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Abstract

Background and Aims—A better understanding of the underlying mechanism of
acetaminophen (APAP)-induced liver injury (AILI) remains an important endeavor to develop
new therapeutic approaches. Eosinophils have been detected in liver biopsies of patients with
APAP overdose. We recently demonstrated a profound protective role of eosinophils against AlLI;
however, the molecular mechanism had not been elucidated.

Approach and Results—In agreement with our previous data from experiments using
genetic deletion of eosinophils, we found that depletion of eosinophils in wild-type (WT)

mice by an anti-IL-15 antibody resulted in exacerbated AILI. Moreover, adoptive transfer

of eosinophils significantly reduced liver injury and mortality rate in WT mice. Mechanistic
studies using eosinophil-specific 1L-4/1L-13 knockout mice demonstrated that these cytokines,
through inhibiting IFN-y, mediated the hepato-protective function of eosinophils. Reverse phase
protein array analyses and /n vitro experiments using various inhibitors demonstrated that 1L-33
stimulation of eosinophils activated p38MAPK, and in turn, cyclooxygenases (COX), which
triggered NF-xB-mediated I1L-4/IL-13 production. /nn vivo adoptive transfer experiments showed
that in contrast to naive eosinophils, those pre-treated with cyclooxygenase inhibitors failed to
attenuate AlLI.

Conclusions—The current study revealed that eosinophil-derived 1L-4/1L-13 accounted for
the hepato-protective effect of eosinophils during AILI. The data demonstrated that the
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p38MAPK/COX/NF-xB signaling cascade played a critical role in inducing IL-4/1L-13 production
by eosinophils in response to IL-33.

eosinophils; acetaminophen; cyclooxygenase; IL-4; IL-13

Introduction

Acetaminophen (APAP) overdose is the single most important cause of acute liver failure
in many developed countries(1). Although N-acetyl cysteine can reduce APAP-induced
liver injury (AILI), its effectiveness is limited to the first few hours after APAP ingestion.
Therefore, exploring the underlying pathogenesis of AILI in order to develop novel
therapeutic approaches remains an important area of research.

In addition to APAP-induced direct hepatotoxicity, evidence supports that sterile
inflammation contributes to AILI. Damage-associated molecular patterns (DAMPS) are
released from damaged cells and activate innate immune cells to produce pro-inflammatory
mediators (2). TNF-a and IL-1a are involved in the early phase of APAP-induced liver
damage (3, 4). IFN-y is shown to promote leukocyte infiltration, nitric oxide production, and
the release of other inflammatory cytokines during AILI (5). The critical role of IFN-7y in
AILI is further demonstrated by the reduced liver injury in both IFN—y"‘ and anti-IFN-y
antibody-treated mice (5, 6). Sterile inflammation is self-limiting owing to factors that
counteract and restrain inflammation, and eventually restore tissue homeostasis. Similar to
the initiation of inflammation, the resolution of inflammation is an active process and tightly
controlled (7, 8). However, the pro-resolving or anti-inflammatory mechanisms in AILI are
not completely understood.

Eosinophils are terminally differentiated and highly granulated myeloid-derived cells. They
have been regarded as a cell type responding to parasitic infection and contributing

to allergic diseases (9, 10). However, emerging evidence suggests that eosinophils play

an important role in resolving inflammation. In a mouse model of IgG-mediated skin
inflammation, eosinophils promote the resolution of inflammation via recruiting regulatory
T cells (11). It is also reported that eosinophils are important in restraining inflammation
and promoting tissue remodeling in allergic airway (12, 13). Although a small number of
eosinophils are found in the liver in steady state (14), the number increases significantly
under pathological conditions, such as viral hepatitis and acute liver injury (15, 16). Up

to date, there are very few studies on the role of eosinophils in acute liver injury and

they report controversial findings (17, 18). In a mouse model of halothane-induced acute
liver injury, eosinophils have been associated with a pathological role (17), whereas in

liver ischemia-reperfusion injury, eosinophil accumulation in the liver confers a profound
hepato-protective function (18). Moreover, eosinophils have been detected in liver biopsies
of patients with APAP overdose (19) and our recent study demonstrated a protective role of
eosinophils in AILI (20).

