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Liver-Specific Deletion of Integrin-Linked Kinase in
Mice Attenuates Hepatotoxicity and Improves Liver
Regeneration After Acetaminophen Overdose
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Acetaminophen (APAP) overdose is the major cause of acute liver failure in the US. Prompt liver regenera-
tion is critical for recovery after APAP hepatotoxicity, but mechanisms remain elusive. Extracellular matrix
(ECM)-mediated signaling via integrin-linked kinase (ILK) regulates liver regeneration after surgical resection.
However, the role of ECM signaling via ILK in APAP toxicity and compensatory regeneration is unknown,
which was investigated in this study using liver-specific ILK knockout (KO) mice. ILK KO and wild-type
(WT) mice were treated with 300 mg/kg APAP, and injury and regeneration were studied at 6 and 24 h after
APAP treatment. ILK KO mice developed lower liver injury after APAP overdose, which was associated with
decreased JNK activation (a key mediator of APAP toxicity). Further, higher glutathione levels after APAP
treatment and lower APAP protein adducts levels, along with lower levels of CYP2EI, suggest decreased
metabolic activation of APAP in ILK KO mice. Interestingly, despite lower injury, ILK KO mice had rapid and
higher liver regeneration after APAP overdose accompanied with increased B-catenin signaling. In conclusion,
liver-specific deletion of ILK improved regeneration, attenuated toxicity after APAP overdose, and decreased
metabolic activation of APAP. Our study also indicates that ILK-mediated ECM signaling plays a role in the

regulation of CYP2EI1 and may affect toxicity of several centrilobular hepatotoxicants including APAP.
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INTRODUCTION

Acetaminophen (APAP) is a commonly used over-
the-counter analgesic and antipyretic drug. APAP is con-
sidered very safe at therapeutic doses, but intentional or
unintentional APAP overdose could result in liver toxicity
progressing to acute liver failure (ALF). APAP overdose is
one of the major causes of ALF in the Western world, con-
tributing to almost 50% of the ALF cases. N-Acetylcysteine
(NACQ) is the current standard of care for APAP overdose
patients, which is effective only at an early stage'. APAP-
induced liver injury involves bioactivation of APAP to reac-
tive metabolite N-acetyl-p-benzoquinone imine (NAPQI),
which then binds to cellular proteins, specifically mito-
chondrial proteins, and triggers an intracellular signaling
cascade ultimately resulting in liver necrosis®. Liver injury
after APAP overdose is also followed by compensatory liver
regeneration, which is important for inhibition of progres-
sion of injury and final recovery®. Various targets directed

to attenuate liver injury or stimulate liver regeneration have
been investigated in the past to develop therapeutic strategy
for APAP-induced ALF*~.

Extracellular matrix (ECM) communication with cells
is considered vital for normal cellular functions. ECM
transmits intracellular signals by interacting with trans-
membrane adhesion proteins known as integrins. Integrin-
linked kinase (ILK) is a Ser/Thr kinase, which interacts
with the cytoplasmic domain of B, integrin and relays
integrin-mediated ECM signaling. ILK binds to proteins
PINCH and Parvin to form a ternary complex referred
as IPP complex and act as a hub to modulate a variety of
cellular signaling pathways involved in cell proliferation,
differentiation, and survival. ILK mediates its effects by
acting as adaptor protein as well as by its protein kinase
activity®’.

ECM remodeling is an important adaptive response
to altered liver homeostasis. Alteration in ECM plays a
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crucial role in regulating regenerative response of liver
after partial hepatectomy (PHX). Specifically, ILK-
mediated ECM signaling exhibits mitoinhibitory effects
in hepatocytes®. Liver-specific deletion of ILK results in
increased hepatocyte proliferation along with defect in
termination of liver regeneration after PHX resulting
in mice with increased liver size®. Further, enhanced
and prolonged liver regeneration were observed in liver-
specific ILK knockout (KO) mice after administration
of nuclear receptor agonists, such as TCBOPOP and
phenobarbital®'°.

