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Abstract

Background

IL-17 has been shown to be involved in liver inflammatory disorders in both mice and
humans. Baicalin (BA), a major compound extracted from traditional herb medicine (Scutel-
lariae radix), has potent hepatoprotective properties. Previous study showed that BA inhibits
IL-17-mediated lymphocyte adhesion and downregulates joint inflammation. The aim of this
study is to investigate the role of IL-17 in the hepatoprotective effects of BA in an acetamino-
phen (APAP)-induced liver injury mouse model.

Methods

Eight weeks male C57BL/6 (B6) mice were used for this study. Mice received intraperitoneal
hepatotoxic injection of APAP (300 mg/kg) and after 30 min of injection, the mice were
treated with BA at a concentration of 30 mg/kg. After 16 h of treatment, mice were killed.
Blood samples and liver tissues were harvested for analysis of liver injury parameters.

Results

APAP overdose significantly increased the serum alanine transferase (ALT) levels, hepatic
activities of myeloperoxidase (MPO), expression of cytokines (TNF-q, IL-6, and IL-17), and
malondialdehyde (MDA) activity when compared with the control animals. BA treatment
after APAP administration significantly attenuated the elevation of these parameters in
APAP-induced liver injury mice. Furthermore, BA treatment could also decrease hepatic IL-
17-producing y&T cells recruitment, which was induced after APAP overdose.

Conclusion

Our data suggested that baicalin treatment could effectively decrease APAP-induced liver
injury in part through attenuation of hepatic IL-17 expression. These results indicate that bai-
calin is a potential hepatoprotective agent.

PLOS ONE | DOI:10.1371/journal.pone.0166856 November 17, 2016

1/19


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0166856&domain=pdf
http://creativecommons.org/licenses/by/4.0/

@° PLOS | ONE

Baicalin Attenuates IL-17-Mediated Acetaminophen-Induced Liver Injury

Competing Interests: The authors have declared
that no competing interests exist.

Introduction

Drug-induced liver injury can cause severe hepatotoxicity and even acute liver failure. Acet-
aminophen (APAP) overdose is the leading cause of life-threatening acute hepatotoxicity in
humans and animals [1, 2]. Acetaminophen (N-acetyl-p-aminophenol) is eliminated majorly
by conjugation with glucuronide or sulfate in hepatocytes at therapeutic dosages. The remain-
ing APAP is metabolized by the cytochrome P450 system and convert into a highly toxic inter-
mediate, N-acetyl-p-benzoquinone imine (NAPQI). NAPQI is depleted by conjugation with
glutathione (GSH) and the complex is excreted mainly into bile [3]. However, at toxic doses of
APAP, excessive NAPQI depletes the cellular storage of GSH and binds to cellular proteins
covalently, resulting in mitochondrial dysfunction and DNA damage, which leads to hepato-
cyte necrosis and cell death [4, 5].

Upon damage to parenchymal hepatocytes, innate immunity participates in the progression
and amplification of APAP-induced liver injury. The initiation is characterized by the release
of pro-inflammatory cytokines and chemokines by activated Kupffer cells (resident hepatic
macrophages), leading to the signal propagation characterized by the facilitation of the adhe-
sion and transmigration of neutrophils into the hepatic vasculature, which aggravates liver
injury [6].

There is growing evidence that interleukin-17 (IL-17) plays a pivotal role in the recruitment
of inflammatory cells to injury sites and is associated with a wide range of inflammatory disor-
ders in both mice models and human studies [7, 8]. It has been shown to exacerbate inflamma-
tory responses. T lymphocytes infiltrated into injured tissue rapidly and regulated neutrophil
recruitment via their release of IL-17 during the course of inflammation [9, 10]. IL-17 can be
produced from CD4+ of T cells (T helper 17, Th17), y8T cells, and NK cells. Recent studies
demonstrated that y3T cells are a major and potent source of IL-17 and are thought to orches-
trate innate and adaptive immune function [11]. IL-17-producing y8T cells can exacerbate
autoimmune diseases [12]. In addition, neutrophil recruitment to the site of inflammation is
mediated by y8T cells in a sepsis model [13]. Previous studies also showed that, in toxin-
induced liver injury, there was a significant increase in IL-17 expression and a correlation
between neutrophil infiltration and IL-17-secreting cells [14, 15].

Baicalin (5,6,7-trihydroxyflavone-7-beta-D-glucuronic acid, BA) is a major flavonoid com-
pound isolated from Scutellariae radix, an important herb used in traditional medicine. Its
safety has been clinically proven, and it possesses anti-allergic, antioxidant, and anti-inflamma-
tory properties [16, 17]. Previous studies also reported that baicalin has hepatoprotective
effects on liver injury models in mice [18, 19]. In addition, baicalin inhibits IL-17-mediated
lymphocyte adhesion and downregulates joint inflammation [20]. However, the effect of baica-
lin administration in APAP-induced liver injury is not yet reported. Whether IL-17 plays any
role in baicalin-related hepatoprotective function is unknown. Therefore, the aim of this study
was to investigate the role of the IL-17 signaling pathway in hepatoprotective effects of baicalin
in a mouse model of APAP-induced liver injury.

Materials and Methods
Animals

Eight weeks male C57BL/6 (B6) mice were used for this study. All strains of mice were main-
tained in B6 background in these studies. The mice were purchased from BioLASCO Taiwan
Co., Ltd. (Taipei, Taiwan). All animal experiments were performed according to the guidelines
of the Animal Welfare Act and the Guide for Care and Use of Laboratory Animals from the
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National Institutes of Health. All procedures and protocols were approved by the Institutional
Animal Care and Use Committee of Chang Gung Memorial Hospital.

Experimental model and drug treatment

All animals were housed in an environmentally controlled room, under pathogen-free condi-
tions, with a 12-hour light and 12-hour dark cycle, and allowed free access to food and clean
water during the experiments. Twenty-four male mice (24-27 g) were randomly divided into 4
groups (n = 6/group). APAP (Sigma Chemical Co., St. Louis, MO, USA) was dissolved in nor-
mal saline at a concentration of 20 mg/mL. The mice received an intraperitoneal hepatotoxic
injection of APAP (300 mg/kg) and the control group received an equal volume of normal
saline. After 30 minutes of injection, the mice were intraperitoneally injected with BA (Sigma)
at a concentration of 30 mg/kg or an equal volume of phosphate-buffered saline (PBS). Then
mice were sacrificed after 16 hours of APAP exposure. In another experiment for oxidative
stress, mice were sacrificed 2, 6, 16 and 24 hours after the APAP exposures. Furthermore, for
experimental studies into liver regenerative outcome, mice were sacrificed at 16, 24, 48, 72,
and 96 hours after APAP administration. At each time point, all animals were killed by cervical
dislocation under isoflurane anesthesia. Blood samples were drawn from the vena cava into
syringes, and livers were harvested for further analysis.

