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Abstract

We have previously demonstrated the hepatoprotective effect of dihydroquercetin
(DHQ) against Concanavalin A (Con A)-induced immunological hepatic injury in
mice. In this study, we investigated the immunoregulatory effects of DHQ on Con
A-induced liver injury in mice. DHQ administration significantly decreased the
serum levels of alanine transaminase and aspartate transaminase, effectively
prevented liver damage, and increased the survival rate of Con A-treated mice.
Immunohistochemistry examination revealed that supplementation with DHQ
obviously reduced infiltration of CD4" and CD8" T cells in the injured liver tissues.
Furthermore, DHQ administration resulted in down-regulation of pro-inflammatory
cytokines (TNF-a, IFN-y, IL-2, IL-4, IL-10), chemokine (osteopontin), apoptosis
factors (Fas, FasL), transcription factors that regulate Th cell differentiation (T-bet,
GATA-3), Perforin, Granzyme B, and inducible nitric oxide synthase (iNOS). In vitro,
treatment with DHQ protected HepG2 cells against TNF-a/ActD-induced apoptosis
by inhibiting the activation of caspase-3, caspase-7, and caspase-8. In addition,
DHQ reduced phosphorylation of NF-kB/p65, and inhibited the expressions of
pro-apoptotic factors (p53, Bax), while it up-regulated the expression of
anti-apoptotic factor (Bcl-2). Our findings suggest that the immunosuppressive
effects of DHQ ameliorated Con A-mediated immunological liver injury by reducing
the expression of pro-inflammatory mediators and infiltration of CD4" and CD8" T
cells in liver tissues, and DHQ protected HepG2 cells against TNF-a/ActD-induced

apoptosis possibly via modulation of the caspase and NF-kB pathways.
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1 Introduction

Dihydroquercetin (DHQ), also called taxifolin, is a bioactive flavonoid often found in
Sorghum grain [1], onions [2], milk thistle [3], artichoke [4], tamarind seeds [5], and
French maritime bark [6]. An accumulating body of evidence has demonstrated the
multifunctional attributes of DHQ, which include antimicrobial [4], anti-oxidative [5],
anti-inflammatory [7], and anti-allergic [8] effects. More interestingly, DHQ is also
found in the approved hepatoprotective drug, silymarin, used for adjuvant therapy of
toxic liver injury, chronic inflammatory liver disease and liver cirrhosis [5]. We have
previously demonstrated that supplementation with DHQ alone exhibited a
hepatoprotective effect against Concanavalin A (Con A)-induced immunological
hepatic injury in mice [9]. However the underlying mechanisms are not completely
understood.

Con A-induced liver injury in mice is a classical animal model of T cell-dependent
liver failure which resembles virus-induced immune injury of the liver and
autoimmune liver disease. The pathogenesis of autoimmune or viral hepatitis is
associated with the cytotoxicity of activated T cells and pro-inflammatory cytokines
secreted by macrophages [10]. In 1992, Tiegs et al found that Con A-induced liver
injury in mice mainly depended on the activation of CD4" T cells by macrophages in
the presence of Con A [11]. The dominant cytokines which contribute to the
development of hepatitis are tumor necrosis factor-alpha (TNF-a) [12], interferon
gamma (IFN-y) [13], interleukin-2 (IL-2), IL-4, IL-6, IL-8 and IL-10 [14, 15]. These
factors may induce hepatic inflammation, bleeding and necrosis, due largely to
reduced lysosomal stability or enrichment of nitric oxide by up-regulating inducible
nitric oxide synthase (iINOS) [16]. Pretreatment of mice with antibodies against

mouse CD4, TNF-a or IFN-y was showed to protect against Con A-mediated
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immunological hepatic injury [11-13], which suggests that inhibition of the
over-activated immune response may have a beneficial effect in immunological liver
diseases [17]. We have shown that DHQ can protect mice from Con A-induced
immunological liver injury [9]. However, it is not clear whether the hepatoprotective
effect of DHQ is mediated via inhibition of Con A-activated immune response.