ILK-mediated ECM signaling is known to regulate
hepatocyte differentiation and survival'-"*. ILK signaling
has been reported to play an important role in fibrogen-
esis and wound-healing response in various chronic liver
injury models'*'¢. Alteration in ECM is also known to
occur after toxin-induced acute liver injury, with its role
largely unexplored. ILK signaling was found to be impor-
tant for survival in the CCl, model of acute liver injury'’.
On the contrary, liver-specific deletion of ILK was reported
to protect from FAS-induced apoptosis and liver failure,
which was associated with upregulation of survival signal-
ing". However, the role of ILK-dependent or -independent
ECM signaling in APAP-induced liver injury (a clinically
relevant model of fulminant liver failure) and subsequent
compensatory liver regenerative response to APAP toxic-
ity is completely unexplored. The objective of the current
study was to investigate the role of ILK in APAP-induced
liver toxicity and compensatory liver regeneration. Mice
with liver-specific ILK deletion were used as a model to
study the role of ILK in acetaminophen overdose. Here
we report that liver-specific deletion of ILK improved
regeneration, attenuated toxicity after APAP overdose, and
decreased metabolic activation of APAP.

MATERIALS AND METHODS
Animals, Treatment, and Tissue Harvesting

Liver-specific ILK KO mice were generated by mating
ILK-floxed mice with mice expressing Cre-recombinase
under o-fetoprotein enhancer albumin promoter'?. Cre*
animals were considered as ILK KO and confirmed by
genotyping. Cre~ littermates were used as controls and
represented as wild-type (WT) mice. All animals were
housed in Association for Assessment and Accreditation of
Laboratory Animal Care (AAALAC)-accredited facilities
at the University of Kansas Medical Center under a stan-
dard 12-h light/dark cycle with access to chow and water ad
libitum. The Institutional Animal Care and Use Committee
at the University of Kansas Medical Center approved all
studies. APAP (Sigma-Aldrich, St. Louis, MO, USA) was
dissolved in warm 0.9% saline. ILK KO or WT mice (n=3
to 5) were treated with 300 mg/kg APAP, intraperitoneally
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(IP). Mice were fasted 12 h before administration of APAP,
and food was returned to the mice immediately after APAP
treatment. Mice were sacrificed at 0, 6, and 24 h following
APAP treatment by cervical dislocation under isofluorane
anesthesia, and blood and livers were collected. Serum
samples were obtained from the blood and used for fur-
ther analysis. Liver sections were prepared for histological
analysis as described previously's.

Histological Analysis and Serum ALT Measurement

Paraffin-embedded liver sections (4 um thick) were
used for hematoxylin and eosin (H&E) staining. H&E-
stained slides were used to score for percentage necrotic
area. Serum alanine aminotransferase (ALT) was mea-
sured by kinetic assay method using the Infinity ALT kit
(Thermo Fisher Scientific, Pittsburgh, PA, USA), accord-
ing to the manufacturer’s protocol.

Antibodies

All primary and secondary antibodies used for West-
ern blot analysis were obtained from Cell Signaling
Technologies (Danvers, MA, USA) unless stated other-
wise. Active B-catenin antibody was purchased from EMD
Millipore (Billerica, MA, USA). CYP2E1 and Ki-67 anti-
bodies were purchased from Abcam (Cambridge, MA,
USA). Anti-APAP protein adduct antibody, as previously
described!*?, was a gift from Dr. Lance Pohl, National
Heart, Lung, and Blood Institute (NHIBL), National
Institutes of Health (NIH).

Immunofluorescence

Ki-67 immunofluorescence staining was done on freshly
frozen sections (4 um thick) as described previously?'.
Briefly, after attaining room temperature, sections were
fixed in formaldehyde [10% in phosphate-buffered saline
(PBS)] and permeabilized with Triton X-100 (0.1% in
PBS). After washing with PBS, sections were blocked in
donkey serum (10% in PBS) for 1 h and then incubated
overnight with the Ki-67 primary antibody (1:500 diluted
in 1% donkey serum in PBS). The next day, after washing
with PBS, sections were incubated in the donkey anti-
rabbit secondary antibody (1:500 dilution) for 1 h. 47,6-
Diaminido-2-phenylindole (DAPI)-containing medium
(ProLong Gold Antifade Reagent with DAPI; Invitrogen,
Eugene, OR, USA) was used for final mounting of sec-
tions after washing in PBS.

