European Review for Medical and Pharmacological Sciences 2019; 23: 4996-5003

Chi3I1 regulates APAP-induced liver injury
by promoting macrophage infiltration
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Abstract. - OBJECTIVE: This study aims to
investigate the role of Chi3l1 in Acetaminophen
(APAP)-induced liver injury.

MATERIALS AND METHODS: /n vivo model
of liver injury was established in mice admin-
istrated with APAP (250 mg/kg) or equivalent
phosphate-buffered saline (PBS). Mouse liver
tissues were collected at 1 h, 3 h, 6 h, 12 h,
and 24 h after treatment, respectively. ALT lev-
els and apoptosis were evaluated. Additionally,
we established APAP-induced acute liver injury
model in wild-type (WT) mice and Chi
ficient (Chi3l1”) mice. Pathological c
of liver tissue were observed by hem
lin and eosin (HE) staining. Mononuclear
(MNCs) were isolated from mouse liver, an
amounts of infiltrating macrophages and n

Serum levels of cytokines
enzyme-linked immunoso
Bone marrow-derived
were extracted from ea
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ed cells. APAP-treated
more severe liver injury

S: Ol.Jr study confirmed that
he liver function from APAP-in-
ory factors and macrophage infiltration.
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(DILI), as a com-
one of the leading
atic failure and liver trans-
rn countries'. DILI is the
failure of many new drugs
is also being concerned by
epartment*’. Acetaminophen
acetanilide antipyretic analgesic,
is one of the most popular non-prescrip-
in the pharmaceutical market due to
safety and reliable dose. In China, APAP has
een used as an adjunct to acute and chronic hep-
atitis for several decades®. Overdose of APAP is
one of the leading causes of DILI in the world?,
accounting for more than 50% of reported DILI.
Severities of symptoms caused by APAP are
varied because of individual differences, which
makes it difficult to determine its pathogenesis®.
After a small amount of APAP enters the liver, it
produces biologically active N-acetyl-to-benzen-
equinoneimine (NAPQI), which further exerts
its detoxification function by combining with
reduced glutathione (GSH). However, overdose
of APAP will cause NAPQI accumulation in the
liver and excessive consumption of GSH”. Glu-
tathione peroxidase is the main inactivating en-
zyme of peroxides. GSH deficiency significantly
inhibits glutathione peroxidase, thereby leading
to accumulation of peroxides in the body?®. It has
been reported that macrophages and their related
inflammatory responses exert an important role
in APAP-induced liver damage, while their roles
in promoting the occurrence and progression of
DILI require further explorations’. Chi3ll (chiti-
nase 3 like 1) is a chitinase-like soluble secretory
protein without any enzymatic activity'. It can be
produced by a variety of cells, including neutro-
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phils, macrophages, chondrocytes, synoviocytes, Biochemical and Pathological
smooth muscle cells, endothelial cells and tumor Analysis

cells!®!, Accumulating evidences have suggest- Serum samples collected frg
ed that elevated level of Chi3ll is associated Chi3l1" mice treated with APAP, 8 h and 24
with poor prognosis of liver diseases, such as h were used for detecting actiy®s of ALT and

liver fibrosis, non-alcoholic fatty liver, alcoholic measured
liver disease and hepatocellular carcinoma'>".
We speculated that Chi3ll exerts a crucial role
in promoting macrophage infiltration and secre-
tion of inflammatory factors, thereby aggravating
liver damage. In this study, we first confirmed
that Chi3ll participated in the development of

APAP-induced DILI by detecting the mRNA

expression of Chi3ll. Second, we verified that Reaction

APAP could induce hepatocyte apoptosis, mac- Total er tissues by
rophage infiltration and inflammatory response. TRIzol

Therefore, our results suggested that Chi3ll par- o complementary De-

ticipated in APAP-induced liver injury and might i i NA) as previously
be served as a potential therapeutic target for ibed. RNA concentratlfon was detected us-
drug-induced hepatitis. spectrometer and those samples with A260/
0 were selected for the fol-
action. QRT-PCR was then
the instructions of SYBR
(TaKaRa, Otsu, Shiga, Ja-
eriment was repeated 3 times in
allel. QRT-PCR reaction parameters were as
aturalization at 95°C for 60 s, exten-
on at 95°C for 30 s and annealing at 60°C for
40 s, for a total of 40 cycles. Primer sequences
were shown in Table I.

Materials and Methods

Animal Rearing
Chi3l1” mice used in this study were 1

ed from the Jackson Laboratory in the

States. 8-week old wild-type (WT) and Chi

Extraction of Liver Mononuclear
Cells (MNCs)

Liver tissue of mouse was completely digested
with collagenase and then ground to prepare for
the single cell suspension. After centrifugation at
a gradient density, the red blood cell lysate was
used to lyse the pellet. The lysate was washed
with the buffer containing 0.5% fetal bovine se-
rum (FBS) (Gibco, Rockville, MD, USA), and fi-
nally the cells were resuspended using 100 pL of
2% fetal bovine serum (FBS) containing buffer.

