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The IL-13Ral signaling pathway and M2 macrophages play crucial roles ischistosome
egg-induced hepatic brosis via the expression of pro- bratic molecules. This study aims
to investigate the inhibitory effect and mechanism of actio of corilagin on schistosome
egg-induced hepatic brosis via the IL-13Ral signaling pathway in M2 macrophages
in vitro and in vivo. The mRNA and protein expression of IL-13R1, PPARy, KLF4,
SOCS1, STAT6, p-STAT6, and TGH was measured in vitro with corilagin treatment
after IL-13 stimulation andin vivo corilagin treatment after effectively killing the adult
schistosomes in schistosome-infected mice. Histologicalanalysis of liver tissue was
assessed for the degree of hepatic brosis. The results revaed that corilagin signi cantly
reduced the expression of PPAR, KLF4, SOCS1, p-STAT6, and TGH3 compared with
model group and praziquantel administrationg < 0.01 or p < 0.05) in vivoand in vitro,
which indicated a strong inhibitory effect of corilagin onLt13Ral signaling pathway. As
well, the inhibitory effect of corilagin showed a signi cahdose-dependence p < 0.05).
The area of brosis and distribution of M2 macrophages in mose liver tissue were
reduced signi cantly and dose-dependently with corilagirtreatment compared to model
group or praziquantel administrationg < 0.01 or p < 0.05), indicating that corilagin
suppressed IL-13Ral signaling pathway and M2 macrophage polarization effectelyin
vivo. Furthermore, the anti- brogenic effect persisted even wen IL-13Ral was up- or
down-regulated in vitro. In conclusion, corilagin can suppress schistosome egg-iduced
hepatic brosis via inhibition of M2 macrophage polarizatin in the IL-13Ral signaling
pathway.

Keywords: corilagin, liver brosis, schistosome egg, IL-13 Ral, M2 macrophage

INTRODUCTION

Schistosomiasis is an ancient parasitic disease that imposessiderable economic and health
burden, disabling more than it kills. As of 2014, over 207lionl people were infected with
schistosoma, and approximately 700 million people were at riskfettion (Shaker et al., 20)4
Schistosomiasis is endemic in China, and China is one of timegoy epidemic areas &chistosoma
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Lietal. Corilagin on Schistosome Egg-Induced Hepatic Fibrosis

japonicum (Colley et al.,, 2014; Song and Wu, 2015 issue in the treatment of chronic and advanced schistosdasias
Schistosomiasis hepatic brosis is a chronic immune diseasg€hu et al., 201)l Many researchers have tried to nd new
caused by schistosome eggs that can lead to hepatosplengmedgalerapeutics to inhibit schistosomiasis hepatic brosis.
ascites, portal hypertension and sometimes death as a rdsult o Corilagin (G7H2201g) is an active component of many
upper gastrointestinal hemorrhage or hepatic encephalopathy. medicinal plants, with a variety of pharmacological actesti
Fibrosis is a component of normal tissue repair after acuténcluding  anti-tumor,  anti-oxidative,  anti-atherogenic
in ammatory injury. However, it causes irreversible tissuethrombolytic, anti-hypertensive, hepatoprotective, antir
damage in the case of chronic in ammation. Schistosomiasiantibacterial and anti-in ammatory e ects4hao et al., 2008;
hepatic brosis results from the soluble egg antigen (SEAJGuo etal., 2010, 2015a; Jin et al., 2013; Li et al. ) 21i8 known
secreted by mature schistosome eggs, which induces tbbhemical structure was presented in our previously published
alternative activation of macrophages (M2 macrophages) thataper ¢hao et al., 2003
play a vital role in brogenesis Martinez et al., 2009 In We previously con rmed the anti- brogenic e ect of corilagin
the acute phase, M2 macrophages can reduce the productighluang et al., 2013; Yang et al., 2plénd investigated
of proin ammatory cytokines and prevent the induction of intervention with the IL-13R signaling pathway in HSO gt al.,
acute inammatory lesions by eggsHérbert et al., 2004 2016 and a mouse model without praziquantel treatmebtu(
However, in the chronic phase, M2 macrophages secrete pret al., 2016; Yang et al., 201 this study, IL-13 was useith
brotic cytokines, leading to hepatic brosisHurke et al., 2009  vitro to stimulate Ana-1 cells to simulate egg-induced brosis.
Liver macrophages (Kup er cells) are the major contributorsFor thein vivo study, praziquantel was administered after the
to schistosome granulomaXie et al., 2016 After the SEA is mice were infected by the cercaria to kill the adult schistoss.
released, the host immune response is polarized into a Th2A/e investigated the inhibitory e ect of corilagin on the maldes
biased response, with increased expression of ILPE3u(ce and involved in IL-13Ri1 signaling pathway (PPARKLF4, SOCS1
MacDonald, 200 IL-13 was demonstrated to be detrimentaland p-STAT6) and egg-induced brogenesis (T@GFin vitro
in schistosomiasisHallon et al., 2000 And it is a key cytokine and in vivo. Furthermore, we observed the brosis degree
which strongly induced the expression of pro- brotic cytokis and distribution of M2 macrophages in schistosomiasis mouse
and M2 macrophage polarization via the ILdB signaling liver by the method of histology and immunohistochemistry
pathway (iu et al., 2012; Sica and Mantovani, 2012; Sonin animal model. Through this study, we aimed to develop a
and Wu, 201% IL-13 binding the IL-4RVIL-13Ral receptor new strategy for the treatment of schistosomiasis hepatiosis
complex triggers signal transduction and increases the egfme  which praziquantel had little e ect on.
of PPAR), KLF4 and SOCS1B(swas et al., 2012; Sica and
Mantovani, 201p. These M2 cytokines stimulate the Kup er MATERIALS AND METHODS
cells and hepatic stellar cells to produce TR crucial factor
in brosis, and accelerate brosis progressioRapregat et al., Chemicals and reagents could be seen in the Supplementary Data
2016. Thus, inhibition of M2 polarization of macrophages and Sheet 2.
IL-13Ral signaling pathway may be the key to suppressin%
schistosomiasis hepatic brosis. ell Culture
Currently, the most widely used drug for the treatmentAna-1 cell line is a well-established murine macrophageicel |
of schistosomiasis is praziquantel, which can kill the maturand itcan be transformed into either M1 or M2 macrophage with
parasite but has little e ect on schistosome eg@syEeels et al.,
2009. Studies have shown that schistosomiasis hepatic brosjs #
and granulomatous in ammatory disease continue even after *
e ective anti-Schistosomé&reatment Cioli and Pica-Mattoccia, 1007 wes %
2003; Southgate et al., 2005; Gryseels et al.).2R66istance to %
praziquantel has also been report&bés et al., 2002; Burke et al.,
2009. Therefore, suppressing brosis and granuloma formation
after e ective killing of matureSchistosomhas become a key