Protein Isolation and Western Blotting

Protein estimation and Western blot analysis were per-
formed using individual samples of protein extracts pre-
pared from frozen liver tissues as previously published
without any modifications's. Densitometric analysis of
Western blot images was done using ImagelJ software.
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Glutathione Analysis

Total hepatic glutathione (GSH) levels were measured
in liver homogenates by kinetic assay method using
Glutathione Assay Kit (Sigma-Aldrich), according to the
manufacturer’s protocol and as described previously?.

Statistical Analysis

Data presented in the form of bar graphs show
mean=standard error of the mean (SEM). Significant dif-
ference between WT and ILK KO groups was determined
using Student’s #-test. Statistically significant difference
between groups was represented in graphs indicating
p<0.05, p<0.01 and p<0.001.

RESULTS

Attenuated Liver Injury After APAP Overdose
in ILK KO Mice

The role of ILK in APAP-induced liver injury was
investigated, in mice, using liver-specific ILK deletion
strategy. Liver sections were obtained from WT or ILK
KO mice at various time points after APAP treatment and
stained with H&E. Histopathological analysis of liver
sections revealed centrilobular necrosis, a hallmark of
APAP toxicity, at 6 and 24 h after APAP administration
in WT mice. Interestingly, there was lower liver necrosis
at both time points in ILK KO mice, especially at 24 h
after APAP (Fig. 1A). These data were further confirmed
by scoring the H&E-stained liver section for percentage
necrotic area (Fig. 1B). Further, analysis of serum ALT, a
marker to liver injury, corroborated that there was exten-
sive injury in WT mice after APAP administration, which
was attenuated in ILK KO mice, and the effect was espe-
cially remarkable at 24 h (Fig. 1C). It should be noted that
there were significant zones of liver necrosis observed in
ILK KO at 6 h after APAP treatment (as evidenced by
necrosis scoring analysis of H&E-stained liver sections),
although lower compared to WT mice, but this was fol-
lowed by rapid resolution of injury at 24 h after APAP,
where we observed very infrequent necrotic patches
with minimal remaining zone of necrosis and decreased
ALT levels. In contrast, WT mice displayed higher initial
injury at 6 h after APAP, but injury progressed further at
24 h after APAP as evidenced by spread of necrotic zones
and elevation of ALT levels.

Improved Liver Regeneration After APAP Overdose
in ILK KO Mice

We next investigated the effect of liver-specific dele-
tion of ILK on liver regeneration after APAP-induced
liver injury. Liver regeneration was studied using Ki-67
immunofluorescence staining and Western blot analysis
of proliferating cell nuclear antigen (PCNA), cyclin D1,
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CDKA4, and phosphorylated Rb after administering a toxic
dose of APAP (300 mg/kg, IP) in WT or liver-specific
ILK KO mice. ILK KO mice displayed a notably higher
number of Ki-67-positive cells compared to WT mice at
both 6 and 24 h after APAP treatment (Fig. 2A). Similarly,
there was remarkable increase in PCNA expression at
6 and 24 h after APAP treatment in ILK KO mice. WT
mice showed a relatively lower increase in PCNA expres-
sion, only after 24 h of APAP administration (Fig. 2B and
C). Expression of cyclin D1, a key regulator of cell cycle
entry and cell proliferation, followed a pattern similar
to PCNA with striking increase specifically in ILK KO
mice at 6 and 24 h after APAP administration (Fig. 2B
and D). During cell cycle progression, cyclin D1 induc-
tion and binding to CDK4 cause phosphorylation (i.e.,
inactivation) of Rb, which results in activation of many
proregenerative genes*. Similar to PCNA and cyclin D1
expression, CDK4 expression was remarkably increased
in ILK KO mice at both time points after APAP treatment
(Fig. 2B and E). Further, phosphorylation of Rb was sig-
nificantly higher in ILK KO mice compared to WT mice
at 6 h after APAP administration, and a similar trend was
also observed at 24 h after APAP administration (Fig. 2B
and F). These data demonstrate that liver-specific dele-
tion of ILK in mice results in early and enhanced liver
regeneration after APAP-induced liver injury and cor-
relates with decreased progression of injury and early
recovery in ILK KO mice.

