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1. RESUMEN

Titulo: Alteraciones moleculares y microorganismos asociados en el desarrollo de la

estenosis aortica por calcificacion *

Autor: Ivan Yesid Lopez Ardila**

Palabras clave: Estenosis aortica calcificada, microbiota, vias, gendmica.

La estenosis aortica es un estrechamiento progresivo de la valvula adrtica. Este
estrechamiento restringe el flujo sanguineo y conduce a la insuficiencia cardiaca. En la
actualidad, no existe ningun tratamiento para detener la progresion de la estenosis adrtica, lo
que la convierte en un importante reto sanitario. Este estudio investiga la interaccion entre
los factores gendmicos y microbianos asociados a la estenosis adrtica, utilizando un enfoque
analitico descriptivo y transversal, un enfoque descriptivo para probar la hipodtesis de que
ambos factores contribuyen a la enfermedad. Realizamos una revision sistematica para
identificar variaciones genéticas y analizamos la expresion de ARN (ARNm y ARNnc) junto
con sus posibles genes diana asociados con la estenosis aortica calcificada. En segundo lugar,
el uso de herramientas bioinformaticas permiti6 identificar y caracterizar las comunidades
microbianas presentes en las valvulas adrticas sanas y calcificadas. Los resultados de la
revision sistematica de las variantes genéticas asociadas al ARNm y al ARNnc asociadas a
la estenosis adrtica se resumieron en un metaanalisis. La identificacion de los taxones de
microorganismos presentes en las valvulas fue dominante para el superreino Bacteria.
Caracterizacion de rutas metabolicas influenciadas tanto por variantes genéticas expresadas
diferencialmente en valvulas aodrticas como por los microorganismos identificados de
muestras con y sin estenosis aortica por calcificacion, mostraron un estrés en su mayoria
producido por el metabolismo de carbohidratos y lipidos, como por la degradacion de
compuestos aromaticos. Este estudio proporciona un analisis exhaustivo de las variantes
genéticas, los genes expresados diferencialmente y el microbioma asociado en la estenosis
aortica calcificada. Allana el camino para una comprension mas profunda de la enfermedad
y el potencial de futuras estrategias terapéuticas.

* Tesis de maestria

** Facultad de ciencias. Escuela de biologia. Directora: Sandra Guauque Olarte, PhD.

Codirectores: Fernando Rondén Gonzalez, PhD; Laura Cifuentes Cardona, PhD.
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2. ABSTRACT

Tittle: Molecular alterations and associated microorganisms in the development of aortic

stenosis due to calcification*®

Author: Ivan Yesid Lopez Ardila**

Keywords: Calcific aortic stenosis, microbiota, pathways, genomic.

Aortic stenosis is a progressive narrowing of the aortic valve. This narrowing restricts blood
flow and leads to heart failure. Currently, there is no treatment to stop the progression of
aortic stenosis, making it a major healthcare challenge. This study investigates the interaction
between genomic and microbial factors associated with aortic stenosis, using a descriptive
and cross-sectional analytical approach, a descriptive approach to test the hypothesis that
both factors contribute to the disease. We conducted a systematic review to identify genetic
variations and analyzed RNA expression (mMRNA and ncRNA) along with their potential
target genes associated with calcified aortic stenosis. Second, the use of bioinformatics tools
allowed us to identify and characterize the microbial communities present in healthy and
calcified aortic valves. The results of the systematic review of mRNA-associated and cRNA-
associated genetic variants associated with aortic stenosis were summarized in a meta-
analysis. The identification of the taxa of microorganisms present in the valves was dominant
for the superkingdom Bacteria. Characterization of metabolic pathways influenced both by
genetic variants differentially expressed in aortic valves and by the microorganisms
identified from samples with and without aortic stenosis by calcification, showed a stress
mostly produced by the metabolism of carbohydrates and lipids, as well as by the degradation
of aromatic compounds. This study provides a comprehensive analysis of genetic variants,
differentially expressed genes, and associated microbiome in calcified aortic stenosis. It
paves the way for a deeper understanding of the disease and the potential for future
therapeutic strategies.

* Master thesis

** Faculty of Science. Department of Biology. Director: Sandra Guauque Olarte, PhD. Co-

directors: Fernando Rondon Gonzalez, PhD; Laura Cifuentes Cardona, PhD.
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3. Prefacio

Este documento constituye el trabajo final de investigacion, desarrollado en varias secciones
que abordan los objetivos planteados. La introduccion no solo presenta el tema, sino que
también justifica la realizacion de este proyecto. A continuacion, se detalla un objetivo
general, desglosado en cuatro objetivos especificos. Estos se abordaron en los Capitulos 1y
2, redactados en inglés y con formato de articulo cientifico, actualmente en proceso de
preparacién para su publicacion en revistas especializadas. El trabajo finaliza con una
conclusion general y la correspondiente bibliografia general para todo el documento. El
material complementario se encuentra disponible en la carpeta compartida de la seccion

correspondiente.

El Capitulo 1, presenta un panorama molecular de la estenosis adrtica por calcificacion
(CAVS, por sus siglas en inglés), identificando genes candidatos potencialmente
involucrados en la enfermedad. Se identificod a que vias moleculares pertenecen estos genes
para revelar vias moleculares, roles y modulacion en la CAVS, abriendo puertas para futuras
terapias dirigidas. El Capitulo 2 explora el papel potencial del microbioma en la EAC.
Observamos variaciones en la diversidad, composicion y capacidades funcionales

potenciales de las comunidades microbianas entre las valvulas sanas y las afectadas por EAC.

Nuestro analisis reveld una superposicion interesante entre las vias moduladas por los genes
identificados y las vias metabolicas potencialmente influenciadas por el microbioma. Esta
convergencia sugiere mecanismos compartidos por los cuales tanto los factores genéticos

como microbianos podrian contribuir al desarrollo de la EAC.
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4. Introduccion

Las valvulas son el esqueleto del corazon (mitral, pulmonar, tricuspide y adrtica),
estas funcionan como compuertas que se encuentran involucradas en el flujo unidireccional
de la sangre (Chen et al., 2009); las valvulas tricispide y pulmonar se encargan de dirigir la
sangre hacia el pulmon, mientras que las valvulas mitral y adrtica se encargan de dirigir esta
sangre oxigenada procedente del pulmon hacia el resto del organismo, llevando oxigeno y
nutrientes (Misfeld & Sievers, 2007). Las alteraciones ocurridas en cada una de ellas
(inflamacién, engrosamiento, rigidez y calcificacion) generan diferentes tipos de problemas

cardiacos (Fuster et al., 2017).

En el escenario de las enfermedades cardiovasculares, la estenosis aortica destaca
como una patologia asociada al envejecimiento de la poblacion. La estenosis aortica es una
anomalia valvular ocurrida en la valvula adrtica, es la valvulopatia mas comun y su
prevalencia aumenta con la edad de los individuos que la padecen (2 — 4% en personas
mayores de 65 anos) (Ackah et al., 2023); en Colombia la expectativa de vida va en aumento
(>74 anos) junto con el riesgo del padecimiento de enfermedades cardiovasculares
(ministerio de salud). La estenosis adrtica por calcificacion conlleva un proceso degenerativo
que culmina en la calcificacion de la valvula adrtica, causando disminucioén del movimiento
y pérdida de su funcionalidad (Sun et al., 2013); diferentes factores de riesgo se han asociado
como sexo masculino, hipertension, tabaquismo, hipercolestoremia, diabetes (Vieceli Dalla

Sega et al. 2022).

