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Abstract
Acute liver failure (ALF) is a deadly clinical disorder with few effective treatments and unclear
pathogenesis. In our previous study, we demonstrated that aberrant Wnt5a expression was involved in
acute on chronic liver failure. However, the role of Wnt5a in ALF is unknown. We investigated the
expression of Wnt5a and its downstream signaling of c-jun N-terminal kinase (JNK) in a mouse model of
ALF established by co-injection of D-galactosamine (D-Gal) and lipopolysaccharide (LPS) in C57BL/6
mice. We also investigated the role of Box5, a Wnt5a antagonist in vivo. Moreover, the effect of
Wnt5a/JNK signaling on downstream in�ammatory cytokines expression, phagocytosis and migration in
THP-1 macrophages was studied in vitro. Aberrant Wnt5a expression and JNK activation were detected in
D-Gal/LPS-induced ALF mice. Box5 pretreatment reversed JNK activation, and eventually decreased the
mortality rate of D-Gal/LPS-treated mice with reduced hepatic necrosis and apoptosis, serum ALT and
AST levels, and liver in�ammatory cytokines expression, although the last was not signi�cant. We further
demonstrated that recombined Wnt5a (rWnt5a) induced tumor necrosis α (TNF-α) and Interleukin-6 (IL-6)
mRNA expression, and increased the phagocytosis ability of THP-1 macrophages in a JNK-dependent
manner, which could be restored by Box5. In addition, rWnt5a-induced migration of THP-1 macrophages
was also turned by Box5. Our �ndings suggested that Wnt5a/JNK signaling play important role in the
development of ALF, and Box5 could have particular hepatoprotecive effects in ALF.

Introduction
Acute liver failure (ALF) is a serious life-threatening syndrome characterized by abrupt hepatocyte
necrosis, which results in altered coagulation and mentation [1]. Due to rapid progression to multiorgan
failure and devastating complications, ALF is a disorder with high mortality and resource cost. Currently,
the mainstay of ALF management is supportive care and liver transplantation [2]. Unfortunately, few
disease-speci�c or general interventions are available to improve outcomes in supportive system [3].
Although liver transplantation is the determined cure for ALF, extensions are challenged by availability of
suitable organs, high costs and sufferings from the rejection after transplantation. Going even further, the
pathogenesis of ALF is complicated and remains unclear. Nevertheless, it is generally believed that ALF is
associated with direct cellular damage caused by viruses, drugs and other uncommon sources, as well as
more importantly, immune-mediated in�ammatory injury [4, 5]. Furthermore, many studies indicated that
the dysfunction of monocytes and macrophages along with their induced in�ammatory cytokines play
signi�cant roles in the initiation and progression of ALF [6, 7].

Wnt proteins are a large family of secreted glycoproteins, which participate in multiple cellular processes,
such as cell proliferation, differentiation, migration, polarization, and apoptosis [8, 9]. Aberrant Wnt
signaling has been demonstrated in many human diseases, ranging from cancer to metabolic diseases
[10, 11]. Recently, increasing researches began to focus on the involvement of noncanonical Wnt,
particularly Wnt5a, in in�ammation [9, 12, 13]. Wnt5a expression was observed upregulated in sera of
patients with sepsis, and it induced the expression of pro-in�ammatory cytokines in macrophages in
response to microbial stimulation [14–16]. Moreover, suppression of Wnt5a signaling impaired
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macrophages clearance of bacterial infection both in vitro and in vivo [17]. As a noncanonical Wnt, Wnt5a
can activate c-jun N-terminal kinase (JNK) signaling in in�ammatory processes [12, 18]. JNK is a stress-
activated kinase in the mitogen activated protein kinase (MAPK) family. Activated JNK was demonstrated
mediating the hepatotoxic effects in ALF [19, 20]. Regulation of JNK signaling shed new light on the
treatment of ALF [21].