Differential Activation of Proregenerative Signaling
Pathways After APAP Overdose in ILK KO Mice

We next investigated mechanisms of improved liver
regeneration in ILK KO mice. Signaling pathways, which
are known to regulate liver regeneration after APAP-
induced liver injury, were studied. B-Catenin signaling
plays an important role in stimulating liver regeneration
after PHX or APAP toxicity**?°. We observed a striking
increase in the expression of active B-catenin (unphos-
phorylated and stable form) at both time points (6 and
24 h) after APAP administration, specifically in ILK KO
mice (Fig. 3A and C). Increase in expression of active
B-catenin was further corroborated by increased levels of
nuclear B-catenin at 6 and 24 h after APAP administra-
tion, specifically in ILK KO mice compared to WT mice
(Fig. 3A). This was further correlated with increased
cyclin DI induction (Fig. 2B and D), glutamine synthe-
tase protein expression (Fig. 3A) (both of which are
known targets of -catenin?’), and improvement of other
regeneration parameters in ILK KO mice.

Glycogen synthase kinase 3B (GSK3p) is a negative
regulator of many proteins involved in cell prolifera-
tion including B-catenin®. Our previous study has dem-
onstrated positive correlation between inactivation of
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Figure 1. Attenuated liver injury after acetaminophen (APAP) overdose in integrin-linked kinase (ILK) knockout (KO) mice.
(A) Representative photomicrographs of hematoxylin and eosin (H&E)-stained liver sections. (B) Bar graph showing percent necrosis
area based on H&E-stained liver sections. (C) Bar graph showing serum aminotransferase (ALT) levels. All samples were collected
from wild-type (WT) or ILK KO mice treated with 300 mg/kg APAP. Significant difference between groups at **p <0.01.

GSK3p and liver regeneration after APAP-induced liver
injury’>. We found an early inactivation (phosphoryla-
tion) of GSK3p (at 6 h after APAP), specifically in ILK
KO mice, but not in WT mice. In contrast, GSK3f phos-
phorylation was increased in the WT group only at the
later time point (24 h after APAP) and was comparable
between the two groups at this time point (Fig. 3B and
D). A similar pattern was observed for phosphorylated
AKT (which is a known upstream regulator of GSK3f3
and causes phosphorylation of GSK3p%) at 6 and 24 h
after APAP (Fig. 3B and E).

Growth factors such as epidermal growth factor (EGF)
and hepatocyte growth factor (HGF) are primary mito-
gens for hepatocytes and play an important role in liver
regeneration after PHX®. We investigated the status of
these growth factor signaling pathways in our model.
Phosphorylation (i.e., activation) of both EGFR and
Met receptors (which are cell surface receptors for EGF
and HGF, respectively) was increased at 6 h after APAP
treatment in both groups, but activation was remarkably
higher in the WT group compared to the ILK KO group.
Phosphorylation of these receptors returned to basal
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Figure 2. Improved liver regeneration after APAP overdose in ILK KO mice. (A) Representative photomicrographs showing Ki-67
immunofluorescence performed on frozen liver sections of WT or ILK KO mice treated with 300 mg/kg APAP. (B) Western blot analy-
sis of proliferating cell nuclear antigen (PCNA), cyclin D1, CDK4, and phospho-Rb using total cell extract of liver of WT or ILK KO
mice treated with 300 mg/kg APAP. All samples were collected at 0, 6, and 24 h after APAP treatment. Densitometric analysis showing
quantification of protein expression of (C) PCNA, (D) cyclin D1, (E) CDK4, and (F) phospho-Rb relative to actin as loading control.
Significant difference between groups at *p<0.05, **p<0.01, and ***p<0.001.
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Figure 3. Differential activation of proregenerative signaling after APAP overdose in ILK KO mice. (A) Western blot analysis of
active B-catenin, nuclear B-catenin, total -catenin, glutamine synthetase, (B) phospho-GSK3f, GSK3p, phospho-AKT, and AKT
using total cell extract (unless specified) of liver of WT or ILK KO mice treated with 300 mg/kg APAP. Densitometric analysis show-
ing (C) activation of B-catenin, (D) inactivation of GSK3p, and (E) activation of AKT, respectively, based on Western blot images
shown in (A) and (B). (F) Western blot analysis of phospho-EGFR, EGFR, phospho-Met, c-Met, phospho-ERK1/2, and ERK1/2 using
total cell extract of liver of WT or ILK KO mice treated with 300 mg/kg APAP. (G-I) Densitometric analysis showing quantification
of expression proteins shown in (F). All samples were collected at 0, 6, and 24 h after APAP treatment. Significant difference between