La enfermedad puede avanzar de leve a severa con el tiempo (Schlotter et al., 2018).
A pesar de la importancia y frecuencia de esta enfermedad, a la fecha la Gnica forma de

tratarla es el reemplazo valvular, pues los medicamentos que existen solo permiten tratar los
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sintomas, mas no existen medicamentos que permitan evitar su progresion (Vieceli Dalla
Sega et al., 2022). Estudios de asociacién genética encontraron la asociacion de algunos
polimorfismos en genes candidatos con la estenosis adrtica o la calcificacion de la valvula
aortica (Blaser et al., 2021; Thériault et al., 2018). Otros estudios han comparado la expresion
de genes entre valvulas sanas y estenodticas, e identificaron genes y vias moleculares alteradas
en la enfermedad (Guauque-Olarte et al., 2015; Helgadottir et al., 2018; Thériault et al.,
2018); sin embargo, es necesario condensar esta informacion para encontrar los genes claves
en el desarrollo de la enfermedad y la bisqueda de mejores métodos para diagnostico,
prondstico y medicamentos para tratar la enfermedad. Adicionalmente recientemente se ha
encontrado que la microbiota oral e intestinal se puede relacionar con desarrollo y progresion

de enfermedades cardiovasculares, entre otras enfermedades (Yoshiba et al., 2023).

En este trabajo se sintetizd la informacion disponible en la literatura sobre las
variantes genéticas asociadas con la estenosis aodrtica por calcificacion, la expresion de
ARNm y de ARNnc en vélvulas adrticas, junto con la identificacion de microorganismos en

tejido valvular calcificado y no calcificado mediante metagenomica.

Al combinar estos enfoques, se logrd obtener una comprension mas completa de los
factores moleculares y microbianos involucrados en la estenosis adrtica por calcificacion.
Esta aproximacion permitid revelar nuevas conexiones y proporcionar una lista de blancos
moleculares para identificar objetivos terapéuticos, diagndstico y prondstico mas precisos

para el manejo de la enfermedad.
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5. Objetivo

General:

Analizar la influencia de las alteraciones moleculares y de los microorganismos en el

desarrollo y progresion de la estenosis adrtica por calcificacion.

Especificos:

Describir variantes genéticas, ARNm y ARNnc reportados en la literatura sobre la estenosis
aortica por calcificacion.

Establecer vias moleculares alteradas por las variantes genéticas y expresion diferencial de
ARNm y mi-ARNSs reportados en la literatura.

Identificar microorganismos presentes en valvulas adrticas estendticas y sanas mediante
analisis de metagenomica.

Establecer la contribucion metabolica de la microbiota en la estenosis adrtica por

calcificacion.
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6. Chapter 1: Integration of molecular alterations in calcific aortic valve stenosis:
A systematic review and enrichment analysis.

I. Y. Lopez-Ardila!, F. Rondon-Gonzélez!, L. Cifuentes-Cardona®, S. Guauque-Olarte*
'Escuela de Biologia, Facultad de Ciencias, Universidad Industrial de Santander,

Bucaramanga.
2Facultad de Odontologia, Universidad Cooperativa de Colombia, Medellin-Envigado.
3Facultad de Medicina, Universidad Cooperativa de Colombia, Pasto.

“Departamento de ciencias basicas y medicina oral, Facultad de Odontologia, Universidad

Nacional de Colombia, Bogota.

6.1 Abstract

Calcific aortic valve stenosis (CAVYS) is the third-most common cardiac disease worldwide.
In this disease, calcium accumulation in the valves limits normal function of the aortic valve.
Various authors have addressed crucial aspects for understanding the development of this
disease, to the analysis of genetic variants, mRNA, and ncRNA; however, this information
1s scattered, and the interactions between these molecules have not been explored. Our
objective was to perform a gene enrichment analysis to better understand gene interactions
in molecular/disease processes and pathways, the possible influenced of the ncRNA in those
pathways and to uncover their possible role in CAVS etiology, diagnosis, and treatment. To
compile a comprehensive list of genes that have been associated with CAVS, which mRNA
differentially expressed (DEG), or non-coding RNA (ncRNAs) in calcific aortic valve
stenosis studies, we used three databases (PubMed, LILACS, and ScienceDirect).
Enrichment analysis based on KEGG pathways was performed in the STRING database,

miRGator to identify gene targets of ncRNAs. The information from 42 articles was
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extracted, resulting in the identification of 24 genetic variants, 252 ncRNAs, and 909
differentially expressed genes. The 85 significant molecular pathways belong to 5 Classes:
“Cellular processes”, “Environmental information processing”, “Human diseases”,
“Metabolism” and “Organismal systems” (DR <0.05). In this study, we found that many
predicted molecular pathways were related to some factors of disease progression. TGFB1
emerge as important candidate because have been associated with the disease, there a ncRNA
differentially expressed that can affect it expression and additionally it is present in interest
accord to presence between have been associated, present in four significantly enriched

pathways.

Keywords: aortic stenosis, mRNA, ncRNA, disease, pathway.

6.2 Introduction

Calcific aortic valve stenosis (CAVS) is the most common valvulopathy in adults,
affecting approximately 4% in the general population over 65 years (de Oliveira Sé et al.,
2020). This disease is characterized by the narrowing of the aortic valve, which impedes
normal blood flow from the heart to the body (Lindman et al., 2016). This causes a
degenerative process that ends in calcification of the aortic valve and death (Lerman et al.,
2015). While symptoms can be managed, there's currently no medication to halt disease
progression (Ackah et al., 2023). The only definitive treatment is valve replacement (Raddatz
et al., 2019; Vieceli Dalla Sega et al., 2022). The lack of effective therapies to prevent or
slow CAVS progression underscores the urgent need for a deeper understanding of the

underlying molecular mechanisms driving this disease.
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The exact cause of CAVS remains unclear, likely involving a complex interplay of
genetic and environmental factors (Mourino-Alvarez et al., 2016). Genetic factors include
mutations that affect the expression of genes involved in calcium metabolism, inflammation,
and oxidative stress, contributing to the development and progression of CAVS (Ackah et
al., 2023; Vieceli Dalla Sega et al., 2022). Additionally, Transcriptome analysis of coding
and non-coding RNAs has provided valuable insights into gene expression changes

associated with CAVS (Blaser et al., 2021).

Researchers have made significant strides towards identifying novel biomarkers for
diagnosis, prognosis, and potential therapeutic targets (Pinto & Fragasso, 2022; Qiao et al.,
2022). However, this information remains fragmented, highlighting the need for a more

cohesive understanding of the disease's molecular landscape (Rysé, 2020).

Gene and transcriptome expression studies, encompassing various techniques like
microarrays, RT-PCR, and RNA-seq, are commonly used to identify molecules involved in
disease (Ackah et al., 2023). While each method has limitations, a comprehensive
understanding of the gene pool is crucial (Rodrigues-Esteban & Xiaoyu, 2017). The
identified genes are linked to CAVS because they have been reported as significantly
associated with the disease, differentially expressed, or targeted by differentially expressed

non-coding RNAs (ncRNAs).

To address this critical need, we conducted for the first time a systematic review to
collect, from genetic association and RNA expression studies focus on CAVS, genes that
have been associated with the disease and, mRNA or ncRNAs differentially expressed
between calcified and non-calcified valve. Our objective was to perform a gene enrichment

analysis to better understand gene interactions in pathways, the possible influence of the
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ncRNA in those pathways and to uncover their possible role of the genes in CAVS etiology,
diagnosis, and treatment. The research question of this systematic review was: How
associated genes, mRNA and ncRNA differentially expressed interact in pathways and what

is their impact in CAVS?

6.3 Methods

The study design and methodology for this systematic review were based on the
guidelines of the Cochrane Handbook (Higgins et al., 2019), AMSTAR2 tool (Shea et al.,
2017), and Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA)

(Page et al., 2021) to address the search protocol critically and objectively.