In our previous study, we suggested that Wnt5a expression in sera and peripheral blood mononuclear
cells (PBMCs) of patients with acute on chronic hepatitis B liver failure (ACHBLF) was signi�cantly
increased, and the higher level of Wnt5a, the worse prognosis they had [22]. However, the role of Wnt5a,
especially Wnt5a/JNK signaling in ALF has not been studied. The experimental ALF model induced by D-
galactosamine plus lipopolysaccharide (D-Gal/LPS) has been extensively studied to explore the
pathogenesis and to text potential therapeutics for ALF [23]. In this study, we aimed to investigate the role
of Wnt5a/JNK signaling and its antagonist Box5 in ALF with the use of D-Gal/LPS-induced ALF model
and THP-1 cells.

Materials And Methods

Animals
The male C57BL/6 mice (6-8 weeks old, weighing 18-25g) were purchased from Pengyue laboratory
animal breeding Co. Ltd. (Jinan, China). All mice were housed under controlled conditions with a standard
temperature and humidity, 12 hours of light-dark circulation, and had free access to food and water. LPS
was purchased from Solarbio and D-Gal was from aladdin, and they were dissolved in sterile normal
saline (NS). Firstly, mice were randomly divided into Control group (n=10) and D-Gal/LPS group (n=10).
Mice in the D-Gal/LPS group received a combination of D-Gal (500mg/kg) with LPS (10ug/kg)
intraperitoneally, while mice in Control group received NS only. Five hours later, the mice were sacri�ced to
obtain liver tissues and blood samples. Secondly, to investigate the hepatoprotective effect of Box5, other
sixty mice were randomly divided into NS group (n=30) and Box5 group (n=30). The mice were injected
with Box5 (1mg/kg; Box5 group) or NS (NS group) intraperitoneally one hour before D-Gal/LPS
administration. In detail, twenty mice in each group were monitored for 72h after D-Gal/LPS
administration for the survival analysis, and ten mice in each group were sacri�ced �ver hours after D-
Gal/LPS administration for other experiments. All animal experiments were approved by the Ethical
Committee of Qilu hospital (Qingdao), Shandong University.

Cell culture
Human monocyte cell line THP-1 was purchased from Chinese Academy of Medical Sciences and was
cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS). THP-1 cells were
induced to differentiate into macrophages by incubation with 100nM phorbol 12-myristate 13-acetate
(PMA, Selleckchem) for 24h. To investigate the effect of Wnt5a on THP-1 macrophages, different
concentrations (50, 100, 500ng/ml) of recombined Wnt5a (rWnt5a, R&D systems) were added to the
medium of THP-1 macrophages with different expose periods (1, 3, 6h).
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Histology staining, immunohistochemistry and double
labeling immuno�uorescence staining
Fresh liver tissues were �xed in 10% neutral-buffered formalin, embedded in para�n, and sectioned at
4µm thickness. Deparafnized sections stained with haematoxylin and eosin (H&E) were evaluated under
a light microscope for histological examination. Additionally, the sections were incubated with primary
antibody against Wnt5a (1:100; Bioss), followed by incubation with horseradish peroxidase (HRP)-labeled
secondary antibody for immunohistochemistry staining. Target proteins were stained with
diaminobenzideine (DAB) and evaluated under a light microscope. For double labeling
immuno�uorescence staining, sections were �rstly incubated with primary antibody against F4/80
(1:3000; Servicebio) overnight, and incubated with �uorochrome-conjugated secondary antibodies the
next day. Subsequently, sections were incubated with the second primary antibody against Wnt5a (1:200;
Bioss) overnight, and stained with �uorochrome-conjugated secondary antibodies on the third day.
Nucleus staining was conducted using 4 ', 6-diamidino-2-phenylindole (DAPI). The �uorescent images
were captured under a �uorescence microscope.

Analysis of apoptosis
Apoptosis was analyzed using One Step TdT-mediated dUTP Nick-End Labeling (TUNEL) Apoptosis
Assay Kit (Beyotime) according to the manufacturer's suggestions. Sections were depara�nized and
treated with 20µg/ml proteinase K for 30min at 37°C, and then washed for three times. Subsequently,
these sections were darkly incubated with TUNEL reaction for 1h at 37°C. At last, �uorescence-labeled
images were visualized under a �uorescence microscopy.

Liver function assays
Blood samples were taken from the heart of the mice and centrifuged at 3000rpm for 10min to separate
serum. Liver function markers of alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
were analyzed by microplate assay using the corresponding determination kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) according to the manufacturer's instructions.

