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Abstract

Background/Aims Hepatocyte cell death is a key feature
of nonalcoholic steatohepatitis (NASH). As the contribu-
tion of specific caspases remains unclear, our aim was to
ascertain the effect of caspase 3 suppression on liver injury
and fibrogenesis.

Methods C57BL/6 wild-type (WT) and caspase 3 knock
out (Casp3™") mice were placed on a methionine- and
choline-deficient (MCD) diet for 6 weeks to induce ste-
atohepatitis and liver fibrosis. Thereafter, liver injury, liver
fibrosis and hepatocellular apoptosis were quantified in
liver sections. Additionally, expression of proteins associ-
ated with liver inflammation and fibrogenesis was
analyzed.

Results WT mice fed MCD diet showed marked activa-
tion of caspase 3 in hepatocytes, in conjunction with ste-
atohepatitis and increased hepatic triglyceride levels,
hepatocyte  ballooning, inflammation and fibrosis.

Samjhana Thapaliya and Alexander Wree have contributed equally to
this work.

Electronic supplementary material The online version of this
article (doi:10.1007/s10620-014-3167-6) contains supplementary
material, which is available to authorized users.

S. Thapaliya - M. Berk - L. Dixon
Department of Cellular and Molecular Medicine, Lerner
Research Institute, Cleveland Clinic, Cleveland, OH, USA

A. Wree - D. Povero - M. E. Inzaugarat - A. E. Feldstein (D<)
Department of Pediatrics, University of California, San Diego,
9500 Gilman Drive, MC 0715, La Jolla, CA 92037-0715, USA
e-mail: afeldstein@ucsd.edu

B. G. Papouchado
Department of Pathology, University of California, San Diego,
La Jolla, CA, USA

Casp3™~ mice fed the MCD diet showed similar serum
aminotransferase levels and NAFLD activity scores (NAS)
compared with WT MCD-fed mice. However, CaspS*/ -
mice on the MCD diet showed a marked reduction in
expression of transcripts for profibrogenic genes, which
translated into reduced hepatic collagen deposition. These
changes were associated with decreased levels of apopto-
sis, and a significant reduction in the expression of cyto-
kines involved in inflammatory signaling. Casp3™~ mice
on the MCD showed a reduction in expression of chemo-
kine receptor 2 (CCR2) leading to ameliorated infiltration
of inflammatory lymphocyte antigen 6 complex, locus C1
(Ly6c) positive monocytes.

Conclusion These findings support a prominent role for
hepatocyte caspase 3 activation in NASH-related apopto-
sis, fibrogenesis and fibrosis which in part is mediated via
CCR2-dependent infiltration of Ly6c positive monocytes.

Keywords Nonalcoholic fatty liver disease - Caspases -
Apoptosis - Liver injury - Liver fibrosis

Introduction

Nonalcoholic fatty liver disease (NAFLD) is currently the
most common form of chronic liver disease in the Western
world affecting both adults and children and is strongly
associated with obesity and insulin resistance [I, 2].
Hepatic steatosis, a stage within the spectrum of NAFLD,
characterized by triglyceride accumulation in liver cells
and follows a benign nonprogressive clinical course, is
present in one out of three adults and one in ten children or
adolescents in the USA [3, 4]. Some patients exhibit lipid
accumulation with evidence of cellular damage, inflam-
mation and different degrees of scarring or fibrosis which is
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commonly referred as nonalcoholic steatohepatitis (NASH)
[5]. Several studies have shown that NASH is a serious
condition with approximately 25 % of affected patients
progressing to cirrhosis and being in danger of its associ-
ated complications: portal hypertension, liver failure and
hepatocellular carcinoma [6-8].

Since the original description that caspase activation and
apoptotic cell death are characteristic pathologic features in
the liver of NASH patients [9], increasing amount of data
have demonstrated that hepatocyte cell death is a key
process involved in NASH pathogenesis [10]. Caspases
belong to a family of highly conserved cysteine-dependent
aspartate-specific acid proteases that use a cysteine residue
as catalytic nucleophile and share a stringent specificity for
cleaving their substrates after aspartic acid residues in
target proteins [11]. They are synthesized as inert zymo-
gens and upon receipt of apoptotic stimuli, cells activate
initiator caspases such as, caspase-1, -2, -8, -9 and -10 that,
in turn, proteolytically cleave and activate effector casp-
ases including caspase-3, -6 and -7 [12]. Caspases have
been further categorized as either proinflammatory or
proapoptotic, depending upon their participation in these
cellular responses. Caspase 3, the prototype of a prodeath
caspase, plays a central role in the apoptotic machinery
[13]. In this process, caspase 3 recognizes four contiguous
amino acids (designated P4-P3-P2-P1-P1’) and cleaves
the peptide bond between the P1-P1’ residues [14, 15].