6.3.1 Inclusion criteria

A strategy was implemented to identify primary studies on aortic valves in animal
model and human subjects with CAVS, specifically investigating the correlation between

genetics, gene expression, and non-coding RNA.

6.3.2 Exclusion criteria

(1) Genes knockout studies
(i1))  Clinical treatment studies
(iii)  Therapy effects on gene expression

(iv)  Review articles
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6.3.3 Information sources and search

Systematic searches were conducted using electronic databases such as PubMed,
LILACS, and ScienceDirect, the literature review included studies from inception to 8

February 2022, to gather a comprehensive range of available information.

6.3.4 Search strategy

The search strategy was developed based on the research question and search
equation, which consisted of a combination of Medical Subject Headings (MeSH) and free
terms. The search terms included aortic valve stenosis, aortic stenosis, valvular calcification,
aortic valve calcification, CAVS, CAVD, gene, RNA, microRNA, miRNA, protein, miR,

long non-coding, IncRNA, variant, polymorphism, SNP, and DNA.

6.3.5 Study selection

After removing duplicates, the selected articles that met the inclusion criteria were
subjected to title and abstract review by IYL and JGS using the Rayyan tool (Ouzzani et al.,
2016) to identify those that merited full-text examination. Any reviewer disputes during the

comprehensive text revision were resolved by a third party (SGO).

6.3.6 Data collection

IYL conducted data extraction, which SGO later reviewed. All selected studies were
documented using an Excel spreadsheet during the data collection. A list of excluded papers,

along with their reasons for exclusion, was compiled in a table after a full-text evaluation.

6.3.7 Quality assessment

Quality assessment tools, which incorporated adjustments from the STROBE

(Cuschieri, 2019) and CONSORT 2010 guidelines (Schulz et al., 2010), were used to
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establish the evaluation criteria. Each paper received an assessment based on 15 items,
earning a score of 1 if the criteria were satisfied and 0 otherwise. Articles were categorized
by quality level as low (1-5), moderate (6-10), or high (11-15). Studies with low or moderate

ratings were excluded from the analysis.

6.3.8 Synthesis methods

The information extracted from the selected articles included year, location, ancestry,
sex, age, comorbidities, risk factors, BMI, disease severity, valve area index, level of valvular
calcification, analysis variables (genetic variants and gene associated, mRNA, and ncRNA),

and methodologies used in the studies.

For genes, mRNAs, and ncRNAs, the names were validated and unified using the
NCBI Gene (Sayers et al.,, 2024) and UniProt.org (Bateman et al., 2023) databases.
Information about polymorphisms, genotypes, frequencies, their association with CAVS,
odds ratios (OR), and confidence intervals (CI) was extracted. The information extracted for
mRNAs and ncRNAs studies encompassed differentially expressed genes, p-values, and
sense of expression (upregulated/downregulated). Furthermore, the target genes of ncRNAs
were extracted. If this information was unavailable in the original study, we used miRGator
3.0 (S. Cho et al., 2012) to predict them. When authors reported a different target gene for
ncRNA, we wrote our predicted gene and the author’s gene. Data extraction was conducted
independently of the methodologies and statistical analyses used in the original studies. This

approach minimizes bias from these factors in our findings.
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6.3.9 Inclusion Criteria for Genes:

To include a gene in our study for performing the enrichment analysis, we applied
strict inclusion criteria: 1) genes associated with CAVS: Genes significantly associated with
disease in GWAS or genetic association studies comparing CAVS vs non-CAVS patients.
We considered significant reported p-value or adjusted p-value cut-offs depending on the
study type. ii) Differentially expressed genes (DEG): An mRNA that was differentially
expressed in at list one gene or transcriptome expression study comparing calcified vs non-
calcified valve tissues. Genes were considered significantly if they were upregulated or
downregulated based on the reported p-value or FDR cut-off. Genes with inconsistent
expression direction across studies were excluded. iii) Differentially expressed ncRNA and
targets: An ncRNA that was differentially expressed in at least one study comparing calcified
vs non-calcified valve tissues, significantly upregulated or downregulated based on the
reported p-value or FDR cut-off. When a ncRNA has an inconsistency in the direction of
expression across studies were excluded. This criterion ensures that we only include genes

and ncRNA with strong evidence of being altered in CAVS.

6.3.10 Risk of bias assessment

The risk of bias was assessed using RevMan 5.4 (Cochrane, 2020) software. Criteria
were established and adjusted from the Risk of Bias Rating Tool for Human and Animal
Studies by the Office of Health Assessment and Translation (OHAT) (OHAT, 2019), as well
as from case-control studies, according to Cochrane guidelines (Higgins et al., 2019).
Multiple biases, including selection, performance, detection, attrition, and reporting, were

evaluated.



ALTERACIONES MOLECULARES Y MICROORGANISMOS EN CAVS 26

6.3.11 Statistical analysis

To elucidate how CAVS is impacted by the associated genes, differentially expressed
mRNA and ncRNAs and their gene targets that past the inclusion criteria we performed a
functional enrichment analysis using STRING (Szklarczyk et al., 2019). This analysis helps
identify groups of genes that are functionally related and potentially involved in similar
biological processes. We used the STRING database to analyze the protein-protein
interaction network of our identified genes. This network analysis allows us to explore
potential interactions among these genes and gain insights into their roles in CAVS
pathogenesis. Furthermore, we extracted significant pathways from the Kyoto Encyclopedia
of Genes and Genomes (KEGG) (Kanehisa, 2000). We considered pathways enriched with
our genes of interest and with an FDR (False Discovery Rate) less than 5% to be statistically
significant (Kanehisa et al., 2022).. The pathways are classified into KEGG processes and
processes are organized in seven main clasess (1. Metabolism. 2. Genetic Information
Processing. 3. Environmental Information Processing. 4. Cellular Processes. 5. Organismal

Systems. 6. Human Diseases. and 7. Drug Development).

6.4  Results

6.4.1 Study selection, quality, and bias assessment

Our initial database search yielded a total of 2243 papers. Following a review process,
we selected 76 studies for full-text review and categorized them based on quality: low (0),
medium (35), and high (41), according to the established criteria. High-quality papers
remained for data collection (Figure 1 and Supplementary Table 1). The risk of bias

assessment for these 42 studies is presented in Figure 2 and Supplementy Figure 1.
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6.4.2  Subjects of the study and exposure

All included studies focused on human patients across 13 countries (Australia, 1
study; Canada, 14 studies; China, 5 studies; Denmark, 1 study; England, 1 study; Finland, 8
studies; France, 1 study; Germany, 1 study; Iceland, 1 study; Poland, 2 studies; Sweden, 1
study; Turkish, 1 study; USA, 4 studies). All studies involved patients with tricuspid aortic
valves (TAV). In some cases where it was not possible to distinguish between valve
configurations, information about both the bicuspid aortic valve (BAV) and quadricuspid
aortic valve (QAV) was included in the analysis. The age of CAVS patients ranged from 56
to 76 years, while that of non-CAVS patients ranged from 43 to 71years. Several exclusion
criteria were employed across the studies, with rheumatic heart disease (RHD) being the most

common (Table 1).

6.4.3 Association studies

Thirteen studies, including five genome-wide association studies (GWAS), seven
genetic association studies focusing on candidate genes, and one assessing insertion/deletion
polymorphisms through PCR, aimed to identify genetic variants aimed to identify genetic
variants (Single Nucleotide Polymorphisms or SNPs) associated with calcific aortic valve
stenosis (CAVS). These studies employed various techniques to identify SNPs, including
GWAS arrays for genome-wide analysis and sequencing for targeted candidate genes. The
studies comprehensively analyzed 26 genes. After excluding nonsignificant variants, we
identified 24 genes associated with CAV'S, encompassing 49 significant polymorphisms. The
OR for these associations ranged from 0.87 to 9.32, with CI between 0.44 and 2.81 (Table

2).
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Analysis of data extracted from papers included in our systematic review revealed
that among the diverse genetic variants identified through various methods used by the
authors, TPRG1 (tumor protein p63 regulated 1) emerged as the gene with the most CAVS-
associated polymorphisms, with seven identified variants in one study. LOC101927829
(uncharacterized LOC101927829) and IL10 (interleukin 10) were also noteworthy, with

multiple polymorphisms identified in separate studies.