Abbreviations: ANOVA, Analysis of variance; ELISA, Enzyme-Linked
Immunosorbent Assay; FBS, fetal bovine serum; HE staining, Haexylat
and eosin staining; HSC, Hepatic stellate cell; HSV1, Herpes simplex viry
1; IL-4Ra, Interleukin-4 receptor alpha; IL-13, Interleukin-13; IL-18R
Interleukin-13 receptor alpha 1; KLF4, Kruppel-like factor4; MOI, Mulijtly 0 X X ! , T X
of infection; mRNA, Messenger ribonucleic acid; KB; Nuclear factor kappa- ) qf’ c? \QQ @Q @Q
light-chain-enhancer of activated B cells; PBS, Phosphatertsakne; PPARB,
Peroxisome proliferator-activated receptor gamma; p-STAT6, Phosphedyla Corilagin concentration (ug/ml)
signal transducer and activator of transcription 6; gPCR, Qitative polymerase
chain reaction; RPMI medium, Roswell Park Memorial Institute medis, FIGURE 1 | CCK8 assay of Ana-1 cell viability after Corilagin treatméior
Standard deviation; SEA, Soluble egg antigen; siRNA, Smaliariteg ribonucleic 24h.* p < 0.05 determined by one-way ANOVA and signi cant differences

acid; SOCS1, Suppressor of cytokine signaling 1; STAT6, Signabticer and from the respective values determined by S-N-K methodn(D 3). p < 0.05
activator of transcription 6; TGWB; Transforming growth factor beta; TN&; compared with the Omg/ml group (0 D 3, students t-test).
tumor necrosis factor alpha; WB, Western blot.

Cell viability (%)
3

e
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FIGURE 2 | Effect of Corilagin on mRNA expression of PPARR KLF4, SOCS1, IL-13Ral, STAT6, and protein expression of TGH after IL-13 stimulation in Ana-1
cells. Ana-1 cells were stimulated with rIL-13 for 24 h exceptontrol group. Subsequently, the cells were administratedvith corilagin or praziquantel for 24 h
respectively. Corilagin showed a dose-dependent inhibity effect on IL-13Ral signaling pathway after IL-13 stimulation(A) The PPARy mRNA expression levels
detected by real-time gPCR. p < 0.01 compared with the model group @ D 3, student's t-test); *p < 0.01 compared with the control group f D 3, student's t-test);
#p < 0.01 compared with the control group @ D 3, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencesrom the respective values
(Continued)
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FIGURE 2 | Continued

determined by S-N-K method ¢ D 3). (B) The KLF4 mRNA expression levels detected by real-time qPCRp < 0.05 compared with the model group 6 D 3,
student’s t-test); *p < 0.01 compared with the control group 6 D 3, student's t-test); #p < 0.01 compared with the control group 6 D 3, student's t-test); ##p < 0.05
determined by one-way ANOVA and signi cant differences fronthe respective values determined by S-N-K methodrn( D 3). (C) The SOCS1 mRNA expression levels
detected by real-time gPCR. p < 0.01 compared with the model group @ D 3, student's t-test); *p < 0.01 compared with the control group f D 3, student's t-test);
#p < 0.01 compared with the control group 6 D 3, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencesrom the respective values
determined by S-N-K method @ D 3). (D) The IL-13Ral mRNA expression levels detected by real-time qPCR. It was stwn that no difference among all groups.

(E) The STAT6 mRNA expression levels detected by real-time gPCR was shown that no difference among all groups(F) Effect of Corilagin on TGFs protein
expression detected by ELISA. p < 0.01 compared with the model group i D 3, students t-test); *p < 0.01 compared with the control group i D 3, student's
t-test); #p < 0.01 compared with the control group i D 3, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencegrom the
respective values determined by S-N-K methodr( D 3). (G) The KLF4 mRNA expression levels with two reference genes datted by real-time gPCR. p < 0.05
compared with the model group 1 D 3, student's t-test); **p < 0.01 compared with the control group @ D 3, student's t-test); #p < 0.01 compared with the control
group (n D 3, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencesrom the respective values determined by S-N-K method

(n D 3). Data are shown with mean with SD.

some administrationChen et al., 201021t was purchased from vehicle for 96h at a MOI of 40. The transfection e ciency
the Type Culture Collection of the Chinese Academy of Scigncewas observed under a uorescence microscope (Olymbus X2
Shanghai, China. The cells were cultured in RPMI-1640 mediurgeries microscope). To further con rm the e ect of corilagin
containing 10% fetal bovine serum in an incubator at@75% on the IL-1&1 pathway, Ana-1 cells were divided into seven

CO, and saturated humidity. groups for an up-regulation experiment. The group stimulated
o L with rIL-13 alone without IL-13R1 up-regulation was included
Corilagin Cytotoxicity Assays in the previous experiments. Therefore, we set up this part

According to the previously published papelri (et al., 201y of the experiment without the group of riL-13 stimulation
we evaluated cell viability using the CCK8 assay. The Anailone. In the high- (10éng/ml), medium- (50mg/ml), low-

1 cells were plated at a density of 1 10%/mL cells in 96- concentration (25ng/ml) corilagin up-regulation groups, the IL-
well culture plates with dierent concentrations of corilagi 13Ral up-regulated Ana-1 cells were stimulated with riL-13
(400, 200, 100, 50, and 25mg/mL). The Ana-1 cells withoytso ng/ml) for 24 h before corilagin was added. In the model up-
corilagin administration was set as a positive control, and @egulation group, the IL-13&L up-regulated Ana-1 cells were
blank well-containing the medium culture was set as a negati incubated with rlL-13 (50 ng/ml) only. In the up-regulation

control. After 24 h, the cell morphology was observed, and 1@roup, the IL-13R1 up-regulated Ana-1 cells were cultured
ml of CCK-8 solution was added to each well, which was theﬂ)\/ithout any treatment. In the empty-vector group, the Ana-

incubated for 2 h before the absorbance was measured at 450 ncells were cultured in enhanced infection solution witte th

using a microplate reader. Three wells in each group wergmpty vector for 96 h only. The untreated group was the control
measured. group.

In Vitro Corilagin Treatment after 1I-13
Stimulation IL-13Ral Down-Regulation by siRNA
Recombinant IL-13 was diluted torBg/ml with RPMI-1640 Transfection
medium containing 5% fetal bovine serum and stored allL-13Ral was down-regulated by means of siRNA transfection.
20 C. Praziquantel was diluted to 5pg/ml with PBS andThe siRNA was purchased from RiboBio company (Guangzhou,
stored at 4C. Corilagin was diluted to 2mg/ml with PBS China), and the specicity of siRNA was checked by
and stored at 4C. To explore the anti- brogenic eect Primer BLAST. The target sequence of the siRNA was
of corilagin with the praziquantel intervention via the IL- CCTGCACTGGAAGAAGTAT, and the concentration of
13al signaling pathway, Ana-1 cells were divided into sixhe siRNA was 0.02 nmatl. The siRNA contained cy3 dye.
groups. The high- (100g/ml), medium- (50mg/ml), and low-  Ana-1 cells were incubated in RPMI-1640 medium containing
concentration (2%ng/ml) corilagin groups were stimulated with 5% fetal bovine serum with 0.25% (8 Lipofectaminé" 2000
rIL-13 (50 ng/ml) for 24 h, followed by treatment of corilagior  in 2 ml cell culture medium) Lipofectamif¥ 2000 (purchased
24h, and no praziquantel was administered. The praziquantétom Invitrogen) and 100 pmol of siRNA for 6 h, then cultured
group was stimulated with rlL-13 (50 ng/ml) for 24 h, followed with RPMI-1640 medium containing 5% fetal bovine serum
by treatment of praziquantel (5 pg/ml) for 24 h. The model groupthat did not contain siRNA or Lipofectamii¥ 2000 for 48 h.
was incubated with rIL-13 (50 ng/ml) only. The untreatedgpo  Subsequently, the transfection e ciency was observed under

was the control group. a uorescence microscope. To further conrm the e ect of
. . corilagin on the IL-131 pathway, Ana-1 cells were divided

