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Abstract: Heart failure (HF) has several etiologies including myocardial infarction (MI) and left
ventricular remodeling (LVR), but its progression remains difficult to predict in clinical practice.
Systems biology analyses of LVR after MI predict molecular insights of this event such as
modulation of microRNA (miRNA) that could be used as a signature of HF progression. To define
a miRNA signature of LVR after MI, we use 2 systems biology approaches integrating either
proteomic data generated from LV of post-MI rat induced by left coronary artery ligation or
multi-omics data (proteins and non-coding RNAs) generated from plasma of post-MI patients from
the REVE-2 study. The first approach predicts 13 miRNAs and 3 of these miRNAs were validated
to be associated with LVR in vivo: miR-21-5p, miR-23a-3p and miR-222-3p. The second approach
predicts 24 miRNAs among 1310 molecules and 6 of these miRNAs were selected to be associated
with LVR in silico: miR-17-5p, miR-21-5p, miR-26b-5p, miR-222-3p, miR-335-5p and miR-375. We
identified a signature of 7 microRNAs associated with LVR after MI that support the interest of
integrative systems biology analyses to define a miRNA signature of HF progression.

Keywords: biomarkers; miRNAs; heart failure; system biology

1. Introduction

Heart failure (HF) is a major cause of mortality in occidental countries that is difficult to predict
in clinical practice [1]. HF can be the consequence of left ventricle remodeling (LVR) induced by a
myocardial infarction (MI) [2,3]. LVR is characterized by cardiac hypertrophy and reduction of LV
wall. Although, LVR is an adaptive response early after M, it is becoming deleterious in a long term
[4]. Deciphering molecular events underlying LVR may offer new opportunities in the identification
of early predictive biomarkers of LVR and HF. Omics approaches including transcriptomics,
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proteomics, and metabolomics have been extensively used to explore these mechanisms but the
amount of complex generated data prevents from their comprehensive analysis.

Recently, systems biology opened new opportunities to understand molecular networks and
identify new targets involved in HF [5,6]. Among those potential targets, microRNAs (miRNAs) are
non-coding RNAs of 19 to 23 nucleotides that regulate gene expression by targeting messenger
RNAs [7]. MiRNAs are involved in many processes like cardiomyocyte hypertrophy, fibroblast to
myofibroblast transformation and cell to cell communication [8-10]. The modulation of expression
of a small set of miRNAs associated with LVR may define a miRNA signature to detect this process.
The present study aims to define a signature of miRNAs associated with LVR after MI to predict HF.
We analyzed two systems biology approaches that we previously developed from post MI rat model
[10-13] and post-MI patients from the REVE-2 study [14].

2. Results

2.1. Analysis of the protein-miRNA network derived from post-MI rats identified circulating miR-21-5p,
miR-23a-3p and miR-222-3p to be associated with LVR after MI

The proteomic screening in LV of post-MI male rats [11], previously published [12,13], allowed
the identification of 45 proteins modulated by LVR. Using the Qiagen’s Ingenuity Pathway
knowledge base, we built a protein-miRNA interaction network highlighting 13 candidate miRNAs
which were prioritized to identify candidate miRNAs to detect LVR after MI (Figure 1).

A Proteomic screening Knowledge B
in LV of post-MI rats platform
45 proteins modulated Ingenuity
by LVR Pathways Selection in | Validation
\l/ \l/ post-MlIrat | in post-MI
Protein-miRNA interaction network Association model REVE-2
Prediction of 13 candidate miRNAs ~— |—> with HF patients
regulating 8 proteins modulated by LVR 9/13 miRNAs LV |Plasma| Plasma
\l/ bijrilsuc:li:i;;ﬂf Timepoint (months)] 0 [ 2| 0| 2 | 0 | 3 | 12
Experimental validation miR-21-3p <l XgX
miR-21-5p ol [X
LV of post-MI rats miR-23a-3p NP RS
11/13 miRNAs detected R29D.3
6/11 modulated by LVR 2 miR-275-op hidl i
7 |miR-122 X | X
v % [miR-133a oo
Plasma of post-MI rats 2 |miR-145-5p | o
3/5 miRNAs detected ',}‘5 miR-210 X X
3/3 modulated by LVR iati T
y o B ] = A A K I R
y 3/13 miRNAs miR-320a L
Plasma of the REVE-2 patients validated as miR-338-3p hidl e
3/3 miRNAs detected —> biomarker of miR-377-5p 1] X | X
3/3 modulated by LVR LVR after MI miR-483-3p N D