The over-expression of pro-inflammatory cytokines induced by Con A-activated
immune response may result in apoptosis of hepatocytes, in which the activation of
cysteine-dependent aspartate-directed protease (Caspase) has been demonstrated
to be involved [18-20]. Inhibition of Caspase can prevent TNF-a induced apoptosis
in mouse hepatocytes in vivo and in vitro [21]. Recently, Nam YJ et al found
that taxifolin (DHQ) may attenuate the proteasome inhibitor-induced apoptosis in
PC12 cells by suppressing the activation of the caspase-8-dependent pathway [22].
Another in vitro investigation showed that taxifolin inhibited glucose induced H9c2
cells apoptosis by inhibiting caspase-3 and caspase-9 activation [23]. Therefore, we
ask whether DHQ could prevent TNF-a induced apoptosis in liver cells by inhibiting

the activation of caspases. In this study, we further explored the

Published on 06 March 2018. Downloaded by Freie Universitaet Berlin on 07/03/2018 01:38:27.

immunoregulatory effects of DHQ on Con A-induced liver injury, and investigated
the mechanism of the protective effect of DHQ against TNF-a-induced apoptosis in

HepG2 Cell in vitro.

2 Materials and Methods

2.1 Chemicals and Reagents
DHQ (03890585) and Con A (L7647) were purchased from Sigma-Aldrich (St. Louis,
MO, USA). High glucose Dulbecco's modified Eagle's medium (11965118), Fetal

Bovine Serum (10099141) and trypsin-EDTA (25300054) were obtained from
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Thermo Scientific (Waltham, MA, USA). Primary antibodies for detecting B-actin
(4967), NF-kB/p65 (6956), phospho-NF-kB/p65 (Ser536) (3033), p53 (2527), Bcl-2
(2872), Bax (2772), Caspase 3 (9662), Caspase 7 (9492), Caspase 8 (4790), and
HRP-linked anti-rabbit IgG (7074P2) were purchased from Cell Signaling
Technology (Danvers, MA, USA). Antibodies detecting for CD4 (ab25475) and CD8
(ab22378) were purchased from Abcam (Cambridge, MA, USA). MTT (ST316),
RIPA lysis buffer (PO013B) and primary antibody dilution buffer (PO023A) were

obtained from Beyotime Institute of Biotechnology (Shanghai, China).

2.2 Animals and experimental procedure

The animal procedures were conducted in accordance with the China National Law
on animal care and use, and approved by the Animal Experiments Committee of
Medical College, Fudan University (#2015 1443 A425). Male BALB/C mice aged
10-12 weeks were obtained from the Shanghai SLAC Laboratory Animal Co. Ltd.,
Chinese Academy of Sciences, and fed with standard laboratory mice diet and
water ad libitium.

Con A was used to induce immunological liver injury in mice [16]. Animals were
divided into three groups with eighteen mice in each group. Group |: negative
control group (PBS+PBS) received PBS by intragastric (i.g) administration daily for
14 days and intravenous (i.v) injection of PBS in tail vien on the 4™ day. Group II:
positive control group (PBS+Con A) received PBS (i.g) daily for 14 days and
injection of Con A (i.v) at a dose of 30 mg/kg body weight on the 4™ day. Group III:

DHQ treated group (DHQ+Con A) received DHQ (5 mg/kg body weight; i.g) daily for

14 days and injection of Con A (i.v) at a dose of 30 mg/kg body weight on the 4™ day.

For examination of Con A hepatitis, mice were sacrificed by CO, asphyxiation and
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histological assessment of liver inflammation was performed at predefined time
points. Serum was separated by centrifugation at 2000 xg for 15 min. Alanine
transaminase (ALT) and aspartate transaminase (AST) were measured using the

assay kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).