Measurement of APAP-induced hepatotoxicity

Blood samples were obtained at the end of the experiment (16 hours treatment) and immedi-
ately centrifuged at 12000 g for 5 minutes. Serum levels of alanine aminotransferase (ALT)
were measured to determine hepatic injury by using a Vitros DT60 II Chemistry System
(Ortho-Clinical Diagnostics; Johnson & Johnson, New York, NY). All the procedures and
sample processing were according to the manufacturer’s manual.

Measurement of liver myeloperoxidase (MPO) activity

Myeloperoxidase is released from the neutrophils into the phagosome and extracellular space.
It is now recognized as an inflammatory indicator. Liver tissues of mice were homogenized
with a Tekmar tissue grinder and centrifuged at 15000 g for 15 minutes at 4°C. The pellet was
resuspended in 50 mM KPO, buffer, pH 6.0, with 0.5% hexadecyltrimethylammonium bro-
mide, incubated for 2 hours and sonicated by the sonicator (QSONICA Q700). The suspension
was centrifuged at 15000 g for 15 minutes at 4°C. Then, the supernatant was transferred to
phosphate buffer containing o-dianisidine hydrochloride (10 mg/mL), 0.3% hydrogen perox-
ide, and 50 mM KPOy,, pH 6.0. The change in light absorbance was measured at 460 nm for a
period of 5 minutes.

Measurement of TNF-q, IL-6, and IL-17 levels

The liver tissues were homogenized and centrifuged at 12000 g for 10 minutes at 4°C. The
supernatants were collected and analyzed for TNF-q, IL-6, and IL-17 expression using the
eBiosciences ELISA Kit (San Diego, CA, USA) following the manufacturer’s instructions.
Briefly, the 96 well plates were precoated with primary antibodies and incubated with 50 ug/
100 uL sample for 2 hours. After washing several times, biotinylated secondary antibodies
were added for 1 hour. Then, after incubation with HRP substrate for 30 minutes, the absor-
bance was measured at 450 nm using TECAN infinite 200.
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Flow cytometric analysis

Immunophenotyping detection was done by direct immunofluorescence using multicolor
flow cytometry staining of isolated total leukocytes. Livers were harvested, passed through a
70-um cell strainer, and leukocyte fractions were isolated via Percoll density gradient. Leuko-
cytes were isolated from mice for analysis of the y8T cell population change upon APAP and
BA treatment. Cells were washed and resuspended at 2 x 10° cells/mL in PBS. Cellular surface
was stained with PE-conjugated anti-mouse TCRY$ (eBioscience) for 1 hour. The fluorescence
intensity was measured with a cytomics FC500 flow cytometer (Beckman Coulter, Fullerton,
CA). A minimum of 8000 FACS events were recoeded for each sample. An excitation wave-
length of 488 nm and an emission wavelength of 57515 nm were used for detection of PE-
stained cells. Analysis was performed with Flow]o software (Tree Star, Inc.).

Lipid peroxidation assay

We measured the generation of malondialdehyde (MDA) as the indicator of lipid peroxidation
using a Bioxytech MDA-586 Kit (OxisResearch, Portland, OR, USA). Briefly, the supernatants
of liver homogenate were mixed with probucol, N-methyl-2-phenylindole, and hydrochloric
acid to produce a stable dye. After centrifugation, the absorbance of the clear supernatant was
measured using a spectrometry at 586 nm. The concentration of MDA was plotted against a
standard curve and expressed in nmole per milligram of wet tissue.

Superoxide dismutase (SOD) assay

SOD activity was determined according to the manufacturer’s instructions (Cayman Chemical
Company, MI, USA). This assay utilizes a tetrazolium salt for the detection of superoxide radi-
cals and converts tetrazolium salt to formazan. SOD decreases the concentration of superoxide
radicals and thereby reduces the rate of formazan formation. Therefore, relative SOD activity,
expressed as U/mg protein, is measured by inhibition of the rate of formazan dye formation.

Histology

Livers were harvested, fixed in 4% paraformaldehyde in PBS pH 7.4, and embedded in paraf-
fin. Tissue sections (5 pm) were subjected to standard hematoxylin and eosin (H&E) staining
for light microscopy. To measure the necrotic area, tissue sections were viewed under a light
microscope (Zeiss Axioskop). Photographs were taken and adjustment with a SPOT RT cam-
era (software version 3.3; Diagnostic Instruments). The percent of necrosis area was evaluated
from five microscopic views with necrosis compared with the entire field.

Immunohistochemistry on liver tissue

Livers were harvested, fixed in a commercial fixed buffer (fineFix), and embedded in paraffin.
The paraffin blocks were sliced into 4-um serial sections and de-paraffinized. Liver samples
were blocked with blocking buffer for 30 minutes, and then incubated with a specific primary
antibody against IL-17 overnight. After washing for 5 minutes twice, samples were incubated
with biotinylated secondary antibodies for 1 hour. The peroxidase reaction was performed fol-
lowing the manufacturer’s protocol (Millipore IHC select kit). The reaction times for all sec-
tions from experimental animals were identical. Additional liver sections were stained for
detection of proliferating cell nuclear antigen (PCNA) (Cell Signaling Technology, MA, USA).
Positively stained hepatocytes were quantified by randomly selecting five high power fields.
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Western blotting assay

Liver samples were obtained at each time points and the homogenate was made with ice-cold
lysis buffer. The cell lysates were separated by 10% sodium dodecylsulfate polyacrylamide gel
(SDS-PAGE) and transferred to polyvinylidene fluoride (PVDF) membrane. After blocking
with 5% fat-free milk solution, the membrane was incubated overnight at 4°C with anti-PCNA
primary antibody (Cell Signaling Technology, MA, USA). After washing with horseradish per-
oxidase-conjugated secondary antibody, proteins were detected using the enhanced chemilu-
minescence system.

Statistical analysis

All data were expressed as mean + SEM. Statistical calculations were performed with Graph-
Pad Prism 5.0 Software (GraphPad Software Inc., San Diego, USA). The results were analyzed
using unpaired t tests or one-way analysis of variance (ANOVA) with post-hoc Tukey multiple
comparison tests. Differences were considered statistically significant between groups if

p < 0.05.

Results
Effects of treatment with baicalin on serum ALT levels

Serum levels of ALT are shown in Fig 1. There was no significant difference in the serum ALT
enzyme activity between control and BA-only treated groups. Serum ALT levels were signifi-
cantly elevated in the group receiving a single dose APAP (300 mg/kg) when compared with
the control group (5566.7 + 764.2 vs. 26.8 + 5.5 U/L, p < 0.05), which confirmed the hepato-
toxicity of APAP overdose. After 30 minutes of APAP administration, treatment with BA (30
mg/kg) markedly decreased serum ALT levels. Serum ALT level was significantly attenuated in
BA treatment group compared with the APAP-only group (798.7 + 233.9 vs. 5566.7 £ 764.2 U/
L, p < 0.05).

