generation of ROS in Kupffer cells at 24, 48, and 72 h without or
with NAC treatment are shown in Fig. 6C, with obvious suppression of ROS in the NAC-treated co-culture
compared to untreated co-cultures (Fig. 6D). Effects on the expression of IL-18 and IL-1β are shown in
Fig. 6E and Fig. 6F. Further, we assessed apoptosis of hepatocytes in the co-culture group and the NAC-
treated co-culture group at 24 h, 48 h and 72 h as shown in Fig. 6G, with relative levels in Fig. 6H. NLRP3
and Caspase-1 protein expression are shown in Fig. 4I with their relative expression (NLRP3 IntDen/β-
actin IntDen, Fig. 4J; Caspase-1 IntDen/β-actin IntDen, Fig. 4K). Altogether, we found that the apoptosis
rate and expression of NLRP3 and Caspase-1 were signi�cantly decreased after intervention of ROS
generation.

4 Discussion
As a global zoonotic parasitic disease, HAE is rare; however, if not treated, it leads to a high morbidity and
mortality, with serious economic burdens. Increasing evidences show that in�ammatory processes are
crucial for the pathogenesis and progression of serious liver diseases[10, 13, 15]. NLRP3 in�ammasome
has signi�cant role in the innate immune system involving the in�ammatory response[17, 24]. Here, we �nd
that the expression of NLRP3, Caspase-1, and IL-1β in the in�ammatory marginal zone of HAE patients
are signi�cantly increased. In addition, the results of our in vitro and in vivo experiments show that
Echinococcus multilocularis activated the ROS-NLRP3-Caspase-1-IL-1β pathway in Kupffer cells, resulting
in hepatocyte damage and in�ammatory responses.
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The in�ammatory response is signi�cant in protecting humans and eliminating pathogens. In the
presence of harmful external stimuli, in�ammation helps remove the stimuli and promote tissue
restoration. The activation of in�ammatory response is inextricably linked to the activation of the innate
immune system. The innate immune response can be activated by a variety of pathogenic organisms
through PAMPs (pathogen-associated molecular patterns) or damage-related molecular patterns DAMPs
(danger-associated molecular patterns), promoting the release of in�ammatory mediators and causing
in�ammation[25]. NLRP3 in�ammasome, as signaling molecules in the innate immune response, has
been proven to be involved in tumor development[26, 27] and metastasis [28, 29].In recent years, the role of
NLRP3 in�ammasome in parasitic diseases has received a wide attention. Santos et al[30]found that the
expression of NLRP3 in�ammasome was upregulated in malaria. In amoebic disease, the expression of
α5β1 integrin in macrophages was related to the activation of NLRP3 in�ammasome[31]. Paroli AF et
al[32]found that NLRP3 in�ammasome and Caspase-1/11 pathway was involved in the host protection
against Trypanosoma cruzi acute infection. In addition, Gonçalves VM et al[33], found that NLRP3
controlled T. cruzi infection through a caspase-1-dependent IL-1R-independent NO production. Further,
Lima-Junior DS et al.[34] indicated that in�ammasome-derived IL-1β production induced nitric oxide-
mediated resistance to Leishmania. Ranadhir Deyet al.[35]demonstrated that Leishmaniasis occurred via
NLRP3 in�ammasome-derived IL-1β. Ritter M et al.[36]found Schistosoma mansoni activates the NLRP3
in�ammasome and alters adaptive immune responses through Dectin-2. Activation of NLRP3
in�ammasomes in mouse resulted in �brosis of hepatic stellate cells in schistosomiasis.[37] Although the
activation of NLRP3 in�ammasome seemed different in different parasitic diseases, it is obvious that
NLRP3 in�ammasome plays some important roles in these diseases. Assessing in�ammasomes may
help the rapid identi�cation and elimination these pathogenic factors.

