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ABSTRACT 
The pathogenetic mechanisms of liver injury in non-alcoholic fatty liver disease (NAFLD), a condition that is assuming 
global pandemic proportions and is emerging as the commonest cause of liver cirrhosis worldwide, involves death of liver 
cells triggering inflammation and causing fibrosis. This apoptosis is driven by inflammasomes, especially - NLRP3, which 
activate caspase enzymes. Activated caspase-1 releases mature IL-1β and IL-18 in response to various cellular danger signals 
while Caspase-3 and caspase-7 and other caspases are activated with disease progression, they subsequently cleave a major 
filamentous protein known as cytokeratin-18 (CK-18)- which is a measurable marker of apoptosis. Caspase inhibition has 
emerged as a logical strategy to prevent inflammasome activation, and prevent disease progression. 

Emricasan, an oral pan-caspase inhibitor, had shown good results in animal models and early phase human studies in halting 
progressive liver disease. A recent large phase 2b human trial however failed to show benefit in NAFLD. 

These recent findings have raised concerns about the role of other caspase-independent forms of cell death, and the need to 
broaden our understanding and hypotheses from apoptotic to necrotic form of cell death that might best explain the failure of 
this drug. 
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INTRODUCTION 

Non-alcoholic fatty liver disease (NAFLD) comprises a 
spectrum of disorders that are observable in liver 
histological slides, ranging from a simple intrahepatic 
accumulation of fat (steatosis or non-alcoholic fatty liver, 
NAFL) to various degrees of necrotic inflammation (non-
alcoholic steatohepatitis, NASH) [1]. Nearly one third of 
those with simple steatosis (i.e., NAFL) progress to NASH, 
while another third with NASH progresses to fibrosis and 
cirrhosis. Natural history studies show that 2-12 % develop 
hepatocellular carcinoma [2,3]. 

Liver injury in NASH involves cell death, inflammation and 
fibrosis. Lipo-toxicity, resulting from intracellular 
accumulation of saturated fatty acids, cholesterol, or other 
toxic lipids; and oxidative injury, which is the result of 
reactive oxygen species (ROS) production by dysfunctional 
mitochondria or overactive CYP2E1 are thought to be the 
major events leading to cell death. Once hepatocytes die, 
they release danger signals, which activate Kupffer cells and 
hepatic stellate cells (HSC) resulting in inflammation and 
fibrosis, respectively [4]. 

The key cellular pathways that mediate pro-apoptotic 
signaling initiated by toxic saturated free fatty acids and in 
steatotic liver are lipid-induced activation of mixed lineage 

kinase 3 (MLK3) and c-Jun N-terminal kinase (JNK), along 
with the ER stress response [5]. Saturated fatty acids (such 
as palmitate) and lyso-phospholipids (such as 
lysophosphatidyl-choline) can activate death receptors on 
the hepatocyte cell membrane, resulting in mitochondrial 
toxicity and activation of caspase-8, which then activates the 
executioner caspases-3, -6 and -7, leading to apoptosis 
which is characteristic of NASH [6-8]. 

Pro-inflammatory cytokine IL-1β has a key role in the 
development and progression of NAFLD and is involved in 
all the stages of the disease spectrum- ranging from liver 
steatosis to NASH and fibrosis. Several mechanisms are able 
to activate IL-1β in NAFLD, which is produced as an  
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inactive protein and needs proteolytic cleavage to be 
rendered bioactive. Among these mechanisms of activation, 
the classical NLRP3 Inflammasome Activation Pathway is 
most studied for its role in NAFLD and other metabolic 
disturbance [9]. 

Inflammasome complexes are typically centered around 
nucleotide-binding oligomerization domain (NOD)-like 
receptor proteins (NLRPs).  The one with the greatest 
relevance to NASH is NLRP3. NLRP3 inflammasome is a 
large, intracellular multiprotein complex expressed in both 
parenchymal and nonparenchymal cells of the liver. NLRP3 
inflammasomes activate caspase-1 and release mature IL-
1β and IL-18, in response to various cellular danger signals. 
Studies have revealed NLRP3 inflammasome activation as 
an emerging factor contributing to NASH development. 

The expressions of NLRP3 components, pro-IL-1β and pro-
IL-18, are markedly increased in both mouse models and 
humans with NASH. Moreover, NLRP3 knockout mice or 
IL-1α or IL-1β knockout mice are protected from diet-
induced liver injury, inflammation, and fibrosis. Another 
study demonstrates that selective inhibition of caspase-1 
alleviates hepatic steatosis, inflammation, and fibrosis in a 
diet-induced mouse model of NASH. These studies strongly 
suggest that NLRP3 inflammasome may serve as a potential 
therapeutic target for the treatment of NASH [8-10]. 

In Kupffer cells, inflammasome activation and IL-1β 
secretion can be achieved by treating cells with a saturated 
fatty acid (SFA) like palmitate, plus a (toll like receptor) 
TLR-2 or TLR-9 agonist- which is same as exposing them to 
bacterial endotoxin or products released from fatty acid-
treated hepatocytes [10]. 

