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Background: Clonal haematopoiesis of indeterminate potential (CHIP) is considered as being a novel age-related risk factor for cardiovascular diseases. Aortic valve stenosis (AVS) is an elderly pathology mediated by inflammation. DNMT3A and TET2-CHIP-driver variants have been identified in patients with AVS but not a large profile of CHIP-driver genes. Objectives: We aimed to establish a large spectrum of CHIP in AVS patients undergoing transcatheter aortic valve replacement (TAVR) and to assess their association with long-term survival after TAVR. Methods: Capture sequencing of a 67-gene panel was performed in 258 patients with severe AVS undergoing TAVR. Whole blood cell count, C-reactive protein, Von Willebrand factor and proinflammatory cytokines were measured before TAVR. The study was approved by the ethics committee and comply with the Declaration of Helsinki. Results: We identified 392 variants in 35 genes with a variant allele frequency (VAF) ≥2% in 176 of 258 patients (68%). DNMT3A and TET2 were the most frequently mutated genes in the cohort and the prevalence of CHIP increased with age. Other recurrently affected genes were PPM1D, ASXL1, TP53, SF3B1, CBL, SRSF2, NFE2 and JAK2. However, patients carrying a TET2-CHIP-driver variant with low VAF (2-10%) had a significantly inferior overall survival five years after TAVR (HR: 0.49, 95%CI: 0.24-0.95, log-rank p=0.007), which also was evident in multivariable analysis (p=0.045). Conclusion: This is the first study to describe a large profile of CHIP-driver genes in AVS and to demonstrate a striking prevalence of CHIP in this pathology. TET2-CHIP-driver mutations have a negative impact on long-term survival after TAVR.

Introduction

Aortic valve stenosis (AVS) is the most prevalent valve disease in the elderly with an estimated prevalence of 2 to 7% in the population aged 65 years and over worldwide and a significant morbidity and mortality when left untreated [START_REF] Lindman | Calcific aortic stenosis[END_REF] . The valve calcification leading to AVS is an active inflammatory process developing through an initial endothelial injury induced by high shear stress and close to atherosclerosis [START_REF] Lassalle | Circulating Monocyte Subsets and Transcatheter Aortic Valve Replacement[END_REF] . Over the last couple of years, transcatheter aortic valve replacement (TAVR) has become the recommended technique for patients with severe AVS at high surgical risk as an alternative for surgical valve replacement, and its indications are even being extended to patients at moderate and low surgical risk [START_REF] Popma | Transcatheter Aortic-Valve Replacement with a Self-Expanding Valve in Low-Risk Patients[END_REF][START_REF] Otto | ACC/AHA Guideline for the Management of Patients With Valvular Heart Disease[END_REF][START_REF] Vahanian | ESC/EACTS Guidelines for the management of valvular heart disease[END_REF] .