2.3 RNA Isolation and Quantitative Real-time PCR Analysis

RNA extraction and cDNA synthesis were performed according to the
manufacturer’s instructions. Total RNA was extracted from liver tissues using TRI
reagent (MBI Fermentas Inc., Burlington, Ontario, Canada) and reverse transcribed
using PrimeScript RT Master Mix (TaKaRa Biotechnology Dalian Co. Ltd., Dalian,
China). Primers for each gene were designed using Primer Premier 5.0 design
software and were synthesized by Sangon Biotech (Shanghai, China). Real-time
PCR was performed using ABI 7500 systems (ABI, California, USA) with
SYBR Premix Ex Taq (TaKaRa, Dalian, China). B-actin was used as an internal
control to normalize gene expression. The relative quantification was determined by

ACt method, and normalized mRNA levels expressed as arbitrary units by

Published on 06 March 2018. Downloaded by Freie Universitaet Berlin on 07/03/2018 01:38:27.

transforming the numbers of cycles using 2h¢ct [24].

2.4 Hematoxylin—eosin and Immunohistochemical Staining

Liver tissues were dissected and fixed in 4% paraformaldehyde, then embedded in
paraffin and cut into 5-um sections. For histopathological examination by
hematoxylin—eosin staining, the deparaffinized and rehydrated sections were first
stained with Harris hematoxylin for 5 min, and then counterstained with alcoholic
eosin stain. The pathological changes were observed under light microscope. To

characterize the distribution of CD4" and CD8" T cells, immunohistochemical
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staining was performed with S-P Kit (Zymed Laboratories, San Francisco, CA, USA).
Antigen retrieval was performed by microwave heating of the sections on slides in
TEG buffer (10 mM Tris, 0.5 mM EGTA, pH 9.0) for 10 min at 400 W. After treatment
with 1.5% blocking serum for 1 h at room temperature, the sections were incubated
with primary antibodies directed against mouse CD4 (1:50) or CD8 (1:50) for 12 h at
4°C. Subsequently, these were treated with biotin-labeled secondary antibody
(1:200) and streptavidin-HRP (1:200) for 30 min at 37°C, respectively, and further
developed using DAB as chromogen. Counterstaining of nuclei was performed with
hematoxylin. For each section, three randomly selected fields were used to screen
for T cell infiltration with Image-Pro Plus software (Media Cybernetics, Inc. Rockville,

MD, USA), under a light microscope.

2.5 Cell Culture and Treatment

HepG2 cell was purchased from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). Cells were grown in high glucose
Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum
and maintained at 37°C in 5% CO,. Apoptosis of HepG2 cells was induced by
combining TNF-a with Actinomycin D (ActD) [25]. Cells were pretreated with 200
MM of DHQ for 6 h before TNF-a (50 ng/ml)/ActD (25n g/ml) were added to the
medium. For a negative control, cells were maintained in the routine medium
without any treatment. For a positive control, cells only received TNF-a/ActD without
DHQ pretreatment. Twenty-four hours after addition of TNF-a/ActD, cell viability,

apoptosis and protein expression were determined.

2.6 Cell Viability Assay

Page 8 of 34
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Cells were plated in 96-well plates with 100 yL of medium containing 5.0x10° cells
per well, with six parallel wells for each group as described above. 24 h after
addition of TNF-o/ActD, MTT assay was performed to assess cell viability as
described elsewhere [20]. Accordingly, 10 uL of MTT (5 mg/mL) was added to each
well, and cells were incubated for 4 h at 37°C. The medium was discarded, and 100
hML of DMSO was added to each well. After shaking thoroughly for 10 min, the
OD4gonm of each well was read in a microplate reader (BioTek ELX800, BioTek

Instrument Inc., Winooski, VT, USA).

2.7 Analysis of Cell Apoptosis by Flow Cytometry

Cells were seeded in six-well plates at a density of 5.0x10° cells per well, with three
parallel wells for each group as described above. 24 h after addition of TNF-a/ActD,
cells were collected and centrifuged at 400 xg for 5 min. Cell pellets were
re-suspended in 500 L of ice-cold 70% ethanol and fixed for 24 h at -20 °C. To
detect cellular DNA content, the fixed cells were centrifuged at 400 xg for 5 min, and

then re-suspended in PBS containing ribonuclease A and stained with propidium

Published on 06 March 2018. Downloaded by Freie Universitaet Berlin on 07/03/2018 01:38:27.

iodide for 30 min at 37 °C. The proportion of cells in sub-G1 phase, which
represents apoptotic cells, was analyzed with BD Accuri C6 flow cytometer (BD Co.,

Franklin Lakes, NJ, USA).