RNA extraction and Quantitative Real-Time PCR (qPCR)
Total RNA was extracted from liver tissues and cells using Trizol and was reverse transcribed into cDNA
by using RevertAid First Strand cDNA Synthesis Kits (Thermo Fisher Scienti�c). qPCR was performed
using Blaze TaqTM SYBR® Green qPCR Mix 2.0 (GeneCopoeia). Target gene expression was normalized
with reference to GAPDH. Primer sequences for qPCR ampli�cation are shown in Table 1.
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Table 1
Primers for real-time PCR

Primers Sequences

Human wnt5a 5 -GTCTTGAGCTTGGGC-3

5 -ACGTCCATGTCTATAACGA-3

Human IL-6 5 -AGCCACTCACCTCTTCAGAAC-3

5 - GCCTCTTTGCTGCTTTCACAC-3

Human IL-1β 5 -GTGGCAATGAGGATGACTTGTTC-3

5 -TAGTGGTGGTCGGAGATTCGTA-3

Human TNF-α 5 -CTGCTGCACTTTGGAGTGAT-3

5 -GATGATCTGACTGCCTGGG-3

Human IL-10 5 -ATGCTTCGAGATCTCCGAGA-3

5 -AAATCGATGACAGCGCCGTA-3

Human GAPDH 5 -GCACCGTCAAGGCTGAGAAC-3

5 -TGGTGAAGACGCCAGTGGA-3

Mice wnt5a 5 -GAATCCCATTTGCAACCCCTCACC-3

5 -GCTCCTCGTGTACATTTTCTGCCC-3

Mice IL-6 5 -TTCCATCCAGTTGCCTTCTT-3

5 -CAGAATTGCCATTGCACAAC-3

Mice IL-1β 5 -GAAATGCCACCTTTTGACAGTG-3

5 -TGGATGCTCTCATCAGGACAG-3

Mice TNF-α 5 -TCTTCTCATTCCTGCTTGTGG-3

5 -CACTTGGTGGTTTGCTACGAC-3

Mice IL-10 5 -CTTACTGACTGGCATGAGGATCA-3

5 -GCAGCTCTAGGAGCATGTGG-3

Mice GAPDH 5 -CCATGTTCGTCATGGGTGTGAACCA-3

5 -GCCAGTAGAGGCAGGGATGATGTTC-3

IL-6: Interleukin-6; IL-1β: Interleukin-1β; TNF-α: tumor necrosis α; IL-10: Interleukin-10.

Western blot Analysis
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To extract total proteins, liver tissues and cells were homogenized in cold RIPA with phenyl methane
sulfonyl �uoride (PMSF) protease inhibitor and phosphatase inhibitor. Protein concentrations were
determined by the Bicinchoninic Acid (BCA) Protein Assay Kit (Sparkjade). Equal protein samples were
separated by SDS-PAGE, transferred onto the PVDF membranes, and incubated with primary antibodies
against Wnt5a (1:250; R&D systems), JNK (1:1000; Cell Signaling Technology), phospho-JNK (p-JNK;
1:1000; Cell Signaling Technology), and β-actin (1:1000; Cell Signaling Technology). After stained with
HRP-conjugated secondary antibody, protein bands were visualized using the ECL super Kit (Sparkjade).

Migration assay
Cell migration was evaluated using 24-well transwells with 8.0µm pore polycarbonate membrane inserts.
About 1×105 THP-1 cells were suspended in 100µL serum-free PRIM 1640 medium containing PMA and
rWnt5a with different concentrations (50, 100, 500ng/ml). Cells were seeded in the upper chamber, and
600µL medium containing 20% FBS was added to the lower chamber. After incubation for 24h, the cells
that have migrated to the underside of the upper chamber were �xed in paraformaldehyde and stained
with crystal violet. Cell images were visualized under an inverted microscope.