However, despite a clear improvement in the patient's prognosis and quality of life, our team and others reported that TAVR remains associated with significant bleeding or thrombotic post-procedural complications like strokes or gastrointestinal bleedings [START_REF] Van Belle | Cerebral Embolism During Transcatheter Aortic Valve Replacement: The BRAVO-3 MRI Study[END_REF][START_REF] Kapadia | Insights Into Timing, Risk Factors, and Outcomes of Stroke and Transient Ischemic Attack After Transcatheter Aortic Valve Replacement in the PARTNER Trial[END_REF][START_REF] Van Belle | Cerebral Microbleeds During Transcatheter Aortic Valve Replacement: A Prospective Magnetic Resonance Imaging Cohort[END_REF][START_REF] Van Belle | von Willebrand Factor and Management of Heart Valve Disease[END_REF] , which could be associated with systemic inflammation that occurs in more than 50% of patients within 48 hours after TAVR. Some teams tried to predict these TAVR complications by studying circulating biomarkers related to inflammation like C-reactive protein [START_REF] Oury | Can Blood Biomarkers Help Predicting Outcome in Transcatheter Aortic Valve Implantation?[END_REF][START_REF] Lindman | Prognostic utility of novel biomarkers of cardiovascular stress in patients with aortic stenosis undergoing valve replacement[END_REF][START_REF] Hioki | Effect of Serum C-Reactive Protein Level on Admission to Predict Mortality After Transcatheter Aortic Valve Implantation[END_REF] , N-terminal prohormone of B-type natriuretic peptide (NT-proBNP) [START_REF] Koskinas | Effect of B-type Natriuretic Peptides on Long-Term Outcomes After Transcatheter Aortic Valve Implantation[END_REF] , platelet-or neutrophil-tolymphocyte ratio [START_REF] Navani | Relation of Preprocedure Platelet-to-Lymphocyte Ratio and Major Adverse Cardiovascular Events Following Transcatheter Aortic Valve Implantation for Aortic Stenosis[END_REF][START_REF] Condado | Neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) can risk stratify patients in transcatheter aortic-valve replacement (TAVR)[END_REF] or von Willebrand factor (VWF) [START_REF] Van Belle | Cerebral Microbleeds During Transcatheter Aortic Valve Replacement: A Prospective Magnetic Resonance Imaging Cohort[END_REF] but even if the results are suggesting that these circulating markers can help to predict TAVR complications, they need to be tested in larger randomized populations. Clonal haematopoiesis of indeterminate potential (CHIP), defined as the presence of an expanded somatic blood-cell clone in persons without other hematologic abnormalities, has been recently described as a novel age-related risk factor for cardiovascular diseases [START_REF] Heimlich | Somatic Mutations in Cardiovascular Disease[END_REF][START_REF] Jaiswal | Clonal Hematopoiesis and Risk of Atherosclerotic Cardiovascular Disease[END_REF] . The most frequently involved genes are DNMT3A and TET2, which have not only a role in the regulation of DNA methylation but also in proinflammatory pathways in monocytes and macrophages [START_REF] Cobo | Clonal hematopoiesis driven by DNMT3A and TET2 mutations: role in monocyte and macrophage biology and atherosclerotic cardiovascular disease[END_REF][START_REF] Buscarlet | Lineage restriction analyses in CHIP indicate myeloid bias for TET2 and multipotent stem cell origin for DNMT3A[END_REF] . TET2 has been specifically studied in animal models of cardiovascular diseases and it has been shown that its loss-of-function leads to accelerated atherosclerosis development in atherosclerosis-prone mice [START_REF] Jaiswal | Clonal Hematopoiesis and Risk of Atherosclerotic Cardiovascular Disease[END_REF][START_REF] Fuster | Clonal hematopoiesis associated with TET2 deficiency accelerates atherosclerosis development in mice[END_REF] and also to a greater cardiac dysfunction in murine models of heart failure [START_REF] Sano | Tet2-Mediated Clonal Hematopoiesis Accelerates Heart Failure Through a Mechanism Involving the IL-1β/NLRP3 Inflammasome[END_REF] , by altering inflammatory responses. Recently, Mas-Peiro et al. studied the incidence of CHIP-driver variants in DNMT3A and TET2 in a cohort of 279 patients with severe AVS undergoing TAVR [START_REF] Mas-Peiro | Clonal haematopoiesis in patients with degenerative aortic valve stenosis undergoing transcatheter aortic valve implantation[END_REF] and they reported that 33.3% of patients showed a CHIP-driver variant in DNMT3A and TET2 and that the presence of these variants was associated with a decreased overall survival during a median 8-months follow-up period after TAVR. However, this study was limited to the two most common CHIP genes and did not deliver a large profile of CHIP-driver genes in an AVS cohort and their clinical association. Moreover, the effect of TET2 was not separated from DNMT3A. In our study, we aimed to describe a large spectrum of CHIP-driver genes in a cohort of patients with severe AVS undergoing TAVR and to associate its presence with longterm survival after TAVR. We also aimed to assess the potential prognostic significance of CHIP-driver variants with a variant allele frequency (VAF) ≥2% and under the threshold of 10%, which is considered as low VAF [START_REF] Wang | Clonal hematopoiesis and ischemic stroke[END_REF] , and to distinguish the impact of TET2 from other CHIP-driver genes on prognosis.

