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JOURNAL 
OF HEPATOLOGY
Reply to: ‘‘Protective effects of heme oxygenase 1 during
ischemia-reperfusion injury: Hepatocytes or non parenchymal cells?’’
To the Editor:
We thank Xu et al. for their insightful comments on our recently
published papers in Journal of Hepatology1 and American Journal
of Transplantation,2 in which we documented the importance of
macrophage heme oxygenase-1 (HO-1) on macrophage activa-
tion and graft autophagy regulation in the pathophysiology of
hepatic ischemia-reperfusion injury (IRI).

Liver IRI is characterized by innate immune-driven sterile
inflammation in which the onset of reperfusion in ischemic tis-
sue commences after cellular injury and secretion of danger-
associated molecular patterns, which then trigger a cascade of
inflammatory cytokine/chemokine programs, further contribut-
ing to target cell death (Fig. 1). As we1 and others3 have
reported, macrophages are the dominant source of HO-1 in
mouse and human IR-stressed livers, therefore post-reperfusion
HO-1 expression in clinical orthotopic liver transplant (OLT)
biopsies mainly represents macrophage-derived HO-1 levels.1,2

Our in vivo and in vitro murine experiments1,4 demonstrated
that macrophage HO-1 modification influenced pro-inflamma-
tory cytokine production and IRI severity, while post-transplant
HO-1 levels at the graft site correlated with clinical outcomes in
human OLT.1,2 Taken together, macrophage HO-1 expression is
crucial for liver graft protection against IR-stress and macro-

phage regulation by HO-1 is one of the essential components
of its hepatoprotective function (Fig. 1).

Autophagy is an evolutionarily conserved intracellular self-
digesting pathway responsible for maintaining the energy
homeostasis as well as removal of long-lived or damaged orga-
nelles and proteins. A growing body of evidence indicates the
cytoprotective function of hepatocyte autophagy in various dis-
ease models, including liver IRI.5,6 In our recent study,2 we have
reported that post-reperfusion HO-1 levels at the graft site pos-
itively correlated with LC3B levels in liver transplant patients.
Importantly, hepatic LC3B was expressed mainly by parenchy-
mal cells,2 while HO-1 was predominantly expressed by
infiltrating macrophages in IR-stressed livers.1 In addition,
treatment with ex vivo gene modified bone marrow-derived
macrophages, overexpressing HO-1, not only increased graft
total LC3B protein levels (Western blots) but also enhanced
LC3B expression in parenchymal cells (immunohistochemistry),
in a murine OLT model.2 Likewise, myeloid-specific HO-1 dele-
tion in a mouse warm IRI model1 decreased hepatic LC3B
expression at 6 h after reperfusion (Nakamura, unpublished
data). Noteworthy, in both strategies, manipulation of HO-1
expression was primarily limited to non-parenchymal cells
(macrophages2 and myeloid cells1). All these findings indicate
Journal of Hepatology 2018 vol. 69 j 746–758 753

https://doi.org/10.1016/j.jhep.2018.05.022
https://doi.org/10.1016/j.jhep.2018.05.022
http://refhub.elsevier.com/S0168-8278(18)32044-0/h0005
http://refhub.elsevier.com/S0168-8278(18)32044-0/h0005
http://refhub.elsevier.com/S0168-8278(18)32044-0/h0005
http://refhub.elsevier.com/S0168-8278(18)32044-0/h0005
http://refhub.elsevier.com/S0168-8278(18)32044-0/h0010
http://refhub.elsevier.com/S0168-8278(18)32044-0/h0010
http://refhub.elsevier.com/S0168-8278(18)32044-0/h0015
http://refhub.elsevier.com/S0168-8278(18)32044-0/h0015
http://refhub.elsevier.com/S0168-8278(18)32044-0/h0015
http://refhub.elsevier.com/S0168-8278(18)32044-0/h0020
http://refhub.elsevier.com/S0168-8278(18)32044-0/h0020
http://refhub.elsevier.com/S0168-8278(18)32044-0/h0020
http://refhub.elsevier.com/S0168-8278(18)32044-0/h9030
http://refhub.elsevier.com/S0168-8278(18)32044-0/h9030
http://refhub.elsevier.com/S0168-8278(18)32044-0/h9030
http://refhub.elsevier.com/S0168-8278(18)32044-0/h9030
http://refhub.elsevier.com/S0168-8278(18)32044-0/h9035
http://refhub.elsevier.com/S0168-8278(18)32044-0/h9035
http://refhub.elsevier.com/S0168-8278(18)32044-0/h9035
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhep.2018.05.029&domain=pdf


that HO-1 produced by macrophages significantly affects
autophagy in parenchymal cells. However, how macrophage
HO-1 regulates the hepatocyte autophagy program remains to
be elucidated. Indeed, HO-1 may exert paracrine actions or
putative communicating signal(s) that are currently unknown.
Future studies are required to clarify the underlying mecha-
nisms (Fig. 1).