Reverse
GGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA
TGGACCTTCCAGGATGAGGACA GTTCATCTCGGAGCCTGTAGTG
TACCACTTCACAAGTCGGAGGC CTGCAAGTGCATCATCGTTGTTC
GGTGCCTATGTCTCAGCCTCTT GCCATAGAACTGATGAGAGGGAG
TCCTTCACGGAGAGACACCT GGCTGGGAACCATTAGTC
GGGGGATCCATGGGCAATCCTTAT TCGGGTGACCTTGCTTAGACGTGCAGG
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Flow Cytometry

Fc receptor blocker and anti-CD16/3 antibody
were added to the MNCs cell suspension and
incubated for 10 min to block non-specific bind-
ing sites. Subsequently, the corresponding flow
cytometry (Partec AG, Arlesheim, Switzerland)
antibody was incubated in dark for 15 min.
Next, 1 mL of 2% FBS was used to wash the
cells. After centrifugation at 400 g for 5 min,
400 pL of 2% FBS were added for resuspension.
The antibodies used in this assay were as fol-
lows: PE-Cyanine7-labeled anti-mouse CDI11b,
APC-labeled anti-mouse F4/80, fluorescein iso-
thiocyanate (FITC)-labeled anti-mouse Ly6C,
PE-labeled anti-mouse Ly6G, APC Vio770-tag
anti-mouse CD45. All antibodies were purchased
from eBioscience (San Diego, CA, USA).

Determination of Serum
Cytokine Levels

After APAP treatment in mice for 8 h and 24
h, serum samples were collected and subjected
to experimental procedures according to the en-
zyme-linked immunosorbent assay (ELISA) kit
(Bio Legend, San Diego, CA, USA). The gatical
density (OD) values of each well at thof
length of 562 nm and 450 nm were me}
with a microplate reader (Bio-Rad, Hercules
USA). Excel was used to draw a standard c
of cytokine concentration and absorbance valul

Cell Extraction
and Culture

After APAP injectio
the muscle tissue wa
femur and tibia tiss
in sterile phosph
marrow cells

were examined. Cells in
not receive any treatment.

Statistical Analysis
All experiments were repeated at

ple-group comparisons were pertd
way analysis of variance
Post-Hoc Test (Least Si
Bonferroni was perfor

investigate whether Chi3ll participates in
pathogenesis gf APAP-related drug-induced
er injury, we domly assigned WT mice
two groups. MMice received intraperitoneal
ions of APA or PBS, respectively. After
h, 6 h, 12 h, and 24 h, respec-
ere sacrificed by carbon dioxide
gabvxiation for collecting liver tissues. We de-
WA level of Chi3ll by qRT-PCR (Fig-
e 1). The results showed that compared with the
PBS group, mRNA level of Chi3ll remarkably
increased after injection of APAP in a time-de-
pendent manner, which lasted for 24 h. These
results suggested that Chi3ll might be involved
in the pathogenesis of APAP-induced liver injury.
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Figure 1. Chi3ll was involved in the pathological process
of APAP-mediated drug-induced liver injury. The mRNA
expression of Chi3ll in the liver of mice was detected by
qRT-PCR after PBS or APAP injection for 1 h,3h,6h, 12 h
and 24 h (**p<0.01).
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age in mice. A, Serum ALT levels in WT and Chi311”- mice
magnification 100x, 200x) of liver tissues of WT and Chi311"
Erved in Chi3l1"- mice (black arrows). C, GSH levels in livers of

¥ ere significantly lower in APAP group than those of the PBS
group, and GSH levels in the Chi3 S icni er than that of the WT group (**p<0.01).

Figure 2. Chi3ll knockout exacerbated APAP-induce
at 8 and 24 h after APAP injection. B, HE stalmng mlcr
mice at 8 h and 24 h significant hepatg 2

Knockout of Chi3l1
Aggravated the Inflammatory
Response in Liver
After clarifying that Chi3ll negatively reg-

ulated APAP-induced liver injury, we further
explored its mechanisms by examining expres-

, ctively. Serum sions of inflammatory cytokines in the liver
easured after centrifugation after APAP injection. The mRNA levels of IL-
owed that the ALT levels in 6 and MCP-1 in liver tissues of APAP-treated
ly higher than those Chi3l1"~ mice were remarkably higher than those
. Pathological results of of WT mice. However, no significant differences
ealed that Chi3l1” mice in mRNA levels of IL-1B, TNF-a, and IFN-y
APAP-induced liver injury were found between Chi3l1”- mice and WT mice
exhibited extensive histiocytic necrosis (Figure 3A). Protein levels of IL-6 and MCP-1