Methods

Patients

A retrospective cohort of 266 patients with severe AVS undergoing TAVR at the Lille University Hospital (CHU Lille) between 2011 and 2020 was studied. Patients were included from three different protocols registered as clinical trials (unique identifiers: NCT02628509, NCT02972008 and NCT03728049). Patient inclusion and exclusion criteria, TAVR procedure and patient follow-up were identical for the three cohorts. All patients provided written informed consent. Clinical and biological data were prospectively collected at the time of admission for TAVR. The molecular analysis was performed retrospectively in October 2021 on a sample before the TAVR procedure. Eight patients were finally excluded because they had a history of hematologic disease. The study was approved by the ethics committee and comply with the Declaration of Helsinki.

Molecular analysis

Genomic DNA was extracted using standard procedures and studied by captured-based highthroughput sequencing (HTS). Libraries were prepared according to the Twist® NGS target enrichment solution (Twist BioScience) following the manufacturer's instructions with a 67gene panel (Supplementary table I) and subsequently run on NovaSeq® (Illumina). Raw sequencing data were analyzed with MuTect2 and Vardict for variant calling and the inhouse NGSreport Software (CHU Lille) for data visualization, elimination of sequencing/mapping errors and retention of variants with high-quality metrics. A depth of coverage of at least 1500x was obtained for all genes. Variants were retained for final interpretation as they were carried by at least 25 reads. Identified variants were named according to the rules of the Human Genome Variation Society. Variant interpretation was performed considering minor allele frequencies in the public GnomAD database of polymorphisms (variants with minor allele frequency > 0.02 in overall population/global ancestry or sub-continental ancestry were excluded), variant allele frequencies, prevalence and clinical interpretation in our in-house database. Frameshift and nonsense variants were always considered as relevant variants and additional in silico predictions were performed when possible on missense and splicing variants. We determined sequencing data variability and threshold of our high-throughput sequencing technology by serial sequencing of the multiplex NGS Tru-Q DNA 7 (Horizon Diagnostics, Cambridge, UK) and the measured VAF for a variant with an expected VAF of 2% was between 1.1 and 2.9 %.

Laboratory measurements

Blood samples were obtained the day before TAVR and between 24 and 72 hours after TAVR, and were analysed for a complete blood count and C-reactive protein (CRP) by standard methods as part of patient's care at the Biology and Pathology Center (CHU Lille, France). Von Willebrand factor antigen (VWF:Ag) was measured using an immunoturbidimetric assay (LIAPHEN VWF:Ag, HYPHEN BioMed, Andresy, France) on a CS 2400 analyzer (Sysmex, Kobe, Japan) and Von Willebrand factor collagen binding (VWF:CB) using an enzyme-linked immunosorbent assay, as previously described [START_REF] Favaloro | Discrimination of von Willebrands disease (VWD) subtypes: direct comparison of von Willebrand factor:collagen binding assay (VWF:CBA) with monoclonal antibody (MAB) based VWF-capture systems[END_REF] with the use of equine type 1 collagen (Horm, Takeda Pharmaceutical, Paris, France). Interleukin (IL)-1β, IL-6, IL-8 and tumor necrosis factor (TNF)α concentrations were assessed using the ELLA Automated Immunoassay System (ProteinSimple, San Jose, CA, USA).