groups at *p<0.05.
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levels at 24 h after APAP in both groups (Fig. 3F-H). A
similar pattern was observed for ERK1/2 phosphoryla-
tion (i.e., activation), which is a downstream mediator of
growth factor signaling (Fig. 3F and I). These data indi-
cate that there was differential activation of B-catenin sig-
naling in ILK KO mice correlating with increased liver
regeneration, but signaling via growth factor receptors
was activated more in WT mice, which showed lower
regenerative response.

Attenuated Injury Signaling in Liver of ILK KO Mice
After APAP Overdose

We further studied cellular signaling known to be
involved in initiation of APAP toxicity. Phosphorylation-
mediated activation of JNK is considered as one of the
important early signaling events in APAP-induced liver
injury. Phosphorylation of JNK and its translocation to
mitochondria lead to exacerbation of mitochondrial oxi-
dant stress, which ultimately results in mitochondrial
permeability transition (MPT) and liver necrosis®. As
expected, there was a remarkable increase in phospho-
rylation of JNK at 6 h after APAP treatment in WT mice,
which was significantly reduced at 24 h after APAP treat-
ment. Although, there was significant activation of JNK
at 6 h after APAP treatment in ILK KO mice, the activa-
tion was lower compared to that in WT mice, corroborat-
ing with lower initial injury observed in ILK KO mice.
Similar to WT mice, JNK activation was greatly reduced
at 24 h after APAP treatment in ILK KO mice (Fig. 4A
and B).

APAP bioactivation results in the formation of NAPQI,
a reactive metabolite, which undergoes conjugation with
liver GSH followed by excretion. This results in depletion
of GSH (around 90% of GSH is depleted within the first
30 min after toxic doses of APAP) and binding of excess
NAPQI to cellular proteins leading to APAP protein
adduct formation and toxicity®. Recovery of GSH levels
after initial depletion can regulate progression of injury by
decreasing APAP-induced oxidative stress. We measured
total GSH levels in livers of WT and ILK KO mice after
APAP treatment. Both groups had comparable basal GSH
levels. The WT mice showed around 60% GSH compared
to basal level at 6 h after APAP treatment, and GSH levels
returned back to basal values at 24 h after APAP treatment.
ILK KO mice had significantly higher GSH levels at 6 h
after APAP treatment compared to WT mice (Fig. 4C).
This suggests that there is lesser GSH depletion in ILK
KO mice in the first place, and/or there is faster recovery
of GSH levels in ILK KO mice, which may have a role to
play in decreased toxicity in ILK KO mice.

Altered APAP Metabolic Activation in ILK KO Mice

Higher GSH levels after APAP treatment in ILK KO mice
suggested the possible role of altered APAP metabolism