Figure 1. Identification of miR-21-5p, miR-23a-3p and miR-222-3p to detect left ventricular
remodeling (LVR) after myocardial infarction (MI) and to predict heart failure (HF). (A) Design and
(B) experimental selection and validation of the 13 candidate miRNAs predicted from the proteomic
data obtained in LV of post-MI rats by the Ingenuity Pathway knowledge platform. Quantification of
candidate miRNAs in LV and in plasma of post-MI rats at 7 days (Timepoint 0) and at 2 months and
in plasma of REVE-2 patients at baseline (Timepoint 0), 3 month and 12 months after MI was
published elsewhere [10]. 1 and | indicates respectively a significant increase and decrease of
miRNAs (p < 0.05) detected between sham- and post-MI rats / between patients with no and high
LVR, < indicates no modulation, X indicates a lack of detection. MiRNAs remaining after the

validation process are in bold.
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The 13 candidate miRNAs are predicted to interact with 8 out of the 45 proteins modulated by
LVR [10], testifying that they are involved in LVR after MI. Moreover, 9 out of the 13 candidate
miRNAs have been described as biomarkers of HF: miR-21-3p, miR-21-5p, miR-23a-3p, miR-29b-3p,
miR-122, miR-133a, miR-145-5p, miR-222-3p and miR-320a [10,15-20], confirming their potential as
targets to predict HF (Figure 1A). To prioritize candidate miRNAs with high relation specificity with
LVR, we evaluated in vivo the association of the 13 candidate miRNAs with LVR after MI (Figure
1B). In LV of post-MI rats, we selected 6 candidate miRNAs up-regulated by LVR at 7 days
(miR-23a-3p, miR-222-3p and miR-320a) and at 2 months after MI (miR-21-3p, miR-21-5p,
miR-222-3p and miR-377-5p) [10] and we excluded the 7 candidate miRNAs which were not
detected (miR-122 and miR-210) or not modulated by LVR (miR-29b-3p, miR-133a, miR-145-5p,
miR-338-3p and miR-483-3p). In plasma of post-MI rats, we selected 3 candidate miRNAs
down-regulated by LVR at 7 days and up-regulated by LVR at 2 months (miR-21-5p, miR-23a-3p
and miR-222-3p) [10] and we excluded the 3 candidate miRNAs which were not detected (miR-21-3p
and miR-377-5p) or not measurable (miR-320a). In plasma of post-MI patients from the REVE-2
study, we show that the 3 selected candidate miRNAs: miR-21-5p, miR-23a-3p and miR-222-3p are
down-regulated by LVR at baseline and are up-regulated by LVR after 3 months, especially in men,
validating their potential as circulating biomarkers of adverse LVR after MI to predict HF as
previously published [10].

2.2. Analysis of the REVE-2 network identified miR-21-5p, miR-222-3p, miR-335-5p, miR-26b-5p, miR-375
and miR-17-5p to detect LVR after M1

The REVE-2 molecular data generated by the measurement of 24 variables in the plasma of the
patients from the REVE-2 study (including miR-21-5p, miR-23a-3p and miR-222-3p) and the
EdgeLeap’s knowledge platform EdgeBox were used to build the REVE-2 molecular interaction
network described in detail elsewhere [14]. The REVE-2 network contains 1310 molecules, including
24 miRNAs which were prioritized to identify candidate miRNAs to detect LVR after MI (Figure 2).