The relative contribution of proapoptotic versus proin-
flammatory caspases to liver pathology during NASH
development, as well as in the protective effects of pan-
caspase inhibitors, remains incompletely understood.
Given its central role in apoptosis, blocking caspase
activity is now widely used as a therapeutic and diagnostic
approach for several diseases, including NASH [16-19].
Recent studies have demonstrated that pan-caspase inhi-
bition prevents the development of steatohepatitis [20-22].
Taking into account that caspase 3 has been identified to be
the main player of apoptotic cell death, we examined the
effects of selective inactivation of caspase 3 during pro-
gression of steatohepatitis and fibrosis in vivo, and the
cross talk between hepatocytes and hepatic stellate cells
(HSC) in vitro during lipotoxicity.

Methods

Animal Studies

The experimental protocols were approved by the Institu-
tional Animal Care and Use Committee at the Cleveland
Clinic. Caspase 3 knockout mice (Casp3™") were gener-

ously provided by Dr. Mina Woo (University of Toronto).
These mice were generated by deleting exon 3 of the
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CPP32/caspase 3 gene as previously described in detail
[20]. They appear healthy and do not have a particular
phenotype, but they do have a slight decrease in life span.
Casp3™'~ mice and their wild-type controls, 20-25 g of
body weight, 7 weeks old, were placed on a methionine-
and choline-deficient (MCD) diet (TD 90262, Teklad Mills,
Madison, WI), which has been extensively shown to result
in steatosis associated with significant inflammation and
progressive fibrosis pathologically similar to human severe
steatohepatitis [21, 22] or a control diet (CTL) consisting
of 5 % fat (TD 2918, Teklad Mills, Madison, WI) to act as
controls (n = 4-6 in each group). Animals in each group
were killed after 6 weeks on the respective diets, and their
liver tissue and plasma were collected under deep anes-
thesia as previously described in detail [16].

Histopathology, Immunohistochemistry, and Serum
Assays

Liver tissue was fixed in 4 % paraformaldehyde and
embedded in Tissue Path (Fisher Scientific, Pittsburgh, PA,
USA). Tissue sections (4 pm) were prepared, and hema-
toxylin and eosin, as well as Oil Red O-stained liver
specimens were evaluated by light microscopy. Individual
features including degree of steatosis, inflammation and
ballooning were assessed in MCD and CTL-fed animals by
an experienced pathologist (BGP) in a blinded fashion.
Steatosis, inflammation and ballooning were scored based
on NAFLD activity score [23]. Serum alanine amino-
transferase (ALT) determinations were performed using a
commercial kit (Sigma Diagnostics, St. Louis, MO, USA).
Liver triglycerides were quantified using a specific kit
following manufacturer’s instructions (Pointe Scientific,
Canton, MI, USA). Immunohistochemistry for hepatic
macrophages (F4/80, AbD Serotec, Raleigh, NC, USA)
was performed in formalin-fixed, paraffin-embedded livers
according to manufacturer’s instructions. Immunohisto-
chemistry for lymphocyte antigen 6 complex, locus Cl
(Ly6c) (Abcam, Cambrigde, MA, USA) was performed on
frozen liver sections.

Apoptosis and Caspase 3 Assessment

Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) assay was performed following manu-
facturer’s instructions (in situ cell death detection Kkit;
Roche Molecular Biochemicals, Mannheim, Germany).
Hepatocyte apoptosis in liver sections was quantified by
counting the number of TUNEL-positive cells in five ran-
dom microscopic fields (40x), as previously described
[28]. Caspase activation was quantified using biochemical
and immunohistochemical techniques: Caspase-Glo 3/7
Assay (Promega, Madison, WI, USA); immunostaining for
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Fig. 1 MCD diet results in steatohepatitis development and marked
hepatocyte caspase 3 activation. a Representative pictures of Hema-
toxylin & Eosin (H&E) staining and active caspase 3 immunohisto-
chemistry of liver from the wild-type animals on the MCD or control

active caspase 3 was performed using an antibody specific
for the detection of cleaved caspase 3 (Cell Signaling,
Boston, MA, USA).