Effects of treatment with baicalin on hepatic MPO activity

Liver MPO activity is a marker of inflammatory response and neutrophil accumulation.
Hepatic expression of MPO is shown in Fig 2. There was no significant difference between
control and BA-only treated groups. It was significantly elevated in the group receiving a single
dose of APAP (300 mg/kg) when compared with the control animals (9.0849 + 0.9455 vs.
2.0546 £ 0.1999 #x00B1;0D460/g/min, p < 0.05). After 30 minutes of APAP administration,
treatment with BA (30 mg/kg) attenuated hepatic MPO levels. Hepatic MPO activity was sig-
nificantly decreased in BA treatment group compared with the APAP-only group

(3.3111 £ 0.3534 vs. 9.0849 * 0.9455 +OD460/g/min, p < 0.05).

Effects of treatment with baicalin on hepatic TNF-a and IL-6 levels

As shown in Fig 3, we investigated the levels of pro-inflammatory cytokines including TNF-o
and IL-6, after APAP-induced liver injury. The results demonstrated no significant difference
in hepatic TNF-o and IL-6 levels between the control and BA-only treated groups. In the
APAP group, the concentrations of TNF-o and IL-6 were significantly increased after single
dose administration of APAP (300 mg/kg) for 16 hours compared with the control group
(466.2 + 22.8 vs. 138.3 + 12.0 pg/100ug protein, p < 0.05; 491.6 + 27.9 vs. 221.2 + 15.6 pg/
100pg protein, p < 0.05, respectively). However, treatment with BA (30 mg/kg) after 30 min-
utes of APAP overdose significantly decreased elevated hepatic TNF-o and IL-6 levels
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Fig 1. Effects of treatment with baicalin against APAP-induced hepatotoxicity: Mice received an intraperitoneal hepatotoxic injection of APAP
(300 mg/kg) alone, or treatment with BA (30 mg/kg) 30 minutes after APAP injection. All mice were killed 16 hours after administration for analysis of
serum ALT. Each value is mean + SEM of six mice per group. *p < 0.05 vs. control; * p <0.05 vs. APAP alone.

doi:10.1371/journal.pone.0166856.9001

compared with the APAP alone treated group (228.9 £ 17.1 vs. 466.2 + 22.8 pg/100 pg protein,
p < 0.05;322.2 + 18.8 vs. 491.6 + 27.9 pg/100pg protein, p < 0.05, respectively).

Effects of treatment with baicalin on hepatic IL-17 levels

As shown in Fig 4, we investigated the immunoregulatory activity of IL-17. The results demon-
strated no significant difference in hepatic IL-17 expression between the control and BA-only
treated groups. In the APAP group, the levels of IL-17 were significantly increased after single
dose administration of APAP (300 mg/kg) for 16 hours compared with the control group
(1056.4 + 188.6 vs. 404.5 + 68.1 pg/50 pg protein, p < 0.05). However, treatment with BA (30
mg/kg) after 30 minutes of APAP overdose markedly decreased elevated hepatic IL-17 level
compared with the APAP alone treated group (507.6 + 81.9 vs. 1056.4 + 188.6 pg/50 g
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Fig 2. Effects of treatment with baicalin on hepatic MPO activity in APAP-induced liver injury: Mice received an intraperitoneal hepatotoxic
injection of APAP (300 mg/kg) alone, or treatment with BA (30 mg/kg) 30 minutes after APAP injection. All mice were killed 16 hours after
administration for analysis of liver MPO activity. Each value is mean + SEM of six mice per group. *p < 0.05 vs. control; ¥ p < 0.05 vs. APAP alone.

doi:10.1371/journal.pone.0166856.g002

protein, p < 0.05). The IL-17 level in the APAP plus BA treated group had nearly returned to
baseline values compared with the control group.

Effects of treatment with baicalin on immunostaining for IL-17

Immunohistochemistry staining of liver tissue from the control mice displayed normal hepatic
architecture as shown in Fig 5A. Immunohistochemical staining showed increased IL-17 stain-
ing around the area of necrosis in the liver parenchyma in APAP-only treated group compared
to the APAP plus BA treated group (Fig 5C and 5D). The results suggested that BA treatment
after APAP injection significantly decreased IL-17 expression around the inflammatory area of
hepatotoxicity in the liver. Immunofluorescence staining showed similar trends in the liver
parenchyma (S1 Fig.).
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Fig 3. Effects of treatment with baicalin on hepatic TNF-a and IL-6 levels in APAP-induced liver injury:
Mice received an intraperitoneal hepatotoxic injection of APAP (300 mg/kg) alone, or treatment with
BA (30 mg/kg) 30 minutes after APAP injection. All mice were killed 16 hours after administration for
analysis of liver TNF-a and IL-6 levels. Each value is mean + SEM of six mice per group. *p < 0.05 vs. control;
#p<0.05vs. APAP alone.

doi:10.1371/journal.pone.0166856.9003
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Fig 4. Effects of treatment with baicalin on hepatic IL-17 levels in APAP-induced liver injury: Mice received an intraperitoneal hepatotoxic
injection of APAP (300 mg/kg) alone, or treatment with BA (30 mg/kg) 30 minutes after APAP injection. All mice were killed 16 hours after
administration for analysis of liver IL-17 levels. Each value is mean + SEM of six mice per group. *p < 0.05 vs. control; # p <0.05 vs. APAP alone.

doi:10.1371/journal.pone.0166856.9004

Effects of treatment with baicalin on y&T cell recruitment

IL-17 is produced by specific Y8T cells, which induce pro-inflammatory protein expression
and recruit neutrophils. Flow cytometric features and quantitative analysis of y8T cells are
shown in Fig 6A and 6B. There were no significant differences in hepatic y8T cell accumula-
tions between the control and BA-only treated groups. The results of flow cytometry analysis
demonstrated that the infiltration of YT cell was significantly increased in the APAP group
compared with the control group after single dose of APAP administration (9.7 + 2.3 vs.