Fourteen out of the 24 candidate miRNAs are described to be associated with HF: miR-21-5p,
miR-222-3p, miR-423-5p, miR-26b-5p, miR-23a-3p, miR-744-5p, miR-133a-3p, miR-17-5p,
miR-29¢-3p, miR-145-5p, miR-29b-3p, let-7g-5p, miR-143-3p and miR-451a [10,15,17,18,21-24],
confirming they are interesting targets to predict HF (Figure 2A-B). To prioritize candidate miRNAs
with high relation specificity with LVR, we evaluated in silico the association of the 24 candidate
miRNAs with LVR after MI through 2 criteria: active modules and betweeness centrality (Figure
2A). To avoid the selection of miRNAs associated with mechanisms not specific of LVR such as
inflammation [14], we excluded the 15 candidate miRNAs active only at baseline. However, it could
be interesting to analyze the miRNAs only active at baseline as potential biomarker of early LVR. To
avoid the selection of miRNAs less significant in LVR, we excluded 13 miRNAs that were not in the
top 50 molecules with the highest centrality. When combining these 2 criteria, among the 24
candidate miRNAs, only 6 remained: miR-21-5p, miR-222-3p, miR-335-5p, miR-26b-5p, miR-375 and
miR-17-5p (Figure 2B). Interestingly, the 6 remaining candidate miRNAs are predicted to be active
at least at 3 months after MI, when only specific mechanisms of LVR seems to be effective [14]. To
date, only miR-21-5p and miR-222-3p, also identified by the first approach, were validated in vivo to
detect LVR after MI [10], testifying that the signature defined by the 6 last candidate miRNAs may
be used as circulating biomarker of adverse LVR after MI to predict HF.
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Figure 2. Identification of miR-21-5p, miR-222-3p, miR-335-5p, miR-26ba-3p, miR-375 and miR-17-5p
to detect left ventricular remodeling (LVR) after myocardial infarction (MI) and to predict heart
failure (HF). (A) Selection process and (B) priorization analysis of the 24 miRNAs predicted from the
multi-omic data obtained in the 226 patients from the REVE-2 study by the EdgeBox knowledge
platform. \ indicates that miRNA is predicted to be active at the corresponding timepoint: baseline
(0), 1 month, 3 month and 12 months after MI. MiRNAs only active at baseline (grey) and with a
betweenness centrality rank lower than 50 (inside the thick line) were excluded from further
investigation because they are not expected to be highly involved in LVR after MI. * indicates

2.3. Gene ontology analysis of the 7 miRNAs targets predicted with a high relation specificity with processes
involved in LVR after M1

An analysis of the 7 miRNAs targets was performed using the ClueGO [25] and CluePedia [26]

applications of Cytoscape (version 3.4.0). The applications used the miRecords database to identify
the experimentally validated targets of each miRNA which were submitted to Gene Ontology
enrichment (Figure 3).
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Figure 3. Functional annotation enrichment analysis of the 7 miRNA’s targets. (A) Targets of
miRNAs were predicted by miRecords database. No targets have been described for miR-335-5p and
miR-26b-5p. (Bb) Biological processes of miRNA'’s target genes were predicted by Cytoscape plugin
ClueGO and Cluepedia applications (p < 0.05).

Thirty-one targets were predicted to interact with 5 out of 7 miRNAs (miR-21-5p, miR-222-3p,
miR-23a-3p, miR-375 and miR-17-5p) (Figure 3A). The 2 remaining miRNAs (miR-335-5p and
miR-26b-5p) had no validated target in miRecords. We can observe that the miRNA's targets are
involved in pathways involved in LVR development such as fibroblast proliferation, regulation of
reactive oxygen species metabolism and intrinsic apoptotic signaling pathways, but also embryonic
heart development as embryonic heart tube development and aorta development (Figure 3B). These
results testify of the involvement of the 7 miRNAs in cardiac development and LVR processes.

3. Discussion and Perspectives

Systems biology approaches have been shown to improve the biomarker discovery in
comparison with traditional omics approaches by allowing the selection of biomarkers with a
biological relevance in the pathology [5,6]. In this study, we described two systems biology analyses
integrating both omics data to identify candidate miRNAs associated with LVR after MI and to
predict HF. As interaction networks rely on the use of public databases, prediction of miRNA
interactions are not always experimentally validated and may give an approximate vision of the
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complex mechanisms underlying LVR [27,28]. To avoid this issue, predicted miRNA interactions
were either experimentally validated or predicted by at least 3 different databases in this study.
Moreover, while most systems biology approaches often integrate a single timepoint, we used
different timepoints to integrate the molecular events underlying LVR progression. Finally, both
approaches include a selection of candidate miRNAs associated with LVR after MI either by
experimental validation in vivo or by in silico priorization before validation in post-MI patients.

The first approach, derived from post-MI rat model, predicted 13 candidate miRNAs and 3 of
these candidate miRNAs were selected to be associated with LVR in vivo both in LV and in plasma of
post-MI rats: miR-21-5p, miR-23a-3p and miR-222-3p. In this first approach, candidate miRNAs
were selected based on the hypothesized behavior of circulating miRNAs as endocrine signal, but
our results show that candidate miRNAs does not have necessarily the same profile in LV and in
plasma, testifying that miRNAs secreted by LV are quantitatively and qualitatively different from
their intracellular profile in LV. Moreover, although circulating miRNA profile in HF rat models
may not reflect human profile [29], we validated the association of miR-21-5p, miR-23a-3p and
miR-222-3p with LVR after MI both in plasma of HF rat model and HF patients, testifying that these
3 selected miRNAs define a conserved miRNA signature of LVR. The second approach predicted 24
candidate miRNAs among 1310 molecules and 6 of these miRNAs were selected to be associated
with LVR in silico: miR-17-5p, miR-21-5p, miR-26b-5p, miR-222-3p, miR-335-5p and miR-375.
Although miR-21-5p and miR-222-3p were validated by the first approach, miR-335-5p, miR-26b-5p,
miR-375 and miR-17-5p remain to be validated. Altogether, these two integrative systems biology
analyses identified a signature of 7 microRNAs associated with LVR after MI and more especially
with mechanisms underlying LVR, such as apoptosis, oxidative stress and fibroblasts proliferation.