IL-13Ral Up-Regulation by Lentivirus into seven groups in the down-regulation experiment. In the

Transfection high- (100mg/ml), medium- (50mg/ml), low-concentration

IL-13Ral was up-regulated by means of lentivirus transfectior(25mg/ml) corilagin down-regulation groups, the IL-13R
containing pre-IL-13R1 and green uorescent protein. Ana- down-regulated Ana-1 cells were stimulated with rIL-13
1 cells were cultured in enhanced infection solution witketh (50ng/ml) for 24 h before corilagin was added. In the model
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FIGURE 3 | Effect of Corilagin on protein abundance of PPAR KLF4, SOCSL1, and p-STAT6 after IL-13 stimulation in Ana-1 dis. Ana-1 cells were stimulated with
rIL-13 for 24 h except control group. Subsequently, the cellsvere administrated with corilagin or praziquantel for 24 hesspectively. Corilagin showed a
dose-dependent inhibitory effect on IL-13R1 signaling pathway after IL-13 stimulation(A) The PPARy protein abundance detected by western blot assay. y < 0.01

(Continued)
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FIGURE 3 | Continued

compared with the model group 1 D 3, student’s t-test); **p < 0.01 compared with the control group 6 D 3, student's t-test); #p < 0.01 compared with the control
group (n D 3, student’s t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencedrom the respective values determined by S-N-K method

(n D 3).(B) The SOCSL1 protein abundance detected by western blot assayp < 0.01 compared with the model group 6 D 3, student's t-test); *p < 0.01 compared
with the control group f D 3, student's t-test); #p < 0.01 compared with the control group @ D 3, student's t-test); ##p < 0.05 determined by one-way ANOVA and
signi cant differences from the respective values determied by S-N-K method (h D 3). (C) The KLF4 and p-STAT6 protein abundance detected by western ot
assay. p < 0.01 compared with the model group @ D 3, student’s t-test); *p < 0.01 compared with the control group f D 3, students t-test); #p < 0.01 compared
with the control group 1 D 3, student's t-test); ## p < 0.05 determined by one-way ANOVA and signi cant differencegrom the respective values determined by
S-N-K method (n D 3). Data are shown with mean with SD.

down-regulation group, the IL-13® down-regulated Ana-1 via retro-orbital route, centrifuged at 3,500 rpm for 10 minca
cells were incubated with rIL-13 (50 ng/ml) only and cultdre sera were stored at20 C for ELISA. Part of the liver tissue was
without any treatment. In the empty-vector group, the Ana-1 xed in 10% formalin for tissue examination. The rest was stbr
cells were transfected by the empty vector. The untreatedmro in liquid nitrogen for PCR and Western-blot assays. Durihg t
was the control group. dissection of mice, the adult schistosomes were not obsernved
the liver of mice or in the portal system, which indicated the
5-day praziquantel treatment was e ective on killing the adult

Corilagin Treatment on Mouse schistosomes.

Schistosomiasis Model after Praziquantel

Administration Real-Time Quantitative PCR

The animal experiments were approved by the Tongji MedicalThe expression of PPAR KLF4, SOCS1 and STAT6 was
College, HUST Institutional Animal Care and Use Committeequanti ed by real-time gPCR. The operation and analysis was
([2016] IACUC Number: 598). A total of 42 male C57BL/6 performed according to our previously published protocGl(©
mice, 6 to 8 weeks old and weighing 18-22g, were purchasetl al., 2015p Total RNA in Ana-1 cells was isolated using
from the Hubei Provincial Center for Disease Control andRNAiso Plus (TaKaRa Company). The A260/280 ratio of the
Prevention (Wuhan, China). The mice were randomized intomRNA was detected by spectrophotometer (UV751GD UV/VIS
seven groups, with six mice per group. The mice were fedpectrophotometer, Implen company, German), and only the
an untreated diet and given access to water under standaghmples whose A260/280 ratios were between 1.8 and 2.2 were
laboratory conditions at a temperature of 252 C, a relative used. The cDNAs were produced with the PrimeScMpRT
humidity of 50 15% and a normal circadian rhythm reagent kit (TaKaRa company) and incubated at@7or 15 min
(12-h dark/12-h light). All study protocols were conductedand 85C for 5s. Real-time PCR reactions were performed
in accordance with the Guidelines for the Care and Use ofising a StepOne Plus device (Applied Biosystems) &t 96r
Laboratory Animals of Huazhong University of Science andlOs, followed by 40 cycles of @5 for 5s and 60C for 20s
Technology and approved by the Ethics Committee of Unioraccording to the instructions for the SYBR Premix Ex Taq kit
Hospital, Tongji Medical College, Huazhong University of(TaKaRa company). The standard curves indicated that all the
Science and Technology. The control group served as a blaskopes ranged from 3.3515 to 3.222 and the?? values were
control without any administration or infection. The anifg greater than 0.99. Therefore, the data were analyzed by the
in all groups except the control group were infected with2 '* €T method. The number of PCR cycles varied according
25 5 Schistosomgaponicum cercaria via the abdominal- to the expression level of the target gene. An appropriate
patch method (uang et al., 2013 After anaesthesia with 2% primer concentration and number of cycles was determined to
pentobarbital sodium (intraperitoneal injection, 45 mg/kahe ensure that the PCR was taking place in the linear range and
abdominal skin without hair was exposed to the cercaria edrri thereby guaranteed a proportional relationship between input
by Oncomelania hupensfer 30 min to infect the mice. Four RNA and the cycles readout. All primers were synthesized by
weeks after infection, the animals in all groups except tharobn TSINGKE (Wuhan, China). GAPDH ant-actin were used as
group were administered praziquantel orally at 500 mgdkigr ~ reference genes. In our study, the trends of KLF4 expresséoa w

5 days to kill the adult schistosomes. Subsequently, the- higleonsistent in the case of two reference genes (GAPDH kand
(80 mg/kgd), medium- (40mg/kgd), and low-concentration actin). Therefore, we chose GAPDH as the reference gene for
(20 mg/kgd) corilagin groups were administered corilagin orallythe following qPCR assay. Three sets of duplicate data were
for 21 days. The praziquantel group as a positive contraincluded for statistical analysis. The primers were consédic
continued to be administered praziquantel orally at 500 mgikg and purchased from Tsingke Biological Technology Company
for 21 days after the initial 5 days of praziquantel treatment(Beijing, China). The speci city of primer was checked by Reim
The levo oxacin group as a negative control was administere Blast. The standard curves and ampli cation curves could base
levo oxacin orally at 100 mg/kgl for 21 days. The model in Supplementary Data Sheet 1.