Determination of Liver Fibrosis

Liver fibrosis was assessed using Sirius red staining and o-
smooth muscle actin (a-SMA) immunofluorescence. Direct
Red 80 and Fast Green FCF (color index 42053) were
provided by Sigma-Aldrich. Liver sections were incubated
in the dark for 2 h at room temperature with an aqueous
solution of saturated picric acid containing 0.1 % Direct
Red. Stained slides were washed slowly under running
distilled water for 6 min, dehydrated (3 min for each step),
mounted and examined by light microscopy. Red-stained
collagen fibers were quantitated by digital image analysis.
Immunofluorescence for o-SMA (Sigma) was performed
on paraffin-embedded liver tissue using standard DAB
technique (Vector, Burlingame, CA, USA) following
manufacturer’s instructions.

Real-Time PCR

Total RNA was isolated from liver tissue using RNeasy
Lipid Tissue Mini kit (Qiagen, Valencia, CA). Reverse
transcript (the cDNA) was synthesized from 1 pg total
RNA using iScript cDNA Synthesis Kit (Bio-Rad, Hercu-
les, CA). Real-time PCR quantification was performed.
Briefly, 25 pl reaction mix contained: cDNA, SYBR Green
buffer, Gold Taq polymerase, dNTPs and primers at final
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diets (magnification x40) and corresponding quantification (b).
¢ Caspase 3 activation in the different groups of mice was assessed
by Apo-ONE Homogeneous Caspase 3 fluorometric assays. Results
are represented as mean + SEM. *P < 0.05

concentration of 200 uM. Primer sequences used for
quantitative PCR are given in supplementary table 1. RT-
PCR was performed in the Mx3000P cycler (Stratagene):
95 °C for 10 min, 40 cycles of 15 s at 95 °C, 30 s at 60 °C,
30 s at 72 °C followed by a 1 min at 95 °C, 30 s at 55 °C
and 30 s at 95 °C. The fold change over control samples
was calculated using CT, ACT and AACT values using
MxPro software (Stratagene). 18S ribosomal RNA (Am-
bion Inc, Austin, TX) was used as an endogenous control.

Western Blot

For immunoblot analysis, 30 mg whole liver lysate was
resolved by a 4-20 % gradient gel, transferred to nitro-
cellulose membrane and blotted with an anti-a-SMA
(GeneTex, Irvine, CA, USA) antibody. Membranes were
incubated with peroxidase-conjugated secondary antibody
(dilution 1:10,000) (GeneTex, Irvine, CA, USA); protein
bands were visualized with the enhanced chemilumines-
cence reagent and digitized using a CCD camera (Chemi-
Doc®, Biorad, Hercules, CA, USA). Expression intensity
was quantified by ImageLab (Biorad). Protein load was
verified with an o-tubulin antibody (dilution 1:10,000)
(Hybridomabank, University of Iowa).

Statistical Analysis
Analyses were performed with Graph Pad (version 5.03;

Graph Pad, Graph Pad Software Inc., CA, USA). Unless
otherwise stated, data are expressed as mean == SEM or as
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absolute number or percentage for categorical variables.
Differences between groups were compared by ANOVA
followed by a post hoc Bonferroni test to correct for
multiple comparisons. Differences were considered to be
statistically significant at P < 0.05.

Results

Caspase 3 Activation Is a Prominent Pathological
Feature in Experimental NASH

To investigate the role of caspase activation in the patho-
genesis of NASH, we initially placed C57BL/6 mice on the
methionine- and choline-deficient (MCD) diet which has
been extensively shown to be associated with progressive
fibrosing steatohepatitis pathologically similar to human
severe steatohepatitis [21, 22]. After 6 weeks on the

A H&E

CTL

MCD

CTL

MCD

Fig. 2 Metabolic changes, histological features, hepatic triglyceride
levels and serum ALT levels in Casp3 ™~ and WT mice on the MCD
and CTL diets. Male C57BL/6 mice (wild type), 20-25 g of body
weight and C57BL/6 caspase 3 knockout (Casp3 ™) were placed on
either a control diet or methionine- and choline-deficient (MCD) diet for
6 weeks. Histological microphotographs of Hematoxylin & Eosin
(H&E) and (a) Oil red O-stained liver sections of animals from the four
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respective diets, we observed significant hepatic fat accu-
mulation induced by MCD feeding (Fig. 1a), in conjunc-
tion with an increase in histological parameters of liver
injury including hepatic inflammation and hepatocyte bal-
looning. These changes were associated with a marked
increase in the expression of cleaved caspase 3 which was
primarily localized to hepatocytes showing a predomi-
nantly cytoplasmic staining pattern (Fig. la, b). The
changes observed in the level of cleaved caspase 3 were
accompanied by a significant increase in hepatic caspase 3
activity (Fig. lc).