2.8 Western Blot Analysis

Western blot was performed as previously described [26] with some modifications.
Briefly, cells were lysed in RIPA lysis buffer containing PMSF and protease inhibitors,
and then centrifuged for 10 min at 14,000 xg at 4°C. Equal amounts of total protein

were dissolved with SDS-PAGE sample loading buffer, and denatured at 95°C for 5
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min. 30 ug of total protein per sample was loaded and resolved on 10% SDS-PAGE
gel, and then transferred to PVDF membrane. The membranes were incubated
overnight at 4°C with targeted primary antibodies (diluted in primary antibody
dilution buffer according to the manufacturer's recommendation), and blotted with
HRP-anti-rabbit 1IgG (1:2000) for 1 h at room temperature. Signals were exposed to
X-ray film for 2-5 min using BeyoECL Plus chemifluorescent substrate (Beyotime
Institute of Biotechnology, Shanghai, China) according to the manufacturer’s

instructions. The films were developed in the developing solution and fixed.

2.9 Statistical Analysis
Data are expressed as mean = SD. Student’s t test was used to assess
between-group differences. Values of p < 0.05 were considered statistically

significant.

3 Results and Discussion

3.1 DHQ protected BALB/C mice against Con A-induced immunological
hepatic injury

To investigate the hepatoprotective effect of DHQ against immunological injury, liver
injury was induced in BALB/C mice by intravenous injection of Con A in tail vein.
The histopathological features of this animal model are characterized by a rapid
inflammation in the liver with obvious infiltration of neutrophils, macrophages and T
cells, and a remarkable simultaneous increase in the levels of transaminases in the
blood, which are similar to autoimmune hepatitis [27]. In this study, three mice from
each group were sacrificed for serological testing and histopathological examination,

at 24 h and 72 h after Con A challenge, respectively. Supplementation with DHQ
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significantly reduced the serum levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) in mice with Con A-lesions (Fig. 1A). In
accordance with this, hepatic morphological changes in DHQ pretreated mice
(DHQ+Con A group) reflected much less damage as compared to that in mice who
received only Con A (PBS+Con A group) (Fig. 1B). Further, we calculated the
survival rate of mice, which suffered from Con A-mediated hepatic injury. After
injection of 30 mg/kg body weight Con A, some mice began to die within 8 h;
however, after 96 h no mortality was observed in any of the groups. Interestingly,
pretreatment with DHQ effectively improved the survival rate of mice (Fig. 1C).

These results are consistent with those of our previous study [9].

3.2 DHQ decreased the infiltration of CD4" and CD8" T cells in injured liver
tissues

Con A-induced experimental liver injury in mice is T cell-dependent [11]. In this

hepatitis model, rapid activation and infiltration of T cell is a crucial factor. Therefore,

we analyzed the effect of DHQ on T-cell infiltration in the injured liver tissues. At 24

Published on 06 March 2018. Downloaded by Freie Universitaet Berlin on 07/03/2018 01:38:27.

h and 72 h after Con A injection, three mice from each group were sacrificed, and
the liver tissues were collected to characterize the distribution of CD4" and CD8" T
cells by immunohistochemical staining with CD4 and CD8 antibodies. The
infiltrating T cells were counted as the positive staining in liver tissues. Results
showed that injection of Con A enhanced the infiltration of CD4" T cells (Fig. 2) and
CD8" T cells (Fig. 3) in the injured liver tissues, while supplementation with DHQ
remarkably attenuated these morphological changes. These findings suggest that
the hepatoprotective effect of DHQ against Con A-induced liver injury in mice may

partly be attributable to inhibition of infiltration of T cells induced by Con A.
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3.3 DHQ inhibited the expression of pro-inflammatory cytokines and T cell
regulating genes in Con A-damaged liver