MiR-21-5p is one of the most studied miRNAs in cardiovascular diseases. Indeed, it was shown
that the failing heart was able to release miR-21-5p into the circulation [18]. Mir-23a-3p is less
studied. However, a correlation was described between miR-23a and pulmonary function of patients
with idiopathic pulmonary hypertension [30]. MiR-23a was also shown to regulate cardiomyocyte
apoptosis by targeting SOD2 mRNA [31]. MiR-222-3p is known to regulate SOD2 expression in HF
patients [10] and to be involved in the inhibition of myocardial fibrosis by targeting TGF{ [32].
Recently, we showed that miR-21-5p, miR-23a-3p and miR-222-3p were decreased in the plasma of
patients with high LVR at baseline and increased at one year [10]. MiR-335-5p has not been yet
linked with cardiovascular diseases and it has been described as a potential biomarker of
osteosarcoma in children [33] and of osteoporosis [34]. MiR-375 has been shown to be mainly
expressed in the developing heart and to a lower extent in the adult heart [35] and it is also increased
in the plasma of pregnant women with fetal congenital heart defects [36]. MiR-26b-5p and miR-17-5p
are well known to be involved in the cardiovascular system. MiR-26b-5p has been shown to be
modulated in plasma of patients presenting major cardiovascular events [23]. MiR-17-5p was shown
to be increased in the plasma of patients with hypertrophic cardiomyopathy and diffuse myocardial
fibrosis [24]. These results testify that miR-21-5p, miR-23a-3p, miR-222-3p, miR-320a, miR-335-5p,
miR-26b-5p, miR-375 and miR-17-5p may be interesting targets to predict HF.

In conclusion, we highlighted the interest of integrative systems biology analyses to define a
miRNA signature of LVR to predict HE. However, even though the building of molecular networks
relies on experimental data, we showed that miRNA signature still need to be experimentally
validated to be relevant in vivo.

Our study has some limitations: further experiments should be done in order to understand
why there is no correlation for some miRNAs between the intracellular (LV) and extracellular
(plasma) miRNA profiles. It would be important to determine the cellular origin (fibroblasts,
cardiomyocytes, endothelial cells,..) of miRNAs and the characterization of their transporters from
the intracellular to extracellular medium.

4. Methods

4.1. Experimental model of HF in rats
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All animal experiments were performed according to the Guide for the Care and Use of
Laboratory Animals published by the US National Institutes of Health (NIH publication
NO1-OD-4-2-139, revised in 2011). Experimental protocols were performed under the supervision of
a person authorized to perform experiments on live animals (F. Pinet: 59-350126 and E.
Dubois-Deruy: 59-350253). Approval was granted by the institutional ethics review board (CEEA
Nord Pas-de-Calais N°242011, January 2012). MI was induced as previously described [10, 11] by
permanent left anterior descending coronary artery ligation in 10 weeks old Wistar male rats.
Hemodynamic and echocardiographic measurements were performed to detect LVR, at 7 days (n=8
in sham- and MI) and 2 months (n=8 in sham- and MI) after surgery, followed by non-infarcted area
of LV sampling and plasma sampling.

4.2. The REVE-2 study

The REVE-2 study is a prospective multicenter study to analyze the association between
circulating biomarkers and LVR and has been previously detailed [3]. Briefly, REVE-2 study
included 226 patients with a first anterior wall Q-wave MI between February 2006 and September
2008. The research protocol was approved by the Ethics Committee of the Centre Hospitalier et
Universitaire de Lille, and each patient provided written informed consent. Serial echocardiographic
studies were performed at hospital discharge (baseline), 3 months and one year after MI and were
used to assess LVR. LVR was defined as a >20% increase in end diastolic volume from baseline to 1
year. Serial blood samples were taken at 4 timepoint: baseline, 1 month, 3 months and 12 months.
Twenty-four molecular variables were measured in the REVE-2 plasma at 1 to 4 timepoints.

