A NEW METHOD INCLUDING THE QUANTIFICATION OF CIRCULATING MIRNAS ALLOWS THE EFFICIENT IDENTIFICATION OF
NASH PATIENTS AT RISK WHO SHOULD BE TREATED
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FIRST BIOSTATISTICAL APPROACH
THE MEDIAN ALGORITHM

Availability of a wide range of miRNA profiling
technologies based on sequence specificity (Taq Man
assays, NGS, miRNA arrays).
High degree of specificity and sensitivity.
Sequence homology among species facilitates the
translation from preclinical to clinical studies.

miR-200a is implicated in the regulation of α-SMA activity and affects the
proliferation of TGF-β-dependent activation of hepatic stellate cells
(Sun et al., 2014)

miR-34a
miR-34a is upregulated in the liver of NAFLD patients and reflects histological
steatohepatitis severity (Cheung et al., 2008; Cermelli et al., 2011)
miR-34a regulates steatosis by targeting the PPARα-related pathway in
NAFLD (Ding et al., 2015)
miR-34a promotes Hepatic Stellate Cell activation (Yan et al., 2015)
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(A) Overview of the biostatistical method used to identify and verify the Bootstrap algorithm. Selected variables: alpha-2-Macroglobulin (A2M), miR-34a, miR-200a, Glycated hemoglobin (HbA1c) and amino
terminal type III procollagen peptide (P3NP).
(B) Performances of the Bootstrap algorithm: median Area Under the Receiver Operating Characteristic (ROC) curve (AUC) of 0.82 (95% CI: 0.76 – 0.87), total accuracy of 75%, sensitivity of 75%, specificity
of 76%, PPV of 72% and NPV of 79%.
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Bootstrap algorithm with miRNA
Median algorithm with miRNA
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miR-200a expression is associated with the progression of liver fibrosis both
in human and mouse studies (Murakami et al., 2011)
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(C) Comparison with existing scoring systems. The Bootstrap algorithm displays much better accuracy and robustness in identifying the NASH patient that should be treated as shown by the comparison
of the AUC of each score.

0.8

miR-21
miR-34a
miR-221/222
miR-122

0.8

0.2

(A) Overview of the biostatistical method used to identify the Median algorithm.
(B) Frequency of apparition of each variable among the approximately 27,000 algorithms.
Only the variables displaying a frequency over 50% were retained into the algorithm.
Selected variables: alpha-2-Macroglobulin (A2M), miR-200a, miR-34a, Glycated
hemoglobin (HbA1c) and amino terminal type III procollagen peptide (P3NP).
(C) Performances of the Median algorithm: median Area Under the Receiver Operating
Characteristic (ROC) curve (AUC) of 0.82 (95%: 0.72 – 0.91), total accuracy of 79%,
sensitivity of 81%, specificity of 77%, PPV of 74% and NPV of 83%.

0.0

miRNAs are protected by the formation of
protein-miRNA complexes.

miR-21
miR-122
miR-34a
miR-221/222
3
miR-128-3p
miR-200a

1 - Speciﬁcity

0.2

miRNAs are packaged in membranous vesicles
such as exosomes or apoptotic bodies which offer
protection against RNase activity.
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miRNAs are involved in the pathophysiology of chronic
diseases, by impacting on gene regulation.
miRNAs are released from cells upon tissue injury
during progression of disease.
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Several miRNAs
have been identiﬁed
play key roles
the development
steatosisfrequent
and its
For both biostatistical approaches, a stepwise logistic regression
method
was toapplied
toinselect
the ofmost
progression to steatohepatitis, ﬁbrosis, cirrhosis, and hepatocellular carcinoma (Figure 1). One of the
variables included in the algorithms.
most lipid-responsive miRNAs in the liver is miR-34a, which is heavily upregulated in mice kept on

CIRCULATING MIRNAS AS BIOMARKERS
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Two independent biostatistical approaches (Median and Bootstrap) were used to generate thousands of cohorts
from the initial patient population in order to assure the translatability of the results to the global NAFLD/NASH
population.
4. Speciﬁc miRNAs Associated with the Progression of NAFLD