Con A-induced hepatitis was shown to involve a lot of pro-inflammatory cytokines
and chemokines [12-15]. Thus, we examined the effect of DHQ on the expression of
some important pro-inflammatory cytokines and chemokines during Con A-induced
liver injury in mice. As shown by the results of Real Time-PCR (Fig. 4), DHQ
administration resulted in notable down-regulation of pro-inflammatory cytokines
(TNF-a, IFN-y, IL-2, IL-4, IL-10), chemokine (osteopontin), apoptosis factors (Fas,
FasL), transcription factors that regulate T-helper (Th) cell differentiation (T-bet,
GATA-3), Perforin, Granzyme B, and inducible nitric oxide synthase (iNOS), which
were all dramatically up-regulated on Con A challenge.

The pro-inflammatory cytokines, sharply increased after Con A injection, which
predominantly contribute to the development of hepatitis. Th1 cells produce the
cytokines IFN-y, TNF-qa, IL-2 and IL-12 that mediate death of hepatocytes [28, 29].
Pretreatment with anti-IFN-y or anti-TNF-a monoclonal antibodies was shown to
protect against Con A-induced hepatitis, which indicates that Th1 immune reaction
is involved in mediating Con A-induced hepatitis [12, 13]. Osteopontin (a
glycoprotein over-expressed by Kupffer cells, macrophages, and stellate cells)
which is required for the initiation of Th1 immune response was shown to be
activated in the injured liver tissues [30]. Th1 and Th2 immune reactions were
deranged after Con A treatment, with Th1 immunity predominating in transgenic
mice expressing osteopontin in hepatocytes [30]. In T cell-dependent hepatitis, Fas
and its ligand (FasL) have also been shown to participate in liver damage, which

can induce hepatocyte death [31]. Soon after Con A injection, FasL was induced in
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liver and mainly expressed on the intrahepatic T cells. Administration of antibody
neutralizing mouse FasL was shown to reduce the serum levels of
aminotransferase [31]. T-bet, a Th1-specific T box transcription factor that controls
the expression of the hallmark Th1 cytokine, IFN-y [32]. Strikingly, all of the above
factors involved in immunological liver injury were up-regulated by Con A treatment,
while DHQ administration down-regulated their expression. These results indicate
that DHQ attenuate Con A-induced liver damage by inhibiting the expressions of a

series of pro-inflammatory mediators and T cell immune reactions.

3.4 DHQ prevented HepG2 cells from TNF-a/ActD-induced apoptosis

Apoptosis plays an important role in the development of Con A-induced liver failure
[33]. TNF-a, a major pro-inflammatory cytokine involved in Con A-induced liver
hepatitis, may result in apoptosis of hepatocytes [21]. TNF-a is considered to cause
subsequent effects via its membrane receptor TNFR1 (which contains an
intracellular death domain structure), and plays an important role in cell dissolution

[34]. DHQ has been demonstrated be able to inhibit proteasome inhibitor-induced

Published on 06 March 2018. Downloaded by Freie Universitaet Berlin on 07/03/2018 01:38:27.

PC12 cells apoptosis and glucose induced H9c2 cells apoptosis [22, 23]. According
to a previous study [25], HepG2 cells apoptosis was induced with TNF-a/ActD in
vitro to test whether DHQ exerts anti-apoptotic effect on TNF-a/ActD-induced
apoptosis. Cell viability and apoptosis assays revealed that supplementation with
DHQ promoted cell survival and reduced the proportion of apoptotic cells treated by
TNF-a/ActD (Fig. 5A, 5B). Cells accumulating in Sub-G1 phase were decreased
from 13.54+£0.48 % (TNF-a/ActD treatment) to 5.41+0.37 % (DHQ+TNF-a/ActD), p

< 0.01.
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3.5 DHQ reduced NF-kB/p65 phosphorylation and caspase activation in
TNF-a/ActD treated HepG2 cells