The present study provide data supporting that eosinophil-derived IL-4/1L-13, through
inhibition of IFN-v, is an important mechanism of the hepato-protective function of
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eosinophils. The data also demonstrate that the IL-4/IL-13 production by eosinophils is
mediated through IL-33-induced p38 MAPK phosphorylation, followed by cyclooxygenase
and NF-xB activation.

Materials and Methods

Animal experiments

Breeders of Balb/c (cat#000651), AdblGatal (cat#005653), and IL-4/GFP-enhanced
transcript (4Get) reporter (cat#004190) mice were purchased from the Jackson laboratory.
Breeders of I1L-4/1L-13f/flxeoCre mice (backcrossed to C57BL/6J) (21) were obtained from
Mayo Clinic Arizona. All mouse colonies were maintained at the UTHealth animal core
facility. All experiments were performed according to the guidelines of the IACUC at
UTHealth.

Female Balb/c mice (8—10 weeks old) were used in the majority of the experiments to avoid
the effects of aggression among male mice. Male Balb/c and AdblGatal mice were also
used and the same phenotype was observed (data not shown). For APAP treatment, mice
were fasted overnight (5:00pm — 9:00am) before injected intraperitoneally (i.p.) with APAP
(Sigma-Aldrich) dissolved in warm phosphate-buffered saline (PBS) at the dose of 325
mg/kg (22). After APAP treatment, mice were euthanized to harvest blood and liver tissues
for further analysis at 8h or 24h. For survival analyses, mice were treated with 600mg/kg of
APAP.

To evaluate the extent of liver injury, serum concentrations of alanine transaminase (ALT)
were measured by a diagnostic assay kit (Teco Diagnostics). Paraffin-embedded liver tissues
were cut in 5um sections and stained with hematoxylin and eosin for the examination of
liver histopathology.

In the adoptive transfer experiments, 7.5 millions of bone marrow-derived eosinophils
(bmEos) were injected intravenously (i.v.) into recipient mice immediately prior to APAP
injection. For eosinophils depletion, WT mice were i.p. injected with anti-1L-5 antibody
(200ug per mouse, clone: TRFKS5, Bio X Cell) at 18h before APAP injection. To neutralize
IL-4 and IL-13 /n vivo, mice were i.v. injected with the combination of an anti-mouse IL-4
antibody (300pg per mouse, clone: 11B11, Bio X Cell) and an anti-mouse 1L-13 antibody
(200pg per mouse, clone: 38213, ThermoFisher) immediately prior to APAP treatment.
Control mice were treated with the same amounts of rat IgG.

Flow Cytometric analyses

Liver mononuclear cells were isolated, stained with various antibodies and analyzed using
a CytoFLEX flow cytometer (Beckman Coulter). Anti-CD16/CD32 antibody (2.4G2, BD
Pharmingen) was used to block nonspecific binding. The fixable live/dead viability dye
(ThermoFisher, cat#L.34962) was used to define live cells. Anti-CCR3 (J073E5) was
purchased from BioLegend. Anti-Siglec F (E50-2440), anti-CD3 (145-2C11), anti-CD11b
(M1/70), and anti-CD45 (30-F11) were purchased from BD Pharmingen. For intracellular
staining of IL-13, liver mononuclear cells obtained from APAP-treated mice were fixed and
permeabilized by the kit (BD Cytofix/Cytoperm™ Fixation/Permeabilization Kit), and then
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stained with anti-IL-13 antibody (eBio13A, ThermoFisher) without further stimulation ex
vivo. The data were analyzed with the FlowJo v10.7.1 software.

Isolation and ex vivo culturing of mouse bone marrow-derived eosinophils (bmEos)

Ex vivo culturing of mouse bmEos was performed as previously described (23). Briefly,
bone marrow cells from mouse femurs and tibias were cultured in 10 ml of RPMI 1640
medium (Gibco) with 20% FBS and supplemented with FLT3-L (100ng/ml, PeproTech) and
SCF (100ng/ml, PeproTech) for 4 days. On day 4, the medium was replaced with 10ml

of fresh medium containing I1L-5 (10ng/ml, PeproTech) only. On day 8, the medium was
replaced with 20ml of fresh medium containing IL-5. On day 12, bmEos were collected and
stimulated by IL-33 (20ng/ml) or the combination of IFN-y and TNF-a (15ng/ml each) in
presence of IL-5 (10ng/ml) for different times as indicated.