1.6 + 0.4, p < 0.05). However, BA treatment (30 mg/kg) after 30 minutes of APAP administra-
tion significantly declined hepatic y8T cell recruitment. Hepatic y8T cell expression was signif-
icantly decreased in APAP plus BA treated group compared with the APAP-only group
(2.5£0.6vs.9.7£2.3,p < 0.05).
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Fig 5. Effects of treatment with baicalin on immunohistological changes of IL-17 expression in APAP-induced liver injury: Mice received (A) control
(normal saline), (B) BA (30 mg/kg) alone, (C) APAP (300 mg/kg) alone, or (D) BA (30 mg/kg) after 30 minutes of APAP injection. All mice were killed 16 hours
after administration for analysis by immunohistochemistry. Liver tissues were immunostained with anti—IL-17 Ab (brown). Representative images were
chosen from each group (100x and 200% magnification is shown).

doi:10.1371/journal.pone.0166856.9005

Effects of treatment with baicalin on MDA and SOD activities

APAP overdose causes the production of oxidative stress. We measured MDA levels as lipid
peroxidation product (Fig 7A). The concentration of MDA was significantly increased at each
time points in APAP-only treated group and at 16 h in APAP plus BA treated group when
compared with their control group (0 hour). In addition, there were significant differences
between the 2 groups at 16 hours after APAP exposure (p = 0.029). Next, we determined the
antioxidant activity of SOD (Fig 7B). APAP administration significantly diminished SOD
activities compared with the control group. However, at 6 hours after APAP exposure in BA
treatment group, there was significantly alleviated APAP-induced SOD depletion (p = 0.002).

Effects of treatment with baicalin on histology

We compared liver injury of two groups over the time course of 16 to 96 hours by histopatho-
logical analysis (Fig 8A and 8B). Liver injury was characterized by centrilobular necrosis and
fatty infiltration as evidenced in H&E staining. After APAP administration, liver injury
markedly increased and peaked at 16 hours. There were significantly increased necrotic areas
at 16, 24, and 48 hours in APAP-only group compared with the APAP plus BA treated group.
The overall time course of hepatic injury showed similar trend in both groups and gradual
recovery of injury after 48 hours.

Effects of treatment with baicalin in liver regeneration

PCNA is a cell regeneration marker that assists in DNA replication. We compared liver regen-
eration of two groups over the time course of 16 to 96 hours and detected PCNA expression by
immunohistochemistry staining of liver tissue as shown in Fig 9A. Quantitative analysis of all
PCNA-positive cells (Fig 9B) showed that there were obviously increased proliferation
responses from 24 hours after APAP exposure in both groups. The total numbers of PCNA-
positive cells remain progressively elevated and peaked at 48 hours, and gradually decreased at
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Fig 6. Effects of treatment with baicalin on flow cytometry analysis of y3T cells expression in APAP-induced
liver injury: Representative plots demonstrate TCRyd-positive T cells (A) and quantification of flow cytometry data (B).
Mice received an intraperitoneal hepatotoxic injection of APAP (300 mg/kg) alone, or treatment with BA (30 mg/kg) 30
minutes after APAP injection. All mice were killed 16 hours after administration for analysis of liver ydT cells
accumulation. Each value is mean + SEM of six mice per group. *p < 0.05 vs. control; * p <0.05 vs. APAP alone.

doi:10.1371/journal.pone.0166856.g006

72 and 96 hours. Interestingly, there were significantly more cell proliferations observed at 24
and 48 hours in BA-treated group compared with the APAP-only group. Hepatic PCNA pro-
tein expressions by western blot analysis are shown in Fig 9C. The results further corroborated
the data from immunohistochemical staining.

Discussion

Acetaminophen is a widely used analgesic and antipyretic drug in clinical practice. However,
its overdose can induce severe liver injury and even liver failure. In the present study, the pro-
tective effects of baicalin, a flavonoid compound purified from Scutellariae radix, on APAP-
induced liver injury in a mouse model were studied. After APAP administration for 16 hours
to induce liver injury, increases in serum ALT concentrations, hepatic MPO activity, pro-
inflammatory cytokines, and oxidative stress parameters were observed. Treatment with baica-
lin after 30 minutes of APAP administration significantly displayed attenuated increase in
these hepatic parameters. In addition, this protective effect may correlate with the attenuation
of hepatic IL-17 expression and IL-17-producing y8T cells recruitment. These findings collec-
tively imply that IL-17 contributes to the hepatoprotective effects of baicalin.

Our results demonstrated that baicalin alleviated the process of inflammation in APAP-
induced liver injury. APAP hepatotoxicity is characterized by aseptic inflammation, and innate
immune mechanisms play a critical role in amplifying inflammatory responses. Excessive elec-
trophilic NAPQI are reported to cause direct hepatocyte death, and Kupffer cells were induced
in concert with subsequent activation of inflammatory cytokines and infiltration of leukocytes
into the liver [21]. TNF-o and IL-6 play an important role in the regulation of acute inflamma-
tory response [22]. Recent studies reported that neutrophils mediated direct injury and ampli-
fied hepatocytes death during APAP-induced acute liver failure [23]. The induction of TNF-o
and IL-6, and increased neutrophil accumulation have also been well described in some drug-
induced or ischemia-reperfusion liver injury models [24, 25]. Therefore, cytokines expression
and neutrophil infiltration are central mediators of inflammation. On the other hand, previous
evidence showed that baicalin inhibited inflammatory responses via down-regulation of cyto-
kines in an animal model with myocardial ischemic injury [26]. Another report also showed
that baicalin suppressed the production of cytokines and leukocyte migration in in vitro and in
vivo studies [27]. In our study, early treatment with baicalin after APAP overdose could effec-
tively decrease hepatic cytokine levels accompanied by MPO activity. It indicated that baicalin
treatment after APAP-induced liver injury attenuated inflammatory mediators and neutrophil
infiltration.

NAPQI depletes the cellular storage of GSH and the formation of free radicals results in
APAP toxicity [4, 5]. Previous studies have demonstrated that baicalin exerts hepatoprotective
effects via inhibiting oxidative stress in alcohol-induced hepatotocixity [28]. Another study
also showed that baicalin could attenuate cerebral ischemia/reperfusion injury by anti-oxida-
tive pathway [29]. Our results confirmed that APAP overdose could increase MDA level and
reduce SOD activity, indicating accumulation of reactive oxygen species and production of
lipid peroxidation. These APAP-induced changes in MDA level and SOD activity was reduced
in mice treated with baicalin, suggesting that baicalin directly contributed to decrease oxidative
stress.
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Fig 7. Effects of treatment with baicalin on MDA and SOD activities in APAP-induced liver injury: Mice received an intraperitoneal
hepatotoxic injection of APAP (300 mg/kg) alone, or treatment with BA (30 mg/kg) 30 minutes after APAP injection. Time course of (A) hepatic
MDA and (B) SOD activities was measured after administration with APAP. Each value is mean + SEM (n = 5-6 animals per group at each time point).
*p < 0.05 vs. APAP control group; $p<0.05 vs. APAP plus BA control group.

doi:10.1371/journal.pone.0166856.9007
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Fig 8. Effects of treatment with baicalin on histological changes in liver injury and regeneration: Mice received an intraperitoneal hepatotoxic
injection of APAP (300 mg/kg) alone, or treatment with BA (30 mg/kg) 30 minutes after APAP injection. All samples were obtained at 16, 24, 48, 72,
and 96 h after APAP exposures. (A) Representative images of H&E staining were chosen from each group (50x magnification is shown). (B) Bar graph
showed quantitative analysis of the percentage of necrotic area. Each value is mean + SEM of five mice per group. *p < 0.05 vs.the APAP group.