The above study demonstrated that DHQ may prevent HepG2 cells from
TNF-a/ActD-induced apoptosis. Next, we performed experiments to investigate the
underlying mechanism. It was reported that DHQ may inhibit caspase-8-depentdent
pathway in proteasome inhibitor-induced PC12 cells apoptosis and inhibit the
activation caspase-3 and caspase-9 in glucose induced H9c2 cells apoptosis [22,
23]. Caspase-8-mediated apoptotic pathway was shown to be invovled in
TNF-a/ActD-induced apoptosis [25]. Caspase-8 triggers cell apoptosis by activating
caspase 3 which is responsible for PARP cleavage and DNA fracture [16]. As
expected, our results of western blotting showed that DHQ treatment suppressed
the cleavage of caspase-3, caspase-7, and caspase-8 (Fig. 5C). These findings
suggest that DHQ treatment may inhibit the activation of those caspases.

In addition to caspases, apoptosis can also be activated by other pathways,
including Fas/FasL, NF-kB p65, ROS, MAPK and AKT in Con A models [16, 31, 33,
35-37]. Further experiments in our study revealed that DHQ reduced the
phosphorylation of NF-kB/p65 and the expression of pro-apoptotic factors (p53 and
Bax), while it up-regulated the expression of anti-apoptotic factor Bcl-2 in
TNF-a/ActD treated HepG2 cells (Fig. 5C). These findings indicate that DHQ
protected HepG2 cell against TNF-a/ActD-induced apoptosis possibly via
modulation of caspase and NF-kB pathways.

The above data, combined with existing evidence, suggest that DHQ may affect a
series of diverse biological processes through various pathways. Teselkin YO et al
reported that DHQ offered anti-oxidative defences in rats with tetrachloromethane

(CCly)-induced hepatitis [38]. Pretreatment of rat with DHQ (100 mg/kg body
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weight) decreased the products of lipid peroxidation and increased the blood
plasma antioxidant activity. Except for liver injury, the role of DHQ was also
evaluated in other animal models. Impellizzeri D et al found that DHQ could protect
mice against bleomycin-induced lung injury [39]. The underlying mechanisms might
be to prevent oxidative and nitroxidative lunginjury by down-regulating
cyclo-oxygenase-2 (COX-2) and iNOS expression, and to suppress apoptosis by
up-regulating Bcl-2 expression. Furthermore, DHQ treatment also reduced the
phosphorylation of ERK and NF-kBp65 translocation. Wang YH et al demonstrated
that taxifolin could ameliorate cerebral ischemia-reperfusion injury through its
anti-oxidative  effect and  modulation of NF-kB  activation  [40].
Taxifolin administration inhibited the infiltration of leukocyte, down-regulated the
activity of NF-kB and the expression of COX-2 and iNOS, and reduced the
production of reactive oxygen species (ROS) and nitric oxide (NO).

In previous study, we demonstrated that in vitro treatment of RAW264 macrophage
cells with DHQ enhanced the expression of nuclear factor-erythroid 2-related factor

2 (Nrf2) and antioxidant responsive element (ARE)-regulated gene, heme

Published on 06 March 2018. Downloaded by Freie Universitaet Berlin on 07/03/2018 01:38:27.

oxygenase-1 (HO-1) [9]. Our current data showed that DHQ down-regulated the
pro-inflammatory cytokines and chemokines. Inflammation and oxidative stress are
the key events in Con A-induced hepatitis, which are regarded as essential partners
that present simultaneously and interact with each other in various pathological
conditions [41]. Signaling pathways such as NF-kB, Nrf2/ARE, JNK/STAT and p38
MAPK are activated by oxidative stress, which could regulate the expression of
inflammatory cytokines [41, 42]. On the other hand, large amounts of ROS could be
directly produced by the infiltrated immune cells and activated phagocytic cells in

response to inflammatory cytokines [43, 44]. The inflammatory cytokines may also
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stimulate macrophages with resulting increased INOS expression and NO
production and subsequent oxidative injury [41]. DHQ has been proved to be able to
down-regulate inflammatory cytokines and the enzymes associated with oxidative
properties such as COX-2 and iINOS [39, 40], but contrarily be able to up-regulate
antioxidant gene such as HO-1 and NAD(P)H quinone oxidoreductase-1 (NQO1) [9,
45]. The molecular mechanisms of its anti-inflammatory and anti-oxidative activities
include inhibition of NF-kB and JAK2/STAT3 pathways [39, 40, 46], and activation
of the antioxidant defense pathway Nrf2/ARE [9, 45].