To inhibit the activity of COX-1, COX-2, p38, or NF-xB /n vitro, the inhibitors of COX-1
(sc-560, 50uM), COX-2 (celecoxib, 50uM), COX-1/COX-2 (indomethacin, 50uM), p38
(SB203580, 10uM), or NF-xB (BAY 11-7821, 10uM) were used. The same amount of
DMSO was used as control. All above inhibitors were purchased from MedChemExpress.

Quantitative real-time PCR, ELISA and IHC staining

Total RNA was extracted from bmEos using the RNeasy Mini Kit (QIAGEN) according

to the manufacturer’s instruction. The cDNA synthesis kit (BIO-RAD, cat#1725035) and
SyGreen Blue Mix (Genesee Scientific) were used to perform reverse transcription and
real-time quantitative PCR. Results were normalized to 18s mMRNA expression. PCR primers
used are listed below:

IL-4: GGTCTCAACCCCCAGCTAGT (F), GCCGATGATCTCTCTCAAGTGAT (R);
IL-13: CCTGGCTCTTGCTTGCCTT (F), GGTCTTGTGTGATGTTGCTCA (R);

Ptgs2 (COX-2): TTCAACACACTCTATCACTGGC (F), AGAAGCGTTTGCGGTACTCAT
(R);

18S: ACGGAAGGGCACCACCAGGA (F), CACCACCACCCACGGAATCG (R).

ELISA kits for the measurement of IL-4 and IFN-y were purchased from BioLegend.
ELISA Kkits for the measurement of IL-13 were purchased from R&D Systems. All
measurements were performed according to the manufacturers’ instruction.

IHC staining was performed to detect eosinophils as previously described (18). Rat anti-
mouse MBP antibody (MT2 14.7.3) was obtained from Mayo Clinic Arizona.

Western-blotting

The lysates of bmEos were electrophoresed on SDS-PAGE and transferred to a
nitrocellulose membrane (Bio-Rad). COX-2, phospho-NF-xB p65 (Ser536), and NF-xB p65
were detected by using anti-COX-2 (cat#12282), anti-phospho-p65 (cat#3033), and anti-p65
(cat#8242) antibodies followed by anti-rabbit IgG-HRP antibody (cat#7074) as secondary
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antibody. All the above antibodies were purchased from Cell Signaling Technology. Anti-p-
actin-HRP antibody was used as loading control (Sigma-Aldrich, cat#A3854).

Reverse Phase Protein Array (RPPA) analyses

BmEos were treated with PBS or IL-33 (20ng/ml) for 5min or 6h. Protein lysates were
prepared and RPPA analyses were performed by the Antibody-based Proteomics Core
Facility at The University of Texas MD Anderson Cancer Center.

Statistical analysis

All statistical analyses were conducted with GraphPad Prism version 8.0 (GraphPad
Software Inc.). Results were presented as means = SEM. To compare values obtained
from three or more groups with one independent variable, a one-way analysis of variance
(ANOVA) was used followed by Tukey’s test. To compare groups with two independent
variables, a two-way ANOVA was used followed by Tukey’s test. Otherwise, a two-tailed
unpaired Student’s t test was performed. The data were considered statistically significant
when differences in values reached p < 0.05.

Results

Eosinophils protect against AILI by suppressing IFN-y production through the release of
IL-4/IL-13.

Our previous study using eosinophil-deficient AdbIGATAL mice showed that eosinophils
play a protective role in AILI (Reference 20). As an alternative approach to genetic deletion
of eosinophils, we treated WT mice with an anti-1L-5 antibody prior to APAP challenge
(Supplemental Fig.1). Compared to IgG-treated controls, mice treated with anti-1L-5
developed much more severe liver injury, evident by an increased elevation of serum alanine
aminotransferase (ALT) and more expansive areas of necrosis at 24h post-APAP (Fig.
1A-C). We previously showed that adoptive transfer of bone marrow-derived eosinophils
(bmEos) to AdbIGATA1 mice could normalize AILI toward the degrees observed in WT
mice (Reference 20). An important next step toward probing the therapeutic potential of
these cells is to investigate whether adoptive transfer of bmEos to WT mice can confer
protection. The data showed that bmEos could markedly reduce ALT levels and liver
necrosis in WT mice (Fig. 1D-F). More importantly, when we treated WT mice with a
higher dose of APAP (600mg/kg) that caused around 80% mortality, we found that adoptive
transfer of bmEos, either immediately or 4h after APAP treatment, could significantly
reduce mortality rate (Fig. 1G).