Phagocytosis assay
Neutral red uptake assay was used to measure the phagocytic ability of THP-1 macrophages. After
induced by PMA for 24h, the cells were cultured with rWnt5a for 1h, 3h and 6h with various
concentrations (50, 100, 500ng/ml). Then, 100µL natural red (0.1%, Solarbio) was added to the cells and
incubated at 37°C. Two hours later, the cells were washed three times and lysed overnight at 4°C by a
200µL mixture of anhydrous ethanol and acetic (the volume ratio of them was 1:1). Finally, the optical
density value read at 550 nm represent the phagocytic ability of THP-1 macrophages.

Statistical analysis
Data were expressed as mean ± standard error of mean (SEM). Differences were determined by two tailed
Student’s t-test or one-way analysis of variance. Statistical analysis were performed and presented using
Prism GraphPad 5.0 software. A P value less than 0.05 was considered statistically signi�cant.

Results

Hepatic damage caused by D-Gal/LPS administration
With the use of H&E and TUNEL staining, we found that hepatocellular necrosis and apoptosis occurred
more in the mice of D-Gal/LPS group than that in Control group (Fig. 1a and 1b). Serum ALT and AST, as
typical markers of liver damage, were signi�cantly elevated in D-Gal/LPS treated mice compared to those
in Control group (P<0.05; Fig. 1c). Additionally, the mRNA levels of tumor necrosis α (TNF-α), Interleukin-6
(IL-6), Interleukin-1β (IL-1β) and Interleukin-10 (IL-10) in liver tissues of mice in D-Gal/LPS group were
increased compared to those in Control group (P<0.05 for all; Fig. 1d).
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Aberrant Wnt5a expression and JNK activation in liver
tissues induced by D-Gal/LPS
To investigate the expression of Wnt5a in liver tissues, we �rstly detected Wnt5a protein levels by
immunohistochemistry staining. As shown in Fig. 2a, remarkable upregulation of Wnt5a expression was
discovered in D-Gal/LPS group compared to that in Control group, which was further con�rmed by
quantitative analysis for immunohistochemistry staining (P<0.05; Fig. 2b). Additionally, we observed that
liver Wnt5a was primarily expressed in the necrotic area but not on viable hepatocytes, where were
in�ltrated lots of macrophages. To determine the correlation between the Wnt5a expression and
macrophages, we explored the co-localization of Wnt5a and F4/80 (a pan-macrophage marker) at liver
sections of the mice in Control and D-Gal/LPS group using double labeling immuno�uorescence staining.
The results in Fig. 2c indicated that Wnt5a was primarily co-expressed with F4/80.

Interestingly, two distinct protein bands of Wnt5a were detected when we further validated our �ndings by
Western blot. Notably, the intensities of the upper band (∼58kDa) were increased in mice of D-Gal/LPS
group (P<0.05), whereas the expression of the lower band (∼43kDa) had no signi�cant difference
compared with those in Control group (P>0.05; Fig. 2d). However, just to make matters more interesting,
the mRNA expression of Wnt5a tend to be signi�cantly decreased in mice of D-Gal/LPS group compared
with that in Control group (P<0.05; Fig. 2e). To investigate JNK activation in D-Gal/LPS treated mice, we
performed Western blot with antibodies of p-JNK (activated JNK) and JNK (total JNK). As shown in
Fig. 2f, mice in D-Gal/LPS group showed higher levels of p-JNK/JNK ratio than those in Control group
(P<0.05).

Hepatoprotective effect of Box5 by inhibiting Wnt5a/JNK
signaling
To gain insight of Wnt5a signaling in ALF, we evaluated the effect of Wnt5a inhibition with its antagonist,
Box5. As shown in Fig. 3a, Box5 e�ciently alleviated hepatocyte necrosis, hepatic hemorrhage, and
restored the liver structure. In addition, TUNEL positive cells (Fig. 3b) and liver damage markers of ALT
and AST (P<0.05; P<0.05; Fig. 3c) were also reduced by Box5. We further analyzed survival rates of mice
in Box5 group and NS group. As indicated in Fig. 3d, the survival rate of the mice in Box5 group was
signi�cantly lower than that in NS group (P<0.05). However, although the mRNA expression of
in�ammatory cytokines such as IL-1β, IL-6, TNF-α and IL-10 was tend to decrease in mice pretreated with
Box5 compared with that in mice given NS, the difference was not signi�cant (P>0.05 for all; Fig. 3e). To
know more about JNK signaling, we further detected whether Box5 pretreated mice show lower JNK
activation. Results suggested that liver p-JNK/JNK ratio in mice of Box5 group was reduced compared
with that of NS group (P<0.05; Fig. 3f).