Statistical analyses

Continuous variables are expressed as medians (25 th -75 th percentiles (Q1-Q3)) and categorical variables as frequencies (percentage). Gaussian distribution was tested through the Shapiro-Wilk normality test. The Mann-Whitney U test (continuous variables) and the Fisher's exact test (categorical variables) were used for comparisons between groups. Kaplan-Meier (log-rank test) and univariable Cox regression analyses were used to compare survival among the individual groups after exclusion of patients who died within 30 days after the procedure. The proportional hazard assumptions were assessed by using Schoenfeld residuals plots and the Grambsch and Therneau test, and no strong deviation (all-P value>0.20) were found. Results are presented with hazard ratio (HR) and 95% confidence interval (CI). In addition, a multivariable Cox regression was performed to account for the potential effect of confounding variables (age, gender, renal insufficiency, heart failure, coronary and peripheral artery diseases, previous ischemic stroke and atrial fibrillation). A two-sided p-value <0.05 was considered to be statistically significant. Statistical analyses were performed using GraphPad Prism software version 9.3 (San Diego, CA, USA) and SPSS version 24.0 (Chicago, IL, USA).

Results

High frequency of CHIP in patients with AVS

The initial cohort included 111 males and 155 females. Eight patients (4 males and 4 females) were then excluded because they had a history of hematologic disease. Therefore, the study cohort was comprised of 107 (41%) males and 151 (59%) females with a median age of 84 years (Q1-Q3: 79 -87). Their characteristics are presented in table I. One hundred seventysix patients (68% of the whole cohort) present at least one CHIP driver mutation with a VAF ≥2%, which was the sensitivity reached with the technique (they will be called CHIPpositive). No variant was identified in only 82 patients (CHIP-negative, 32% of the total cohort). The median (Q1-Q3) age of CHIP-positive patients was significantly higher than CHIP-negative patients (84 (80 -87) vs. 82 (76 -86), p=0.009). No difference was found in the prevalence of CHIP between men and women. They were no significant differences in any clinical and biological parameters between CHIP-positive and CHIP-negative patients. As it was previously described in the general population [START_REF] Jaiswal | Age-Related Clonal Hematopoiesis Associated with Adverse Outcomes[END_REF] , the prevalence of CHIP increased with age in our AVS cohort, with a prevalence of 46%, 60%, 72% and 75% of patients in the age groups of ≤69 years, 70 -79 years, 80 -89 years and ≥90 years respectively (Figure 1A).

High diversity of CHIP driver mutations in patients with AVS

A total of 392 variants in 35 genes were found in 176 patients. A large spectrum of CHIP variants is described in Figures 1B and1C. The most common genes affected were DNMT3A and TET2, concerning 30% and 28% of the total variants identified, respectively. Eighty-nine patients carried a variant in DNMT3A and 77 patients in TET2, including 25 with both genes affected. Other recurrently affected genes were ASXL1 (n=23, 7% of total variants), PPM1D (n=21 patients, 6%), SF3B1 (n=15, 5%), TP53 (n=15, 4%), SRSF2 (n=9, 2%), CBL (n=8, 2%) and NFE2 (n=6, 2%). The variant V617F in JAK2 was identified in five patients. The median number of variants detected in each patient among CHIP-positive was 2 (Q1-Q3: 1 -3). The median VAF was 3% (Q1-Q3: 2 -8) (Figure 2). Seventy-one patients (40%) carried only 1 CHIP-driver variant and 105 carried 2 to 10 variants. Seven patients had a VAF > 40%, even though they were not known for haematological disease, they were excluded from survival analysis, to eliminate heterozygous single nucleotide polymorphisms. In patients with CHIP, the number of CHIP-driver variants and the median VAF did not significantly vary with patients' age. Among the 392 variants identified, 262 were single nucleotide substitutions, mainly transitions (63%) over transversions (37%), especially the transition C to T that has been previously described as a mutational signature characteristic of ageing also being predominant in clonal haematopoiesis (Supplementary figure 1) [START_REF] Alexandrov | Signatures of mutational processes in human cancer[END_REF][START_REF] Arends | Hematopoietic lineage distribution and evolutionary dynamics of clonal hematopoiesis[END_REF][START_REF] Kiefer | Full spectrum of clonal haematopoiesis-driver mutations in chronic heart failure and their associations with mortality[END_REF][START_REF] Buscarlet | DNMT3A and TET2 dominate clonal hematopoiesis and demonstrate benign phenotypes and different genetic predispositions[END_REF] .

