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While studies have shown an association between microRNAs and cardiac rejection, the 

clinical relevance of a pre-identified miRNA signature as a noninvasive biomarker has never 

been assessed in prospective multicentric unselected cohorts. To address this unmet need, we 

designed a prospective study (NCT02672683) including recipients from 11 centers between 

August 2016 to March 2018. The objective was to validate the association between 3 

previously identified circulating microRNA (10a, 92a, 155) and the histopathological 

diagnosis of rejection. Both relative and absolute (sensitivity analysis) quantifications of 

microRNAs were performed. Overall, 461 patients were included (831 biopsies, 79 

rejections). A per-protocol interim analysis (258 biopsies, 49 rejections) did not find any 

association between microRNA and rejection (microRNA 10a: odds ratio (OR) = 1.05, 95% 

confidence intervals (CI) = 0.87-1.27, p = 0.61; 92a: OR = 0.98, 95%CI = 0.87-1.10, p = 0.68; 

155: OR = 0.91, 95%CI = 0.76-1.10, p = 0.33). These results were confirmed in the sensitivity 

analysis. The analysis of the remaining sera was stopped for futility. This study shows no 

clinical utility of circulating microRNAs 10a, 92a, and 155 monitoring in heart allograft 

recipients 

 

 

 

 

Circulating microRNAs (miR) have been identified as potential valuable noninvasive 

biomarkers of cardiac allograft rejection that may help clinicians minimize the number of 

protocol endomyocardial biopsies (EMB).1 However, the majority of literature is based on 

retrospective cross-sectional studies at risk of bias.2-5 The prospective validation of an miR 

rejection signature in independent cohorts is therefore crucial. In a multicenter case–control 

study, we previously identified an miR signature of rejection with differential tissue and 

serum expression between rejecting and normal heart allografts.6 The assessment of 

circulating miR permitted discrimination with notably high accuracy between patients with 

and without allograft rejection. We designed a longitudinal prospective multicenter 

observational study aimed at validating this circulating miR signature of cardiac rejection 

(Non-Invasive Detection of Cardiac Allograft Rejection by Circulating microRNAs, 

NCT02672683). 

Patients were recruited from 11 transplant centers across the country following written 

informed consent for a protocol approved by our local institutional review board (Ile de 

France IV, IRB number = 00003835, protocol 201554NICB). Our study complies with the 

ISHLT ethics statement. The primary objective was to prospectively validate the association 

between 3 previously identified circulating miR and the histopathological diagnosis of 

rejection on concomitant EMB. The rejection was defined as an acute cellular rejection 

(ACR) ≥ 2R and/or an antibody-mediated rejection (AMR) ≥ pAMR1 according to 

international guidelines.7,8 Patients were included from August 2016 to March 2018 and 

followed during 1 year. 



The inclusion criteria were adult heart transplant recipient with < 10 post-transplant years 

undergoing EMB. The exclusion criterion was multiorgan transplantation. The sample size 

was calculated based on an estimation of a 33% differential expression of circulating miR 

between rejection and no rejection, with a 0.05 significance level and 0.90 power and 

considering a rejection rate of 7% (n = 820). Sera samples were collected just before the EMB 

(i) for all for-cause biopsies; (ii) at 1-, 3-, 6-, and 12- months post- transplant for de-novo 

transplant recipients; and (iii) during annual visits for recipients transplanted after 1 year. miR 

10a, miR 92a, and miR 155 were measured in triplicate in sera. Relative quantification of the 

miR of interest was performed by normalizing miR copy numbers using cel- miR-39 to obtain 

∆Ct values, as previously described.6 ∆∆Ct was then obtained by subtracting the average of 

∆Ct to each ∆Ct values. Finally, we determined fold values for each sample (2
(−∆∆Ct)

). 