infection group was administered with no more drugs after 5-

day praziquantel treatment. Finally, the mice were eutheaiz \Western-Blot Analysis

after anesthetization of 4% chloral hydrate by intraperdeh The abundance of PPARKLF4, SOCS1, STAT6 and p-STAT6
injection and the specimens were collected. Blood was tetlec was detected by Western blot. The operation and analysis
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FIGURE 4 | Effect of up-regulation of IL-13R1 via lentivirus transfection. Ana-1 cells were infected Wi lentivirus or empty vector for 96 h except control group. fie
expression of IL-13Ral was increased signi cantly with lentivirus transfection(A) Effect of lentivirus transfection: 96 h after the ana-1 cellwere infected by lentivirus,
the cells were observed in the uorescence, in control light ad in both the uorescence and control light respectively(B) Effect of lentivirus transfection on IL-13R1
mRNA levels detected by real-time gPCR.5 < 0.01 compared with the empty and control group 6 D 3, student’s t-test). (C) Effect of lentivirus transfection on

IL-13Ral protein abundance detected by western blot assay. j < 0.01 compared with the empty and control group @ D 3, student's t-test). Data are shown with
mean with SD.

were performed as described in a previously published papéAbclonal Technology, Woburn, MA, US), 1:500; p-STAT6 (CST,
(Wang et al., 2007 The protein was separated on SDS-PAGBoston, MA, US), 1:1,000.

gels and then transferred to nitrocellulose Iter membrane,

which was blocked overnight with 5% non-fat milk in TBST. Elisa Assay

Subsequently, the membrane was probed with the indicateihe TGFb levels in the cell supernatant or in the sera of the
antibody at 4C before being washed three times in TBST andnice were determined by ELISA. The sera were assayed for
then incubated with an HRP-labeled secondary antibody. Th@ GFb with Mouse TGFb ELISA kits (Elabscience, Wuhan,
dilutions of the primary antibodies were as follows: PRBAR China). The procedures were conducted according to the
(Proteintech Company, Wuhan, China), 1:1,000; KLF4 (Santastruction manuals for the kits. Sterile PBS was used as
Cruz Biotechnology Company, Dallas, TX, US), 1:300; SOCSbntrol.
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FIGURE 5 | Effect of down-regulation of IL-13R1 via siRNA transfection. The expression of IL-13&L was decreased signi cantly with siRNA transfection. Ana-ells
were infected with IL-13Ral siRNA or empty vector for 48 h except control group(A) Effect of siRNA transfection: 48 h after the ana-1 cells werinfected, the cells
were observed in the uorescence, in control light and in botithe uorescence and control light respectively(B) Effect of SiRNA transfection on IL-13R1 mRNA levels
detected by real-time gPCR. p < 0.01 compared with the empty and control group @ D 3, student's t-test). (C) Effect of siRNA transfection on IL-13R1 protein
abundance detected by western blot assay. p < 0.01 compared with the empty and control group ( D 3, student's t-test). Data are shown with mean with SD.

Histological Analysis Immunohistochemistry for CD206 was performed to observe
Hepatic tissue samples were obtained, formalin-xed andhe M2 macrophages distribution in the liver tissue sections.
para n-embedded. As in our previously published paper, The operation and analysis was performed according to
haematoxylin and eosin (HE) stainingJi( et al., 2016 our previously published protocolDu et al., 2015 CD206
and Masson's trichrome stainingLi( et al., 201p were antibody was purchased from Proteintech Group, INC (Chicago,
performed. Masson's trichrome stains hepatic cells in redJSA), catalog number 18704-1-AP, and its dilution was
and collagen in blue, which could help to clarify the1:200. The dilution of CD206 antibody was 1:200. The
degree of brosis. CD206 was a cell surface marker whicranuloma area and 10D of CD206 was measured by Imag-Pro
could distinguish M2 macrophages from M1 macrophagesPlus 6.0.
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FIGURE 6 | Effect of Corilagin on mRNA expression of PPARR KLF4, SOCS1, IL-13Ral, STAT6 and protein expression of TGH after IL-13 stimulation in IL-13R1
up-regulated Ana-1 cells. Ana-1 cells was infected with IL-3Ral lentivirus or empty vector for 96 h except control group. Shsequently, the corilagin groups and
model up-regulation group were administrated with rlL-13 fo24 h. Then the corilagin groups were treated with corilagiof different concentrations. Real-time qPCR
and ELISA were performed. The dose-dependent anti- brogeness effect of corilagin still persisted when IL-13R1 was up-regulated. (A) The PPAR) mRNA
expression levels detected by real-time gPCR.pr< 0.01 compared with the model up-regulation group § D 3, student's t-test); *p < 0.01 compared with the
up-regulation group D 3, student’s t-test); #p < 0.01 compared with the empty and control group 6 D 3, student's t-test); ##p < 0.05 determined by one-way
ANOVA and signi cant differences from the respective valuedetermined by S-N-K method i D 3). (B) The KLF4 mRNA expression levels detected by real-time
gPCR. *p < 0.01 compared with the model up-regulation group ( D 3, student’s t-test); *p < 0.01 compared with the up-regulation group ( D 3, student's t-test);
#p < 0.01 compared with the empty and control group ( D 3, student’s t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencegrom the
respective values determined by S-N-K methodr( D 3). (C) The SOCS1 mRNA expression levels detected by real-time gPCRp < 0.01 compared with the model
up-regulation group f D 3, student’s t-test); *p < 0.01 compared with the up-regulation group D 3, student's t-test); #p < 0.01 compared with the empty and
control group (0 D 3, studentss t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencegrom the respective values determined by S-N-K method
(n D 3). (D) Effect of Corilagin on TGHs protein expression detected by ELISA.j < 0.01 compared with the model up-regulation group § D 3, student's t-test);

*p < 0.01 compared with the up-regulation group @ D 3, student's t-test); #p < 0.01 compared with the empty and control group ( D 3, student's t-test); ##p < 0.05
determined by one-way ANOVA and signi cant differences fronthe respective values determined by S-N-K methodrn( D 3). Data are shown with mean with SD.

Statistical Analysis distributed @ > 0.05). Levene's test was performed to assess the
The data are presented as the meansSD. Referring to a equality of variances. The signi cance of Levene's testcatdd
previously published statistical approacbiifg et al., 2015  the variances of the data from dierent groups were equal
Kolmogorov-Smirnov (K-S) test and Shapiro-Wilk (S-W) test(p > 0.05). The measurement data were compared between the
were performed to assess the normalcy. The signicance d¥o groups with Student$-test. Multiple comparisons between
K-S and S-W test indicated that the data were normallymultiple groups were performed with one-way ANOVA tests,

Frontiers in Cellular and Infection Microbiology | www.frdiersin.org 9 October 2017 | Volume 7 | Article 443


https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

Lietal.