high-fat diet and its expression levels in humans correlate with the severity of NASH [31,32].
Overexpression of miR-34a results in hepatocellular apoptosis [32]. A major target of miR-34a is the
NAD-dependent deacetylase Sirtuin-1 (SIRT1), which has a key role in energy homeostasis by
activating pivotal transcription factors such as peroxisome proliferator-activated receptor-alpha
(PPARα) and liver X receptor (LXR), while it has an inhibitory eﬀect on PPAR-gamma
coactivator-1alpha (PGC-1α), sterol regulatory element-binding protein 1c (SREBP1c), and farnesoid
X receptor (FXR) [33]. Silencing of miR-34a restores the expression of SIRT1 and PPARα, resulting in
activation of the metabolic sensor AMP-activated protein kinase (AMPK) and the activation of
various PPARα target genes, suggesting a fundamental role of miR-34a in the deregulation of lipid
metabolism associated with NAFLD [34].
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In addition to the 100+ variables that were measured at baseline, the systematic measurements of 9 different
circulating miRNAs were also introduced into the data set.
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Data and plasma samples from the 274 biopsy proven NASH patients included in the GOLDEN-505 phase IIb
trial with Elafibranor were used for this study. This patient cohort is extremely well-characterized, including a
complete anthropometric and biochemical data set, centralized biopsy reading, and covers a wide spectrum of
NASH disease activity and severity.
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3. Aberrant miRNA Proﬁles in Experimental and Human NAFLD

increased or decreased abundance associated with human NAFLD or experimental NAFLD induced
by dietary or genetic manipulations [22,24–27]. By virtue of their ability to modulate multiple
metabolic and signaling pathways, miRNAs appear to be involved in all stages of NAFLD. Thus,
deregulation of miRNAs has been associated with altered lipid and glucose metabolism, oxidative
stress, inﬂammation, and pathways of hepatocellular survival and proliferation [22,24,25,27]. A
notable limitation of these studies is that while global miRNA sequencing is increasingly performed,
most of currently available reports have been based on microarrays with a limited set of probes and
cannot account for all miRNAs potentially involved in a given experimental or observational
paradigm.
Diet-induced obesity in mice results in the diﬀerential expression of 6% of total miRNAs [24,28].
High-fat diet administered to rats leads to diﬀerentially expressed miRNAs including upregulation
of miR-146, miR-152, and miR-200 family members with predicted target genes regulating ion and
protein transport, cell adhesion, and migration [29]. Importantly, these changes can be similarly
observed in human hepatocytes and immortalized liver cell lines exposed to various fatty acids and
pro-inﬂammatory cytokines [29]. Human observations provide additional evidence for aberrant
miRNAs in obesity, insulin resistance, diabetes, and NAFLD [30]. In one of the earliest observations
in humans, hepatic miRNA proﬁles of subjects with NASH and the metabolic syndrome by using a
microarray of 474 human miRNAs were compared to healthy controls and 46 diﬀerentially
expressed miRNA species were identiﬁed of which 23 were upregulated and 23 were
downregulated [31]. Predicted targets of these miRNAs included genes that regulate lipid
metabolism, inﬂammation, oxidative stress, and apoptosis. Intriguingly, however, individual
histological features of NAFLD severity showed no correlations with changes in the expression level
of these miRNAs [31].
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Those patients at risk were defined according to FDA, EMA, and KOL’s consensus as having a NAFLD
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Activity Score (NAS) of 4 or more and a fibrosis grade of 2 or 3.
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The first goal of this work was to develop a new simple, rapid, reliable and non-invasive diagnostic
method, in order to screen and identify NASH patients that should be treated without requiring a liver
biopsy.

The second objective was to compare the performances
of this
new
method
with those
oftherapeutic
existing
MicroRNAs
have recently
emerged
as novel biomarkers
and potential
targets in the
management of NAFLD. Diﬀerential miRNA expression has identiﬁed a number of miRNAs with
scoring systems.
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The efficient management of the NASH patient population thus requires new non-invasive diagnostic tools
dedicated to the screening and the detection of NASH patients at risk of liver outcomes from the large population of
NAFLD/NASH patients.
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In terms of public health, the management of the NASH epidemic is a priority. However, NASH is currently
under-diagnosed since:

SECOND BIOSTATISTICAL APPROACH
THE BOOTSTRAP ALGORITHM
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(A) The two independent biostatistical approaches indentified the same 5 variables including the same 2 miRNAs in their corresponding algorithm.
(B) The Median and the Bootstrap algorithms showed better performances than existing scoring systems.

The two parallel biostatistical approaches, allowing the identification of the patients that should be
treated, independently identified the same two specific miRNA species within the top 3 most
frequent markers of NASH.
The variables identified with the Bootstrap algorithm are the same as those identified with the
Median algorithm. This observation strengthens the statistical relevance and confidence in these
variables as predictive of NASH stages and severity.
Additionally, a comparative study demonstrates that these 2 algorithms are more Powerful than
existing scoring systems to identify the patient that should be treated.
The results provide also the proof of the added value of miRNAs as diagnostic markers in NASH.
Next steps:
This work is still in progress, and the 2 algorithms will be improved through the implementation
of new variables including recently discovered miRNA candidates.
All the algorithms will be validated using independent cohorts.
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