41

behind observed effects on APAP toxicity. We investigated
APAP metabolic activation parameters in ILK KO mice.
We measured APAP protein adduct levels using immu-
noblotting, which is an indicator of APAP metabolism
to toxic metabolite NAPQI. As expected, APAP adduct
levels increased strikingly at 6 h after APAP treatment
in WT mice and decreased remarkably by 24 h after
APAP treatment. Interestingly, APAP protein adduct
levels were significantly lower in ILK KO mice at 6 h
after APAP treatment compared to WT mice (Fig. 5SA
and B), suggesting that APAP metabolism and bioacti-
vation to toxic metabolite are compromised in ILK KO
mice, which resulted in decreased APAP protein adduct
formation. CYP2E] is the major enzyme that is involved
in the metabolism of APAP to NAPQI*. Therefore, we
measured liver CYP2EI protein expression in ILK KO
mice (Fig. 5C and D). There was a significantly lower
basal CYP2E!L expression in ILK KO mice compared
to WT mice (Fig. 5C and D). These data suggest that
ECM-mediated signaling through ILK can alter APAP
metabolic enzyme CYP2E1, which leads to altered APAP
metabolism and thus affects APAP toxicity.

DISCUSSION

Interaction of ECM with cells is important for main-
taining cellular/tissue homeostasis. Previous studies show
that ILK-mediated ECM signaling inhibits hepatocyte
proliferation, and ILK deletion results in enhanced pro-
liferation after PHX or treatment with nuclear receptor
agonists®'%. Changes in ECM occur after toxin-induced
liver injury, and ILK signaling has been reported to play a
role in the process of injury development, and subsequent
recovery and survival response'*'*7. APAP overdose-
induced liver injury is one of the major causes of ALF in
the Western world, contributing to almost 50% of the ALF
cases'. Studies show that increased liver regeneration is a
key factor in inhibiting progression of injury and recovery
from APAP overdose*>. The role of ECM or ILK-mediated
ECM signaling in liver injury and compensatory liver
regeneration after APAP overdose is not known. Targeting
ECM signaling or ILK-mediated ECM signaling can be
a potential approach for developing a novel therapeutic
strategy for APAP toxicity. We investigated the role of
ILK in APAP toxicity and compensatory liver regenera-
tion using liver-specific ILK deletion model in mice.

APAP-induced liver necrosis was attenuated in ILK KO
mice at both the investigated time points, with the effect
more remarkable at the later time point. Furthermore,
JNK activation, which is the major initial signal involved
in APAP toxicity, was significantly reduced. Decreased
CYP2E1 levels leading to decreased APAP metabolism
(as suggested by lower APAP protein adduct levels and
higher GSH levels) was found to be the most possible
explanation for the decrease in initial injury signaling
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Figure 4. Attenuated injury signaling in liver of ILK KO mice after APAP overdose. (A) Western blot analysis of phospho-JNK and
JNK using total cell extract of liver of WT or ILK KO mice treated with 300 mg/kg APAP. All samples were collected at 0, 6, and
24 h after APAP treatment. (B) Densitometric analysis showing quantification of protein expression of phospho-JNK relative to JNK.
(C) Liver glutathione levels represented as percentage of basal levels in WT or ILK KO mice. Significant difference between groups

at *p<0.05 and **p<0.01.

and toxicity in ILK KO mice. Liver-specific ILK deletion
resulted in rapid and enhanced liver regeneration after
APAP-induced liver injury. Early and robust regenera-
tive response along with accompanying rapid recovery in
ILK KO mice after APAP overdose may have a part to
play in attenuated progression of liver injury in addition
to altered metabolism, especially at the later time point.
This is supported by our data that significant liver necro-
sis and activation of JINK were observed at the early time
point (6 h) even in the ILK KO group (although lower
than the WT group), but injury was mostly resolved by
24 h, correlating with robust regenerative response. In
contrast, injury progressed with time in the case of WT
mice, where regenerative response was lower. Further,
decreased initial APAP-induced liver toxicity and related
stress might have provided proliferative advantage in
the case of ILK KO mice, contributing to higher regen-
eration. ILK-mediated ECM signaling is known to exert

inhibitory effects on hepatocyte proliferation and is one
of the major “termination signals” for liver regeneration.
ILK KO mice, which lack this inhibitory signal and thus
have proliferative advantage due to termination defect,
exhibit increased liver regeneration after PHX as well as
after administration of nuclear receptor agonists®'°, Both
these models do not involve massive liver injury. These
findings indicate that lack of ILK induces a termination
defect in hepatocytes, which might be persistent even in
the model of drug-induced liver injury, and this termi-
nation defect could be manifested in the disproportion-
ately higher liver regeneration as compared to the extent
of APAP-induced liver injury. However, further studies
using alternative strategies to inhibit ILK signaling are
required to confirm the direct role of ILK in liver regen-
eration after APAP-induced liver injury.