Corilagin on Schistosome Egg-Induced Hepatic Fibrosis

PPARy
p-STAT6

GAPDH «=m cro— oo o aome enesp anam

>
S O

N < N
O Xe) O
X > X @Q 3

> R o°°

KLF4

SOCs1

GAPDH == a=r o= aen o oo cos

values determined by S-N-K method § D 3). Data are shown with mean with SD.

protein abundandce of KLF4

protein abundandce of PPARy

-
o

o
©

o
£

o
IS

0.0

FIGURE 7 | Effect of Corilagin on protein abundance of PPAR KLF4, SOCS1, and p-STAT6 after IL-13 stimulation in IL-13&L up-regulated Ana-1 cells. Ana-1 cells
was infected with IL-13Ral lentivirus or empty vector for 96 h except control group. Shsequently, the corilagin groups and model up-regulation gup were
administrated with rIL-13 for 24 h. Then the corilagin groupsvere treated with corilagin of different concentrations. \&stern blot assays were performed. The
dose-dependent anti- brogenesis effect of corilagin stilpersisted when IL-13Ral was up-regulated. (A) The PPARy and p-STAT6 protein abundance detected by
western blot assay. P < 0.01 compared with the model up-regulation group D 3, student's t-test); **p < 0.01 compared with the up-regulation group ( D 3,
student's t-test); #p < 0.01 compared with the empty and control group @ D 3, student’s t-test); ##p < 0.05 determined by one-way ANOVA and signi cant
differences from the respective values determined by S-N-knethod (0 D 3). (B) The KLF4 and SOCS1 protein abundance detected by western bloassay. < 0.01
compared with the model up-regulation group D 3, student's t-test); **p < 0.01 compared with the up-regulation group ( D 3, student's t-test); #p < 0.01
compared with the empty and control group ( D 3, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencesrom the respective
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FIGURE 8 | Effect of Corilagin on mRNA expression of PPAR KLF4, SOCS1, IL-13Ra1, STAT6, and protein expression of TG after IL-13 stimulation in IL-13R1
down-regulated Ana-1 cells. Ana-1 cells was infected with H13Ral siRNA or empty vector for 48 h except control group. Subseqently, the corilagin groups and
model down-regulation group were administrated with rIL-13or 24 h. Then the corilagin groups were treated with corilaig of different concentrations. Real-time
gPCR and ELISA were performed. The dose-dependent anti- brognesis effect of corilagin still persisted when IL-13&L was down-regulated. (A) The PPAR) mRNA
expression levels detected by real-time gPCR.pF< 0.01 compared with the model down-regulation group (1 D 3, student’s t-test); *p < 0.01 compared with the
down-regulation group (@ D 3, student’s t-test); #p < 0.01 compared with the empty and control group 6 D 3, student's t-test); ##p < 0.05 determined by one-way
ANOVA and signi cant differences from the respective valuedetermined by S-N-K method ( D 3). (B) The KLF4 mRNA expression levels detected by real-time
gPCR. *p < 0.01 compared with the model down-regulation group (i D 3, students t-test); *p < 0.01 compared with the down-regulation group 6 D 3, student's
t-test); #p < 0.01 compared with the empty and control group ( D 3, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencegrom
the respective values determined by S-N-K methodr(D 3). (C) The SOCS1 mRNA expression levels detected by real-time gPCRp < 0.01 compared with the
model down-regulation group 6 D 3, student’s t-test); *p < 0.01 compared with the down-regulation group D 3, student's t-test); #p < 0.01 compared with the
empty and control group f D 3, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencesrom the respective values determined by
S-N-K method (h D 3). (D) Effect of Corilagin on TGFb protein expression detected by ELISA.5 < 0.01 compared with the model down-regulation group ( D 3,
student's t-test); *p < 0.01 compared with the down-regulation group @ D 3, student's t-test); #p < 0.01 compared with the empty and control group 6 D 3,
student’s t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencegrom the respective values determined by S-N-K methodn(D 3). Data are
shown with mean with SD.
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FIGURE 9 | Effect of Corilagin on protein abundance of PPAR KLF4, SOCS1 and p-STAT6 after IL-13 stimulation in IL-13&l down-regulated Ana-1 cells. Ana-1
cells was infected with IL-13R11 siRNA or empty vector for 48 h except control group. Subseqgently, the corilagin groups and model down-regulation grop were
administrated with rIL-13 for 24 h. Then the corilagin groupsvere treated with corilagin of different concentrations. \&stern blot assays were performed. The
dose-dependent anti- brogenesis effect of corilagin stilpersisted when IL-13Ral was down-regulated. (A) The PPARy protein abundance detected by western blot
(Continued)
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FIGURE 9 | Continued

assay. P < 0.01 compared with the model down-regulation group ( D 3, student’s t-test); *p < 0.01 compared with the down-regulation group @ D 3, student's
t-test); #p < 0.01 compared with the empty and control group 6 D 3, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencegrom
the respective values determined by S-N-K methodr(D 3). (B) The p-STAT6 protein abundance detected by western blot assa *p < 0.01 compared with the model
down-regulation group f D 3, student's t-test); *p < 0.01 compared with the down-regulation group 6 D 3, student's t-test); #p < 0.01 compared with the empty
and control group ( D 3, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencesrom the respective values determined by S-N-K
method (n D 3). (C) The KLF4 and SOCS1 protein abundance detected by western bloassay. *p < 0.01 compared with the model down-regulation group ( D 3,
student’s t-test); *p < 0.01 compared with the down-regulation group © D 3, student's t-test); #p < 0.01 compared with the empty and control group ( D 3,
student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencegrom the respective values determined by S-N-K methodn(D 3). Data are
shown with mean with SD.

and apost-hoctest was performed by the Student-Newman-corilagin on the cytokines in IL-13& signaling pathwain vitro.
Keuls (S-N-K) method. The statistical analyses were comdlct With praziquantel treatment after IL-13 stimulation, thevids
with SPSS 12.0 software. Statistical signi cance was deate of these molecules showed no signi cant di erence compared
p< 0.05. with the model group p > 0.05, Studentt-test,n D 3), which
indicated praziquantel had little e ect on the cytokines in-IL
13Ral signaling pathway. There were no signi cant di erences
RESULTS in the levels of IL-13R1 and STAT6 among groupsp (>
Cytotoxicity of Corilagin in Ana-1 Cells 0.05). A_s illustrated ifrigures 2B,G th(_e trends of KLF4 r_nRNA
The viability of Ana-1 cells with corilagin administratiomas ~€XPression were showed to be consistent when real-time qPCR
illustrated inFigure 1 As illustrated, the viabilities of all corilagin Was performed with two reference genes in our study.

groups decreased compared with thexml corilagin group

(p < 0.05, Studentg-test, n D 3). In our study, we chose Effect of Up-Regulation of IL-13R al via

the concentrations which could result in a cell viability reo |_entivirus Transfection

than 70% (100, 50, 28g/ml). With the corilagin concentration  To further explore the anti- brotic e ect of corilagin in hepat
ranging from 50 to 40@ng/ml, the viability decreased with schistosomiasis, we up-regulated the expression of 1la13R
increasing concentrations of corilaginp (< 0.05, one-way py [entivirus transfection. The transfection e ect was atveel
ANOVA, post-hoc S-N-K method,n D 3), suggesting a dose- under a uorescence microscope and examined by real-time

dependent e ect. gPCR, ELISA and Western blot. The Ana-1 cells were observed
under a uorescence microscope 96 h after lentivirus tracisbe
Effect of Corilagin on IL-13R al Signaling (Figure 4A). The mRNA levels of IL-181 were determined
Pathway after IL-13 Stimulation in Ana-1 by rea!—time qPCR, and the expression of IL-A3Rin up-
Cells regulation group increased by 130% compared to the control

Jgroup (Figure 4B). The abundance of IL-E3 protein was
determined by Western blot, and the abundance of IL-4BR
protein in up-regulation group increased by 115% compared to
the control group Figure 4Q). As illustrated, the uorescence

PPARy, KLF4, SOCS1, and p-STAT6 are important regulators
M2 macrophage polarization in the IL-23 signaling pathway
(Sica and Mantovani, 20).2 Therefore, we investigated the

expression of genes besides IL-43Rto explore the anti- was strong and most cells were infected successfully. Tkeésle

brogenic e ect of corilagin. As illustrated inFigure 2, the S .
mMRNA levels of PPAR KLF4 and SOCS1 were detected by realpf IL-13Ral mRNA and protein in the up-regulation group

. . . were increased signi cantly compared with the control groups
time qPCR Figures 2A-C,G, and the TGFb levels in the _ceII (p< 0.01, Studentttest,n D 3). The levels in the empty-vector
supernatant were detected by ELISRigure 2. Meanwhile, L ;

we detected mMRNA levels of IL-18R and STAT6 by real- group showed no signi cant di erence compared to the control
time gPCR Figures 2D,B. The abundance of PPAR KLF4, group (p> 0.05, Studentstest,n D 3).