However, some evidence is contradictory about the effect of DHQ on the JAK/STAT
pathway. Park SY et al reported that taxifolin could lower B-amyloid accumulation
and neurotoxicity via the suppression of P-JAK2/P-STAT3/NF-kB/BACE1 signaling
pathways [46]. In the study of Bito T et al, taxifolin inhibit IFN-y-induced ICAM-1
expression in human keratinocytes by inhibiting the activation of JAK1/STAT1 [47].
On the contrary, Zai W et al found that DHQ ameliorated acetaminophen-induced
hepatic cytotoxicity via activating JAK2/STAT3 pathway and modulating expression
of anti-apoptotic Bcl-2 family proteins [48]. Results from another investigation
showed that taxifolin prevented diabetic cardiomyopathy by inhibition of oxidative
stress and cell apoptosis via inhibition of NADPH oxidase activity and activation of
JAK/STAT3 [49]. Whether these conflicting observations are caused by differences
in cell or animal models in different pathological conditions requires more research
to confirm.

In conclusion, DHQ is a bioactive flavonoid of dietary origin that performs various
functions. In our previous study, we demonstrated the hepatoprective effect of DHQ
against Con A-induced immunological injury in mice, which is the classical animal

model of T cell-dependent liver failure. However, the underlying mechanisms were
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not clear. In this study, we investigated the immunoregulatory effects of DHQ on
Con A-induced liver injury in mice. Supplementation with DHQ reduced infiltration of
CD4" and CD8" T cells in the injured liver tissues, and down-regulated the
pro-inflammatory cytokines and chemokines which contributed to Con A-induced
hepatitis. Furthermore, we found that treatment with DHQ in vitro prevented HepG2
cells from TNF-a/ActD-induced apoptosis. In addition, DHQ down-regulated the
activation of caspase-3/7/8 and expressions of pro-apoptotic factors, and reduced
the phosphorylation of NF-kB/p65, while it up-regulated the expression of
anti-apoptotic factor in TNF-a/ActD-treated HepG2 cells. Our results indicate that
DHQ ameliorates Con A-mediated immunological liver injury in mice partly via its
immunosuppressive effects. DHQ also prevents apoptosis of HepG2 cells induced

by TNF-a/ActD, possibly via modulation of the caspase and NF-kB pathways.
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Figure Legends
Figure1. DHQ protected BALB/C mice against Con A-induced immunological

hepatic injury. Immunological hepatic injury in BALB/C mice was induced by
intravenous injection of Con A (30mg/kg body weight) in tail vein. 24 h and 72 h after
administration of Con A, three mice from each group were sacrificed, the serum was
separated for alanine transaminase (ALT) and aspartate transaminase (AST) test
(A), the liver tissues were collected for histopathological examination by
hematoxylin—eosin staining (B, arrows indicate hepatic cellular necrosis, scale bar =
50 um). Survival rate of mice in each group was calculated (C).

PBS+PBS (negative control group): mice received PBS by intragastric (i.g)
administration daily for 14 days and intravenous (i.v) injection of PBS in tail vein on
the 4™ day. PBS+Con A (positive control group): mice received PBS (i.g) daily for 14
days and injection of Con A (i.v) on the 4™ day. DHQ+Con A (DHQ treated group):
mice received DHQ (5 mg/kg body weight; i.g) daily for 14 days and injection of Con
A (i.v) on the 4" day. Data are presented as means + SD (n= 3).