6.4.4 Studies of mRNAs expression

Our analysis identified 1076 genes mentioned in 24 mRNA expression studies, to
ensure a high level of confidence, we focused on genes exhibiting statistically significant
changes in expression (p-value or adjusted p-value < 0.05) and excluded genes with
conflicting results across studies (upregulated in some studies, downregulated in others).
After excluding non-differentially expressed genes and those with conflicting results across
the studies, we identified a final set of 909 differentially expressed genes (p or padj < 0.05).
Of these, 399 genes were downregulated and 510 were upregulated (Supplementary Table
2). Various methods were used across the studies, including microarray (11 studies), RT-
PCR (seven studies), RNA-seq (three studies), qRT-PCR (two studies), and qPCR (one

study).

PWWP3B (PWWP domain containing 3B) emerged as the gene in which altered
expression in CAVS was more common as reported in six studies. The altered expression of
CA12 (carbonic anhydrase 12), CCL5 (C-C motif chemokine ligand 5), FPR1 (formyl peptide

receptor 1), and TMEM200A (transmembrane protein 200A) was reported in five studies (
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Table 3). The genes /BSP (integrin binding sialoprotein) and SPP/ (secreted phosphoprotein
1) were the most reported with ten and 13 studies, respectively, although their expression

sense showed inconsistency across studies.

6.4.5 Studies of ncRNAs expression

Our analysis identified 252 ncRNAs (246 miRNA and 6 IncRNA) that were
associated with CAVS in 11 studies. These studies utilized various techniques to identify
differentially expressed ncRNAs, including microarray analysis (3 studies), RNA-
sequencing (1 study), and quantitative real-time PCR (qRT-PCR) (3 studies). Of these, 89
were downregulated, 32 were upregulated, and 131 did not provide information about sense.

A list of ncRNAs with their identified gene targets is shown in the Supplementary Table 3.

Twenty-four ncRNA were reported in at least two papers (MIR106a-5p, MIR125b-2-
3p, MIR1287-5p, MIR133b, MIR138, MIRI149-5p, MIRI17-5p, MIR197-3p, MIR221-3p,
MIR222-3p, MIR27b-3p, MIR31-5p, MIR320a, MIR320b, MIR320c, MIR34a-5p, MIR381-
3p, MIR422a, MIR486-3p, MIR500a-5p, MIR501-3p, MIR502-3p, MIR8087, MIR939-5p)
and the rest were reported just once. Of these ncRNA, CXCLI2 (C-X-C motif chemokine
ligand 12) emerged as the most common gene target (MIR221-3p, MIR31-5p, MIR32(0a and

MIR320D).

6.4.6 KEGG Pathways

We uploaded the list of associated genes, differentially expressed genes, and targets
of ncRNAs to STRING to perform an enrichment analysis. A total of 85 KEGG pathways
were significantly enriched (FDR<0.05) (Supplementary Table 4); organizados en X

procesos y X clases (Tabla suplementaria donde este clases, procesos, pathways, colocar p-
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valor). Of these, 36 pathways were from the main class “Human Diseases”, whereas 49
pathways are members of the other classes (mencionar las otras clases en el document). The
processes with more significant pathways included “Organismal systems; Immune system”
(17 pathways), “Environmental information processing; signal transduction” (9 pathways),
“Human disease; Infectious disease: bacterial” (9 pathways) and “Human disease; Infectious
disease: viral” (8 pathways). The top three most significant pathways which also have the
highest gene ratios (# input gene / total gene in pathways) were “cytokine-cytokine receptor
interaction” (padj= 1.92*10-9, 43/282), “PI3K-Akt signaling pathway” (padj= 1.92*10-9,
49/349), and “ECM-receptor interaction” (padj= 2.14*10-9, 24/88) (Figure 3), all of these
classified into Environmental Information Processing. Other top pathways included
“osteoclast differentiation” (padj= 8.68*10-7, 23/120), “AGE-RAGE signaling pathway in
diabetic complications” (padj= 1.94*10-6, 20/96), “chemokine signaling pathway” (padj=
2.09*10-6, 28/186), and “Toll-like receptor signaling pathway” (padj= 2.79*10-6, 20/100).
The rest of significative pathways in the top 10 with the highest gene ratio were “viral protein
interaction with cytokine and cytokine receptors” (padj= 1.83*10-7, 22/96), “tuberculosis”

(padj= 3.81*10-7, 28/165), “pathways in cancer” (padj= 4.61*10-7, 54/515).

6.4.7 Integration molecules and pathways

Of the 22 genes reported with genetic variants, three were identified inside the list of
DEGs and two (TGFB1 and ACE) were present in 25 of the significantly enriched pathways.
Of the list of DEGs reported, 289 were associated with any pathway, with the number of
genes involved in different pathways ranging from 6 to 54. According to the reported
ncRNAs, 107 were predicted to affect the expression of 64 mRNA reported as DEGs in 82

significantly enriched pathways. Forty-nine of the differentially expressed genes in which
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expression is predicted to be affected by ncRNA identified in this review were present in the
85 enriched pathways, but none of these genes contained a reported genetic variant

(Supplementary Table 4).

Analysis of gene expression data related to CAVS revealed that, across all the
enriched pathways, upregulated genes outnumbered downregulated genes twice. The extent
of gene involvement varied across the pathways, ranging from 7% to 39%. TGFB1 was the
most frequent gene, appearing in 22 different pathways. Also, TGFB1 contains more genetic
variants associated with CAVS and shows potential interactions with two ncRNA (MIR21-

5p and MIR24-2).

Among the ncRNAs, MIR155-5p emerged as the gene that can affect a major number
of DEGs, with eight gene targets (PAPOLA, AGTRI1, FGF7, LPL, MYO10, BCAT1, PHF17
and RUNX2). MIR124-3p and MIR16-5p followed closely, with seven interactions each,

while MIR146a-5p and MIRLET7A1-5p showed six interactions (Table 4).

To understand how differentially expressed genes contribute to CAVS progression,
we prioritized key KEGG pathways based on their relevance to the disease. Figures 4 to 7
visualize these important pathways, highlighting the involvement of our identified genes.
Each figure illustrates the direction of gene signaling and its role within the pathway. The
figures focused on four key pathways: "Calcium signaling" (Figure 4), "PI3K-AKT
signaling" (Figure 5), "Osteoclast differentiation" (Figure 6), and "ECM-Receptor

interaction" (Figure 7).
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6.5 Discussion

We conducted for first time a systematic review to collect, from genetic association
and RNA expression studies focus on CAVS, genes that have been associated, which
messenger RNA (mRNA) are altered, or that are targeted by non-coding RNA (ncRNAs).
Our contribution to this field was to perform a gene enrichment analysis to identify how these
genes interact in different KEGG pathways. We sought to better understand how these
molecules are implicated in CAVS and their potential as therapeutic targets, biomarkers, or

their implication in etiology.

6.5.1 Genetic variants, mRNA and ncRNA on CAVS

According to criteria of Siedlecki et al. (2024), based on p-values, odds ratios (ORs)
and CIs of GWAS and gene association studies, 49 SNPs in 24 genes were associated with
CAVS. The genes ACE (Ertas et al., 2007), APOB (Wang et al., 2018), CRP (Wypasek et al.,
2015), IL10 (Gaudreault et al., 2011), LPA (Thanassoulis et al., 2013), NOTCHI (Ducharme
etal., 2013), PALMD (Thériault et al., 2018), and RUNX2 (Guauque-Olarte et al., 2015) were

the most strongly associated with CAVS.