BpH levels in the liver tissues of in CHI3LI1"~ mice were also remarkably higher
than those of WT mice (Figure 3B). All these
results demonstrated that the Chi3ll exacerbated
APAP-induced liver injury by promoting the se-
cretion of inflammatory factors.
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with APAP were much higher than
much higher than those in the W

e, we investigated whether
ulate laver damage and in-

acrophage marker CD86

trating macrophages (CDI11b"Ly6C")

5000

onse in liver. A, The mRNA levels of various inflammatory

y qRT-PCR after 24 h of APAP treatment. B, Serum IL-6 and
of inflammatory cytokines in tissues and serum of mice treated
e expression levels of IL-6 and MCP-1 in Chi311"~ group were

and neutrophils (CD11b"Ly6G™) in the liver of
Chi3ll"- mice were higher than those of WT
mice (Figure 4B). Subsequently, we further ob-
served the role of inflammatory macrophages
in liver tissues of APAP-induced inflammation
in vitro. BMDMs in WT and Chi3ll” mice
were extracted, respectively. Apoptosis results
elucidated that positive staining of Annexin
V and 7-AAD in macrophages extracted from
Chi3l1” mice was much more pronounced than
those of WT mice (Figure 4C). Besides, levels
of IL-6 and MCP-1 in the BMDMs incubated
with lysates extracted from Chi3ll”- mice were
higher than those of the untreated group (Figure
4D). All above data confirmed that increased se-
cretion of inflammatory factors by macrophages
was the major cause of severe liver damage in
Chi3l1" mice.
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Figure 4. Chi3ll regulated the apoptosis of hepatocytes and the se mmatory cytokines via macrophage
infiltration. A, After 24 h of APAP treatment, macggphage-related mark nd CD86 mRNA levels in livers of WT
and Chi3ll”- mice were measured by qRT-PCR of APAP treatment, liver MNCs were isolated. Significantly
increased Ly6C*'CD11b" macrophages and Ly6G*(§ ¢ observed in the liver of Chi3l1"* mice com-
pared to WT mice. C, After 24 h of APAP treatmen tracted from WT and Ch1311 7 mouse. Posmve

macrophage was detected by Annexin V and 7-AAIS

inflammatory factors in BMDM:s of wild-type mice wa 0 (*p<0.05, **p<0.01, ***p<0.001).

duced liver injury is controversial. Studies have
reported that TNF-a receptor knockout could

In this study, we dé inhibit APAP hepatotoxicity in mice'”. How-
treatment induced t Chi3ll 1n ever, some researchers believed that APAP-in-
mice, which in tur i damage by duced damage is similar in TNF-a knockout
regulating macr ivati 'ﬁltratlon mice and WT mice. In our study, no significant
and secretion difference in mRNA level of TNF-a was ob-
duced DILI i served between WT and Chi3ll”- mice. After
i initially confirming the involvement of Chi3ll
in APAP-mediated DILI, we hypothesized that
Chi3ll could directly induce the secretion of
o directly leads to mitochon- these inflammatory factors. A great number
, mitochondrial per- of studies have shown that infiltrating macro-

PT) opens. Thirdly, phages and neutrophils participate in inducing

apoptosis and necrosis acute liver inflammation in the mouse hepatitis

s studies*'2!>1¢ have re- model'®2!. Therefore, we also considered the role

1s involved in the patho- of macrophage infiltration in regulating hepatic

§ of various liver diseases, especially in inflammatory cytokine secretion by Chi3ll. We

induced by inflammation and found that both the infiltration of CD11b*Ly6C*

Ells. Our results revealed that IL-6 and MCP- macrophages and CD11b"Ly6G* neutrophils in
dlevels in liver tissues and serum samples of the liver of Chi3ll”* mice were upregulated,
- mice were remarkably higher than those further indicating the key role of Chi3ll in the
ice. The role of TNF-a in APAP-in- macrophage infiltration of liver. The source of
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macrophages in liver inflammation has been DM. Key challenges and opportunities associated
well studied. Whether this process is a result with the use of in vitro models to de
induced by liver intrinsic macrophages or bone
marrow-derived macrophages deserves further
investigation. We extracted bone marrow-de-
rived macrophages to observe the direct effect
of hepatic lysates on secretion of inflammatory
factors by myeloid-derived macrophages. Our
data confirmed that Chi3ll was involved in the
activation of myeloid macrophages and their
subsequent cascade of inflammatory responses.
It is of great significance to clarify the patho-
genesis of DILI to improve the preventive and
therapeutic efficacy of DILI. Current researches
have suggested that various aspects are involved
in DILI pathogenesis, such as drug metabolism,
mitochondrial function impairment, immune re-
sponse, signal transduction, genetics and envi-
ronmental factors. Therefore, DILI is a result of
the combined effects of multiple factors. Chi3ll
is greatly involved in the macrophage-mediated
hepatic inflammation response in the APAP-me-
diated drug-induced hepatitis model. Our results
demonstrated that the Chi3ll might be a poten- J, Du J, Zruo Z, YANG S, ZHanG W,
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