SOCS1, and p-STAT6 proteins was detected by Western blot . .
(Figure 3. The levels of PPAR KLF4, SOCS1, and p-STAT6 in Effect of Down-Regulation of IL-13R  al via

the model experimental groups were increased compared witeiRNA Transfection

levels in the control groupp(< 0.01, Student'$-test,n D 3), We down-regulated the expression of IL-18R by siRNA
which revealed the model is successful and the expression wénsfection. The transfection e ect was observed under a
these molecules increased with IL-13 stimulation. Mearsyhil uorescence microscope and examined by real-time gPCR,
with corilagin treatment after IL-13 stimulation, the ldgeof ELISA and Western blot. The Ana-1 cells were observed under
these molecules decreased signi cantly compared with thelde a uorescence microscope 48h after the siRNA transfection
in the model group f < 0.01 or 0.05, Studentstest,n D  (Figure 5A). As illustrated, the uorescence was strong and most
3). And the levels decreased with increasing concentratmin cells were infected successfully. The mRNA levels of 8113
corilagin (p < 0.05, one-way ANOVApost-hocS-N-K method, were determined by real-time gPCR, and the expression of IL-
n D 3), which con rmed a dose-dependent inhibitory e ect of 13Ral in down-regulation group dropped 61% compared to
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FIGURE 10 | Effect of Corilagin on mRNA expression of PPAR KLF4, SOCS1, and protein expression of TGRin animal model. Twenty-eight days after the mice
were infected with cercaria, 5-day praziquantel treatmenivas administrated to kill the adult schistosomes. Then the arilagin groups, praziquantel group and

levo oxacin group were administrated with different drugsespectively for 21 days. Real-time gPCR and ELISA were perfmred. Corilagin showed a signi cant
dose-dependent inhibitory effect on IL-13Ri1 signaling pathwayin vivo. However, the praziquantel treatment had little effectA) The PPARy mRNA expression levels
detected by real-time gPCR. p < 0.01 compared with the model infection group ( D 6, student's t-test); *p < 0.01 compared with the control group @ D 6,
student’s t-test); #p < 0.01 compared with the control group f D 6, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencegrom the
respective values determined by S-N-K methodr( D 6). (B) The KLF4 mRNA expression levels detected by real-time qPCRp < 0.01 compared with the model
infection group 6 D 6, student's t-test); *p < 0.01 compared with the control group @ D 6, student's t-test); #p < 0.01 compared with the control group i D 6,
student’s t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencegrom the respective values determined by S-N-K methodn(D 6). (C) The
SOCS1 mRNA expression levels detected by real-time gqPCRp*< 0.01 compared with the model infection group f D 6, student’s t-test); *p < 0.01 compared with
the control group (1 D 6, student's t-test); #p < 0.01 compared with the control group 1 D 6, student's t-test); ##p < 0.05 determined by one-way ANOVA and
signi cant differences from the respective values determied by S-N-K method (h D 6). (D) Effect of Corilagin on TGHs protein expression detected by ELISA.

*p < 0.01 compared with the model infection group D 6, students t-test); *p < 0.01 compared with the control group f D 6, student's t-test); #p < 0.01
compared with the control group 6 D 6, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencedrom the respective values
determined by S-N-K method ¢ D 6). Data are shown with mean with SD.

the control group Figure 5B). The abundance of IL-E8 was was decreased signi cantly compared with the empty-vector an
determined by Western blot, and the abundance of IL-4BR control groups p < 0.01, Studentstest,n D 3). The level in the
in down-regulation group dropped 41%-igure 5C). As shown empty-vector group showed no signi cant di erences compared
in Figure 5, the level of IL-13R1 in the down-regulation group with that in the control group p> 0.05, Studentstest,n D 3).
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FIGURE 11 | Effect of Corilagin on protein abundance of PPAR KLF4, SOCS1, and p-STAT6 in animal model. After the mice maad was established as we stated,
western blot assays were performed. Corilagin showed a sigrcant dose-dependent inhibitory effect on IL-13Ral signaling pathwayin vivo. However, the
praziquantel treatment had little effect(A) The PPARy and p-STAT6 protein abundance detected by western blot assg *p < 0.01 compared with the model infection
group (n D 6, student's t-test); & < 0.05 compared with the model infection group ( D 6, student's t-test); **p < 0.01 compared with the control group i D 6,
student’s t-test); #p < 0.01 compared with the control group @ D 6, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencegrom the
respective values determined by S-N-K methodr( D 6). (B) The KLF4 and SOCS1 protein abundance detected by western bloassay. p < 0.01 compared with the
model infection group ( D 6, student's t-test); *p < 0.01 compared with the control group @ D 6, student's t-test); #p < 0.01 compared with the control group (i D
6, student'’s t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencesrom the respective values determined by S-N-K methodn(D 6). Data are
shown with mean with SD.
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FIGURE 12 | Effect of Corilagin on schistosomiasis brosis in animal moel examined by HE staining in 200 magni cation. After the mice model was established,
HE staining was performed. In each gure, the black arrows indite the area of brotic nodules and the green arrows indicatehe brin which was stained pink in HE
staining. Corilagin treatment signi cantly reduced the grauloma areain vivo. However, the praziquantel treatment had little effectA) High-concentration corilagin
group; (B) medium-concentration corilagin group;(C) low-concentration corilagin group;(D) praziquantel group;(E) levo oxacin group; (F) model infection group;(G)
control group; (H) average area of granuloma.j < 0.01 compared with the model infection group D 6, student's t-test); *p < 0.05 compared with the control
group (n D 6, student’s t-test); #p < 0.01 compared with the control group @ D 6, student's t-test); ##p < 0.05 determined by one-way ANOVA and signi cant
differences from the respective values determined by S-N-inethod (n D 6). Data are shown with mean with SD.
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FIGURE 13 | Effect of Corilagin on schistosomiasis brosis in animal moel examined by Masson staining in 200 magni cation. After the mice model was
established, HE staining was performed. Black arrows indate the area of brosis which was stained purple in Masson staiing. Corilagin treatment signi cantly
reduced the brosis areain viva. However, the praziquantel treatment had little effeci(A) high-concentration corilagin group;(B) medium-concentration corilagin
group; (C) low-concentration corilagin group;(D) praziquantel group;(E) levo oxacin group; (F) model infection group;(G) control group; (H) average area of brosis.
*p < 0.05 compared with the model infection group D 6, student's t-test); *p < 0.01 compared with the control group f D 6, student's t-test); #p < 0.01
compared with the control group 6 D 6, student’s t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencedrom the respective values
determined by S-N-K method ¢ D 6). Data are shown with mean with SD.
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Effect of Corilagin on the IL-13R al Effect of Corilagin on Pathological