Mediations on downstream genes, migration and
phagocytosis of THP-1 macrophages by rWnt5a
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To evaluate the effects of exogenous Wnt5a in vitro, we incubated THP-1 macrophages with rWnt5a at
different concentrations or durations. Within a 6h period, the mRNA expression of TNF-α and IL-6 was
detected distinctly increased at 1h in THP-1 macrophages treated with 50ng/ml rWnt5a (P<0.05; P<0.05;
Fig. 4a). However, no signi�cant difference was detected in the mRNA expression of IL-1β and IL-10
(P>0.05; P>0.05; Fig. 4a). Subsequently, we investigated whether cellular functions like migration and
phagocytosis were affected by rWnt5a. As shown in Fig. 4b and Fig. 4c, we found that the migratory
ability of THP-1 macrophages was remarkably improved by incubation with rWnt5a for 24h, especially
they incubated with 50 or 100ng/ml rWnt5a (P<0.05). Moreover, the phagocytic ability (A550nm) of THP-
1 macrophages was also signi�cantly enhanced when they were exposed to 100ng/ml rWnt5a for 1 hour
(P<0.05; Fig. 4d). However, no signi�cant differences of phagocytosis were detected among cells
incubated with 50 or 500ng/ml rWnt5a within a 6-hour duration (P>0.05 for all; Fig. 4d). Finally, we
detected the JNK signaling in THP-1 macrophages treated by rWnt5a. Activated JNK rapidly reached
maximum in an hour in THP-1 macrophages induced by 50ng/ml rWnt5a(P<0.05; Fig. 4e), and higher
JNK activation was also investigated in THP-1 macrophages treated by 50 or 100ng/ml rWnt5a for an
hour compared with that in cells treated by 500ng/ml rWnt5a or untreated cells (P<0.05 for all; Fig. 4f).

Most effects exerted by rWnt5a on THP-1 macrophages
reversed by Box5 and SP600125
In order to know better of the Wnt5a/JNK signaling in vitro, we investigated whether in�ammatory
cytokines expression, phagocytosis and migration of THP-1 macrophages induced by rWnt5a could be
reversed by Box5 and a speci�c JNK inhibitor, SP600125. Data suggested that rWnt5a-induced JNK
activation was blocked by 200µM Box5 (P<0.05; Fig. 5a) and 40nM SP600125 (P<0.05; and Fig. 5b). In
contrast to robust upregulation induced by rWnt5a, Box5 and SP600125 remarkably restored the
increased mRNA expression of IL-6 and TNF-α (P<0.05; P<0.05; Fig. 5c and Fig. 5d). Moreover, Wnt5a-
enhanced phagocytosis of THP-1 macrophages was also turned back by Box5 (P<0.05; Figure 5e) and
SP600125 (P<0.05; Fig. 5f). Finally, as shown in Fig. 5g and Fig. 5i, the improved migration ability of THP-
1 macrophages induced by rWnt5a was also reversed after co-incubation with Box5 (P<0.05). However,
SP600125 had no effect on rWnt5a-induced migration of THP-1 macrophages (P<0.05; Fig. 5h and
Fig. 5j).