NLRP3 in�ammasome activation has been related to mitochondrial autophagy and the releasing of
ROS[38]. Inhibiting ROS generation or using NADPH (nicotinamide adenine dinucleotide phosphate)
oxidase inhibitor can block the activation of NLRP3 in�ammasome [39, 40]. As an important participant in
oxidative stress, ROS is also closely related to in�ammation. Dey et al.[41]found that T. cruzi promoted the
synthesis and release of ROS, with activation of the NF-κB pathway and decreased expression of
in�ammatory cytokines in NLRP3 knockout mice, while alleviating acute phase-related symptoms. Shio et
al.[42] showed PKC/ROS-mediated NLRP3 in�ammasome activation correlated with pathological degree
in leishmaniasis. Studies by Gu et al.[43] indicated that speci�c ROS inhibition and reducing the opening
of potassium channels inhibited the expression of NLRP3 in�ammasome, suggesting that the release of
ROS and the opening of potassium channels are the pivotal factors to activate NLRP3 in�ammasome in
human prostate epithelial cells. Consistently with previous studies[38, 39], our results indicate that the
activation of NLRP3 is intimately associated with the generation of ROS. In addition, ROS-mediated
activation of NLRP3 in�ammasome plays a vital role in the progression of in�ammation in HAE.

IL-1β as an important pro-in�ammatory cytokines involved in pathological processes is mainly
synthesized by macrophages. It can promote the activation of lymphocytes, macrophages, or NK
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cells[44].Apart from these functions, IL-1β is also associated with parasitic infections[34.41]. IL-1β may
eliminate these parasite by associating with other components of the immunological system. Our study
con�rmed that IL-1β was increased in HAE and may be responsible for HAE infection development. In
contrast, we did not �nd an increase in IL-18, possibly because the ROS-NLRP3-Caspase-1-IL-18 pathway
was not been activated in HAE.

Notably, mechanistic analysis reveals a novel ROS-NLRP3-Caspase-1-IL-1β signaling pathway regulatory
network in HAE in�ammatory marginal zone. Further studies are required to address whether there are
other in�ammasome activated in the HAE in�ammatory marginal zone. Moreover, the increase in ROS
caused by E. multilocularis may be one potential way of NLRP3 activation, and several cross-talk
between signaling pathways may also be involved in the regulatory network in this zone. Thus, future
efforts should clarify the function and critical mechanisms of immune response in the progression of
HAE, which may undoubtedly enhance our understanding of the occurrence and development of the
infection and ultimately facilitate the development of diagnosis and therapy for the deadly disease.

5 Conclusions
In present,our work highlights that ROS acts as an activator by promoting in�ammatory progression of
HAE. Our in vivo experiments showed that inhibiting ROS generation can reduce the activation of NLRP3-
Caspase-1-IL-1β pathway. With the expression of IL-1β decreased, in�ammation in HAE marginal zone
was alleviated. In vitro data revealed signi�cantly decreased apoptosis rates in hepatocyte that
corresponded to curbing ROS-NLRP3-Caspase-1-IL-1β pathway in Kupffer cells. Taken together, we
concluded that E. multilocularis can induce hepatocytes damage and in�ammatory response by
activating the ROS-NLRP3-Caspase-1-IL-1β pathway in Kupffer cells.

6 List Of Abbreviations
HAE, hepatic alveolar echinococcosis; IL, interleukin; NAC, N-acetylcysteine; NLR, NOD-like receptor; PBN,
N-tert-Butyl-α-phenylnitrone; ROS, reactive oxygen species
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Figures

Figure 1

NLRP3 is upregulated in in�ammatory marginal tissues and associated with disease progression (A)
in�ammatory marginal zone of hepatic alveolar echinococcosis. (B) The expression of NLRP3 was
immunohistochemically detected in in�ammatory marginal zone tissues and corresponding normal liver
tissues. (C) Relative expression of NLRP3. (D) prognostic signi�cance of NLRP3 upregulation in HAE
(Table1) Correlation analysis of NLRP3 expression and clinical indicators. C, n = 60. D, n = 25.*P < 0.05,
**P < 0.01, ***P < 0.001,****P < 0.0001; ns, not signi�cant.
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Figure 2

Expression levels of NLRP3, Caspase-1, and IL-1β are increased in hepatic alveolar echinococcosis
patients (A) Immunohistochemical detection of Caspase-1, IL-1β and IL-18. (B) Relative expression of
Caspase-1, IL-1β and IL-18. (C) NLRP3 protein expression were evaluated by western blotting. (D)
Caspase-1 protein expression were evaluated by western blotting.(E)Relative levels of NLRP3 IntDen/β-
actin IntDen proteins expression. (F) Relative levels of Caspase-1 IntDen/β-actin IntDen proteins
expression. (G) Relationship between NLRP3 and Caspase-1, (H) NLRP3 and IL-1β, (I) NLRP3 and IL-18
relative expression. B–D, G–I, n = 60 per group. The results of western blotting were reproducible in three
independent experiments, mean ± SD.*P < 0.05, **P < 0.01, ***P < 0.001,****P < 0.0001; ns, not
signi�cant.