Caspase 3 Suppression Is Associated with Decreased
Hepatocellular Damage, Cell Death,
and Proinflammatory Signaling

Having established the presence of increased caspase
activity in the liver of MCD-fed mice, we next sought to
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different groups of mice (b) (magnification x 40). Serum ALT levels
assessed at the time of killing showed significantly increased level in
mice fed with MCD regardless of the genetic background (c). NAFLD
activity score also showed significantly increased level in mice fed with
the methionine deficient diet (d) Hepatic triglyceride levels was
assessed in all mice at the time of killing and the mean £+ SEM are
graphed (e). Results are represented as mean £ SEM. *P < 0.05
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investigate the role of caspase 3 during NASH develop-
ment by using caspase 3 knockout mice (Casp3™"). We
first investigated whether Casp3™~ mice are resistant to
liver injury and inflammation. C57BL/6 wild-type and
Casp3_/ ~ mice were placed on either a MCD diet, or
control (CTL) diet (n =5 in each group) for 6 weeks.
Wild-type mice on MCD diet developed the full spectrum
of NASH with steatosis, inflammation, hepatocellular bal-
looning, resulting in an average NAFLD activity score
(NAS) of 4 (Fig. 2a, d). Serum ALT levels were about
fourfold higher in WT and Casp3™~ mice on the MCD
diet compared with animals fed the control diet (Fig. 2c).
Microscopic examination showed that WT mice developed
significant predominantly macro vesicular steatosis and no
change in knockout mice compared with WT on MCD diet
(Fig. 2b). Consistent with these results, hepatic triglyceride
levels were similarly increased in both knockout and WT
mice on the MCD diet compared with the control diet
(Fig. 2e). We next quantified the amount of hepatocellular
cell death present in the various groups of mice. Consistent
with the significant caspase 3 activation found in the WT
animals on the MCD diet, we observed increased TUNEL-
positive cells in these mice, but not in the livers of
Casp3 ™'~ mice fed the same diet (Fig. 3a, b).

Dietary-Induced Ly6c Positive Monocyte Infiltration Is
Ameliorated in Casp3™~ Mice

When we examined the inflammatory state of the liver at

the molecular and cellular level, we found that the total
number of Kupffer cells/macrophages (F4/80) and mRNA

A TUNEL Staining

expression levels were comparable in both groups of ani-
mals on the MCD diet (Fig. 4a, b). However, only wild-
type mice on MCD diet, and not Casp3 /= mice, showed a
significant increase in number and mRNA expression level
of inflammatory lymphocyte antigen 6 complex, locus C1
(Ly6c) positive monocytes (Fig. 4c, d). We also found that
the major mediator of Ly6c¢ infiltration—the chemokine
receptor 2 (CCR2)—was significantly increased in WT
mice on MCD diet when compared to WT mice on control
diet and those levels were also significantly greater than
those of Casp3~"~ mice on MCD diet (Fig. 4e). Analysis of
markers for M1/M2 macrophage polarization (M1: TNF-o
and IL-6; M2: Argl and IL-10) revealed a marked reduc-
tion in mRNA levels of TNF-a and IL-6 in the MCD-fed
Casp3™~ mice compared with the WT animals on the
MCD diet (Fig. 4f). The same pattern was observed in the
analysis of arginase 1 (Argl), while mRNA levels of IL10
were increased in both groups fed with MCD diet without
significant difference (Fig. 4g).

Hepatic Stellate Cell (HSC) Activation and Collagen
Deposition from MCD Diet are Prevented by Caspase 3
Suppression