Signaling Pathway after IL-13 Stimulation Changes of Schistosomiasis Liver Fibrosis

in IL-13R al Up-Regulated and in the Mouse Liver

Down-Regulated Ana-1 Cells The e ect of corilagin on pathological changes of schistossisia

Real-time gPCR was performed to examine the mRNAiver brosis in mice liver was observed with HE, Masson sitag)
expression levels of PPARKLF4 and SOCS1 in IL-13R up- and immunohistochemistry. According to the results, all tiver
regulated Ana-1 cell§{gures 6A-Q and down-regulated Ana-1 tissue of the infected mice showed varying degrees of ksi
cells Figures 8A-Q. The TGFb levels in the cell supernatant Which indicated the model establishment was successful. As
were determined by ELISA-{gures 6D 8D). The abundance of illustrated inFigure 12 signi cant brosis and granuloma were
PPARy, KLF4, SOCS1 and p-STAT6 was determined by WestergPserved in the model infection, praziquantel and levo orac
blot (Figures 7 9). As illustrated, the levels of these moleculegroups, and the area of granuloma was remarkably larger than
in the up- or down-regulation group correspondingly incredse that in the control group f < 0.01, Students-test,n D 6).

or decreased signi cantly compared with the control groupThe area of granuloma with corilagin treatment of di erent
(p< 0.01), indicating that IL-13&L up- or down-regulation had concentrations compared was signi cantly smaller with the
a signi cant e ect on the IL-13&1 signaling pathway. With IL- Model infection groupsi{ < 0.05, Students-test,n D 6), and

13 stimulation, the levels in the model up- or down-regulatio the area decreased with increasing concentrations ofazpnil
group were increased signi cantly compared with those in thelP < 0.05, one-way ANOVApost-hot S-N-K method,n D 6),

up- or down-regulation groupg < 0.01, Studentstest,n D 3). which showed a dose-dependent anti- brogenesis e ect. For
The levels of these molecules with corilagin treatment efréint ~ Pathological scores, apart from normal group, the in ammation
concentrations were decreased compared with the model up- §core of high-concentration corilagin group and medium-
down-regulation groupgg< 0.01, Studentstest,n D 3), and the concentration corilagin group was G2, while low-conceritnat
inhibitory e ects increased with the increasing conceniwatof ~ corilagin group was G2-G3, and praziquantel group was G3. The
corilagin (p < 0.05, one-way ANOVApost-hocS-N-K method, in @ammation score of levo oxacin group and model infection

n D 3), which revealed the dose-dependent inhibitory e ect ofdroup was G3-G4. The brosis score of corilagin groups was
corilagin on IL-13Ru1 signaling pathway still persisted when IL- S2 and praziquantel, levo oxacin group and model infection
13Ral was up- or down-regulated. The levels of these moleculé§oup was S3. As illustrated Figure 13 and the area of brosis

in the empty-vector group showed no signi cant di erences in the model infection, praziquantel and levo oxacin groups

compared with the control groupp(> 0.05, Studentd-test, Was remarkably larger than that in the control groyp< 0.01,
nD 3). Studentst-test, n D 6). The area of brosis with corilagin

treatment of di erent concentrations compared was signi ¢gn
smaller compared with the model infection groups € 0.05,
Effect of Corilagin on IL-13R al Signaling Student'st-test,n D 6), and the area decreased with increasing
Pathway after Praziquantel Administration concentrations of corilagim(< 0.05, one-way ANOVApost-hoc
. . . . S-N-K method,n D 6), which showed a dose-dependent anti-
in Schistosomiasis C57BL/6 Mice

. . . brogenesis e ect. Asillustrated ifigure 14 the levels of CD206
In the animal model, we quantied the mRNA expression g g 4

o ) . . staining in the model infection, praziquantel and levo oxac
of PPAR), KLF4 and SOCSL1 in liver tissue using real-time ning | I ! praziqu v

4PCR Figures 10A-G. The level of TGFb in mice serum was groups were signi cantly higher than that in the control gnou

(p < 0.01, Studentttest,n D 6). The levels of CD206 staining
measured by ELISAHgure 10D). The abundance of PPAR were signi cantly lower in the corilagin groups compared with

ELF\;‘\'/’ StOCSbll tanq p-SlTATi n hllver t'tisu? WTS r:fssuretﬂe model infection groupsa< 0.05, Studentstest,n D 6), and
y VWestern blo Flgurg D'. S Shown, 1ne 1evels of ese .o area decreased with increasing concentrations of agpnl
molecules in the model infection group were increased comgar (p < 0.05, one-way ANOVApost-hocS-N-K methodn D 6)
with the control group p < 0.01, Studentd-test, n D 6). he less area of brosis and distribution of M2 macrophages in

T.he levels of the§e molecules with corilagin treatment O orilagin treatment group indicated the anti- brogenic ecéof
di erent concentrations were decreased compared with th%orlaginin Vivo

model infection group | < 0.01 orp < 0.05, Student's-test,

n D 6), and the inhibitory e ects increased with increasing
concentrations of corilaginp(< 0.05, one-way ANOVApost- DISCUSSION

hoc S-N-K methodn D 6), which con rmed the dose-dependent

inhibitory e ect of corilagin on IL-13R1 signaling pathwayn  Schistosomiasis hepatic brosis is a complex pathologicalgs®c
vivo. The levels of these molecules in the praziquantel groumvolving multiple cell-signaling pathways and cytokines. M2
(positive control) and levo oxacin group (negative confratere  macrophages play a critical role in the pathogenesis of this
increased compared with the control group<€ 0.01, Students disease He et al.,, 2016 M2 macrophages are produced
t-test,n D 6) and showed no signi cant di erences compared upon the stimulation of IL-13 Gordon, 2003 which is
with the model infection group g > 0.05, Studentd-test, signicantly up-regulated during schistosome infection. er'h