Beside this, the IL-1 and TNF secreted by activated Kupffer 
cells act on hepatocytes by accentuating steatosis and 
promoting further cytotoxicity. By promoting HSC survival, 
they also stimulate hepatic fibrosis. In addition, activated 
Kupffer cells release chemokines that recruit inflammatory 
macrophages, thus, continuing the inflammatory cycle [11]. 

The morphological features of dying cells are now well 
recognizable: they show nuclear and cytoplasmic 
condensation, blebbing of the plasma membrane, and tearing 
off of membrane-enclosed particles called apoptotic bodies, 
taking with them intact organelles and portions of the 
nucleus. The apoptotic bodies are by engulfed degraded 
removed by phagocytes, innate immune cells, and HSC. 
Within the liver, the major cell type to eliminate apoptotic 
bodies is the Kupffer cell [12,13]. 

In comparison to the programmed form called apoptosis, 
necrosis constitutes a pathological or accidental mode of cell 
death characterized by irreversible swelling of the cytoplasm 
and distortion of organelles, including mitochondria [12,13]. 

Liver cell apoptosis can be initiated by different complex 
pathways, the majority involving activation of the caspases 

(aspartate‐specific cysteine proteases). Eleven human 
members have been described. It initiates with the activation 
of Caspases‐2, ‐8, ‐9, and ‐10, which in turn activate a 
cascade of downstream effector caspases such as ‐3, ‐6, 
and‐7. Caspase activation and cleavage of specific cellular 
proteins or “death” substrates within the cell are the 
characteristic morphological features that define apoptosis. 
Apoptosis may therefore be viewed, in biochemical terms, as 
a caspase-mediated form of cell death. And necrosis is 
characterized mostly in negative terms by the absence of 
caspase activation [13]. Caspase-3 and caspase-7 are 
activated with disease progression and subsequently cleave a 
major filamentous protein known as cytokeratin-18 (CK-18). 
Cytokeratin‐18 is an intermediate filament representing 
about 5% of total protein in the liver, exocrine pancreas, 
intestine and other epithelial tissues. In vitro experiments 
have shown that as a consequence of caspase digestion 
during the intermediate stage of apoptosis, cellular release of 
cytokeratins 18 fragments into the extracellular space occurs 
and thus, it can serve as a marker of apoptosis [8, 13-16]. 

The M30 monoclonal antibody detects executioner caspases 
which cleave keratin-18 to cCK18 during apoptosis. Also, 
total cell death can be assessed by the levels offlCK18/M65, 
which detects both cCK18 and intact keratin-18 [17-19]. 

It has been seen that if there is sufficient energy (ATP) 
required for the final execution steps that involve caspase 
3/7-mediated cleavage of the cytoskeleton and cell 
movement, this causes of apoptosis. However, when ATP is 
depleted, there is no apoptosis, rather necroptosis (caspase 8 
is not involved; mixed lineage kinase domain-like 
pseudokinase [MLKL] is recruited and binds to the receptor-
interacting protein 1 [RIP1]/RIP3 complex) or necrosis. 
And, experiments in rodent livers showing NASH have 
increased expression of RIP3 (a marker of necrosis) and 
MLKL (a marker of necroptosis) [19,20]. 

The pilot study by Wieckowska [20] was the first to measure 
the levels of caspase‐generated CK18 fragments in patients 
with NAFLD. Caspase‐cleaved CK18 fragments are 
significantly higher in NAFLD patients than in controls. In a 
prospective study examining the utility of apoptosis 
biomarkers to predict fibrosis in patients with NASH, both 
full length and caspase-cleaved CK-18 were able to 
discriminate different stages of fibrosis with healthy controls 
[19-21]. 

Serum levels of uncleaved CK-18 are able to distinguish 
between simple steatosis and NASH, and levels of these 
molecules correlate with the presence of liver fibrosis [21]. 

It has been observed that mice genetically deficient in either 
caspase‐1 (which processes pro- IL-1βto IL-1β), -3, or -8 are 
resistant to diet‐induced NASH 9. Additional evidence 
supporting the role of caspase-1 in NASH comes from 
studies in which NLRP3 inhibition or deletion ameliorated 
liver inflammation and fibrosis in NASH models [22]. 
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Caspase inhibition has therefore been proposed as a way to 
prevent inflammasome activation, and thus potentially 
prevent inflammasome mediated inflammation in numerous 
liver diseases. 

Beneficial effects of various caspase inhibitors have been 
shown in several models of liver diseases in recent times. 
Nivocasan (GS 9450) a caspase 1, -8, 9 inhibitor completed 
phase II study in NASH and IIatrial in chronic HCV, where 
it was shown to cause reduction in the liver of liver 
transaminases. However, concerns about adverse effects had 
halted further studies [23]. 