It is known that eosinophils represent a major cellular source of IL-4 and 1L-13 (18, 23).

To investigate if hepatic infiltrating eosinophils express IL-4 and/or IL-13 during AlILLI,

we used IL-4/GFP-enhanced transcript (4Get) reporter mice to detect I1L-4 and performed
intracellular staining to detect IL-13 expression. The data showed that eosinophils accounted
for more than 90% of IL-4-expressing cells and more than 90% of IL-13-expressing cells

in the liver after APAP treatment (Fig. 2A and B). It has been reported that either IL-4-

or IL-13-deficient mice develop exacerbated AILI compared with WT mice (24, 25),
suggesting a protective role of IL-4 and IL-13. To confirm this finding, we treated mice
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with the combination of anti-IL-4 and anti-1L-13 neutralizing antibodies prior to APAP
challenge and found a significant increase of serum ALT levels and liver necrosis compared
to 1gG-treated control mice (supplemental Fig. 2A-C).

These findings led to our hypothesis that eosinophils protect against AlLI through the
release of IL-4 and IL-13. To examine this hypothesis, we used a mouse with eosinophil-
specific deletion of IL-4 and 1L-13 (IL-4/IL-132EOS). Compared with their WT littermates,
the 1L-4/1L-132E0S mice developed worsened liver injury after APAP treatment (Fig. 2C—
E). Moreover, unlike WT bmEos, adoptive transfer of bmEos from IL-4/1L-132EOS mice
failed to reduce ALT levels nor liver necrosis in AdbIGATAL mice (Fig. 2F-H). These data
strongly suggested that IL-4/IL-13 played a critical role in mediating the hepato-protective
function of eosinophils during AlILI.

IL-4 and IL-13 are Th2 cytokines, which could inhibit IFN-y production and function.
Given the pathological involvement of IFN-y in AILI (5, 6), we hypothesized that
eosinophil-derived 1L-4/IL-13 played a protective role by inhibiting IFN-y production.
Indeed, serum levels of IFN-y were much higher in AdbIGATA1 mice than WT mice treated
with APAP (Fig. 21). Furthermore, adoptive transfer of WT bmEos, but not IL-4/IL-132E08
bmEos, to AdbIGATAL mice reduced the level of IFN-y to that of WT mice (Fig. 21),
indicating that eosinophil-derived 1L-4/1L-13 suppressed IFN-y production during AlILI.

Cyclooxygenases play a critical role in IL-4/IL-13 production by eosinophils

APAP-induced liver injury results in the release of a number of cytokines, some of which are
known to activate eosinophils (e.g. IL-33, IFN-y and TNF-a) (26, 27). We treated bmEos

in vitro with 1L-33 or the combination of IFN-y and TNF-a.. Although IFN-y/TNF-a could
induce a slight increase in IL-4 expression, IL-33-stimulated eosinophils produced much
higher levels of both IL-4 and IL-13 (Fig. 3A-D).

To explore the molecular signaling downstream of 1L-33, we treated bmEos with 1L-33

for 6h and then performed reverse phase protein array (RPPA) analyses. The data showed
that cyclooxygenase (COX)-2 was the most significantly increased after IL-33 stimulation
(supplemental Table. 1). This result was confirmed by gPCR and Western blot analyses of
COX-2 in IL-33-stimulated bmEos (Fig. 4A and B). Next, we treated bmEos with IL-33

in presence of indomethacin and found that both IL-4 and IL-13 levels were decreased
significantly (Fig. 4C and D). Since indomethacin inhibits both COX-1 and COX-2, we
next used COX-1- or COX-2-specific inhibitors. Interestingly, inhibition of neither COX-1
(by sc-560) nor COX-2 (by celecoxib) alone could significantly reduce the levels of