The worse prognosis for patients carrying a TET2-CHIP driver variant

During the 5-years follow-up after TAVR, 95 patients died (37%), including 64 CHIPpositive and 31 CHIP-negative patients. The death rate of AVS patients depending on CHIPdriver genes is presented as a bubble chart in Figure 3. We excluded the genes for which there were less than three patients mutated as the death rate would not be interpretable. For further analyses, we excluded patients with large VAF (>10%, n=53) in order to focus on the effect of low VAF (2-10%). Four patients (2 CHIP-negative, one with both DNMT3A and TET2 variants and one with TET2-CHIP driver variant) died within 30 days of TAVR and were also excluded, leading to a total of 201 patients for survival analysis after TAVR (37% male), including 74 who died. The median time of follow-up was 4.0 years (Q1-Q3: 2.8 -5.0).

We separated the CHIP-positive patients into different subgroups depending on their mutated genes: DNMT3A alone or in association (except TET2, n=49), TET2 alone or in association (except DNMT3A, n=31), DNMT3A and TET2 associated (n=19), another CHIP-driver gene (n=22) and CHIP-negative (n=80). Kaplan-Meier survival analysis (Figure 4A) showed that patients carrying a TET2-CHIP-driver variant, alone or associated with a variant in another CHIP-driver gene (except DNMT3A), had a significantly decreased overall survival five years after TAVR in comparison with patients carrying CHIP-driver variants in DNMT3A alone or in association (except TET2) (HR: 0.43, 95% CI: 0.21-0.88, log-rank p=0.012), in other CHIP-driver genes (HR: 0.45, 95% CI: 0.21-0.96, log-rank p=0.045), with patients carrying both DNMT3A and TET2 CHIP driver variants (HR: 0.18, 95% CI: 0.08-0.43, log-rank p=0.002), and with CHIP-negative patients (HR: 0.54, 95% CI: 0.28-1.04, log-rank p=0.034) .

Concerning patients with large VAF (> 10 to 40%, n=46), there were no significant differences for overall survival 5 years after TAVR compared to patients with low VAF (2-10%) (p=0.74) and according to mutated genes (p>0.05) or TET2 status (p=0.27). This lack of significance may be due to the small number of patients in each group. When we compared the overall survival between TET2-positive patients (n=32) and all TET2-negative patients (including DNMT3A, other CHIP-driver genes and CHIP-negative patients, n=153) after exclusion of patients died within 30 days of TAVR, we observed that patients carrying a TET2-CHIP-driver variant with VAF between 2 and 10% had significantly lower survival than patients without TET2-CHIP-driver variant (Figure 4B, HR: 0.49, 95% CI: 0.25-0.95, log-rank p=0.007). TET2-positive patients did not have a higher VAF than TET2-negative patients nor were older (Table II). No sex-based differences were present. Moreover, there were no significant differences between TET2-positive and TET2-negative patients in any clinical or biological parameters, including inflammatory circulating parameters such as leucocytes, neutrophils, monocytes, CRP, VWF:Ag (Table II) and IL-1β, IL-6, IL-8 and TNFα evaluated in representative subgroups of patients (Figure 5). Finally, carrying a TET2 variant remained independently associated with decreased overall survival 5 years after TAVR (HR: 0.627, 95% CI: 0.397-0.999, p=0.045, table IIII) after multivariable Cox regression analysis with age, gender, history of renal insufficiency, heart failure, atrial fibrillation, coronary artery disease, peripheral artery disease and ischemic stroke.