4.3. Quantification of candidate miRNAs

RNAs were extracted from non-infarcted area of LV of rats and from plasma of rats and REVE-2
patients as described elsewhere [10]. Candidate miRNAs were quantified and normalized with
miR-423-3p in LV and with Caenorhabditis elegans Cel-39 in plasma as decribed elsewhere [10].

4.4. Functional analysis of miRNAs targets

MiRNA target prediction was performed wusing the ClueGO (version 2.5.2
http://apps.cytoscape.org/apps/cluego) [25] and CluePedia (version 1.5.2
http://apps.cytoscape.org/apps/cluepedia) applications [26] of Cytoscape software (version 3.4.0
http://www.cytoscape.org/). Only validated miRNAs targets from the miRecords database were
selected. A Gene Ontology (GO) enrichment analysis for Biological Processes was performed for all
the miRNAs targets using the ClueGO application of Cytoscape software. P-value was set at 0.05,
and corrected for multiple testing using Benjamini-Hochberg adjustment.

Acknowledgments: This work was supported by grants from “Agence Nationale de la Recherche”
(ANR 15-CEA-U16), “Fondation de France” and by the “Féderation Hospital-Universitaire” FHU
REMOD-VHF. We thank Jean-Paul Henry for the surgical induction of MI in rats. FP is MC
substitute of COST action cardioRNA (CA1229).

Author Contributions: F.P. and C.B. conceived and designed the experiments; H.C., M.C., E.D.D. and P.M.
performed the experiments; H.C.,, M.C,, ED.D., P.M,, V.R,, C.B. and F.P. analyzed the data; H.C.,, M.C,, ED.D.,
C.B. and F.P. wrote the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Benjamin; E.J; Blaha, M.].; Chiuve, S.E.; Cushman, M.; Das, S.R.; Deo, R.; de Ferranti, S.D.; Floyd, ],
Fornage, M.; Gillespie, C.; Isasi, C.R.; Jiménez, M.C.; Jordan, L.C.; Judd, S.E.; Lackland, D.; Lichtman, J.H.;
Lisabeth, L.; Liu, S.; Longenecker, C.T.; Mackey, R.H.; Matsushita, K.; Mozaffarian, D.; Mussolino, M.E.;
Nasir, K.; Neumar, RW.; Palaniappan, L.; Pandey, D.K,; Thiagarajan, R.R.; Reeves, M.].; Ritchey, M.;
Rodriguez, C.J.; Roth, G.A.; Rosamond, W.D.; Sasson, C.; Towfighi, A.; Tsao, C.W.; Turner, M.B.; Virani,



248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299

Non-Coding RNA 2018, 4, x FOR PEER REVIEW 8 of 10

10.

11.

12.

13.

14.

15.

16.

S.S.; Voeks, ].H.; Willey, ].Z.; Wilkins, ].T.; Wu, ].H.; Alger, H.M.; Wong, S.S.; Muntner, P.; American Heart
Association Statistics Committee and Stroke Statistics Subcommittee. Heart Disease and Stroke
Statistics—2017 Update : A Report From the American Heart Association. Circulation 2017, 135(10),
el46-e603. doi:10.1161/CIR.0000000000000485.Heart

Savoye, C.; Equine, O.; Tricot, O.; Nugue, O.; Segrestin, B.; Sautiére, K.; Elkohen, M.; Pretorian, E.M.;
Taghipour, K.; Philias, A.; Aumégeat, V.; Decoulx, E.; Ennezat, P.V.; Bauters, C. Left ventricular
remodeling after anterior wall acute myocardial infarction in modern clinical practice (from the
REmodelage VEntriculaire [REVE] study group). Am ] Cardiol 2006, 98(9), 1144-1149.
doi:10.1016/j.amjcard.2006.06.011

Fertin, M.; Hennache, B.; Hamon, M.; Ennezat, P.V.; Biausque, F.; Elkohen, M.; Nugue, O.; Tricot, O,;
Lamblin, N.; Pinet, F.; Bauters, C. Usefulness of serial assessment of B-type natriuretic peptide; troponin I;
and C-reactive protein to predict left ventricular remodeling after acute myocardial infarction (from the
REVE-2 Study). Am ] Cardiol 2010, 106(10), 1410-1416. doi:10.1016/j.amjcard.2010.06.071

St John Sutton, M.G.; Sharpe, N. Left ventricular remodeling after myocardial infarction pathophysiology
and therapy. Circulation 2000, 101(25), 2981-2988. d0i:10.1161/01.CIR.101.25.2981