Kutikhin et al. (2014) identified a link between high expression of specific genetic
variants to CAVS with high association to /L10 (rs1800872), LPA (rs10455872) and APOB
(rs6725189), related to CAVD in infection and inflammation (Abbood et al., 2022, Monroy-
Muiioz et al., 2023) or hight level of lipids and lipoproteins in the aortic valve (Cardoso-
Saldana et al., 2019; Wang et al., 2018). The CRP (rs1205) concentrations suggest an effect
of likely calcification by linkage disequilibrium with other inflammatory genes (Wypasek et
al., 2015) and this polymorphism is related with chronic inflammation (de Santis et al., 2020).

PALMD pressure has been linked to decreased fibrosis processes (Han et al., 2023),
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156702619 reduce PALMD expression, a decreased aortic valve function is related with low
levels of PALMD and the normal homeostasis associated with valve remodeling. These

polymorphisms can constitute an early diagnostic and treatment.

CAVS genes exhibit a pleiotropic effect, with isoforms potentially promoting
inflammation, osteoclast differentiation, and calcification (Kutikhin et al., 2014; Ozkan et
al., 2019). There is need for further investigation of its specific isoforms and their interactions
with various molecular pathways, including those driven by RUNX2 (Engin et al., 2008; Garg
et al., 2005), IL10, and LPA signaling (Thanassoulis, 2016; Thanassoulis et al., 2013). Our
analysis revealed that these CAVS-associated genes are enriched in molecular pathways
related to “Environmental Information Processing” via interaction with cytokine receptor and
“Human diseases” via infectious agents (p < 0.05). This suggests a potential link between

environmental factors, immune response in CAVS development.

Regarding the expression direction of the DEGs, our study revealed a 15%
discordance rate among authors. These variations across studies in patient characteristics,
methodologies, and sample handling likely contribute to the observed discordance in DEG
expression direction. The differences include variations in statistical analysis applied to the
same microarray data or the use of different methodologies altogether, such as microarray,
RT-PCR, RNA-seq, and quantitative PCR (qPCR). It's important to consider that each study
establishes its own inclusion/exclusion criteria, demographic patterns, and risk factor
considerations. For example, most studies reported discordance in the expression direction

of IBSP and SPP1, both implicated in osteoclast differentiation (J.-Y. Sun et al., 2021).

This discordances highlights the challenge of identifying reliable DEGs in CAVS

research. Our analysis revealed significant variations across studies in patient
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inclusion/exclusion criteria, valve configuration considered, patient demographics (age, sex),
sample collection methods, and sample storage procedures. These variations, along with
established CAVS risk factors such as age, sex, family history, and co-morbidities (e.g.,
diabetes, hypertension) that can influence gene expression patterns (H. Y. Chen et al., 2019),
contribute to the observed inconsistencies in DEG identification and methodological
variations (Vieceli Dalla Sega et al., 2022; Rodriguez-Esteban & Jiang, 2017). Addressing
these challenges in future research design, particularly by employing more standardized
approaches, will be crucial for establishing a more robust understanding of the genetic basis

of CAVS.

PWWP3B, a downregulated gene, was the strongest candidate for CAVS involvement
based on its consistent reporting across six independent studies of expression (Bossé et al.,
2009; Cantor et al., 2021; Greene et al., 2020; Qiao et al., 2022; Teng et al., 2020; E. Zhu et
al., 2019). This consistent downregulation suggests a potentially significant role for
PWWP3B in CAVS development, further investigation is warranted to explore potential
connections between PWWP3B function in CAVS involved stress across DNA damage

response.

Among the upregulated genes, molecular pathways associated with infectious
diseases and cytokine interaction emerge as particularly interesting candidates according to
our analysis and are probably responsible for CAVS occurrence and development (Qiao et
al., 2022). This suggests a potentially unique role for CCL5 in CAVS development, possibly
linking inflammation and infectious triggers. Further investigation into CCLS5 is specific

function in CAVS is warranted, potentially through the lens of these identified molecular
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pathways. CCLS is a therapeutic target for different types of cancer (Svensson et al., 2015;

Zeng et al., 2022).

We identified more than 200 ncRNAs differentially expressed between CAVS and
non-CAVS valve tissues. We interconnect the information about the differentially expressed
ncRNAs and mRNA reported in the literature (K. I. Cho et al., 2018). The ncRNAs inhibit
the post-transcriptional expression of target genes and play crucial roles in the occurrence
and development of various diseases (Guo et al., 2010; Rathan et al., 2016). We found
MIR124-3p (CDK4, NEK6, CHODL, GSN, LDLR, MYOI10 and SURF4) and MIRI16-5p
(KCNN4, PTGS2, CA12, IFRDI1, EGFR, ARHGDIA and SLC16A3) has the major number of
interactions. Targeted genes are involved in multiple pathways relevant to valvular
inflammation, potentially linking 42 molecular pathways found in the present study.
Furthermore, the highest level of expression of these two ncRNAs have been associated with
cerebral diseases (hemorrhagic and ischemic stroke) (Leung et al., 2014). We suggest as a

novel diagnostic marker in CAVS.

6.5.2 KEGG Pathways related to CAVS

Our study identified 85 molecular pathways potentially influenced by genetic
variations or ncRNAs and enriched by DEGs. Pathways with the highest gene ratios may
provide clues to specific processes driving CAVS development. Several key pathways
emerged, such as the “calcium signaling pathway”, “PI3K-AKT signaling pathway”,
“osteoclast differentiation pathway”, and “ECM-Receptor interaction pathway” (Figures 4 -

7), are likely to play crucial roles and have strong potential in the inflammatory process and

progression of CAVS (K. I. Cho et al., 2018).
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Our analysis revealed several key pathways potentially influencing the
interconnected biological processes underlying CAVS development and progression (Bossé
et al., 2009). These include inflammation, cell communication within the valve tissue,
endothelial dysfunction, valve cell dysfunction (altered proliferation, migration, and matrix
remodeling), calcification and apoptosis, and bone resorption and extracellular matrix
interaction (K. I. Cho et al., 2018). Each pathway plays a potential role: contributing to valve
tissue inflammation, disruptions in cell communication and endothelial function can hinder
healthy valve function, valve cell dysfunction leads to pathological changes (DiVitt02022),
alterations in pathways might influence calcification and cell death (apoptosis) (Qiao et al.,
2021; Matsui et al., 2022), and bone resorption and extracellular matrix interaction are
involved in maintaining valve structure and might contribute to CAVS progression (Nagy et
al., 2013). By investigating these pathways and their interactions, researchers can gain a
deeper understanding of CAVS and develop novel therapeutic strategies targeting these

pathways for improved patient outcomes.

This study investigated the role of ncRNAs in CAVS progression through their
influence on KEGG pathways (Qiao et al., 2022). These pathways are involved in a variety
of biological processes, including cell growth, differentiation, and death. Their dysregulation
is linked to several diseases (e.g., cancer, tuberculosis, diabetes). In the present study, the
most common gene targets were CXCL12 (regulated by 17 ncRNAs) and CCR7 (regulated
by 19 ncRNAs). These genes are involved in inflammatory responses and alterations in their

expression are related to viral and bacterial infections (Cambier et al., 2023).
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6.5.3 Integration of results

Integrating the results of genetic association, mRNAs and ncRNAs studies on CVAS
through a gene enrichment analysis sheds light on the genetic underpinnings of CAVS
susceptibility. The identified genes are found to contribute at different stages of CAVS
development by participating in critical processes (inflammation, thickening and narrowing).
Groups of genes like interleukins, chemokines and cytokines hold promise as potential
therapeutic targets across these stages. Their involvement in CAVS progression through
inflammation, immune system dysregulation, and cell differentiation highlights their crucial
roles in driving valve thickening, calcification, and other hallmark features of the disease

(Akdis et al., 2016; McGovern & Wilson, 2014).