doi:10.1371/journal.pone.0166856.9008

Our data showed that the expression of IL-17 was markedly increased after APAP overdose.
Recently, there is growing evidence that IL-17 plays an important role in enhancing immune
responses in human liver diseases and in autoimmunity [7, 8]. In human alcoholic liver dis-
ease, patients had higher plasma IL-17 levels compared with healthy subjects [14]. In halo-
thane-induced liver injury, the increases in plasma IL-17 levels and neutrophil infiltration
were also observed. Inhibition of the IL-17 pathway might offer protection from the hepato-
toxic effect [15]. Furthermore, it has been reported that IL-17 induced the expression of
inflammation-associated genes including chemokines and C-reactive protein in hepatocytes
[30]. A previous study also showed that IL-17 stimulated expression of pro-inflammatory cyto-
kines/chemokines produced by liver nonparenchymal cells including monocytes, Kupffer
cells, biliary epithelial cells, and stellate cells, which contributed to liver inflammation [31].

In addition, IL-17 exerts effects on neutrophils. During ischemia-reperfusion injury, T lym-
phocytes regulated hepatic neutrophil recruitment through the production of IL-17 [32]. IL-17
can regulate inflammation through coordinated expression of many inflammatory cytokines/
chemokines in neutrophil activation and infiltration. It induced the release of neutrophil-
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Fig 9. Effects of treatment with baicalin in liver regeneration after APAP-induced liver injury: Mice received an intraperitoneal hepatotoxic
injection of APAP (300 mg/kg) alone, or treatment with BA (30 mg/kg) 30 minutes after APAP injection. All samples were obtained at 16, 24,
48, 72, and 96 h after APAP exposures. (A) Liver tissues were immunostained with anti-PCNA Ab (brown). Representative images were chosen
from each group (100x and 200% magnification is shown). (B) Line graph showed quantitative analysis of total PCNA-positive cells. (C) Hepatic
PCNA protein expression. Each value is mean + SEM of five mice per group. *p < 0.05, * * *p <0.001 vs. the APAP group.

doi:10.1371/journal.pone.0166856.g009

mobilizing cytokine, including IL-6 and IL-8, to site of infection [33]. It was also found to
mediate neutrophil chemotaxis by increasing the expression of the chemokine macrophage
inflammatory protein 2 (MIP-2) in a model of peritoneal inflammation [34]. These data sug-
gested an important role of IL-17 via its effects on neutrophils in immune and inflammatory
responses. A recent study has demonstrated that baicalin reduced joint inflammatory injury
caused by IL-17 and blocked IL-17-mediated expression of adhesion molecules in murine
experimental arthritis [20]. Our results showed that baicalin decreased the expression of
hepatic IL-17 levels and neutrophil recruitment. It implies that baicalin attenuated inflamma-
tory response through reduced production of IL-17 in APAP-induced liver injury.

IL-17 has shown to be involved in the induction and mediation of inflammatory responses.
It can be produced by many types of cells including Th17, y8T, and NK cells. Th17
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lymphocytes represent a newly identified T helper cell lineage and have a pro-inflammatory
role in neutrophilic inflammation by IL-17 production. However, further recent studies dem-
onstrated that y3T cells are a major and potent source of IL-17 and play an important role link
between innate and adaptive immune functions [11]. In some previous studies, y3T cells have
been shown to be more dominant and produced higher amounts of IL-17 than Th17 cells [35,
36]. Therefore, in our reports, we examined y3T cells as major IL-17-producing cells. During
the course of inflammatory responses, y8T cells have innate cell-like characters that allow ear-
lier activation and more rapid production of IL-17 than Th17 [37]. Even y8T cells can secrete
IL-17and IL-21, which promote further IL-17 production by Th17 cells in an animal model of
central nervous system autoimmunity [38]. Another study also showed that antibody depletion
of Y8T cells led to decreased IL-17 production and neutrophil infiltration after bacterial infec-
tion [39]. In human viral hepatitis, patients display higher numbers of y3T cells in the liver
when compared to healthy subjects [40]. The functional role of y8T cells seemed to be associ-
ated with the progression of organ injury [41, 42]. Our results showed that the accumulation
of y8T cells is increased following APAP-induced liver injury than in the control group. Treat-
ment with baicalin decreased the infiltration of y8T cells in liver tissues. These data suggested
that baicalin administration attenuated the expansion of these IL-17-producing T cells.

Baicalin has been used in traditional herb medicine for many years due to its anti-inflam-
matory and antioxidant properties. Previous studies showed that baicalin down-regulates the
function of macrophages and inhibits the production of inflammatory mediators released by
macrophages in a rat model [43]. The anti-inflammation effect of baicalin on ulcerative colitis
was associated with the inhibition of TLR4/NF-«B signaling pathway [44]. A recent study
found that the TLR4-dependent pathway in macrophages mediates the generation of IL-
17-producing y8T cells and subsequent inflammation in an APAP-induced liver inflammation
model [45]. In our study, we demonstrated that baicalin treatment effectively reduced liver
injury after APAP overdose by attenuation of hepatic y8T cells and IL-17 expression. Collec-
tively, this implied that baicalin elicits protective effects in APAP-induced liver injury through
the cascading of macrophages and y3T cells. In addition, we detected significant differences in
PCNA expression in the liver tissues and confirmed the effects of baicalin on liver cell regener-
ation. Further studies are needed to investigate the effects of baicalin on this regenerative path-
way of liver.

Conclusions

Our study showed that baicalin treatment could suppress accumulation of 8T cells and exert
hepatoprotective effects via attenuation of IL-17-mediated inflammation. It could effectively
decrease APAP-induced liver injury in part by inhibition of hepatic IL-17 expression and its
effectors, including inflammatory markers and neutrophil infiltration. Taken together, these
findings indicated that baicalin may potentially develop as a hepatoprotective drug and can be
considered as a promising therapeutic agent for APAP-induced liver injury in humans. Fur-
ther studies regarding its clinical applications are required to be explored.

Supporting Information

S1 Fig. Effects of treatment with baicalin on immunofluorescence evidence of IL-17 expres-
sion in APAP-induced liver injury. The effects of baicalin on IL-17 expression in liver tissues

are demonstrated by immunofluorescence analysis. Mice received (A) control (normal saline),
(B) BA (30 mg/kg) alone, (C) APAP (300 mg/kg) alone, or (D) BA (30 mg/kg) after 30 minutes
of APAP injection, and were killed 16 hours after treatment for immunofluorescence staining.