Azuaje, F.J.; Dewey, F.E.; Brutsaert, D.L; Devaux, Y.; Ashley, E.A.; Wagner, D.R. Systems-based
approaches to cardiovascular biomarker discovery. Circ Cardiovasc Genet 2012, 5(3), 360-367.
doi:10.1161/CIRCGENETICS.112.962977

Mitra, K.; Carvunis, A.; Ramesh, S.; Ideker, T. Integrative approaches for finding modular structure in
biological networks. Nat Rev Genet 2013, 14(10), 719-732. d0i:10.1038/nrg3552.Integrative

Winter, J.; Jung, S.; Keller, S.; Gregory, RI; Diederichs, S. Many roads to maturity: MicroRNA biogenesis
pathways and their regulation. Nat Cell Biol. 2009, 11(3), 228-234. d0i:10.1038/ncb0309-228

Bang, C.; Batkai, S.; Dangwal, S.; Gupta, S.K.; Foinquinos, A.; Holzmann, A.; Just, A.; Remke, J.; Zimmer,
K.; Zeug, A.; Ponimaskin, E.; Schmiedl, A.; Yin, X.; Mayr, M.; Halder, R.; Fischer, A.; Engelhardt, S.; Wei,
Y.; Schober, A.; Fiedler, J.; Thum, T. Cardiac fibroblast-derived microRNA passenger strand-enriched
exosomes mediate cardiomyocyte hypertrophy. | Clin Invest 2014, 124(5), 2136-2146. d0i:10.1172/JCI70577
Tallquist, M.D.; Molkentin, ].D. Redefining the identity of cardiac fibroblasts. Nat Rev Cardiol, 2017, 14(8),
484-491. doi:10.1038/nrcardio.2017.57

Dubois-Deruy, E.; Cuvelliez, M.; Fiedler, J.; Charrier, H.; Mulder, P.; Hebbar, E.; Pfanne, A.; Beseme, O,;
Chwastyniak, M.; Amouyel, P.; Richard, V.; Bauters, C.; Thum, T.; Pinet, F. MicroRNAs regulating
superoxide dismutase 2 are new circulating biomarkers of heart failure. Sci Rep 2017, 7(1),
14747:1-14747:10. d0i:10.1038/s41598-017-15011-6

Mulder, P.; Devaux, B.; Richard, V.; Henry, J.; Wimart, M.; Thibout, E.; Mace, B.; Thuillez, C. Early Versus
Delayed Angiotensin-Converting Enzyme Inhibition in Experimental Chronic Heart Failure. Effects on
Survival; Hemodynamics; and Cardiovascular Remodeling. Circulation 1997, 95(5), 1314-1319.
doi:10.1161/circ.95.5.1314

Cieniewski-Bernard, C.; Mulder, P.; Henry, ].P.; Drobecq, H.; Dubois, E.; Pottiez, G.; Thuillez, C,;
Amouyel, P.; Richard, V.; Pinet, F. Proteomic analysis of left ventricular remodeling in an experimental
model of heart failure. ] Proteome Res 2008, 7(11), 5004-5016. doi:10.1021/pr800409u

Dubois, E.; Richard, V.; Mulder, P.; Lamblin, N.; Drobecq, H.; Henry, J.P.; Amouyel, P.; Thuillez, C.;
Bauters, C.; Pinet, F. Decreased Serine207 phosphorylation of troponin T as a biomarker for left ventricular
remodelling after myocardial infarction. Eur Heart | 2011, 32(1), 115-123. doi:10.1093/eurheartj/ehq108
Pinet, F.; Cuvelliez, M.; Kelder, T.; Amouyel, P.; Radonjic, M.; Bauters, C. Integrative network analysis
reveals time-dependent molecular events underlying left ventricular remodeling in post-myocardial
infarction patients. Biochim Biophys Acta 2017, 1863(6), 1445-1453. d0i:10.1016/j.bbadis.2017.02.001
Kuosmanen, S.M.; Hartikainen, J.; Hippelainen, M.; Kokki, H.; Levonen, A.L.; Tavi, P. MicroRNA profiling
of pericardial fluid samples from patients with heart failure. PLoS One 2015, 10(3), e€0119646:1-e0119646:23.
doi:10.1371/journal.pone.0119646

Cortez-Dias, N.; Costa, M.C.; Carrilho-Ferreira, P.; Silva, D.; Jorge, C.; Calisto, C.; Pessoa, T.; Martins, S.R;
de Sousa, J.C; da Silva, P.C; Fiuza, M. Diogo, A.N. Pinto, F.J; Enguita, FJ. Circulating
miR-122-5p/miR-133b Ratio Is a Specific Early Prognostic Biomarker in Acute Myocardial Infarction. Circ |
2016, 80(10), 2183-2191. doi: 10.1253/circj