Our analysis identified a potential link between inflammation and CAVS progression
through the TGFBI signaling pathway and the ncRNA miR-21-5p. TGFBI, a cytokine
involved in cell communication and implicated in CAVS, interacts with all four prioritized
pathways identified in our study. Interestingly, it's the only gene within these pathways that
interacts with a reported ncRNA, miR-21-5p. This suggests that miR-21-5p might act as a
regulator of these pathways, potentially impacting CAVS development and progression.
Studies have shown that TGFBI can induce miR-21 upregulation, which in turn has been
linked to the promotion of fibrosis and cardiac stress, both contributing factors in CAVS

(Rong-Han et al., 2016).

Furthermore, the TNF protein family, of which FasL is a member, also plays a role
in this potential regulatory network (P.-Y. Chen et al., 2023). Our findings suggest that miR-
21 might interact with the chemotherapeutic drug gemcitabine, potentially leading to

chemoresistance through the Fas/FasL pathway, which is partially responsible for druabine-
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induced cell death (Li et al., 2017; Wang et al., 2013). This finding, although related to
gemcitabine resistance, highlights a potential connection between the TNF signaling pathway
(known to be involved in inflammation) and CAVS. Further investigation into the specific
role of miR-21-5p in regulating TGFBI signaling and its impact on CAVS progression is

warranted.

6.5.4 Compound interactions

Our study finds the direction of potential treatments by prioritizing enriched pathways
based on both their statistical significance and their biological relevance to the disease. By
focusing on these high-priority pathways, we can identify promising targets for drug
development and develop effective therapeutic strategies for patients with CAVS. Traditional
therapies aimed at reducing LDL levels, calcification, and vascular inflammation have not
yielded the expected results (Vieceli Dalla Sega et al., 2022), and the work to find effective

medications for treating CAVS is still being undergone (Moncla et al., 2023).

According to our findings, several targets for the treatment of CAVS includes IL10
and LPA with polymorphisms highly associated (rs1800872 and rs10455872, respectively)
with the disease, although both gene were not part of any of the significantly enriched
pathways. Other genes are interesting, PWWP3B and CCL5 belongs to several enriched
pathways. Our integrated analysis highlights TGFB I and miR-21-5p as potentially impactful
targets for CAVS treatment. These findings require further investigation, but they pave the

way for the development of more targeted therapeutic strategies.



ALTERACIONES MOLECULARES Y MICROORGANISMOS EN CAVS 39

6.6 Limitations

The studies included in this review employed various methodologies for gene and
ncRNA expression analysis, such as microarray, RT-PCR, RNA-seq, and qPCR. This
heterogeneity in methodologies could introduce limitations in data comparability and
interpretation. Standardized approaches would be beneficial for future studies to ensure more
robust and generalizable findings. Functional studies are crucial to validate the identified
associations and elucidate the mechanisms by which genes, mRNAs, and ncRNAs contribute
to CAVS pathogenesis. Large-scale studies with well-defined patient cohorts are needed to
confirm our findings and identify additional genetic and molecular factors involved in CAVS.
Investigating the interactions between genetic variants, differentially expressed genes, and
ncRNAs could provide valuable insights into the complex interplay of factors contributing

to CAVS.

6.7 Conclusion

This study identified genes potentially involved in CAVS development, aligned with
previous research. We analyzed these molecules within molecular pathways, revealing their
modulation and potential roles in the disease. This knowledge can guide future targeted
therapies. Integrating the analysis of genes with genetic variants, mRNA, and ncRNA data
allowed us to identify pathways potentially contributing to CAVS. The analysis highlighted
TGFBI within these pathways, particularly its interaction with ncRNAs. Furthermore,
observed mRNA dysregulation suggests abnormal protein production, potentially impacting
cellular processes crucial for valve function. Understanding these molecular alterations and
their downstream effects is essential for deciphering CAVS development and improving

diagnosis.
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Figure 1. Prisma diagram flow.
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Figure 2. Risk to bias assessment.
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Figure 3. The top ten most significant enriched pathways based on the differentially
expressed genes. The blue bars illustrate the number of downregulated genes, while the red
bars represent the number of upregulated genes. Ratios are presented as percentages, with

genes involved in the present study compared with overall genes in each pathway.
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Figure 4. KEGG Calcium signaling pathway (hsa04020) representation. Differentially expressed genes are shown in blue
(downregulated) and red (upregulated). Genes regulated by at least one ncRNA are shown in bold.
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Figure 5. KEGG PI3K-AKT signaling pathway (hsa04151) representation. Differentially expressed genes are shown in blue
(downregulated) and red (upregulated). Genes regulated by at least one ncRNA are shown in bold.
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Figure 6. KEGG Osteoclast differentiation pathway (hsa04380) representation. Differentially expressed genes are shown in blue
(downregulated) and red (upregulated). Genes regulated by at least one ncRNA are shown in bold. The SNP rs6957 located in TGF
was significantly associated with CAVS (Gaudreault et al., 2011) and is marked with an asterisk.
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Figure 7. KEGG ECM-Receptor interaction pathway (hsa04512) representation.
Differentially expressed genes are shown in blue (downregulated) and red (upregulated).
Genes regulated by at least one ncRNA are shown in bold.
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Table 1. Overview of the studies included. A total of 42 papers including patients with CAVS were used for extracting data on

molecules of interest and the methods of analysis

Author, Yerar Country CVP Diagnostic Criteria exclusion Study type Methods
Anger et al. 2009 Germany TAV AS CAD, RI, RHD mMRNA Microarray
Bossé et al. 2009 Canada TAV AS D, RI mRNA Microarray
Breyne et al. 2010 France BAV/TAV AS RHD mRNA RT-PCR
Cantor et al. 2021 Canada TAV AS D, RI mRNA RNA-Seq
Chen et al. 2020 Europe TAV AS CVD GWAs Microarray
Coffey et al. 2016 Australia TAV AS BAV, VR, RHD, CKD miRNA Microarray

Ducharme et al. 2013 Canada TAV AS RHD, E, ID Genetic association Array
Ertas et al. 2007 Turkish TAV AS RHD, CAD, CHF, MDc Genetic association PCR
Gaudreault et al. 2011 Canada TAV severe AS RHD, E, ID Genetic association Array
Greene et al. 2020 USA BAV/TAV AS CHD mRNA gqPCR
Guaugue-Olarte et al. 2015 Canada TAV Mild/Severe AS CHD GWAs; mRNA Microarray; RNA-Seq
Hadji et al. 2016 Canada TAV AS RHD, E, ID IncRNAs RNA-seq
Helske et al. 2004 Finland BAV/TAVICAV AS RI, D, MR MRNA RT-PCR
Jiao et al. 2019 China TAV AS CHD, RHD, C miRNA Microarray
Kamstrup et al. 2014 Denmark TAV AS CHD, GD Genetic association SNP
Kossar et al. 2020 USA TAV AS BAV, GD, MI, E, C mRNA RNA-seq
Li et al. 2020 England TAV AS RHD GWAs Microarray
Lu etal. 2019 China TAV AS CHD, GD, RHD miRNA qRT-PCR
Mahmut et al. 2014 Canada BAV/TAV AS RHD, E, ID MRNA Microarray - RT-PCR
Mkannez et al. 2018 Canada TAV AS D mRNA Microarray
Nagy et al. 2012 Sweden TAV AS RHD mMRNA RT-PCR
Peltonen et al. 2007 Finland BAV/TAV AS RHD mRNA RT-PCR
Peltonen et al. 2009 Finland BAV/TAV severe AS RHD mMRNA RT-PCR
Peltonen et al. 2009 Finland BAVITAV AS RHD mRNA qRT-PCR
Peltonen et al. 2011 Finland BAV/TAV AS RHD mRNA RT-PCR
Pohjolainen et al. 2012 Finland BAVITAV AS RHD mRNA RT-PCR
Qiao et al. 2022 Canada; Finland TAV AS S,D,RI MRNA Microarray
Schlotter et al. 2018 USA TAV severe AS - mMRNA RNA-seq
Song et al. 2019 USA TAV AS - miRNA qRT-PCR