Discussion

This is the first study to investigate a large spectrum of CHIP-driver variants in patients with AVS undergoing TAVR. We demonstrated that somatic variants driving clonal haematopoiesis are very frequent in patients with AVS, with a prevalence of 68% of CHIPpositive patients in our cohort of 258 patients. This striking rate is significantly higher compared to data from the general population in the literature [START_REF] Jaiswal | Age-Related Clonal Hematopoiesis Associated with Adverse Outcomes[END_REF][START_REF] Genovese | Clonal Hematopoiesis and Blood-Cancer Risk Inferred from Blood DNA Sequence[END_REF] . We identified 392 variants in a total of 35 haematopoietic genes. In accordance with previous studies, DNMT3A and TET2 were the two most frequently mutated genes in the cohort, and the prevalence of CHIP increased with age. We proved that other CHIP-driver gens like PPM1D, ASXL1, TP53, SF3B1, CBL, SRSF2, NFE2 and JAK2 were also frequently associated with severe AVS. As most studies use a VAF of 2% to defin CHIP [START_REF] Mas-Peiro | Clonal haematopoiesis in patients with degenerative aortic valve stenosis undergoing transcatheter aortic valve implantation[END_REF][START_REF] Jaiswal | Clonal hematopoiesis and nonhematologic disorders[END_REF] , we used this threshold, even if, on one hand, this threshold is arbitrary and still discussed due to the improvement of techniques sensitivities [START_REF] Acuna-Hidalgo | Ultra-sensitive Sequencing Identifies High Prevalence of Clonal Hematopoiesis-Associated Mutations throughout Adult Life[END_REF] and on the other hand, some new evidence that even CHIP-driver variants with very low VAF (0.5 -2%) have a clinical significance [START_REF] Kiefer | Full spectrum of clonal haematopoiesis-driver mutations in chronic heart failure and their associations with mortality[END_REF] . In addition, in our study, the measured VAF for a variant with an expected VAF of 2% will be between 1.1% and 2.9%.

Even if we just focus on DNMT3A and TET2, we found a higher percentage of CHIP-positive patients than Mas-Peiro et al., with 141 patients on 258 (54.7 %) against 33.3% in their cohort.

While most of the studies pool patients harbouring a variant in DNMT3A and/or TET2 to evaluate the prognosis, we aimed to distinguish their association with long-term survival one from the other and from the other 33 genes identified in our study. Indeed, these 2 genes and their loss-of-function variants have divergent effects on hematopoietic stem cells [START_REF] Ostrander | Divergent Effects of Dnmt3a and Tet2 Mutations on Hematopoietic Progenitor Cell Fitness[END_REF] , DNA methylation and inflammatory pathways [START_REF] Cobo | Clonal hematopoiesis driven by DNMT3A and TET2 mutations: role in monocyte and macrophage biology and atherosclerotic cardiovascular disease[END_REF] , so they should be considered separately. In addition, DNMT3A is involved in multipotent lineage whereas TET2 is predominantly restricted to myeloid lineages [START_REF] Cobo | Clonal hematopoiesis driven by DNMT3A and TET2 mutations: role in monocyte and macrophage biology and atherosclerotic cardiovascular disease[END_REF] . We observed by univariate analysis that patients carrying a TET2-CHIP-driver variant at low VAF (≥ 2% and ≤10%) had a worse prognosis with significantly decreased overall survival during long-term follow-up after TAVR, which was also evident in multivariable analysis by adjusting for known risk factors for mortality after TAVR. This is not the first study showing a lower impact of DNMT3A compared to TET2 in cardiovascular diseases. In their meta-analysis of five cohorts including 56597 patients with incident heart failure, Yu et al. showed that ASXL1, TET2, and JAK2 driver-variants were each associated with an increased risk of heart failure, whereas DNMT3A was not [START_REF] Yu | Association of Clonal Hematopoiesis With Incident Heart Failure[END_REF] . Interestingly, we observed that patients carrying both DNMT3A and TET2 CHIP driver variants have an increased overall survival after TAVR in comparison to patients carrying TET2 alone suggesting a protective role of DNMT3A on survival after TAVR in patients with TET2 variant. The mechanisms involved in this unconventional interplay remain to be described.

TET2 is a key enzyme that catalyzes the demethylation of methylcytosine in DNA.