300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

Non-Coding RNA 2018, 4, x FOR PEER REVIEW 9 of 10

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Liu, X.; Meng, H,; Jiang, C.; Yang, S.; Cui, F.; Yang, P. Differential microRNA Expression and Regulation in
the Rat Model of Post-Infarction Heart Failure. PLoS One 2016, 11(8), e0160920:1-e0160920:18. doi:
10.1371/journal.pone.0160920

Marques, F.Z; Vizi, D.,; Khammy, O.; Mariani, J.A.; Kaye, D.M. The transcardiac gradient of
cardio-microRNAs in the failing heart. Eur | Heart Fail 2016, 18(8), 1000-1008. doi: 10.1002/ejhf.517

Zhang, M.; Cheng, Y.J.; Sara, ].D.; Liu, L.J.; Liu, L.P.; Zhao, X.; Gao, H. Circulating MicroRNA-145 is
Associated with Acute Myocardial Infarction and Heart Failure. Chin Med | (Engl) 2017, 130(1), 51-56. doi:
10.4103/0366-6999.196573.

van Boven, N.; Kardys, I; van Vark, L.C; Akkerhuis, K.M.; de Ronde, M.W ].; Khan, M.A F.; Merkus, D.;
Liu, Z.; Voors, A.A.; Asselbergs, F.W.; van den Bos, E.; Boersma, E.; Hillege, H.; Duncker, D.].; Pinto, Y.M.;
Postmus, D. Serially measured circulating microRNAs and adverse clinical outcomes in patients with
acute heart failure. Eur | Heart Fail 2018, 20, 89-96. doi:10.1002/ejhf.950

Jiao, M.; You, H.Z; Yang, X.Y.; Yuan, H.; Li, Y.L.; Liu, W.X; Jin, M.; Du, J. Circulating microRNA signature
for the diagnosis of childhood dilated cardiomyopathy. Sci Rep 2018, 8(1), 724:1-724:9. doi:
10.1038/s41598-017-19138-4

Wang, L.; Liu, J.; Xu, B.; Liu, Y.L.; Liu, Z. Reduced exosome miR-425 and miR-744 in the plasma represents
the progression of fibrosis and heart failure. Kaohsiung ] Med Sci 2018, 34(11), 626-633. doi:
10.1016/j.kjms.2018.05.008

Jakob, P.; Kacprowski, T.; Briand-Schumacher, S.; Heg, D.; Klingenberg, R.; Stahli, B.E.; Jaguszewski, M.;
Rodondi, N.; Nanchen, D.; Raber, L.; Vogt, P.; Mach, F.; Windecker, S.; Volker, U.; Matter, C.M.; Liischer,
T.F.; Landmesser, U. Profiling and validation of circulating microRNAs for cardiovascular events in
patients presenting with ST-segment elevation myocardial infarction. Eur Heart | 2017, 38(7), 511-515.
doi:10.1093/eurheartj/ehw563

Fang, L.; Ellims, A.H.; Moore, X.; White, D.A.; Taylor, A.J.; Chin-Dusting, J.; Dart, A.M. Circulating
microRNAs as biomarkers for diffuse myocardial fibrosis in patients with hypertrophic cardiomyopathy. |
Transl Med 2015, 13, 314:1-314:12. doi:10.1186/s12967-015-0672-0

Bindea, G.; Mlecnik, B.; Hackl, H.; Charoentong, P.; Tosolini, M.; Kirilovsky, A.; Fridman, W.H.; Pages, F.;
Trajanoski, Z.; Galon, J. ClueGO: A Cytoscape plug-in to decipher functionally grouped gene ontology
and pathway annotation networks. Bioinformatics 2009, 25(8), 1091-1093. doi:10.1093/bioinformatics/btp101
Bindea, G.; Galon, J.; Mlecnik, B. CluePedia Cytoscape plugin: Pathway insights using integrated
experimental and in silico data. Bioinformatics 2013, 29(5), 661-663. doi:10.1093/bioinformatics/btt019

Bray, D. Limits of computational biology. In Silico Biol 2015, 12(1-2), 1-7. doi: 10.3233/ISB-140461

Oulas, A.; Minadakis, G.; Zachariou, M.; Sokratous, K.; Bourdakou, M.M.; Spyrou, G.M. Systems
Bioinformatics: increasing precision of computational diagnostics and therapeutics through
network-based approaches. Brief Bioinform 2017, 1-19. doi: 10.1093/bib/bbx151