Discussion
In our study, it indicated that aberrant Wnt5a expression and JNK activation were detected in a mouse
ALF model induced by D-Gal/LPS. In vivo, pretreatment of Box5, a Wnt5a antagonist, restored JNK
activation, and exactly attenuated D-Gal/LPS-induced liver injury, as indicated by changes in liver
pathology and ALT/AST levels, as well as decreased the mortality rate. In vitro, we demonstrated that
downstream in�ammatory cytokines expression and phagocytosis of THP-1 macrophages induced by
rWnt5a were dependent on JNK activation, which could be reversed by Box5. In addition, rWnt5a-induced
migration of THP-1 macrophages was also turned by Box5.
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ALF is a deadly clinical disorder characterized by overwhelming hepatocyte death and rapid deterioration
of normal liver function. Central to the pathogenesis of ALF is dysfunction of in�ammation and immune
response to various causes, which in turn exacerbates hepatocellular necrosis and apoptosis [24, 25]. ALF
induced by D-Gal/LPS has been widely used as an animal model to elucidate pathogenesis and evaluate
the e�ciency of hepatoprotective agents [23, 26]. LPS, part of outer membrane of gram-negative bacteria,
can greatly stimulate secretion of pro-in�ammatory cytokines, such as IL-1β, IL-6 and TNF-α [27]. D-Gal, a
speci�c hepatotoxic agent, can greatly increase hepatocellular death by enhancing their sensitivity to
in�ammatory injury [28]. Resembling human ALF, co-injection of D-Gal and LPS into mice in our study
resulted in large liver necrotic foci, increased hepatocellular apoptosis, loss of liver function and elevated
expression of in�ammatory cytokines.

Since it was �rst reported that cytokines such as IL-6, Interleukin-8 (IL-8), and Interleukin-15 (IL-15) were
upregulated by Wnt5a in rheumatoid arthritis synovial �broblasts [29], there has been huge interest in
Wnt5a signaling in in�ammatory process. A subsequent study indicated that Wnt5a promotes Interleukin-
12 (IL-12) synthesis and enhances the in�ammation of human mononuclear cells induced by microbial
stimulation [15]. Consistent with another research indicating that Wnt5a was upregulated in sera of
patients with sepsis [14], our previous study showed that serum Wnt5a was increased in patients with
ACHBLF compared with that in patients with CHB and healthy controls [22]. In our present study, we also
suggested that liver Wnt5a protein expression was signi�cantly elevated in mice of D-Gal/LPS group
contrast to that in Control group by immunohistochemistry. However, two forms of Wnt5a with distinct
molecular weights were detected in liver tissues, when we further determined our results by Western blot.
We observed an increase in the bigger molecular weight of Wnt5a (∼58 kDa) in mice with D-Gal/LPS
administration. Similar �ndings that Wnt5a has two or more forms in one tissue have been observed in
murine lung tissue [30] and neuron [31], although their Wnt5a were detected with different molecular
weights from ours. Wnt proteins heavily rely on posttranslational modi�cations, such as glycosylation
and palmitoylation, to secret and function, and they can also agglomerate into multimeric or oligomerized
complexes [32, 33]. Perhaps, it partly explains our results, which undoubtedly needs further in-depth study
to con�rm. To get more insight of Wnt5a in ALF, we also evaluate the Wnt5a transcription by qPCR.
Interestingly, Wnt5a mRNA expression in liver tissues of mice in D-Gal/LPS group was decreased
compared with that in Control group, just opposite to its protein pattern. This contradictory expression of
Wnt5a transcription and translation in liver tissue of D-Gal/LPS mice was similar to that observed in
hepatocellular carcinoma and para-carcinoma liver tissues [34]. Thus, we speculated that some unclear
mechanisms remain in the regulation of Wnt5a protein expression except posttranslational modi�cations,
which exactly requires us to explore in the future. Nevertheless, these data suggested that Wnt5a
signaling was involved in the development of ALF.

To determine the potential role of Wnt5a in ALF, we evaluate the effect of Wnt5a inhibition on the
development of ALF with its antagonist, Box5. Box5 has been described to be a competitive inhibitor of
Wnt5a through binding to its receptor to inhibit the biological activity of Wnt5a signaling [35]. Our results
in the present study clearly showed that Wnt5a inhibition by Box5 alleviated pathologic severity,
ameliorated liver function, and decreased mortality rate of ALF mice. In addition, Box5 pretreatment could
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also reduce the stimulation of in�ammatory cytokines, like IL-1β, IL-6, TNF-α and IL-10 induced by D-
Gal/LPS, although not signi�cant. These results were consistent with those in diabetic nephropathy
suggested by Li and et al [36]. Taken together, it indicated that Wnt5a inhibition by Box5 could be a
potential therapeutic strategy for ALF.