IL-4 (supplemental Fig. S3). However, the combination of sc-560 and celecoxib could
dramatically inhibit IL-4 production. The results were similar for IL-13 (data not shown).
These data indicate that both COX enzymes played a role in mediating the activation of
eosinophils by 1L-33. Moreover, we treated WT bmEos with sc-560 and celecoxib /n vitro
for 2h before adoptively transferring the cells to eosinophil-deficient AdbIGATAL mice. The
data showed that COX-inhibited bmEos were not as efficient as vehicle-treated bmEos in
attenuating liver injury in AdbIGATA1 mice (Fig. 4E), suggesting that the COX-1/2 enzymes
are important in the protective effect of eosinophils.
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The p38-COX-NF-xB signaling pathway is crucial for IL-4/IL-13 production by eosinophils

It has been reported that prostaglandin products of COX-1/2 can activate NF-xB (28, 29).
We wondered if COX-1/2 play an important role in IL-33-induced NF-xB activation in
eosinophils. We treated bmEos with IL-33 in the presence or absence of sc-560/celecoxib.
The data showed that IL-33-induced p65 phosphorylation was abrogated by the combination
of COX-1 and COX-2 inhibitors (Fig. 5A), suggesting that COX-1/2 mediate IL-33-induced
NF-xB activation.

To identify upstream signals leading to COX-1/2 activation, we treated bmEos with

IL-33 for 5min and performed a RPPA screen. The data showed that phospho-p38
mitogen-activated protein kinase (MAPK) was the most significantly increased by 1L-33
treatment (supplemental Table. 2). Interestingly, treating bmEos with a p38MAPK inhibitor
(SB203580) abrogated IL-33-induced upregulation of COX-2 mRNA and protein levels
(Fig. 5B and C), placing p38 activation upstream of COX-2 upregulation by IL-33.

To further confirm the roles of p38 and NF-xB activation in IL-33-induced IL-4/IL-13
production, we treated bmEos with p38 or NF-xB inhibitor for 1h prior to IL-33 stimulation.
The data showed that IL-4 and IL-13 mRNA and protein levels were reduced significantly
when p38 or NF-xB was inhibited (Fig. 5D-G). Interestingly, NF-xB inhibition, but not p38
inhibition, nearly completely abolished IL-4/1L-13 production. Since p38 inhibition does not
affect COX-1, it is likely that COX-1-derived prostaglandin products could activate NF-xB
and induce IL-4/IL-13 production, even when COX-2 was inhibited by the p38 inhibitor
(Fig. 5F-G). Together, these data strongly support that in 1L-33-stimulated eosinophils,

the p38MAPK/COX/NF-xB signaling axis plays a critical role in inducing IL-4/1L-13
production.

Discussion

The current study elucidated the underlying mechanism of eosinophil-mediated hepato-
protection against AILI. We provide evidence supporting that the protection is mediated by
IL-4/IL-13 production through the p38 MAPK/COX/NF-xB signaling pathway (Fig. 6).

Accumulating evidence supports that eosinophils are recruited to injured/inflamed tissues
and that they function to resolve inflammation and protect against tissue damage (11-13,
30, 31). For example, in staphylococcus aureus-induced acute lung injury, IL-33-induced
eosinophilia plays a critical role in inhibiting neutrophilia and pulmonary edema, thereby
promoting survival (32). In a mouse model of acute colitis, eosinophils exert a protective
effect by attenuating neutrophil infiltration and reducing the levels of inflammatory
cytokines through the production of anti-inflammatory lipid mediators (33). Eosinophil-
derived anti-inflammatory lipid mediators are important in resolving inflammation (30).
For example in zymosan-induced acute peritonitis, infiltrating eosinophils promote the
resolution of inflammation by releasing protectin D1 (34). Our finding of a hepato-protective
function of eosinophils in AILI is consistent with the clinical observation that hepatic
eosinophil accumulation correlates with a better prognosis in patients with drug-induced
liver injury (15, 35).
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It has been reported that the serum levels of 1L-4 and IL-13 are elevated after APAP
administration (24, 25). Both cytokines play a protective role against AlLI, as IL-4- or
IL-13-deficient mice are more susceptible to AILI (24, 25). However, the cellular source of
IL-4/IL-13 was not investigated in previous studies. Although multiple cell types, including
CD4* T cells, NKT cells, mast cells, eosinophils, and basophils, are capable of producing
IL-4/IL-13 (36), our current study using 4Get mice and IL-13 intracellular staining
unequivocally identified hepatic eosinophils as the main source of IL-4/IL-13 during

AILI. Furthermore, the experiments using eosinophil-specific IL-4- and IL-13-deleted mice
demonstrated that 1L-4/1L-13 produced by eosinophils protected against AlLI.