Sensitivity analysis was performed with an absolute quantification analysis of the miR copy 

numbers using miR mimics standard dilution curves (Supplementary Methods).9 We followed 

the STROBE statement checklist for the report of observational cohort studies.10 The 

selection of sera for interim analyses is de- scribed in the Supplementary Methods. The 

association between circulating miR expression and rejection was tested using a 3-level 

mixed-effect logistic regression with a random intercept (random effects: “subject-level” 

nested in the “center-level,” fixed effects: patient gender, integration method = adaptive 

Gauss–Hermite quadrature, number of integration points = 7) to account for the clustering of 

patients within a center and the clustering of biopsies from the same subject. The receiver-

operating characteristics were drawn with calculations of the area under the curve and 95% 

confidence intervals (CI). We used STATA/MP (version 17.0) for all analyses and considered 

p-values below 0.05 to be significant. All the tests were two tailed. 

A total of 461 patients were included representing 831 EMB, mostly protocol biopsies (n = 

773, 93.0%). The baseline clinical characteristics at inclusion are described in Table 1. The 

median time between heart transplantation and EMB was 8 months (interquartile range: 3-16 

months). A total of 79 rejection episodes were diagnosed, including 25 ACR ≥ 2 R and 56 

AMR ≥ pAMR1 (Supplementary Table 1). In a per-protocol interim analysis based on a 

subset of 258 EMB from 204 patients and including 49 rejection episodes (ACR ≥ 2R = 17, 

pAMR1(H+) = 14, pAMR1(I +) = 9, pAMR2 = 11), no association between the relative 

expression of any circulating miR and rejection was found (miR 10a: OR = 1.05, 95%CI = 

0.87-1.27, p = 0.61; miR 92a: OR = 0.98, 95%CI = 0.87-1.10, p = 0.68; miR 155: OR = 0.91, 

95%CI = 0.76-1.10, p = 0.33; Figures 1 and 2A) 

 

The sensitivity analysis using an absolute quantification of circulating miR on a subset of 191 

EMB from 163 patients and including 74 rejection episodes (ACR ≥ 2R = 23, pAMR1(H+) = 

25, pAMR1(I+) = 12, pAMR2 = 16) confirmed the lack of association between circulating 

miR and rejection (miR 10a: OR = 1.05, 95%CI = 0.98-1.11, p = 0.18; p = ; miR 92a: OR = 

1.00, 95%CI = 0.999-1.001, p = 0.60, miR 155: OR = 1.00, 95%CI = 0.999-1.002, p = 0.07; 

Figures 1 and 2B). The a posteriori power calculation to detect a 33% differential expression 

of circulating miR between rejection and no rejection was 0.75 and 0.77 for the main and 

sensitivity analysis, respectively. Defining allograft rejection differently or considering 



separately ACR and AMR did not have any impact on our results (Supplementary Figures S1-

S4). The analysis of the remaining sera was then stopped for futility. 

 

 

 



 

 

 

 

 



 

 

In this large prospective cohort of unselected patients, the previously identified circulating 

miR signature of cardiac rejection was not validated. First, this absence of prospective 

validation may reflect important bias inherent to retrospective case–control studies (limited 

sample size, selection bias). Second, an important issue limiting the clinical application of 

miR is the high variability of the miR signature identified across studies (miR-144-3p,2 miR-

181a-5p,3 miR-142-3p, and miR-101-3p,5 miR-29c-3p, and miR-486-5p4) and a drop in 

discrimination when externally validating an miR rejection signature.1 Among the 39 miR 

associated with rejection in the largest prospective study published, only 1 has been found to 



be associated with rejection in previous studies.1 Third, the normalization step using an 

endogenous miR expression may induce measurement bias since there is no consensus in the 

literature regarding the best normalization miR. However, even an absolute quantification of 

miR failed to find any relevant association. Finally, our analysis was restricted to 3 circulating 

miR. An analysis of a larger number of miR may have identified stronger and more stable 

associations required for the external validation process, as in a recent large prospective study 

performed without any a priori selection of miR of interest.1 However, our aim was to 

prospectively validate a previously identified rejection signature. 

 

This large prospective longitudinal multicenter study showed no clinical utility of circulating 

miR 10a, 92a, and 155 monitoring in heart allograft recipients. 