Noncanonical Wnt5a signaling comprises two main pathways: Wnt5a/Ca2+ pathway and the Wnt5a/JNK
or planar cell polarity (PCP) pathway [37]. Therein JNK signaling was widely demonstrated to be involved
in in�ammation [36, 38, 39]. Activated JNK participated in stimulation of many in�ammatory cytokines
by LPS [39, 40]. Phosphorylation of JNK mediated hepatoxicity in acetaminophen-induced ALF [20].
Moreover, by attenuating JNK-mediated mitochondrial translocation, D-Gal/LPS-induced ALF could be
ameliorated [41]. JNK inhibition with two different JNK inhibitors in vivo markedly reduced hepatic
necrosis and apoptosis in paracetamol-induced ALF [42]. In this regard, we focused on JNK signaling as
the downstream pathway of Wnt5a in our present research. As we expected, activated JNK was detected
in liver tissues of mice in D-Gal/LPS group, and restored by Box5 pretreatment. In summary, results
manifested that Wnt5a/JNK signaling play an important role in presence and progression of ALF.

Basal Wnt5a expression was observed in PBMC, PBMC-derived macrophage, alveolar macrophage,
microglia and macrophage cell lines [12]. We found that Wnt5a was overexpressed on liver macrophages
rather than hepatocytes. Dysfunction of monocyte and macrophage is central to ALF development [6]. As
is widely known, it is necessary for the initiation and propagation of ALF that liver macrophages
recognize and phagocyte pathogens or debris and stimulate in�ammatory cytokines expression, as well
as monocytes are recruited to differentiate into macrophages to expand the macrophage pool and
promote tissue destruction. Considering above aspects, we explored the role of Wnt5a/JNK signaling in
activation of THP-1 macrophages in vitro, which originally exist as one of monocyte cell lines, but was
induced to differentiate into macrophage by PMA in our study. Results indicated that rWnt5a could
induce increased mRNA expression of TNF-α and IL-6, and enhance the phagocytosis and migration
abilities of THP-1 macrophages. These cellular regulations were dependent on JNK signaling except
migration, as the JNK inhibitor, SP600125 totally abolished them. Box5 not only restored the above
modulations of THP-1 macrophages but also blocked the activation of JNK induced by rWnt5a. To sum
up, our �ndings supported that JNK signaling participated in the regulation of macrophages and Wnt5a
was a regulator of JNK signaling. Furthermore, Wnt5a/JNK signaling participated in the development of
ALF probably by regulating the activation of macrophages.

There are some limitations in our present study. One is that the mechanism under the contradictory
expression of Wnt5a mRNA and protein expression remains unclear. Since our study focused more on the
function of Wnt5a protein, more researches concerned on the regulation of transcription and translation
are needed in the future. Another one is that the Wnt5a-knockout mice model is deserved to be the most
accurate experimental tool to investigate its function. Unfortunately, homozygous Wnt5a-knockout mice
exhibit perinatal lethality, due to developmental defects [43] and mice with Wnt5a-siRNA may not be
blocked in liver Wnt5a protein expression, as suggested by our above results. Therefore, we selected
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Box5, stated as a Wnt5a antagonist, to inhibit Wnt5a protein in mice. If the more insight of Wnt5a is
further determined, conditional Wnt5a-konck out mice model may be the best option in future researches.

In conclusion, our �ndings provide strong evidence that aberrant Wnt5a/JNK signaling mediated massive
hepatocellular necrosis and apoptosis, increased serum ALT and AST, and elevated in�ammatory
cytokines expression in D-Gal/LPS-induced ALF mice. Box5, as wnt5a antagonist could e�ciently abolish
these mediations and eventually improved the outcomes of D-Gal/LPS-induced ALF mice. Moreover,
Wnt5a, expressed primarily on liver macrophages, was demonstrated to induce the activation of THP-1
macrophages in a JNK-dependent manner, which were also reversed by Box5. Overall, our results
supported that Wnt5a/JNK signaling was involved in the development of ALF, partly via the regulation of
macrophages and Box5 may be a potential effective agent for the treatment of ALF.
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Figures