Eosinophils produce 1L-4/IL-13 in response to IL-33 (18, 37), which is elevated during

AILI (24, 25). It is known that I1L-33 binds to its receptor, suppression of tumorigenicity 2
(ST2), and activates MAP kinases, including ERK, JNK and p38 MAPK (38, 39). It has also
been shown that 1L-33 activates MyD88/IRAK/TRAF6, culminating in NF-xB activation
(38, 39). In addition, I1L-33 can activate JAK2 which consequently induces NF-xB activation
in murine embryonal fibroblasts (40). Experiments using inhibitors that block ERK, JNK,

or JAK/STAT did not show any effect on IL-4 or 1L-13 production (data not shown). In
contrast, inhibition of p38 MAPK dramatically reduced IL-4/IL-13 production by bmEos.
Further mechanistic study revealed that p38 MAPK was important in upregulating COX2,
which in turn triggered NF-xB activation in eosinophils. Although this is the first time
IL-33-induced COX-2 upregulation is observed in eosinophils, a similar finding has been
reported in colorectal cancer cells (41). Interestingly, with regard to AILI, both COX-17/~
and COX-27~ mice have been shown to develop worsened liver injury (42). These and the
finding that pharmacological inhibition of COX-2 exacerbates AlLI (42) suggest a protective
role of COX-1 and COX-2 in AILI. The underlying mechanism of this protection is now
unveiled by our data supporting a link between COX-1/2 and IL-4/1L-13 production by
eosinophils.

In summary, the present study uncovers that hepatic infiltrating eosinophils protect against
AILI through the release of 1L-4/IL-13, in a COX-dependent manner. The findings raise a
concern that nonsteroidal anti-inflammatory drugs, which are widely used to reduce pain
and inflammation, may increase the risk of AILI by inhibiting COX-1/2 and reducing 1L-4/
IL-13 production by eosinophils. Our data also suggest that promoting hepatic eosinophil
accumulation and/or adoptive transfer of eosinophils may be explored as strategies to treat
AILI and conditions of acute liver injury.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Eosinophilsinfiltrate theliver and exert a profound protection against AILI.
(A to C) WT mice were i.p. injected with anti-1L-5 antibody (200ug/mouse) to deplete

eosinophils or rat IgG as control at 18h prior to APAP treatment (n=3-4/group). (A) Serum
levels of ALT were measured at 8 and 24h after APAP treatment. (B and C) Liver necrosis
(scale bars, 100um) was evaluated and quantified at 24h after APAP treatment. (D to F)
WT mice were adoptively transferred with PBS or WT bmEos immediately prior to APAP
treatment (n=3-4/group). (D) Serum levels of ALT were measured at 8 and 24h after APAP
treatment. (E and F) Liver necrosis (scale bars, 100um) was examined and quantified at 24h
after APAP treatment. (G) WT mice were treated with a lethal dose of APAP (600mg/kg).
At Oh and 4h after APAP treatment, mice were i.v. injected with PBS or bmEos (7.5x108,
n=10-14/group). The survival rates were recorded within 4 days after APAP treatment.
Two-way ANOVA with Tukey post hoc test was performed in A and D. Two-tailed unpaired
Student’s t test was performed in C and F. Long-rank (mantel-COX) test was performed in
G.
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Fig. 2. Eosinophil-derived IL-4 and IL-13 protect against AILI by inhibiting | FN-y production.
(A and B) Liver mononuclear cells were isolated from 4Get reporter mice at 24h after

APAP treatment (n=3/group). (A) IL-4-GFP—positive cells were gated, and shown are the
proportions of eosinophils (Siglec F*) and T cells (CD3™) among all IL-4* cells. (B)
Intracellular staining for 1L-13 was performed. Shown is the proportion of eosinophils
(Siglec F*) that express 1L-13 among total 1L-13* cells. (C to E) IL-4/1L-132E0S mice
and WT littermates were treated with APAP. Serum levels of ALT (C, n=6-8/group)

and liver necrosis (D and E, n=4/group, scale bars, 100um) were examined at 24h after
APAP treatment. (F to H) AdbIGATAL mice were adoptively transferred with WT bmEos,
IL-4/IL-13"~ bmEos or PBS as control prior to APAP treatment (n=3/group). Serum
concentrations of ALT (F) and liver necrosis (G and H, scale bars, 100um) were examined
at 24h after APAP treatment. (I) WT, AdbIGATA1L, and AdbIGATAL mice adoptively
transferred of WT bmEos or I1L-4/IL-137/~ bmEos were challenged with APAP (n=4, 7,