Decreases in ALT and cCK18 in various therapeutic studies 
in NASH patients using pioglitazone and vitamin E were 
associated with improvements in resolution of NASH, 
steatosis, lobular inflammation, hepatocyte ballooning, and 
fibrosis stage [24]. Thus, caspase inhibition may be able to 
halt or resolve liver damage in NASH as there is reason to 
believe that excessive caspase‐mediated apoptosis and 
inflammation are clinically important drivers of progressive 
liver disease in NASH. 

Emricasan (IDN-6556) is an oral pan-caspase inhibitor - 
which was tested in animal models of acute hepatitis and 
chronic models of non- alcoholic steatohepatitis (NASH) - 
and shown to decreased apoptosis, inflammation, fibrosis, 
cirrhosis, and death. In two NASH models, Emricasan 
Emricasan reduced inflammation, proinflammatory 
cytokines, caspase activity, apoptosis, and fibrogenesis. In a 
murine model of cirrhosis induced by bile duct ligation, 
Emricasan Emricasan decreased portal pressure and 
improved survival. Also, it was studied in a rat CCl4 model 
of cirrhosis and was shown to decrease portal pressure, 
hepatic vascular resistance, inflammation, and liver fibrosis. 
These preclinical studies suggested that besides improving 
hepatocellular function, Emricasan Emricasan may even be 
effective at decreasing hepatic inflammation and fibrosis and 
treating portal hypertension [25,26]. 

Human studies with Emricasan Emricasan in HCV hepatitis 
with elevated aminotransferases, as well as in patients with 
liver cirrhosis of different etiologies had showed lowering of 
ALT levels suggesting anti‐apoptotic and anti‐inflammatory 
effects [27-29]. 

In patients with NASH and elevated aminotransferases, 
Emricasan had previously been shown to decrease caspase-
3/7 activity, cCK18, flCK18and serum ALT levels after 4 
weeks of treatment. Thus, in NASH patients, pan-caspase 
inhibition was proclaimed to decrease production of the pro-
inflammatory cytokine IL-1β, apoptosis, and decrease liver 
inflammation and fibrosis [30]. 

The histologic hallmarks of NASH include hepatocyte 
steatosis accompanied by ballooning, lobular and portal 

inflammation, with or without fibrosis. NASH histologic 
activity is quantified by the non-alcoholic fatty liver disease 
activity score (NAS) and fibrosis is staged according to the 
NASH Clinical Research Network (CRN) criteria [31]. 

In a recent double-blind, placebo-controlled study on 318 
patients with NAFLD however, Emricasan treatment with 5 
mg or 50 mg for 72 weeks failed to achieve either the 
primary objective of fibrosis improvement without 
worsening of NASH or the secondary objective of NASH 
resolution without worsening of fibrosis or. Further, it was 
noticed that the pan-caspase inhibitor could have worsened 
fibrosis and ballooning instead [32]. In another randomized 
trial of patients with cirrhosis Emricasan was found to 
significantly reduce mean MELD and Child-Pugh scores in 
subjects with high Model for End-Stage Liver Disease 
(MELD) scores (15 or more), compared with placebo, with 
significant improvement in liver functions. 

To assess whether Emricasan lowers Portal Hypertension in 
patients with compensated cirrhosis, multicenter, open-label 
study enrolled 23 subjects with compensated cirrhosis and 
PH (hepatic vein pressure gradient [HVPG] >5 mm Hg). In 
this study Emricasan was shown to decrease the portal 
hypertension in those with hepatic vein pressure gradient > 
12. However, in a recent a multicenter double-blinded study,
Emricasan did not meet either of its primary phase 2b trial 
endpoints in patients with nonalcoholic steatohepatitis-
related decompensated cirrhosis. In this study on 263 
patients with NASH-related cirrhosis and baseline HVPG 
≥12 mmHg, despite a reduction in biomarkers indicating 
target engagement, Emricasan was not associated with 
improvement in HVPG or clinical outcomes. 

SUMMARY 

In lipotoxic liver injury, hepatocytes die via apoptosis, 
necrosis and necroptosis. The former is a result of 
inflammasome activation and is caspase mediated cell death. 
The theoretically promising aspect of caspase inhibitors was 
to stop this pathway, as had been shown in earlier animal 
and human studies. 

While suicide-substrate types of caspase inhibitors have 
been found to be potent and highly effective in preventing 
apoptotic cell death, the present negative human study in 
NAFLD raises questions about other factors and 
mechanisms. It needs to be explored whether inhibition of 
caspases might increase necroptosis by triggering other 
caspase-independent forms of cell death [9]. It is therefore 
possible that caspase inhibitors, though promising in short 
term studies, could be triggering a more prominent 
inflammatory response and inducing necrosis when used 
long-term, and showing up to be not just ineffective but even 
be detrimental (Figure 1). 
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Figure 1. Diagrammatic depiction of the two pathways for hepatocyte injury. 

Image adapted from: Schwabe RF, et al. Nature reviews. Gastroenterology & H. 
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