 

Author contributions (ICJME) 

 

GC and MR contributed to the acquisition of data and analysis, drafted the work, approved the 

final version, and agreed to be accountable for all aspects of the work. GB, RG, FR, KB, EE, 

AS, SP, AB, and AG contributed to the acquisition of data, revised the manuscript critically, 

approved the final version, and agreed to be accountable for all aspects of the work. FT 

contributed to the acquisition of data and all technical aspects of the study, approved the final 

version, and agreed to be accountable for all aspects of the work. PB contributed to the 

conception, the design and interpretation, approved the final version, and agreed to be 

accountable for all aspects of the work. XJ, AL, and JPVDH contributed to the conception, 

the design and interpretation, revised the manuscript critically for important intellectual 

content, approved the final version, and agreed to be accountable for all aspects of the work. 

 

Disclosure statement 

 

The authors of this manuscript have no conflicts of interest to disclose as described by the 

Journal of Heart and Lung 

 

 

 

 

 



Transplantation. 

The authors acknowledge the assistance of the department of “Recherche clinique, Entrepôts 

de données et Pharmacologie, GHU Paris Centre Université Paris Cité - Unité de Recherche 

Clinique.” The authors acknowledge the assistance of Francine Tacafred, Catherine Aubailly 

and Saadia Jerbi. The study was funded by the French Ministry of Health as a PHRC 

(Programme Hospitalier de Recherche Clinique – Clinical research program, PHRC-I_2014, 

Project number: 14-028). GC received research grants from the French Federation of 

Cardiology (Paris, France, 2019) and the “ Institut de France” (Paris, France, 2019). 

 

Data availability 

 

The data that support the findings of this study are available from the corresponding author 

upon reasonable request. 

 

References 

 

1. Shah P, Agbor-Enoh S, Bagchi P, et al. Circulating microRNAs in cellular and antibody-

mediated heart transplant rejection. J Heart Lung Transplant 2022;41:1401-13. 

https://doi.org/10.1016/j.healun.2022.06.019. 

2. Pérez-Carrillo L, Sánchez-Lázaro I, Triviño JC, et al. Diagnostic value of serum miR-144-

3p for the detection of acute cellular rejection in heart transplant patients. J Heart Lung 

Transplant 2022;41:137-47. https://doi.org/10.1016/j.healun.2021.10.004. 

3. Constanso-Conde I, Hermida-Prieto M, Barge-Caballero E, et al. Circulating miR-181a-5p 

as a new biomarker for acute cellular rejection in heart transplantation. J Heart Lung 

Transplant 2020;39:1100-8. https://doi.org/10.1016/j.healun.2020.05.018. 

4. Kennel PJ, Yahi A, Naka Y, et al. Longitudinal profiling of circulating miRNA during 

cardiac allograft rejection: a proof-of-concept study. ESC Heart Fail 2021;8:1840-9. 

https://doi.org/10.1002/ehf2.13238. 

5. Sukma Dewi I, Hollander Z, Lam KK, et al. Association of serum MiR-142-3p and MiR-

101-3p levels with acute cellular rejection after heart transplantation. PLoS One 

2017;12:e0170842. https://doi.org/10.1371/journal.pone.0170842. 

 

 



6. Duong Van Huyen JP, Tible M, Gay A, et al. MicroRNAs as non- invasive biomarkers of 

heart transplant rejection. Eur Heart J 2014;35:3194-202. 

https://doi.org/10.1093/eurheartj/ehu346. 

7. Berry GJ, Burke MM, Andersen C, et al. The 2013 International Society for Heart and 

Lung Transplantation Working Formulation for the standardization of nomenclature in the 

pathologic diagnosis of antibody-mediated rejection in heart transplantation. J Heart Lung 

Transplant 2013;32:1147-62. https://doi.org/10.1016/j.healun.2013.08.011. 

8. Stewart S, Winters GL, Fishbein MC, et al. Revision of the 1990 working formulation for 

the standardization of nomenclature in the diagnosis of heart rejection. J Heart Lung 

Transplant 2005;24:1710-20. https://doi.org/10.1016/j.healun.2005.03.019. 

9. Schwarzenbach H, da Silva AM, Calin G, Pantel K. Data normalization strategies for 

microRNA quantification. Clin Chem 2015;61:1333-42. 

https://doi.org/10.1373/clinchem.2015.239459. 

10. von Elm E, Altman DG, Egger M, et al. The Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies. 

J Clin Epidemiol 2008;61:344-9. https://doi.org/10.1016/j.jclinepi.2007.11.008. 