(DAPL: blue; IL-17: red; Macrophage: green) Representative images were chosen from each

PLOS ONE | DOI:10.1371/journal.pone.0166856 November 17, 2016 16/19


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166856.s001

@° PLOS | ONE

Baicalin Attenuates IL-17-Mediated Acetaminophen-Induced Liver Injury

group (400x magnification).

(TIF)

Acknowledgments

This work was supported in part by grants from the National Science Council (NSC103-2314-
B-182-046-MY2) and Chang Gung Memorial Hospital (CMRPG3E1542 and CMRPG3F1011)

to Fu

-Chao Liu and Chang Gung Memorial Hospital (CMRPG3B1391) to Chia-Chih Liao.

Author Contributions

Conceptualization: CCL FCL.

Formal analysis: CCL YJD HCL FCL.

Funding acquisition: CCL FCL.

Investigation: CCL FCL.

Methodology: CCL FCL.

Project administration: CCL FCL.

Resources: YJD JTL AHC.

Writing - original draft: CCL YJD FCL.

Writing - review & editing: CCL Y]D FCL.

References

1.

10.

11.

Larson AM, Polson J, Fontana RJ, Davern TJ, Lalani E, Hynan LS, et al. Acetaminophen-induced acute
liver failure: results of a United States multicenter, prospective study. Hepatology. 2005; 42: 1364—
1372. doi: 10.1002/hep.20948 PMID: 16317692

Kaplowitz N. Idiosyncratic drug hepatotoxicity. Nat Rev Drug Discov. 2005; 4: 489-499. doi: 10.1038/
nrd1750 PMID: 15931258

Bunchorntavakul C, Reddy KR. Acetaminophen-related Hepatotoxicity. Clin Liver Dis. 2013; 17: 587—
607. doi: 10.1016/j.cld.2013.07.005 PMID: 24099020

Hinson JA, Roberts DW, James LP. Mechanisms of acetaminophen-induced liver necrosis. Handb Exp
Pharmacol. 2010; 196: 369—-405.

McGill MR, Sharpe MR, Williams CD, Taha M, Curry SC, Jaeschke H. The mechanism underlying acet-
aminophen-induced hepatotoxicity in humans and mice involves mitochondrial damage and nuclear
DNA fragmentation. J Clin Invest. 2012; 122: 1574-1583. doi: 10.1172/JCI159755 PMID: 22378043

Liu ZX, Govindarajan S, Kaplowitz N. Innate immune system plays a critical role in determining the pro-
gression and severity of acetaminophen hepatotoxicity. Gastroenterology. 2004; 127: 1760-74. PMID:
15578514

Hammerich L, Heymann F, Tacke F. Role of IL-17 and Th17 cells in liver diseases. Clin Dev Immunol.
2011; 2011: 3458083. doi: 10.1155/2011/345803 PMID: 21197451

Fouser LA, Wright JF, Dunussi-Joannopoulos K, Collins M. Th17 cytokines and their emerging roles in
inflammation and autoimmunity. Immunol Rev. 2008; 226: 87—102. doi: 10.1111/j.1600-065X.2008.
00712.x PMID: 19161418

Park H, Li Z, Yang XO, Chang SH, Nurieva R, Wang YH, et al. A distinct lineage of CD4 T cells regulates
tissue inflammation by producing interleukin 17. Nat Immunol. 2005; 6: 1133—1141. doi: 10.1038/
ni1261 PMID: 16200068

Kono H, Fujii H, Ogiku M, Hosomura N, Amemiya H, Tsuchiya M, et al. Role of IL-17A in neutrophil
recruitment and hepatic injury after warm ischemia-reperfusion mice. J Immunol. 2011; 187:4818—
4825. doi: 10.4049/jimmunol.1100490 PMID: 21949019

Roark CL, Simonian PL, Fontenot AP, Born WK, O’'Brien RL. Gammadelta T cells: an important source
of IL-17. Curr Opin Immunol. 2008; 20: 353-357. doi: 10.1016/j.c0i.2008.03.006 PMID: 18439808

PLOS ONE | DOI:10.1371/journal.pone.0166856 November 17, 2016 17/19


http://dx.doi.org/10.1002/hep.20948
http://www.ncbi.nlm.nih.gov/pubmed/16317692
http://dx.doi.org/10.1038/nrd1750
http://dx.doi.org/10.1038/nrd1750
http://www.ncbi.nlm.nih.gov/pubmed/15931258
http://dx.doi.org/10.1016/j.cld.2013.07.005
http://www.ncbi.nlm.nih.gov/pubmed/24099020
http://dx.doi.org/10.1172/JCI59755
http://www.ncbi.nlm.nih.gov/pubmed/22378043
http://www.ncbi.nlm.nih.gov/pubmed/15578514
http://dx.doi.org/10.1155/2011/345803
http://www.ncbi.nlm.nih.gov/pubmed/21197451
http://dx.doi.org/10.1111/j.1600-065X.2008.00712.x
http://dx.doi.org/10.1111/j.1600-065X.2008.00712.x
http://www.ncbi.nlm.nih.gov/pubmed/19161418
http://dx.doi.org/10.1038/ni1261
http://dx.doi.org/10.1038/ni1261
http://www.ncbi.nlm.nih.gov/pubmed/16200068
http://dx.doi.org/10.4049/jimmunol.1100490
http://www.ncbi.nlm.nih.gov/pubmed/21949019
http://dx.doi.org/10.1016/j.coi.2008.03.006
http://www.ncbi.nlm.nih.gov/pubmed/18439808

@° PLOS | ONE

Baicalin Attenuates IL-17-Mediated Acetaminophen-Induced Liver Injury

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Roark CL, French JD, Taylor MA, Bendele AM, Born WK, O’'Brien RL. Exacerbation of collagen-induced
arthritis by oligoclonal, IL-17-producing gamma delta T cells. J Immunol. 2007; 179: 5576-5583. PMID:
17911645

Tschop J, Martignoni A, Goetzman HS, Choi LG, Wang Q, Noel JG, et al. Gammadelta T cells mitigate
the organ injury and mortality of sepsis. J Leukoc Biol. 2008; 83: 581-588. doi: 10.1189/jlb.0707507
PMID: 18063696

Lemmers A, Moreno C, Gustot T, Mar'echal R, Degr'e D, Demetter P, et al. The interleukin-17 pathway
is involved in human alcoholic liver disease. Hepatology. 2009; 49: 646-57. doi: 10.1002/hep.22680
PMID: 19177575

Kobayashi E, Kobayashi M, Tsuneyama K, Fukami T, Nakajima M, Yokoi T. Halothane-induced liver
injury is mediated by interleukin-17 in mice. Toxicol Sci. 2009; 111: 302—10. doi: 10.1093/toxsci/kfp165
PMID: 19633216

LiBQ, FuT, Gong WH, Dunlop N, Kung H, Yan Y, et al. The flavonoid baicalin exhibits anti-inflamma-
tory activity by binding to chemokines. Immunopharmacology. 2000; 49: 295-306. PMID: 10996027

Kim SJ, Lee SM. Effect of baicalin on toll-like receptor 4-mediated ischemia/reperfusion inflammatory
responses in alcoholic fatty liver condition. Toxicol Appl Pharmacol. 2012; 258: 43-50. doi: 10.1016/].
taap.2011.10.005 PMID: 22019745

Park SW, Lee CH, Kim YS, Kang SS, Jeon SJ, Son KH, et al. Protective effect of baicalin against carbon
tetrachloride-induced acute hepatic injury in mice. J Pharmacol Sci. 2008; 106: 136—143. PMID:
18187930

Zhang Y, Huang Y, Deng X, Xu Y, Gao Z, Li H. Iron overload-induced rat liver injury: Involvement of pro-
tein tyrosine nitration and the effect of baicalin. Eur J Pharm. 2012; 680: 95-101.