Figure 1

Hepatic damage was caused by D-Gal/LPS administration. a Histology of liver sections stained with H&E
(magni�cation, ×200). Bar=100µm. b Cells apoptosis in liver sections using TdT-mediated dUTP Nick-End
Labeling (TUNEL) staining (magni�cation, ×100). Bar=200µm. c Serum levels of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST). d Relative liver mRNA levels of tumor
necrosis α (TNF-α), Interleukin-6 (IL-6), Interleukin-1β (IL-1β) and Interleukin-10 (IL-10). Data are shown as
mean ± standard error of mean (SEM). n=10.*P 0.05.
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Figure 2

Aberrant Wnt5a expression and JNK activation in liver tissues were induced by D-Gal/LPS. a
Representative immunohistochemistry photographs for Wnt5a (magni�cation, ×400). Bar=50µm. b
Quantitative analysis of Wnt5a immunohistochemistry staining. c Representative immuno�uorescence
photographs for Wnt5a, F4/80 and DAPI (magni�cation, ×100). Bar=200µm. d Wnt5a protein levels by
Western blot analysis. e Relative quantities of Wnt5a mRNA levels. f Assessment of JNK activation by
Western blot analysis. Data are shown as mean ± standard error of mean (SEM). n=10.*P 0.05
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Figure 3

Box5 attenuated hepatic damage and reversed JNK activation. a Histology of liver sections stained with
H&E (magni�cation, ×400). Bar=50µm. b Cells apoptosis in liver sections using TdT-mediated dUTP Nick-
End Labeling (TUNEL) staining (magni�cation, ×100). Bar=200µm. c Serum levels of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST). d Survival rate within 72 h after D-
Gal/LPS administration. e Relative quantities of mRNA levels, including tumor necrosis α (TNF-α),
Interleukin-6 (IL-6), Interleukin-1β (IL-1β) and Interleukin-10 (IL-10). f Assessment of JNK activation by
Western blot analysis. Data are shown as mean ± standard error of mean (SEM). n=10.*P 0.05.
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Figure 4

Recombined Wnt5a (rWnt5a) induced downstream regulation, migration and phagocytosis of THP-1
macrophages. a Relative mRNA levels of tumor necrosis α (TNF-α), Interleukin-6 (IL-6), Interleukin-1β (IL-
1β) and Interleukin-10 (IL-10) in THP-1 macrophages treated by 50ng/ml rWnt5a for 1, 3, 6 h. b Transwell
migration assay for THP-1 macrophages treated with different concentrations of rWnt5a (50, 100,
500ng/ml) for 24h (magni�cation, ×200). c Quanti�cation analysis of migratory cells in �ve �elds
counted using Image J. d Neutral red uptake assay for THP-1 macrophages exposed to different
concentrations of rWnt5a (50, 100, 500ng/ml) for 1, 3, 6 h. The absorbance at a wavelength of 550nm
(A550nm) represented phagocytosis of THP-1 macrophages. e Assessment of JNK activation in THP-1
macrophages treated by 50ng/ml rWnt5a for 1, 3, 6 h using Western blot. f Assessment of JNK activation
in THP-1 macrophages treated by rWnt5a with 50, 100, 500ng/ml using Western blot. Data are shown as
mean ± standard error of mean (SEM). *P 0.05.
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Figure 5

Box5 and SP600125 reversed the most effects exerted by rWnt5a on THP-1 macrophages. JNK activation
(a, b) and relative mRNA levels of in�ammatory cytokines (c, d) were assessed in THP-1 macrophages
treated with 50ng/ml rWnt5a for 1h with or without 200µM Box5 or 40nM SP600125. Neutral red uptake
assay was conducted to evaluate the phagocytosis of THP-1 macrophages treated with 100ng/ml
rWnt5a for 1h with or without 200µM Box5 (e) or 40nM SP600125 (f). The absorbance at a wavelength of
550nm (A550nm) represented phagocytosis of THP-1 macrophages. Transwell migration assay (g, h)
and quanti�cation analysis (i, j) was used to analyze the migratory THP-1 macrophages treated with
50ng/ml rWnt5a for 24h with or without 200µM Box5 or 40nM SP600125 (magni�cation, ×200). C,
Control; B, Box5; S, SP600125; B+W, Box5 + rWnt5a; S+W, SP600125+rWnt5a; W, rWnt5a. Data are shown
as mean ± standard error of mean (SEM). *P 0.05.


