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Found in translation—core network preservation
across liver diseases and species
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Esmaili et al." conducted co-expression network analysis to uncover core homeostatic modules critical to a
broad spectrum of liver diseases in mouse and human. Perturbation state of core modules may underlie dis-
ease stages across species and serve as therapeutic targets.

Complex liver diseases such as metabolic-
associated fatty liver disease (MAFLD) and
liver cancer display heterogeneity in clin-
ical manifestation, risk factors, and causal
genes and pathways. MAFLD is a spec-
trum of hepatic abnormalities ranging
from simple steatosis (or non-alcoholic
fatty liver, NAFL), steatohepatitis (NASH)
to fibrosis and cirrhosis, with potential to
develop into hepatocellular carcinoma
(HCC). Given the high mortality of HCC
and that there are no FDA-approved drugs
for MAFLD that encompasses over 25% of
the general population and soon to be the
most common cause for liver transplanta-
tion, we are at a critical stage to push the
pace to better understand liver diseases.
To date, factors governing the progression
between different types and stages of liver
diseases are unknown, and a unifying
model to explain liver disease heterogene-
ity is lacking. Additionally, although animal
models have been extensively used in hu-
man disease studies, ensuring the transla-
tional relevance from mouse to man is still
a challenge.

To overcome the challenges in transla-
tional medicine for liver diseases, it is
important to recognize the diverse genetic
and environmental causal factors and
broad molecular alterations involved.
The complexity promotes an omnigenic
disease model, which posits that
numerous genes connected in networks
work together to partake in homeostatic
biological functions but, when perturbed,
result in complex diseases.” Networks
offer a bird’s eye view of disease etiology
by taking into account global data points
and molecular interactions, thereby allow-

ing for a higher level comparison between
diseases and species to pave a better
translational path.®*

Esmaili et al. utilized network-based sys-
tems biology to explore the heterogeneity
and between-species network preserva-
tion of liver diseases through a compara-
tive study' (Figure 1). They hypothesized
that there exists preservation of core ho-
meostatic gene networks in the liver, and
specific regulation and state of the core
networks determine pathophysiological
conditions in mouse and human. To test
the hypothesis, they applied weighted
gene co-expression network analysis
(WGCNA)® to a large collection of liver tran-
scriptomic datasets representing various
dietary perturbations and pathophysiolog-
ical conditions (healthy, obesity, NAFL,
NASH, liver cancer) in different species (hu-
man versus mouse) to identify preserved
network modules across species and dis-
ease conditions. WGCNA is a widely
used network-modeling method to group
genes into “modules,” each consisting of
numerous genes demonstrating highly co-
ordinated expression patterns. The study
not only uncovered core modules involved
inimmune response and metabolism to be
preserved across liver conditions and spe-
cies but identified disease- and species-
specific perturbation states of the core
modules along with non-preserved mod-
ules. Interestingly, the direction of correla-
tion between the core modules and dis-
ease states is not necessarily consistent
between species or disease conditions,
and the state of the preserved modules
can predict liver cancer survival. Lastly,
they identified potential regulators of the

preserved modules using module expres-
sion quantitative trait loci (€QTL) analysis,
highlighting novel genes such as CGN,
ZNF419, and SPATA20 that may alter the
behavior of the core modules.

This study is comprehensive and signif-
icant in several ways. First, by challenging
mice with six different diets consisting of
mixtures of cholesterol, cholic acid, and/
or sucrose, they generated valuable tran-
scriptomic datasets informing dietary ef-
fects and molecular processes involved
in MAFLD triggered by environmental
risks. Their network analysis of these da-
tasets uncovered preserved network
modules that deviate from the homeostat-
ic state across the MAFLD spectrum. As
liver pathology becomes more severe,
the immune modules become more upre-
gulated and metabolic modules more
downregulated. This knowledge of gene
network dynamics provides valuable in-
sights into MAFLD progression. Second,
they performed similar network analysis
on numerous transcriptome datasets for
a spectrum of human liver pathologies
from healthy to MAFLD to liver cancer in
order to confirm the preservation of the
core modules between species across
liver diseases. Their observation that the
direction of change in core modules was
not necessarily consistent between spe-
cies suggests that it is the specific degree
and direction of deviation from network
homeostasis that underlie different dis-
ease states in different species. These
findings offer insights into the level of
preservation between species; that is,
there is preservation in module structure
but not direction and degree of change.
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Finally, the study incorporated genetic in-
formation to identify “module eQTLs,”
which are genetic loci that potentially
regulate module expression patterns and
homeostasis. This analysis highlighted
novel genes that may serve as potential
targets to modulate gene network pertur-
bations for liver disease treatment.

Despite the strengths, the study has a
few limitations, including the lack of func-
tional validation of the causal importance
of the core modules and regulators, and
what the directional inconsistencies
mean from a translational perspective.
As module changes can be either protec-
tive or pathogenic, it is possible that a
protective module is upregulated in one
species but downregulated in another
species. Additionally, as the liver is a
heterogenous tissue with various cell
types, it is important to dissect the cellular
contributions to the core modules identi-
fied through single-cell studies. Further-
more, it would be interesting to identify
drugs or agents that reverse network per-
turbations to homeostatic state.

Overall, the work by Esmaili et al. opens
the door to translational medicine by
providing a dynamic understanding of a
broad spectrum of liver diseases between
species and uncovering potential target-
able gene candidates and networks. Pre-
vious studies have shown that disease
genes identified from mouse and human

do not necessarily overlap.® Instead of
hunting for consistent disease causal
genes, targeting preserved core networks
is likely a more productive path, although
caution is needed because of the direc-
tional inconsistency. The findings of this
study are in line with recent network-
based disease studies that uncovered
preserved networks across diseases
and/or species® '° and supports the value
of systems biology in translational medi-
cine.
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Figure 1. Overview of Esmaili et al. study and potential future directions
Esmaili et al. conducted a cross-disease, cross-species study to understand the heterogeneity and between-species network preservation of a broad spectrum
of liver diseases. A few potential future directions include functional validation of the core modules and regulators, identifying cellular components contributing to
the core modules, and uncovering agents and drugs that may modulate the perturbed core modules to homeostatic state.
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