Sun et al. 2021 Canada; Finland BAV/TAV AS S, D, RI mRNA Microarray

Teng et al. 2020 Canada; Finland BAV/TAV AS S, D, RI mRNA Microarray
Thanassoulis et al. 2013 Iceland ND AS CHD GWAs Microarray
Thériault et al. 2018 Canada TAV AS RHD GWAs Microarray
Wang et al. 2018 China TAV AS RHD, CHD, CKD Genetic association PCR-RFLP
Wang et al. 2021 Canada; Finland BAV - TAV AS RHD, S, D, RI mRNA Microarray
Wypasek et al. 2015 Poland ND AS RHD, C, E, MI Genetic association RT-PCR
Wypasek et al. 2014 Poland ND AS RHD, C, CHD, E, Ml Genetic association RT-PCR
Yang et al. 2020 China TAV AS CHD, RHD, PHD, E, CRD, MDc miRNA RT-PCR
Yang et al. 2020 Canada; Finland BAV/TAV AS S, D, RI mRNA Microarray
Zhang y Ma. 2019 Finland BAVITAV AS S,D,RI mRNA Microarray
Zhu et al. 2019 Finland BAV/TAV AS S, D, RI mRNA Microarray

*BAV: Bicuspid aortic valve; VR: valvular regurgutation; RHD: Rheumatic heart disease; CKD:chronic kidney disease; E:endocarditis; ID:inflammatory disease; CAD:coronary artery disease; CHF:congestive heart failure;
MDc:metabolic disease that may cause calcification; CHD:congenital heart disease; PHD:pulmonary heart disease; CRD:chronic renal dysfunction; C:cancer; MI:myocardial infarction; Rl:renal insufficiency; D:diabetes;
MR:mitral regurgitation; GD:genetic diseases; CVP:configuration valve patiens; S:smoker
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Table 2. Genes significantly associated with CAVS. Eight genetic association papers were

analyzed covering association of 46 significant variants in 22 genes

Gene Variant OR Cl Author Diagnosis
ACE insertion/deletion intron16 3.2 1.5-7.2 Ertas et al. 2007 CAVS
rs1042031 ND ND Gaudreault et al. 2011 Severe CAVS
1.59 1.04-2.43 Wang et al. 2018 CAVS
APOB rs6725189 ND ND Gaudregult etal. 2011 Severe CAVS
rs693 1.89 1.27-2.81 Wang et al. 2018 CAVS
CACNALC Ersyre 052  023-089  Guauque-Olarte etal 2015  Mild/Severe CAVS
rs118040196 7.32
CREB5 ::;ggggzgg ;gg 044-105  Guaugue-Olarte etal. 2015  Mild/Severe CAVS
rs79158915 7.83
CRP rs1205 4.47 1.73-11.57 Woypasek et al. 2015 CAVS
CYP27B1 rs2254210 ND ND Gaudreault et al. 2011 Severe CAVS
rs4328262 ND ND Gaudreault et al. 2011 Severe CAVS
EVA1C rs10483012 9.32 0.44-1.05 Guauque-Olarte et al. 2015  Mild/Severe CAVS
FADS1 rs174547 0.87 0.83-0.93 Chen et al. 2020 CAVS
GOLGA8A rs3894644 8.54 0.44-1.05 Guauque-Olarte et al. 2015 Mild/Severe CAVS
rs1554286
rs1800872
IL10 ::éﬁggggi ND ND Gaudreault et al. 2011 Severe CAVS
rs3024491
rs3024498
LINC01205 rs139795084 7.48 0.44-1.05 Guauque-Olarte et al. 2015 Mild/Severe CAVS
LINC01619 rs117740534 7.51 0.44-1.05 Guauque-Olarte et al. 2015  Mild/Severe CAVS
rs112995365 3.23
rs113299180 3.21
LOC101927829 P Eepio S 044105  Guauque-Olarteetal. 2015  Mild/Severe CAVS
1s12491632 3.14
rs79874757 3.24
LOC339166 rs75561073 8.66 0.44-1.05 Guauque-Olarte et al. 2015 Mild/Severe CAVS
LPA 510455872 2.05 1.32-2.05 Thanassoulis et al. 2013 CAVS
MTMR2 rs117752934 6.89 0.44-1.05 Guauque-Olarte et al. 2015  Mild/Severe CAVS
NOTCH1 rs13290979 1.25 1.08-1.45 Ducharme et al. 2013 CAVS
PALMD rs6702619 1.29 1.14-1.46 Thériault et al. 2018 CAVS
rs7543130 1.06 0.83-0.93 Chen et al. 2020 CAVS
PSG7 rs17345014 2.77 0.44-1.05 Guauque-Olarte et al. 2015 Mild/Severe CAVS
PTH rs6254 ND ND Gaudreault et al. 2011 Severe CAVS
RUNX2 rs114193529 3.49 2.15-8.62 Guauque-Olarte et al. 2015  Mild/Severe CAVS
rs144071310
TGFB1 rs6957 ND ND Gaudreault et al. 2011 Severe CAVS
rs138995217 4.12
rs16864172 4.03
rs73055977 4.03
TPRG1 rs7614851 4.03 0.44-1.05 Guauque-Olarte et al. 2015  Mild/Severe CAVS
rs7638684 4.03
rs9815491 4.03
rs9857444 4.03
UQCRC2 rs141826387 6.94 0.44-1.05 Guauque-Olarte et al. 2015  Mild/Severe CAVS

Cl: Confidence Interval. ND: No data. OR: Odds ratio. All studies included tricuspid valves (TAV). Thassanoulis et al. 2013 and Wypasek et al.
2015 did not indicated the valve configuration.
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Table 3. List of top differentially expressed genes between CAVS and non-CAVS. The
number of studies for each gene are listed in author column

Gene Sense Author Configuration
Bosse et al. 2009 TAV
Cantor et al. 2021 TAV
Greene et al. 2020 BAV/TAV
PWWP3B downregulated Qiao et al. 2022 TAV
Teng et al. 2020 BAVITAV
Zhu et al. 2019 BAV/TAV
Bossé et al. 2009 TAV
Guauque-Olarte et al. 2015 TAV
AGTRI downregulated Zhu et al. 2019 BAV/TAV
Peltonen et al. 2011 BAVITAV
Qiao et al. 2022 TAV
Teng et al. 2020 BAV/TAV
ANGPTL7 downregulated Zhang y Ma. 2019 BAV/TAV
Zhu et al. 2019 BAV/TAV
Bosse et al. 2009 TAV
Guauque-Olarte et al. 2015 TAV
ARLAC upregulated Qiao et al, 2022 TAV
Zhang y Ma. 2019 BAV/TAV
Qiao et al. 2022 TAV
6 downregulated Sun et al. 2021 BAV/TAV
Teng et al. 2020 BAV/TAV
Zhu et al. 2019 BAV/TAV
Bosse et al. 2009 TAV
Qiao et al. 2022 TAV
CA12 upregulated Sun et al. 2021 BAVITAV
Zhang y Ma. 2019 BAV/TAV
Zhu et al. 2019 BAV/TAV
Bossé et al. 2009 TAV
Qiao et al. 2022 TAV
CCL5 upregulated Teng et al. 2020 BAVITAV
Yang et al. 2020 BAV/TAV
Zhu et al. 2019 BAVITAV
Bossé et al. 2009 TAV
Qiao et al. 2022 TAV
FPR1 upregulated Teng et al. 2020 BAVI/TAV
Yang et al. 2020 BAVI/TAV
Zhu et al. 2019 BAV/TAV
Bossé et al. 2009 TAV
Greene et al. 2020 BAV/TAV
TMEM200A upregulated Qiao et al. 2022 TAV
Sun et al. 2021 BAV/TAV
Zhu et al. 2019 BAV/TAV
Bosse et al. 2009 TAV
Kossar et al. 2020 TAV
CXCL12 upregulated Qiao et al. 2022 TAV