Yang X, Yang J, Zou H. Baicalin inhibits IL-17-mediated joint inflammation in murine adjuvant-induced
arthritis. Clin Dev Immunol. 2013; 2013: 268065. doi: 10.1155/2013/268065 PMID: 23840239

Jaeschke H, Williams CD, Ramachandran A, Bajt ML. Acetaminophen hepatotoxicity and repair: the
role of sterile inflammation and innate immunity. Liver Int. 2012; 32: 8-20. doi: 10.1111/j.1478-3231.
2011.02501.x PMID: 21745276

Zambon A, Gervois P, Pauletto P, Fruchart JC, Staels B. Modulation of hepatic inflammatory risk mark-
ers of cardiovascular diseases by PPAR-alpha activators: clinical and experimental evidence. Arterios-
cler Thromb Vasc Biol. 2006; 26: 977—86. doi: 10.1161/01.ATV.0000204327.96431.9a PMID:
16424352

Marques PE, Amaral SS, Pires DA, Nogueira LL, Soriani FM, Lima BH, et al. Chemokines and mito-
chondrial products activate neutrophils to amplify organ injury during mouse acute liver failure. Hepatol-
ogy. 2012; 56: 1971-1982. doi: 10.1002/hep.25801 PMID: 22532075

Williams CD, Bajt ML, Farhood A, Jaeschke H. Acetaminophen-induced hepatic neutrophil accumula-
tion and inflammatory liver injury in CD18-deficient mice. Liver Int. 2010; 30: 1280-1292. doi: 10.1111/}.
1478-3231.2010.02284.x PMID: 20500806

Mendes-Braz M, Elias-Miré M, Jiménez-Castro MB, Casillas-Ram‘irez A, Ramalho FS, Peralta C. The
current state of knowledge of hepatic ischemia-reperfusion injury based on its study in experimental
models. J Biomed Biotechnol. 2012; 2012: 1-20.

Xue Y, Shui X, SuW, He Y, Lu X, Zhang Y, et al. Baicalin inhibits inflammation and attenuates myocar-
dial ischaemic injury by aryl hydrocarbon receptor. J Pharm Pharmacol. 2015; 67: 1756—1764. doi: 10.
1111/jphp.12484 PMID: 26407904

Lee W, Ku SK, Bae JS. Anti-inflammatory effects of Baicalin, Baicalein, and Wogonin in vitro and in
vivo. Inflammation. 2015; 38: 110—125. doi: 10.1007/s10753-014-0013-0 PMID: 25249339

Wang H, Zhang Y, Bai R, Wang M, Du S. Baicalin attenuates alcoholic liver injury through modulation of
hepatic oxidative stress, inflammation and sonic hedgehog pathway in rats. Cell Physiol Biochem.
2016; 39: 1129—-1140. doi: 10.1159/000447820 PMID: 27576501

Cao Y, Mao X, Sun C, Zheng P, Gao J, Wang X, et al. Baicalin attenuates global cerebral ischemia/
reperfusion injury in gerbils via anti-oxidative and anti-apoptotic pathways. Brain Res Bull. 2011; 85:
396—402. doi: 10.1016/j.brainresbull.2011.05.002 PMID: 21600966

Patel DN, King CA, Bailey SR, Holt JW, Venkatachalam K, Agrawal A, et al. Interleukin-17 stimulates C-
reactive protein expression in hepatocytes and smooth muscle cells via p38 MAPK and ERK1/2-depen-
dent NF-kappaB and C/EBPbeta activation. J Biol Chem. 2007; 282: 27229-27238. doi: 10.1074/jbc.
M703250200 PMID: 17652082

Lafdil F, Miller AM, Ki SH, Gao B. Th17 cells and their associated cytokines in liver diseases. Cellular
and Molecular Immunology. 2010; 7: 250-254. doi: 10.1038/cmi.2010.5 PMID: 20305686

PLOS ONE | DOI:10.1371/journal.pone.0166856 November 17, 2016 18/19


http://www.ncbi.nlm.nih.gov/pubmed/17911645
http://dx.doi.org/10.1189/jlb.0707507
http://www.ncbi.nlm.nih.gov/pubmed/18063696
http://dx.doi.org/10.1002/hep.22680
http://www.ncbi.nlm.nih.gov/pubmed/19177575
http://dx.doi.org/10.1093/toxsci/kfp165
http://www.ncbi.nlm.nih.gov/pubmed/19633216
http://www.ncbi.nlm.nih.gov/pubmed/10996027
http://dx.doi.org/10.1016/j.taap.2011.10.005
http://dx.doi.org/10.1016/j.taap.2011.10.005
http://www.ncbi.nlm.nih.gov/pubmed/22019745
http://www.ncbi.nlm.nih.gov/pubmed/18187930
http://dx.doi.org/10.1155/2013/268065
http://www.ncbi.nlm.nih.gov/pubmed/23840239
http://dx.doi.org/10.1111/j.1478-3231.2011.02501.x
http://dx.doi.org/10.1111/j.1478-3231.2011.02501.x
http://www.ncbi.nlm.nih.gov/pubmed/21745276
http://dx.doi.org/10.1161/01.ATV.0000204327.96431.9a
http://www.ncbi.nlm.nih.gov/pubmed/16424352
http://dx.doi.org/10.1002/hep.25801
http://www.ncbi.nlm.nih.gov/pubmed/22532075
http://dx.doi.org/10.1111/j.1478-3231.2010.02284.x
http://dx.doi.org/10.1111/j.1478-3231.2010.02284.x
http://www.ncbi.nlm.nih.gov/pubmed/20500806
http://dx.doi.org/10.1111/jphp.12484
http://dx.doi.org/10.1111/jphp.12484
http://www.ncbi.nlm.nih.gov/pubmed/26407904
http://dx.doi.org/10.1007/s10753-014-0013-0
http://www.ncbi.nlm.nih.gov/pubmed/25249339
http://dx.doi.org/10.1159/000447820
http://www.ncbi.nlm.nih.gov/pubmed/27576501
http://dx.doi.org/10.1016/j.brainresbull.2011.05.002
http://www.ncbi.nlm.nih.gov/pubmed/21600966
http://dx.doi.org/10.1074/jbc.M703250200
http://dx.doi.org/10.1074/jbc.M703250200
http://www.ncbi.nlm.nih.gov/pubmed/17652082
http://dx.doi.org/10.1038/cmi.2010.5
http://www.ncbi.nlm.nih.gov/pubmed/20305686

@° PLOS | ONE

Baicalin Attenuates IL-17-Mediated Acetaminophen-Induced Liver Injury

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

Caldwell CC, Okaya T, Martignoni A, Husted T, Schuster R, Lentsch AB. Divergent functions of CD4+ T
lymphocytes in acute liver inflammation and injury after ischemia-reperfusion. Am J Physiol Gastrointest
Liver Physiol. 2005; 289: 969-976.