**p < 0.01 vs. PBS+PBS group; +p < 0.05 vs. PBS+Con A group; ++p < 0.01 vs.
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Figure2. DHQ decreased the infiltration of CD4" T cells in injured liver tissues.
At 24 h and 72 h after injection of Con A (30mg/kg body weight) via tail vein, three
mice from each group were sacrificed, and the distribution of CD4" T cells in liver
tissues was examined after immunohistochemical staining with CD4 antibody
(upper panel, scale bar = 50 um). For each section, three randomly selected fields
under light microscope were screened for infiltration of CD4" T cells with Image-Pro
Plus software. Data are presented as means + SD (n= 3) (lower panel).

PBS+PBS (negative control group): mice received PBS by intragastric (i.g)
administration daily for 14 days and intravenous (i.v) injection of PBS in tail vein on
the 4™ day. PBS+Con A (positive control group): mice received PBS (i.g) daily for 14
days and injection of Con A (i.v) on the 4" day. DHQ+Con A (DHQ treated group):
mice received DHQ (5 mg/kg body weight; i.g) daily for 14 days and injection of Con
A (i.v) on the 4" day.

*p < 0.05 vs. PBS+PBS group; **p < 0.01 vs. PBS+PBS group; +p < 0.05 vs.

PBS+Con A group; ++p < 0.01 vs. PBS+Con A group.
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Figure3. DHQ decreased the infiltration of CD8" T cells in injured liver tissues.
24 h and 72 h following Con A injection, three mice from each group were sacrificed,
and the distribution of CD8" T cells in liver tissues were assessed by
immunohistochemical staining with CD8 antibody (upper panel, scale bar = 50 pm).
Three randomly selected fields under light microscope in each setion were
screened for infiltraion of CD8" T cells with Image-Pro Plus software. Data are
presented as means £ SD (n= 3) (lower panel).

PBS+PBS (negative control group): mice received PBS by intragastric (i.g)
administration daily for 14 days and intravenous (i.v) injection of PBS in tail vein on
the 4™ day. PBS+Con A (positive control group): mice received PBS (i.g) daily for 14
days and injection of Con A (i.v) on the 4" day. DHQ+Con A (DHQ treated group):
mice received DHQ (5 mg/kg body weight; i.g) daily for 14 days and injection of Con
A (i.v) on the 4" day.

*:p < 0.05 vs. PBS+PBS group.
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Figure 4. DHQ inhibited the expression of pro-inflammatory cytokines and T
cell regulating genes in liver. At 24 h and 72 h after injection of Con A, three
mice from each group were sacrificed, and the liver tissues were collected for RNA
extraction, then the cDNA was synthesized, and RT-PCR was performed in the ABI
7500 systems. B-actin was used as internal control to normalize gene expression,
and the relative quantification (RQ) was determined by 222! method. The RQ of all
genes of mice in PBS+PBS group were normalized to 1.00.

PBS+PBS (negative control group): mice received PBS by intragastric (i.g)
administration daily for 14 days and intravenous (i.v) injection of PBS in tail vein on
the 4™ day. PBS+Con A (positive control group): mice received PBS (i.g) daily for 14
days and injection of Con A (i.v) on the 4" day. DHQ+Con A (DHQ treated group):
mice received DHQ (5 mg/kg body weight; i.g) daily for 14 days and injection of Con

A (i.v) on the 4" day.
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Figure 5. DHQ prevented HepG2 cells from TNF-a/ActD-induced apoptosis.
TNF-a/ActD was used to induce apoptosis in HepG2 cells. Cells were pretreated
with 200 uM of DHQ for 6 h before TNF-a (50 ng/mL)/ActD (25 ng/mL) were added
to the medium. For negative control, cells were maintained in the routine medium
without any treatment. For positive control, cells only received TNF-a/ActD without
DHQ pretreatment. 24 h after addition of TNF-o/ActD, the cell viability (A),
apoptosis (B arrows indicate the sub-G1 peak) and protein expression (C, arrows
indicate the cleaved caspase) were detected. Data are presented as means + SD
(n=3).

* p < 0.05 vs. control group; **p < 0.01 vs. control group; ++p < 0.01 vs. TNF-a/ActD

group.
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