Figure 3

ROS is highly expressed in the HAE in�ammatory marginal zone and is intimately associated with the
activation of NLRP3 (A)The growth of HAE rats. (B) Generation of ROS in marginal zone and normal
tissue. (C) Relative levels of the generation of ROS. (D) Relationship between ROS and NLRP3. C,D, n = 5
rats per group. *P < 0.05, **P < 0.01, ***P < 0.001,****P < 0.0001; ns, not signi�cant.
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Figure 4

ROS-mediated activation of NLRP3 in�ammasome in HAE rats.(A) Result of the generation of ROS in
PBN 20 mg/(kg.d) group, PBN 50 mg/(kg.d)group, and PBN 100 mg/(kg.d) group. (B) Result of the
generation of ROS in PBN 50 mg/(kg.d) group NS group and control group. (C) WBC in PBN, NS, and
control groups. (D) Lymphocytes in PBN, NS, and control groups. (E) Monocytes in PBN, NS, and control
groups. (F) Results of in�ammation. (G) immunohistochemical detection of NLRP3, Caspase-1, IL-1β, and
IL-18. (H) Relative expression of NLRP3, Caspase-1, IL-1β, and IL-18 in the marginal zone comparing with
normal liver tissues. (I) Western blotting analyses of PBN, NS, and control group(J) NLRP3 IntDen/β-actin
IntDen proteins expression and (K) Caspase-1 IntDen/β-actin IntDen proteins expression. (L) Relationship
between ROS and NLRP3 relative expression, (M) NLRP3 relative expression and the in�ammation of
marginal zone. The results of western blotting were reproducible in three independent experiments, mean
± SD. Scale bar, 50 m A, n = 3 rats per group; B-F, n = 10 rats per group. L, M, n = 10; *P < 0.05, **P < 0.01,
***P < 0.001,****P < 0.0001; ns, not signi�cant.
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Figure 5

Echinococcus multilocularis activates the NLRP3-Caspase-1-IL-1β pathway in Kupffer cell (A) Cell
localization of NLRP3 in the marginal zone (in Fig.5A, red is the NLRP3 in�ammasome, blue is the
nucleus stained with DAPI, and green is the macrophage marker CD68). (B) Cell localization of Caspase-1
in the marginal zone (in B, red is Caspase-1, blue is the nucleus stained with DAPI, green is the
macrophage marker CD68). (C) The identi�cation of Kupffer cells ×200. (D) Identi�cation of Kupffer cells
×400. (in C and D, red is the macrophage marker CD68, blue is the nucleus stained by DAPI, the last image
is the fusion picture, E is ×200, F is ×400). (E) Isolation of E. multilocularis (F) Relative expression of co-
culture and control groups. Scale bar, 50 m F, n = 3, *P < 0.05, **P < 0.01, ***P < 0.001,****P < 0.0001; ns,
not signi�cant.
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Figure 6

ROS-mediated activation of NLRP3-Caspase-1-IL-18 pathway in Kupffer cells (A) Generation of ROS with
the indicated NAC dose at the indicated time points. (B) Representation of transwell model use in the
study. (C) Generation of ROS in co-culture group at the indicated time points in the co-culture group and
the NAC-treated co-culture group. (D) Relative expression of ROS (E) Expression of IL-18. (F) Expression
of IL-1β. (G) Apoptosis of hepatocytes in the co-culture group and the NAC-treated co-culture group at 24,
48, and 72 h .(H) The cell viability of the co-culture group and the co-culture treatment group.(I) Western
blotting analyses of indicated proteins. (J) NLRP3 IntDen/β-actin IntDen proteins expression. (K)
Caspase-1 IntDen/β-actin IntDen proteins expression. *P < 0.05, **P < 0.01, ***P < 0.001,****P < 0.0001;
ns, not signi�cant.