There are a number of studies that showed that TET2 deficiency in murine models leads to an enhanced inflammation, particularly with the increased secretion of IL-1β mediated by NLRP3 (NLR family pyrin domain containing 3) inflammasome and IL-6 in macrophages [START_REF] Sano | Tet2-Mediated Clonal Hematopoiesis Accelerates Heart Failure Through a Mechanism Involving the IL-1β/NLRP3 Inflammasome[END_REF][START_REF] Cai | Inhibition of Inflammatory Signaling in Tet2 Mutant Preleukemic Cells Mitigates Stress-Induced Abnormalities and Clonal Hematopoiesis[END_REF] . AVS results from an active inflammatory process whose mechanisms are close to atherosclerosis. IL-1β has a predominant role in valve calcification by promoting cell proliferation and expression of matrix metalloproteinases as it was shown by Kaden et al [START_REF] Kaden | Interleukin-1 beta promotes matrix metalloproteinase expression and cell proliferation in calcific aortic valve stenosis[END_REF] .

Our study emphasizes the fact that IL-1β and the inflammasome could be novel therapeutic targets in AVS and for the improvement of survival after TAVR for patients who are carrying TET2 somatic variants. The large clinical trial Canakinumab Anti-inflammatory Thrombosis Outcomes Study (CANTOS) has proved the effectiveness of canakinumab, a monoclonal antibody that inhibits IL-1β, in reducing the risk of cardiovascular events, particularly in patients with elevated markers of inflammation [START_REF] Ridker | Antiinflammatory Therapy with Canakinumab for Atherosclerotic Disease[END_REF] . Colchicine has also been proven to lead to a significantly lower risk of ischemic cardiovascular events in patients with a previous myocardial infarction [START_REF] Tardif | Efficacy and Safety of Low-Dose Colchicine after Myocardial Infarction[END_REF] . Finally, a very recent study has shown that blocking the NLRP3 inflammasome reduces aortic valve calcification and stenosis by preventing the shift of macrophages towards the M1 phenotype and downregulating IL-1β and IL-6 expression [START_REF] Lu | Blocking the NLRP3 inflammasome reduces osteogenic calcification and M1 macrophage polarization in a mouse model of calcified aortic valve stenosis[END_REF] .

With the use of fluorescence-activated cell sorting analysis, Mas-Peiro et al. observed in patients with AVS and TET2 CHIP-driver mutation increased levels of circulating nonclassical monocytes (CD14dimCD16++). As non-classical monocytes are known to secrete high levels of inflammatory cytokines [START_REF] Mukherjee | Non-Classical monocytes display inflammatory features: Validation in Sepsis and Systemic Lupus Erythematous[END_REF] , this data supports the notion that an inflammatory mechanism may be critical to poor outcomes in TAVR [START_REF] Sridhar | Monocytes and macrophages in heart valves: Uninvited guests or critical performers?[END_REF] . Results of this study are strengthened by another study of the same group which observed while using single-cell RNA sequencing higher expression of mediators of inflammation, IL-1, IL-6 receptor and NLRP3 inflammasome complex and CD163, a receptor involved in macrophage activation syndrome, in circulating monocytes from eight patients with severe AVS and DNMT3A or TET2 mutations compared to age-matched healthy control participants without DNMT3A and TET2 mutations [START_REF] Abplanalp | Association of Clonal Hematopoiesis of Indeterminate Potential With Inflammatory Gene Expression in Patients With Severe Degenerative Aortic Valve Stenosis or Chronic Postischemic Heart Failure[END_REF] . This study does not differentiate patients with DNMT3A mutations and patients with TET2 mutations. However, in our study, we did not find any differences in IL-1β, IL-6, IL-8 and TNFα circulating concentrations between TET2-positive and TET2-negative patients, possibly due to the relatively small size of the analysed cohort. However, even if TET2depletion results in a overproduction of IL 1, IL 6 and other inflammatory cytokines at the cellular level [START_REF] Cobo | Clonal hematopoiesis driven by DNMT3A and TET2 mutations: role in monocyte and macrophage biology and atherosclerotic cardiovascular disease[END_REF] , studies reported contradictory results for circulating levels in cardiovascular diseases patients. Some studies reported modest elevated CRP and/or inflammatory cytokines circulating levels in TET2-positive patients compared to TET2-negative patients [START_REF] Potus | Novel Mutations and Decreased Expression of the Epigenetic Regulator TET2 in Pulmonary Arterial Hypertension[END_REF][START_REF] Scolari | Clonal haematopoiesis is associated with higher mortality in patients with cardiogenic shock[END_REF] while others studies, including large cohorts, have observed no differences [START_REF] Busque | High-sensitivity C-reactive protein is associated with clonal hematopoiesis of indeterminate potential[END_REF][START_REF] Wang | Prevalence and prognostic significance of DNMT3A-and TET2-clonal haematopoiesis-driver mutations in patients presenting with ST-segment elevation myocardial infarction[END_REF] . Moreover, we measured inflammatory markers in AVS patients at baseline. Acute systemic inflammation, frequently occurring after TAVR could exacerbate proinflammatory cytokines expression in TET-2 positive patients. Future studies are necessary to test this hypothesis. Answering this question could be important to strengthen the idea of using IL-1 and NLRP3 inflammasome blockers in TAVR context. Functional studies in relevant preclinical models are still needed to unravel the exact mechanisms by which CHIP-driver variants contribute to AVS and impact the clinical prognosis after TAVR, especially in TET2. Our findings need to be validated in larger studies of consecutive patients before being used for decision-making in the management of patients with severe AVS undergoing TAVR.