HO-1 silencing by siRNA prevents autophagy and increases
hepatocyte apoptosis in vitro.6,7 Therefore, despite relatively
low expression levels in IR-stressed livers,1,3 HO-1 protein pro-
duced by hepatocytes may also contribute to hepatoprotection.
Conversely, liver sinusoidal endothelial cell (LSEC)HO-1may also
exert hepatoprotection in vivo sinceHO-1overexpression in these
cells was shown to attenuate injury induced by hypoxia-reoxy-
genation in vitro.8 However, with no animal studies using liver
cell-specific HO-1 (Hmox1) gene manipulation reported to date,
the role of hepatocyte-specific or LSEC-specific HO-1 in liver ster-
ile inflammation remain to be verified in vivo. Despite recent
reports identifying the importance of macrophage autophagy in
innate-immune regulation9 as well as the contribution of HO-1
in macrophage autophagy program,10 the significance of HO-1
mediatedmacrophage autophagy in liver IRI remains to be deter-
mined. Clearly, the role of cell-specific autophagy in liver inflam-
mation awaits further elucidation (Fig. 1).

Hence, we fully agree with Xu et al.’s assertion that hepato-
cyte-specific and LSEC-specific HO-1 gene mutant mice merit
future comprehensive studies to elucidate whether or not
HO-1 produced selectively by these cells is sufficient to exert
hepatoprotection in IR-stressed livers.
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Fig. 1. Putative organ protective function of HO-1 in liver IRI. HO-1, heme oxygenase 1; IRI, ischemia-reperfusion injury. (This figure appears in colour on the
web.)
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Imaging endpoints for non-alcoholic steatohepatitis
(NASH) therapeutic trials: A growing role for multiparametric MRI?

To the Editor:
We read with great interest the excellent review article by
Ratziu1 on endpoints for non-cirrhotic non-alcoholic steatohep-
atitis (NASH) therapeutic trials. Ratziu highlights that goals
differ at different phases in the complex process of bringing
novel medicines to patients (phase I, IIa, IIb and III) and that
different endpoints to measure achievement of these goals are
required for each phase of clinical development.

Major limitations exist in the tools currently available to
determine the safety and efficacy of drugs for the treatment of
NASH. While liver histology remains the ‘‘gold standard” for
regulatory approval of investigational drugs, there is a high
unmet medical need to develop robust, accurate and repro-
ducible non-invasive methods to quantify NASH severity and
progression/regression for use in clinical development and ulti-
mately in clinical practice. Given the prolonged natural history
of non-alcoholic fatty liver disease (NAFLD) and NASH, it is also
important to develop non-invasive methods linking improve-
ment in NAFLD/NASH to reduction in serious clinical events,
so that the risk/benefit of pharmacological interventions can
be accurately defined.

In the review, Ratzui states that non-invasive methods are
essential to understand how the metabolic/anti-inflammatory
and/or anti-fibrotic actions of investigational agents translate
into improvements in histology, since histology is not readily
available to monitor response, particularly in the early phases
of drug development.1 Ratzui also states that ‘‘there are no good
serum or imaging markers of steatohepatitis, improvement in
liver cell injury or cell death or the inflammatory cascade” for
measuring anti-inflammatory/anti-fibrotic benefits in early
phase trials.1

Ratzui refers to a ‘‘promising method to grade the severity of
steatohepatitis and to predict clinical events”,2,3 and that this
method,4 ‘‘a T1 mapping technique for fibrosis and inflamma-
tion using multiparametric magnetic resonance imaging” has
been evaluated in small studies and awaits independent confir-
mation from larger trials. Large studies linking multiparametric
liver MRI (also known as LiverMultiScan) to liver events (such as

hepatic decompensation, liver cancer and liver-related deaths)
are ongoing,5 but we would like to bring to the attention of
readers of Journal of Hepatology a large and independent study
recently published in the cardiovascular literature correlating
liver T1 results with cardiac clinical outcomes.6 This strong
association is important as cardiovascular disease (CVD), not
liver disease, is the primary cause of death in patients with
NAFLD.7

The Multi-Ethnic Study of Atherosclerosis (MESA) study, a
prospective cohort of men and women aged 45 to 84 years
and free of overt CVD at enrollment recruited subjects from
six centers across the United States.6 Of the 6,814 individuals
enrolled, liver T1 maps were obtained in 2,087 individuals, both
before and after gadolinium contrast injection, to determine
native T1 and extracellular volume fraction, calculated from
native and post-contrast T1 measurements. These parameters
are elevated in patients with liver inflammation and/or fibrosis.
Importantly, these investigators found that both native liver T1
and liver extracellular volume fraction were strongly associated
with CVD events (including atrial fibrillation, heart failure, and
coronary heart disease), occurring in the preceding 10 years. A
history of atrial fibrillation and CVD events was associated with
significantly higher liver T1 values (24.6 ms and 18.5 ms,
respectively). Thus, this landmark study showed that in a large
population, even where most of the individuals are not known
to have liver disease, liver T1 is associated with potentially
life-threatening cardiovascular clinical outcomes.

Building on the encouraging results of the MESA study, the
UK Biobank study is currently enrolling 100,000 subjects who
are undergoing T1 mapping as part of the LiverMultiScan proto-
col.5 Within the next few years, large-scale data will be avail-
able to evaluate the relationship and predictive power of liver
MR relaxation times and specific clinical outcomes. Such out-
come studies linking highly reproducible MRI results8 to clinical
events may ultimately be more important for the field than cor-
relations between imaging and histological indices, which are
known to have significant inter-reader as well as sampling
variance.9

Keywords: Liver; NAFLD; NASH; MRI; Cardiovascular.
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