The differential findings observed in the Casp3 ™'~ mice in
several aspects of hepatocyte viability and inflammatory
signaling, two events that have been linked to HSC acti-
vation, led us to further examine the role of caspase 3 in
fibrogenesis and fibrosis induced by the MCD diet. While
after 6 weeks on the MCD diet, wild-type animals showed
an almost fourfold increase in collagen deposition as
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Fig. 3 Hepatocyte cell death is decrease in Casp3~'~ mice compared
with WT mice on MCD diet. Tissues were fixed in 4 % paraformal-
dehyde and embedded in Tissue Path. Tissue sections (4 pm) were
prepared. a Representative images of Terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) staining in the four
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groups of mice (magnification x40). b Semi-quantification of
TUNEL-positive cells in Casp3™~ mice and WT mice on MCD diet
normalized to CTL diet. Results are represented as mean £ SEM.
*P < 0.05
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demonstrated by Sirius red staining of liver tissue coupled  these changes were completely blunted in the Casp3 ™'~
to quantitation by digitized image analysis when compared  mice (Fig. 5a, b). Similarly, an increase level of a-SMA
to the wild-type animals on the control diet (Fig. 5a, b);  protein expression was detected by both Western blot
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«Fig. 4 Casp3™~ mice exhibit less Ly6c positive monocytes when
compared to WT mice on MCD diet. The total number of Kupffer cells/
macrophages (F4/80) (representative sections are shown in x20
magnification) and mRNA expression level were comparable in both
groups of animals on the MCD diet (a, b) and significantly greater when
compared to mice on control diet. Expression levels and number of
inflammatory lymphocyte antigen 6 complex, locus C1 (Ly6c) positive
monocytes (representative sections are shown in x20 magnification)
was only found to be increased in wild-type mice on MCD diet and not
Casp3™ (c, d). Expression of chemokine receptor 2 (CCR2) was
significantly increased in WT mice on MCD diet when compared to WT
mice on control diet, and those levels were also significantly greater
than those of Casp3 ~~ mice on MCD diet (e). mRNA levels of TNF-o
and TL-6 were significantly reduced in MCD-fed Casp3 ™~ mice when
compared to WT mice on the MCD diet (f). Expression levels of Argl
followed the same pattern, whereas mRNA levels of IL10 were
increased in both groups fed with MCD diet without significant
difference (g). Results are represented as mean £ SEM. *P < 0.05

analysis and immunofluorescence in WT MCD-fed mice
but not in Casp3~'~ MCD-fed mice compared with the
animals on the control diet (Fig. Sc, d). In line with this, we
also found that after 6 weeks on the MCD diet wild-type
animals showed a marked increase in the mRNA expres-
sion of various genes involved in HSC activation and
fibrogenesis (Fig. 5e). mRNA levels of COL1A1, a-SMA
and TGFp all were increased in MCD-fed WT mice but
were completely blunted in Casp3™'~ mice on the same
diet (Fig. 5e). Taken together, these observations suggest
that during NASH development, caspase 3 activity plays a
central role in liver injury, and hepatic fibrosis.

Discussion

The principal findings of this study relate to the effects of
specific caspase 3 activation during NASH development.
Active caspase 3 was found to be more abundant in livers
of WT mice fed with a dietary NASH model (MCD).
Suppression of caspase 3 resulted in protection of hepato-
cellular damage, cell death and proinflammatory signaling.
Notably, the recruitment of profibrotic inflammatory
monocytes was ameliorated in caspase 3 knockout mice.
This translated to a marked reduction in collagen deposi-
tion and development of liver fibrosis. Effects were found
to be independent of hepatic triglyceride accumulation.
The results of the current study demonstrate that caspase 3
activation in hepatocytes plays a central role in steato-
hepatitis and fibrosis.

The importance of caspase activation and hepatocytes
undergoing apoptosis in the liver of NASH patients was
described more than a decade ago [9]. Since then a growing
number of studies have demonstrated that hepatocyte cell
death is a key process involved in NASH pathogenesis
[10]. Previous studies showed that both fundamental
pathways of apoptosis, the so called extrinsic (death

receptor mediated) pathway and the intrinsic (organelle-
initiated) pathway contribute to the development of NASH
in mice [24, 25]. Although the relative importance or
predominance of these two pathways in human NASH
remains to be elucidated, in hepatocytes, both tend to
converge at the level of the mitochondria resulting in
permeabilization of the mitochondrial outer membrane and
release of multiple proteins from the mitochondrial inter-
membrane space into the cytosol [26-28].

A central consequence of this process is the activation of
the effector caspases (mainly caspase 3) which will then
cleave a number of different substrates inside the cell
resulting in the characteristic morphologic changes of
apoptosis [29, 30]. Targeting caspase activity has gained
significant attention for development of both novel thera-
peutic and diagnostic strategies for NASH patients. Three
independent pre-clinical studies using different models of
dietary-induced NASH in mice showed significant protec-
tive effects of pan-caspase inhibitors in both parameters of
inflammation as well as fibrosis [31-33].