7, and 3 respectively). Serum concentrations of IFN-y were measured at 24h after APAP
treatment by ELISA. One-way ANOVA with Tukey post hoc test was performed in F, H and
I. Two-tailed unpaired Student’s t test was performed in C and E.
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Fig. 3. IL-4 and IL-13 expression in eosinophilsin responseto IL-33 or IFN-y/TNF-a.
WT bmEos (n=4) were treated with nothing (Ctrl), IL-33 (20ng/ml), or the combination

of IFN-y and TNF-a (15 ng/ml each). (A and B) After 4h, mRNA levels of IL-4 and

IL-13 were measured by gPCR. (C and D) The protein levels of IL-4 and IL-13 in culture
supernatants were measured by ELISA after 24h. One-way ANOVA with Tukey post hoc
test was performed in A to D.
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Fig. 4. Cyclooxygenases areinvolved in IL-4/IL-13 production by I L-33-activated eosinophils.
(A) WT bmEos (5x108 cells/ml) were stimulated with 1L-33 (20ng/ml) or nothing (Ctrl).

After 2h, mRNA levels of COX-2 were measured by qPCR. (B) WT bmEos were treated
with IL-33 (20ng/ml) for Oh, 6h, and 24h respectively, and then protein expression levels
of COX-2 were measured by Western blotting. (C and D) WT bmEos (5x10° cells/ml) was
treated with 1L-33 (20ng/ml) in the presence or absence of indomethacin (50uM) for 24h.
Protein levels of IL-4 (C) and IL-13 (D) in the supernatants were measured by ELISA.

(E) WT bmEos were treated with sc-560 plus celecoxib (50uM each, COX inhibitors) or
vehicle (10ul DMSO) in vitro for 2h, then the cells were washed 3 times and adoptively
transferred to AdbIGATA1 mice followed by APAP injection immediately. Serum levels of
ALT were measured at 24h after APAP administration. Two-tailed unpaired Student’s t test
was performed in A, and C to E. One-way ANOVA with Tukey post hoc test was performed
in B.
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Fig. 5. The signal pathway of p38-COX-NF-xB iscritical for IL-4/IL-13 production by
eosinophilsin responseto IL-33.

(A) WT bmEos were treated with IL-33 (20ng/ml) in presence of sc-560 and celecoxib
(50uM each, COXi ) or vehicle (10ul DMSO) /n vitro for various times. Expression levels
of phosphorylated-p65 and total-p65 were measured by Western blotting. (B and C) WT
bmEos were treated with vehicle (1l DMSO) or a p38 inhibitor (SB203580, 10uM) for

1h before stimulation by I1L-33 (20ng/ml). WT bmEos without any treatment were regarded
as control (Ctrl). (B) After 2h of IL-33 treatment, mRNA levels of COX-2 were measured
by gPCR. (C) After 6h of IL-33 treatment, expression levels of COX-2 were measured

by Western blotting. (D to G) WT bmEos were treated with vehicle (1l DMSO), a p38
inhibitor (SB203580, 10uM), or a NF-xB inhibitor (BAY11-7821, 10uM) for 1h, then the
cells were washed and stimulated with 1L-33 (20ng/ml). WT bmEos without any treatment
were regarded as control (Ctrl). (D and E) After 4h of IL-33 treatment, mRNA levels

of IL-4 and IL-13 were measured by qPCR. (F and G) After 24h of IL-33 treatment,

the concentrations of IL-4 and IL-13 in supernatants were measured by ELISA. One-way
ANOVA with Tukey post hoc test was performed in B to G.
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Fig. 6. Schematic summary of the main findings.
Eosinophil-derived IL-4/IL-13, through inhibition of IFN-y, protect against APAP-induced

liver injury. Eosinophils produce IL-4/1L-13 in response to I1L-33 stimulation. IL-33
activated p38MAPK, resulting in cyclooxygenase activity, which triggers NF-xB-mediated
IL-4/1L-13 production.
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