n D 6), which indicated praziquantel had little e ecton IL-18R  expression of M2 macrophage markers such as Arg-1, Ym-1,
signaling pathway. and Fizz-1 were highly increased in schistosomiaSisn(ller
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et al., 200R These markers induce L-arginine to be convertednhibit M1 macrophage polarization; both processes promote
to proline, an essential amino acid for the production of brosis (Sica and Mantovani, 2012; Ke et al., 2015GFb
collagen (esse et al., 20D1 Apart from the pro- brotic can be induced by SEA and strongly stimulates the secretion
cytokines produced by M2 macrophages, M2 macrophagesf collagen Baghy et al., 2012; Dooley and ten Dijke,
are an important component of granuloma in schistosomiasi€£019. We found that STAT6 phosphorylation, PP4RKLF4
(Ragheb and Boros, 1989 and TGFb were reduced by corilagin treatment. In cellular
M2 polarization of macrophages is induced by the IL-and animal experiments, the praziquantel group showed no
13-mediated Th2 immune response and eventually leads ®jgnicant dierences compared to the model group, which
the secretion of pro- brotic cytokines. IL-13 binding to the indicated that praziquantel did not inhibit the IL-13 sigimay
IL-4Ra/IL-13Ral receptor complex triggers phosphorylation of Pathway. Decreased expression of these pro- brotic molecules
STATS, further promoting the expression of downstream pro-With corilagin administration suggests an inhibitory e ecf
brotic molecules (Anthony et al., 201} In this study, we aimed corilagin on IL-13-induced M2 polarization of macrophages and
to explore the e ects of corilagin in controlling egg-induced brogenesis.
hepatic brosis after the adult schistosomes were killed and SOCSL is animportant negative-feedback regulator of STAT6
to detect the expression of IL-a43 and the downstream M2 Phosphorylation that competes with STAT6 for phosphorylation
molecules, which suggested that the mechanism of suppressiftding sites of JAK§u et al., 2015; Kandhi et al., 201BPARy
egg-induced hepatic brosis was mediated by inhibiting theand SOCS1 expression by macrophages increased with IL-4
activation of IL-1&1 signaling pathway and M2 polarization of stimulation (Su et al., 2005 The expression of SOCS1 increased
macrophages. notably following administration of IL-13, probably as a
IL-13Ral is a central mediator of the Th2-biased response an@onsequence of feedback from increased STAT6 phosphorylation
schistosomiasis hepatic brosi8¢schin et al., 20).3Thus, we SOCS1 expression increases with increasing phosphorylation of
up- and down-regulated the expression of IL-ERin Ana-1  STATG6, as a part of negative-feedback regulation of p-STATG.
cells, attempting to evaluate the e ect of corilagin in theectmat To con rm the inhibitory e ect of corilagin on egg-induced
the sensitivity of Ana-1 cells to IL-13 was changed. We fatlvad ~ brosis in vivo, we observed pathological changes in the mouse
the levels of IL-13R1 mMRNAs showed no signi cant di erences liver by examining tissue sections in animal experiments.
in the model group compared with the corilagin groups andHE staining was performed to observe the morphological
the control group, which indicated corilagin had no signimta  characteristics of the cells and the area of granuloma, and
e ect on the amount of IL-13R1. Meanwhile, the expression Masson staining was performed to observe the degree of
levels of other signaling molecules in IL-18Rpathway such as brosis in the area of deep staining. It is admitted that CI520
PPARy, KLF4, SOCS1, p-STAT6 and T®Fwere signi cantly is a hallmark of M2 macrophage\\(ollenberg et al., 2002;
suppressed in the corilagin groups compared with the modehron-Wisnewsky et al., 2009; Biswas and Mantovani, 010
group. It is known that IL-13R1 has a much lower anity Therefore, immunohistochemistry for CD206 was performed
for I1L-13 than IL-13Ra2, but the anity is greatly enhanced to observe the distribution of M2 macrophages. In HE and
when it dimerizes with IL-4R to form a receptor complex Masson staining of liver tissue sections, less brosis, gi@na
(Wang et al., 2001 Therefore, we speculate that the inhibitory and distribution of M2 macrophages were observed in the
e ect of corilagin on the brosis induced by IL-13 is not liver tissue of mice treated with corilagin interventionatt
achieved through altering the expression of IL-a3RInstead, in the model infection, praziquantel or levo oxacin groups.
corilagin might reduce the anity of IL-13R1 for IL-13 or We used praziquantel treatment as a positive control and
interfere with the binding of IL-13 to IL-13&1. However, these levo oxacin treatment as a negative control. At 28 days post-
assumptions remain to be conrmed by further experiments.infection, all the infected mice were administered prazitjeh
In IL-13Ral up-/down-regulation experiments, it revealed thatfor 5 days to kill the adult schistosomes. Though the adult
no matter how the levels of IL-13R changed, corilagin schistosomes were killed by praziquantel, Sehistosomaggs
still showed a signicant inhibitory e ect on pro- brotic continued to secrete SEA, inducing brogenesis. As observed
cytokines. in tissue sections, brosis in the praziquantel group and
Besides IL-13&l, we measured the expression of otherevo oxacin group was much more severe than in the control
important molecules in IL-13R1 signaling pathway. As one of group and showed no signi cant di erence compared to the
the key transcription factors in the IL-B3 signaling pathway, model infection group, indicating that the praziquantel has
STAT6 plays an important role in brosis in multiple organs little e ect on the progression of brogenesis. However, biss
(Edwards, 2015; Su et al., 2D1PPAR), KLF4 and TGHs  was suppressed signi cantly in the corilagin groups compared
are also the important pro- brotic downstream molecules in with the model infection, praziquantel and levo oxacin gios
the IL-13a1 pathway. PPAR is involved in IL-13 mediated demonstrating that corilagin inhibited egg-induced briesnore
brogenesis in multiple organs Rou Saab et al., 2016; than praziquantel didn vivo.
Yu et al., 2016 and in M2 polarization of macrophages In this study, we demonstrated the inhibitory e ect of
(Assuncao et al., 20).7Several studies have demonstratectorilagin on M2 macrophages and schistosome-egg-induced
that inhibition of PPARy can alleviate schistosomiasis hepatidiepatic brosis via IL-13R1 signaling pathwayn vitro andin
brosis (Attia et al., 2013; Duan et al., 2014KLF4 is a Vivo, especially after the adult schistosomes were killed. Based
critical molecule in M2 macrophage polarization and canon the cellular experiment including up- and down-regulation
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FIGURE 14 | Effect of Corilagin on the distribution of M2 macrophages imnimal model examined by immunohistochemistry (200). After the mice model was
established, immunohistochemistry for CD206 was performe. Black arrows indicate the distribution of M2 macrophageCorilagin treatment signi cantly reduced the
distribution of M2 macrophagesin viva However, the praziquantel treatment had little effectA) High-concentration corilagin group;(B) medium-concentration
corilagin group; (C) low-concentration corilagin group;(D) praziquantel group;(E) levo oxacin group; (F) model infection group;(G) control group; (H) CD206 IOD
analysis. p < 0.05 compared with the model infection group D 6, student's t-test); *p < 0.01 compared with the control group ¢ D 6, student's t-test); #p < 0.01
compared with the control group 6 D 6, student’s t-test); ##p < 0.05 determined by one-way ANOVA and signi cant differencedrom the respective values
determined by S-N-K method ¢ D 6). Data are shown with mean with SD.
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of IL-13Ral, we speculated that the results might be attributedAUTHOR CONTRIBUTIONS

to corilagin’s interference in the dimerization of IL-18R and

IL-4Ra and (or) the binding of IL-13 to IL-13R1, leading to Conceived and designed the experiments: LZ. Performed the
decreased anity of the receptor for IL-13. However, more experiments and analyzed the data: YL, YC, and YD. Contributed
direct evidence is needed, and we will continue to focus ds th reagents/materials/analysis tools and wrote the paper: YL, YC
aspect. We planned to clarify the further mechanism of coiilag YD, and LZ. Critical revision of the paper for important
on egg-induced hepatic brosis with 1L-13 knock-out mice intellectual content: YL, YC, YD, YW, ZS, QM, YJW, JZ, LL, QL,
in vivo. Moreover, in view of the crucial role of STAT6 in signaland LZ. All authors agree with nal approval of the version for
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