Conclusions

In conclusion, we showed in this study that AVS is associated with a high prevalence and a large spectrum of CHIP-driver variants, the most common being in DNMT3A and TET2.

These results are in line with previous studies describing CHIP as a novel age-related risk factor for cardiovascular diseases. Acquired variants in TET2 with low VAF (2-10%) are the most associated with decreased long-term survival after TAVR in comparison with other CHIP-driver genes, including DNMT3A. This finding could provide a novel tool for prognosis assessment in patients with severe AVS treated by TAVR.

Perspectives Clinical competencies:

Competency in Medical Knowledge

Aortic valve stenosis is an elderly pathology mediated by inflammation. Clonal haematopoiesis of intermediate potential (CHIP) has been recently described as a novel agerelated risk factor for cardiovascular diseases. This study describes in a cohort of 258 patients a large profile and a high prevalence of CHIP-driver genes in aortic valve stenosis. Moreover, patients carrying TET2 mutations with low VAF (2-10%) have a decreased overall survival at five years after transcatheter aortic valve replacement (TAVR). These findings contribute to the understanding of the pathogenesis of AVS and might help decision-making in the management of AVS patients undergoing TAVR.

Translational outlook

Additional functional studies in relevant preclinical models are still needed to unravel the exact mechanisms by which CHIP-driver variants contribute to aortic valve stenosis and impact the clinical prognosis after TAVR, especially in TET2. Our findings need to be validated in larger studies of consecutive patients before being used for decision-making in the management of patients with severe aortic valve stenosis undergoing TAVR. There are a number of studies that showed that TET2 deficiency in murine models leads to an enhanced inflammation, particularly via IL-1β and NLRP3 inflammasome. Our study emphasizes the fact that IL-1β and the inflammasome could be novel therapeutic targets in aortic valve stenosis and for the improvement of survival after TAVR for patients who are carrying TET2 somatic variants. 
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  : body mass index, CHIP: clonal hematopoiesis of indeterminate potential, CV: cardiovascular, VAF: variant allele frequency

	C-reactive protein (mg/L)	1 (1 -7)	1 (1 -7)	1 (1 -7)	0.56
	VWF:Ag (U/L)	174 (133 -225)	173 (132 -224)	180 (133 -231)	0.86
	Ratio VWF:CB/VWF:Ag	0.74 (0.63 -0.85) 0.73 (0.60 -0.84) 0.75 (0.65 -0.86)	0.63
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