Laan M, Létvall J, Chung KF, Lindén A. IL-17-induced cytokine release in human bronchial epithelial
cells in vitro: role of mitogen-activated protein (MAP) kinases. Br J Pharmacol. 2001; 133: 200-206.
doi: 10.1088/sj.bjp.0704063 PMID: 11325811

Witowski J, Pawlaczyk K, Breborowicz A, Scheuren A, Kuzlan-Pawlaczyk M, Wisniewska J, et al. IL-17
stimulates intraperitoneal neutrophil infiltration through the release of GRO alpha chemokine from
mesothelial cells. J Immunol. 2000; 165: 5814-5821. PMID: 11067941

Umemura M, Kawabe T, Shudo K, Kidoya H, Fukui M, Asano M, et al. Involvement of IL-17 in Fas
ligand-induced inflammation. Int Immunol. 2004; 16: 1099—1108. doi: 10.1093/intimm/dxh111 PMID:
15237105

Lockhart E, Green AM, Flynn JL. IL-17 production is dominated by gammadelta T cells rather than CD4
T cells during Mycobacterium tuberculosis infection. J Immunol. 2006; 177: 4662—-4669. PMID:
16982905

Bonneville M, O’Brien RL, Born WK. Gammadelta T cell effector functions: a blend of innate program-
ming and acquired plasticity. Nat Rev Immunol. 2010; 10: 467—-78. doi: 10.1038/nri2781 PMID:
20539306

Sutton CE, Lalor SJ, Sweeney CM, Brereton CF, Lavelle EC, Mills KH. Interleukin-1 and IL-23 induce
innate IL-17 production from gammadelta T cells,amplifying Th17 responses and autoimmunity. Immu-
nity. 2009; 31: 331—41. doi: 10.1016/j.immuni.2009.08.001 PMID: 19682929

Shibata K, Yamada H, Hara H, Kishihara K, Yoshikai Y. Resident Vdelta1* gammadelta T cells control
early infiltration of neutrophils after escherichia coli infection via IL-17 production. J Immunol. 2007;
178: 4466-72. PMID: 17372004

Tseng CT, Miskovsky E, Houghton M, Klimpel GR. Characterization of liver T-cell receptor gammadelta
T cells obtained from individuals chronically infected with hepatitis C virus (HCV): evidence for these T
cells playing a role in the liver pathology associated with HCV infections. Hepatology. 2001; 33: 1312—
1320. doi: 10.1053/jhep.2001.24269 PMID: 11343261

Lo Re S, Dumoutier L, Couillin I, Van Vyve C, Yakoub Y, Uwambayinema F, et al. IL-17A-producing
gammadelta T and Th17 lymphocytes mediate lung inflammation but not fibrosis in experimental silico-
sis. J Immunol. 2010; 184: 6367—6377. doi: 10.4049/jimmunol.0900459 PMID: 20421647

Turner JE, Krebs C, Tittel AP, Paust HJ, Meyer-Schwesinger C, Bennstein SB, et al. IL-17A production
by renal yd T cells promotes kidney injury in crescentic GN. J Am Soc Nephrol. 2012; 23: 1486—-1495.
doi: 10.1681/ASN.2012010040 PMID: 22797181

Dai SX, Zou Y, Feng YL, Liu HB, Zheng XB. Baicalin down-regulates the expression of macrophage
migration inhibitory factor (MIF) effectively for rats with ulcerative colitis. Phytother Res. 2012; 26: 498—
504. doi: 10.1002/ptr.3581 PMID: 21887805

CuiL, FengL, Zhang ZH, Jia XB. The anti-inflammation effect of baicalin on experimental colitis through
inhibiting TLR4/NF-kB pathway activation. Int. Immunopharmacol. 2014; 23: 294-303. doi: 10.1016/j.
intimp.2014.09.005 PMID: 25239813

Wang X, Sun R, Wei H, Tian Z. High-mobility group box 1 (HMGB1)-toll-like receptor (TLR)4-interleukin
(IL)-23-IL-17A axis in drug-induced damage-associated lethal hepatitis: Interaction of gd T cells with
macrophages. Hepatology 2013; 57: 373-84. doi: 10.1002/hep.25982 PMID: 22821628

PLOS ONE | DOI:10.1371/journal.pone.0166856 November 17, 2016 19/19


http://dx.doi.org/10.1038/sj.bjp.0704063
http://www.ncbi.nlm.nih.gov/pubmed/11325811
http://www.ncbi.nlm.nih.gov/pubmed/11067941
http://dx.doi.org/10.1093/intimm/dxh111
http://www.ncbi.nlm.nih.gov/pubmed/15237105
http://www.ncbi.nlm.nih.gov/pubmed/16982905
http://dx.doi.org/10.1038/nri2781
http://www.ncbi.nlm.nih.gov/pubmed/20539306
http://dx.doi.org/10.1016/j.immuni.2009.08.001
http://www.ncbi.nlm.nih.gov/pubmed/19682929
http://www.ncbi.nlm.nih.gov/pubmed/17372004
http://dx.doi.org/10.1053/jhep.2001.24269
http://www.ncbi.nlm.nih.gov/pubmed/11343261
http://dx.doi.org/10.4049/jimmunol.0900459
http://www.ncbi.nlm.nih.gov/pubmed/20421647
http://dx.doi.org/10.1681/ASN.2012010040
http://www.ncbi.nlm.nih.gov/pubmed/22797181
http://dx.doi.org/10.1002/ptr.3581
http://www.ncbi.nlm.nih.gov/pubmed/21887805
http://dx.doi.org/10.1016/j.intimp.2014.09.005
http://dx.doi.org/10.1016/j.intimp.2014.09.005
http://www.ncbi.nlm.nih.gov/pubmed/25239813
http://dx.doi.org/10.1002/hep.25982
http://www.ncbi.nlm.nih.gov/pubmed/22821628