Previously, we showed that B-catenin signaling was
specifically activated during the regenerative response
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Figure 5. Altered APAP metabolic activation in ILK KO mice. (A) Western blot analysis showing APAP protein adduct levels in
liver of WT or ILK KO mice treated with 300 mg/kg APAP. All samples were collected at 0, 6, and 24 h after APAP treatment.
(B) Densitometric analysis showing quantification of APAP protein adduct levels shown in (A). (C) Western blot analysis showing
CYP2EI protein expression in the liver of WT or ILK KO mice at 0 h. (D) Densitometric analysis showing quantification of CYP2E1
levels shown in (C). Significant difference between groups at **p<0.01 and ***p<0.001.

after moderate APAP overdose, but was inhibited after
severe APAP overdose where regenerative response was
also inhibited. However, growth factor signaling via
EGFR and c-Met was dose-dependently stimulated and
remained highly activated even after severe APAP over-
dose where regeneration was inhibited®. Consistent with
these findings, in this study we found that B-catenin sig-
naling was activated in ILK KO mice, which had robust
regenerative response after APAP overdose, but was not
activated in WT mice where regenerative response was
lower. These data along with our previous findings®2
highlight the importance of B-catenin signaling in stim-
ulating liver regeneration after APAP toxicity and thus
could be a potential therapeutic target for regenerative
therapy after APAP overdose. Further, similar to our
previous work, we found that growth factor signaling
pathways remained highly activated in WT mice, but
still, regenerative response was lower, questioning the

importance of these pathways as target for potential
regenerative therapies. Additionally, our results indicate
that mechanisms of enhanced liver regeneration after [ILK
deletion might be model dependent, as both -catenin sig-
naling and growth factor signaling via HGF were found
to be involved in the PHX model, and we found specific
association of B-catenin signaling but not HGF signal-
ing in the APAP overdose model®. The preponderance of
B-catenin signaling in the ILK KO mice following APAP
administration and the decreased activation of EGFR and
Met suggest that the accelerated regeneration in the ILK
KO mice after chemical toxicity may be Wnt driven.
Our results showed that ILK-mediated ECM signaling
can regulate CYP2E1 protein expression, which is sup-
ported by a previous analysis of global gene expression pro-
file in ILK KO mice'>. CYP2E] is a major liver metabolic
enzyme, found predominantly in the centrilobular region.
Apart from APAP, CYP2EL is responsible for metabolic
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activation of many other hepatotoxins and carcinogens.
Thus, it is possible that ILK-mediated ECM signaling may
affect acute and chronic toxicity of other hepatotoxicants.
At transcriptional level, Cyp2el gene expression is con-
trolled by transcription factor hepatocyte nuclear factor 1o
(HNF1o)*, deletion of which resulted in decreased gene
expression of Cyp2el in mice®’. In addition to HNFlo,
[B-catenin is also known to regulate Cyp2el transcription
along with zone-specific expression of other centrilobular
genes in the liver2, However, our results (that B-catenin
signaling was not altered at basal levels in ILK KO mice
and increased after APAP treatment, while CYP2EI levels
were decreased in ILK KO mice) suggest the potential role
of B-catenin-independent mechanisms (such as regulation
by HNFla) in the alteration of CYP2EI protein in ILK
KO mice, which need further investigation. The exact sig-
naling mechanisms involved in ILK-mediated CYP2E1
regulations were not pursued in this study.

In conclusion, liver-specific deletion of ILK in mice
improved liver regeneration, attenuated liver toxicity
after APAP overdose, and decreased metabolic activation
of APAP. Our study also indicated that ILK-mediated
ECM signaling plays a crucial role in the regulation of
CYP2EI and may affect toxicity of several carcinogens
and hepatotoxicants including APAP.
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