Vegter, E.L.; Ovchinnikova, E.S; Sillj, HH.W.; Meems, LM.G.; van der Pol, A,; van der Velde, AR,
Berezikov, E.; Voors, A.A.; Boer, R.A.D.; van der Meer, P. Rodent heart failure models do not reflect the
human circulating microRNA signature in heart failure. PLoS One 2017, 12(5), e0177242:1-e0177242:14.
doi:10.1371/journal.pone.0177242

Sarrion, I; Milian, L.; Juan, G.; Ramon, M.; Furest, I.; Carda, C.; Cortijo Gimeno, ]J.; Mata Roig, M. Role of
circulating miRNAs as biomarkers in idiopathic pulmonary arterial hypertension : possible relevance of
miR-23a. Oxid Med Cell Longev 2015, 2015, 792846:1-792846:10. doi:10.1155/2015/792846

Long, B.; Gan, T.Y.; Zhang, R.C.; Zhang, Y.H. miR-23a Regulates Cardiomyocyte Apoptosis by Targeting
Manganese Superoxide Dismutase. Mol Cells 2017, 40(8), 542-549. doi: 10.14348/molcells.2017.0012
Verjans, R.; Peters, T.; Beaumont, F.J.; van Leeuwen, R.; van Herwaarden, T.; Verhesen, W.; Munts, C,;
Bijnen, M.; Henkens, M.; Diez, J.; de Windt, L.J.; van Nieuwenhoven, F.A ; van Bilsen, M.; Goumans, M.]J.;
Heymans, S.; Gonzalez, A.; Schroen, B. MicroRNA-221/222 Family Counteracts Myocardial Fibrosis in
Pressure  Overload-Induced  Heart  Failure.  Hypertensio. 2018,  71(2),  280-288.  doi:
10.1161/HYPERTENSIONAHA.117.10094

Allen-Rhoades, W.; Kurenbekova, L.; Satterfield, L.; Parikh, N.; Fuja, D.; Shuck, R.L.; Rainusso, N.; Trucco,
M.; Barkauskas, D.A; Jo, E.; Ahern, C.; Hilsenbeck, S.; Donehower, L.A.; Yustein, ]J.T. Cross-species
identification of a plasma microRNA signature for detection, therapeutic monitoring; and prognosis in
osteosarcoma. Cancer Med 2015, 4(7), 977-988. d0i:10.1002/cam4.438


https://www-ncbi-nlm-nih-gov.gate2.inist.fr/pubmed/?term=Long%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28756653
https://www-ncbi-nlm-nih-gov.gate2.inist.fr/pubmed/?term=Gan%20TY%5BAuthor%5D&cauthor=true&cauthor_uid=28756653
https://www-ncbi-nlm-nih-gov.gate2.inist.fr/pubmed/?term=Zhang%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=28756653
https://www-ncbi-nlm-nih-gov.gate2.inist.fr/pubmed/?term=Zhang%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=28756653

353
354
355
356
357
358
359
360
361
362
363

Non-Coding RNA 2018, 4, x FOR PEER REVIEW 10 of 10

34.

35.

36.

Kocijan, R.; Muschitz, C.; Geiger, E.; Skalicky, S.; Baierl, A.; Dormann, R.; Plachel, F.; Feichtinger, X.;
Heimel, P.; Fahrleitner-Pammer, A.; Grillari, J.; Redl, H.; Resch, H.; Hackl, M. Circulating microRNA
signatures in patients with idiopathic and postmenopausal osteoporosis and fragility fractures. ] Clin
Endocrinol Metab 2016, 101(11), 4125-4134. d0i:10.1210/jc.2016-2365

Cao, L.; Kong, L.P.; Yu, Z.B.; Han, S.P,; Bai; Y.F.; Zhu ,].; Hu, X,; Zhu, C.; Zhu, S.; Guo, X.R. microRNA
expression profiling of the developing mouse heart. Int ] Mol Med 2012, 30(5), 1095-1104.
doi:10.3892/ijmm.2012.1092

Zhu, S.; Cao, L.; Zhu, J.; Kong, L.; Jin, J.; Qian, L.; Zhu, C;; Hu, X; Li, M.; Guo, X,; Han, S.; Yu, Z
Identification of maternal serum microRNAs as novel non-invasive biomarkers for prenatal detection of
fetal congenital heart defects. Clin Chim Acta 2013, 424, 66-72. doi:10.1016/j.cca.2013.05.010