A key extant question is whether suppression of the
effector caspase 3 in NASH would result in a switch to
caspase 3-independent cell death, and thus, no protection or
even worsening of liver disease by inducing a compensa-
tory increase in necrotic cell death may occur. Our study
demonstrates that caspase 3 suppression does not improve
steatosis, histological inflammatory score parameters or
decrease serum ALT levels in this mouse model of NASH.
However, MCD-fed Casp37/ ~ mice showed a reduction in
indices of hepatocellular damage such as ballooning of
hepatocytes, decreased level of apoptosis, marked decrease
in proinflammatory signaling and reduced infiltration of
inflammatory macrophages. Although based on observa-
tions in developing animals, and in vitro studies in
immortalized cell lines, apoptosis has been perceived to be
noninflammatory, it has become apparent that a patholog-
ical increase in apoptosis in the context of chronic diseases
may directly or indirectly promote inflammation [34, 35].
The current data extend these observations and demon-
strate that the protection from hepatocyte apoptosis seen in
caspase 3 knockout mice was associated with a marked
decrease in proinflammatory cytokines levels in liver tissue
and infiltration of Ly6c inflammatory monocytes. It is
known that sustained inflammation with chronic liver
injury mainly induces the development of liver fibrosis
with recent studies showing that liver-resident macro-
phages only partially conducted these actions, but this
largely depends on the recruitment of monocytes into the
liver [36-38]. Upon organ injury, chemokine receptor
CCR2 promotes monocyte subset accumulation in the liver,
namely of the inflammatory Ly6C+ (Grl+) monocyte
subset as precursors of tissue macrophages [39, 40]. In the
present study, we were able to show that MCD induced
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Fig. 5 Markers of HSC activation and collagen deposition are
markedly decreased in Casp3™~ mice compared with WT mice on
MCD diet. Quantification of collagen fibers was performed in liver
section stained with Sirius red (a) (magnification x40) and quantified
using the surface area stained per field area = SD (n = 4-6 in each
group) excluding blood vessels (b). Immunofluorescence staining of
o-SMA was also performed on frozen liver section (c). a-SMA was
detected using western blot assay from liver homogenates and

increase in CCR2 expression and recruitment of Lyb6c
positive macrophages is ameliorated in Casp3 ™'~ mice.
Another important aspect of blocking caspase 3 activa-
tion is the fact that this protease might be required for
apoptosis of activated HSC which has been proposed as a
potential mechanism to limit fibrogenesis, and thus, inhi-
bition of such a process could hypothetically result in

@ Springer

densitometry analysis of a-SMA over a-tubulin was analyzed (d).
Quantitative RT-PCR analysis of HSC activation markers alpha-
smooth muscle actin (a-SMA), collagen, type I-alpha (COL1A1), and
transforming growth factor-beta (TGF-P) mRNA expression was
assessed in WT and Casp3 ~~ mice on the CTL and MCD diet
(n = 4-5 in each group). Results are expressed as mean £ SEM.
*P value < 0.05

fibrosis progression. As expected after 6 weeks on the
MCD diet wild-type animals showed a marked increase in
the expression of various genes involved in HSC activation
and fibrogenesis, these changes were significantly reduced
in the Casp3 ™'~ mice. More importantly, an almost four-
fold increase in collagen deposition was present in wild-
type animals on the MCD diet, and these changes were
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completely blunted in the Casp3 ™~ mice. The results of
the current study suggest that inhibiting caspase 3 activa-
tion in hepatocytes significantly impacts the production of
proinflammatory cytokines such as TNF-o and IL-6 and
prevents HSC activation and fibrosis development. More-
over, these results support the concept that caspase 3
activation in parenchymal cells is a key stimulus for HSC
activation and fibrosis and overpowers the potential fibrotic
effects of caspase 3-independent cell death as well as the
putative anti-fibrotic effect of HSC apoptosis induction.
Future studies such as those using cell-type-specific cas-
pase 3 knockout mice will be required to further dissect the
role of caspase 3 activation in hepatocyte versus nonpa-
renchymal cells of the liver in vivo and their potential
distinct role in the pathophysiologic changes observed
during NASH development. In summary, the current
studies uncover the role of hepatic caspase 3 activation in
experimental NASH. The results support a model in which
during the development of NASH, lipotoxicity triggers
caspase 3 activation in hepatocytes, resulting in hepato-
cellular damage and steatohepatitis development. Caspase
3 activation further induces the release of signals that
activates HSC resulting in fibrogenesis and eventually
fibrosis. These data have significant implications for

development of potential targets for therapeutic
intervention.
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