Zhu et al. 2019 BAV/TAV
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Table 4. List of ncRNAs with most interactions according to differentially expressed gene
target predicted by miRGator 3.0 among the reviewed articles. Upregulated genes are
shown in bold. *Gene targets indicated by the authors. The studies included only tricuspid
valves.

miRNA e;‘;'::s?gn Gene target Author
MIR124-3p DOW”rdeg“'ate CDK4,NEK6,CHODL,GSN,LDLR,MYO10,SURF4 C"ﬁ;?’lgt al,
MIR146a-5p N.D. CDKN3,EGFR,NFKBL,CXCR4,ATOH8, CCL5* Qiao et al, 2022

MIR155  Upregulated PAPOLA AGTR1,FGF7,LPL,MYO10,BCATLPHF17,RUNX2,CSF1R* Boszsgozt al,

MIRIS5.5  ND.  PAPOLAAGTRLFGF7LPLMYOL0BCATLPHFLTRUNX2.CSFIR oo orat 2022
MIR16sp  DOVMSOURI K CNNPTGS2,CAL2, IFRDLEGFR ARHGDIA SLC16A3 Coffey etal
MIRLETTAL . CCND2,PRDM1,NFKB1,SLC20A1,CASP8,I1L6,CCR7* Qico et al, 2022

5p
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7. Chapter 2: Functional prediction, richness and diversity of microbiota from

calcified and healthy aortic valves
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'Escuela de Biologia, Facultad de Ciencias, Universidad Industrial de Santander,

Bucaramanga.
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7.1 Abstract:

The influence of microorganisms inside the human body have been associated with the
development of different diseases, including some cardiovascular diseases. With the
objective of analyzing the microorganisms role in CAVS, we used publicly available RNA
sequencing data from aortic valves of individuals with and without CAVS, available in the
Gene Expression Omnibus (GEO), to describe the taxonomic composition of the
microorganisms identified. We worked with four datasets (GSE138531, GSE76718,
GSE148219, and GSE153555). The read files of 23 CAVS and 21 non-CAVS individuals
were analyzed. A total of 5970 species of microorganisms were found, with 48% of shared
species between groups. The Super-kingdom more represented was Bacteria, followed by
Archaea, Eukaryote, and Viruses. The bacterial metabolic contribution predicted with
Picrust2 for the CAVS group indicates a possible relation to the diseases by the metabolism

of carbohydrates and lipids. The greatest diversity was found in the CAVS group, with the
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taxa SDRs indicative of food and soil handling; The metabolic contribution is related to
processes of apoptosis and degradation of aromatic compounds, which may be related to

inflammatory processes of the valves.

Keywords: Aortic stenosis, aortic valve, metagenomics, microorganisms.

7.2 Introduction:

The most common valvular disease worldwide is calcific aortic valve stenosis
(CAVS). The disease affects approximately 2-4% of people over 65 years (Ackah et al.,
2023). CAVS is a chronic, degenerative, and continuous process (O’Brien, 2007). This
chronic, degenerative disease leads to progressive valve calcification and stenosis, ultimately
hindering blood flow and increasing the risk of heart failure (Dweck et al., 2012). While
traditional risk factors like hypertension, dyslipidemia, and diabetes contribute to CAVS, the
complex interplay of underlying mechanisms remains elusive (Vieceli Dalla Sega et al.,
2022). Currently there is no pharmaceutical treatment for the CAVS; although surgery is an
option, up to 50% of patients cannot undergo surgery due to comorbidities (Bosmans et al.,

2015)

Despite advancements in understanding genetic and molecular aspects of CAVS,
such as LPA (rs10455872) and NOTCHI (rs13290979) (Thassanoulis et al 2013; Thériault
et al., 2019), effective medical treatments remain limited. Current therapeutic options are
primarily surgical interventions, with limited suitability for a significant portion of patients
due to comorbidities (Bosmans et al., 2015). Consequently, identifying novel therapeutic

targets necessitates a comprehensive understanding of CAVS pathogenesis.
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Emerging evidence suggests a potential role for the microbiome in the development
and progression of CAVS (Li et al., 2020; Tang et al., 2019). While the gut microbiome has
been extensively studied in relation to cardiovascular diseases. Studies recent have also
implicated the oral microbiome in aortic valve stenosis (Pierri et al., 2006; Oliveira et al.,
2019). detection of microorganisms within calcified aortic valves supports the hypothesis of

a local microbial contribution to the disease process (Moreno et al., 2017).

Understanding the composition and function of the aortic valve microbiome, along
with its interactions with the host, is crucial for developing novel diagnostic and therapeutic
strategies for CAVS (Alushi et al., 2020; F. A. F. Oliveira et al., 2019). The aim of this study
was to identify microorganisms (Bacteria, Archaea, Virus, and Eukaryotes) in human aortic
valves from individuals with and without CAVS. A metagenomic approach was employed to
identify the microbial communities present in the aortic valves and to clarify their metabolic

contribution by inference.

7.3 Methods:

7.3.1 Search

Publicly available RNA sequencing data relevant to our research were retrieved from
the NCBI Gene Expression Omnibus (GEO) database (Barrett et al., 2013) on March 24,
2022. The search keywords were: 'aortic valve', 'homo sapiens', and 'high throughput
sequencing'. To ensure data homogeneity, the study included aortic valves tissue from adult
patients with CAVS and tricuspid aortic valves, was excluded dataset with RNA sequencing

of microRNAs.
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The data was obtained through publicly links provided by the European Nucleotide
Accession (ENA) (Yuan et al., 2024). Quality control and preprocessing steps were employed
to ensure data integrity and prepare the data for analysis, including the removal of low-quality
reads (<20) and adapter sequences using fastqc v.0.11.5 (Wingett & Andrews, 2018) and
trimmomatic v.0.39 (Bolger et al., 2014). The data processing was carried out on the

Universidad Cooperativa de Colombia (UCC) server.

7.3.2 Identification of microorganisms

Microorganism communities were characterized using bioinformatics pipelines for
taxonomic identification (Odom et al., 2023). We targeted bacteria, archaea, viruses, and
eukaryotes. Kraken2-Bracken (Lu et al., 2017; Wood et al., 2019) was employed with a
minimum confidence threshold of 0.1 for taxonomic assignment. The Greengenes database
(DeSantis et al., 2006) was used for bacterial identification based on 16S rRNA gene
sequences. For eukaryotic pathogens, we utilized EuPath (Aurrecoechea et al., 2017),
combining BLAST and HMM profile methods. The Standard database (Wood et al., 2019)
was used for general taxonomic assignments of archaea, bacteria, and viruses. It is
constructed using Kraken2-build and provides reference sequences for taxonomic
assignment; constructed with kraken2-build. The taxonomic levels for the report were
determined using Braken at the levels of Phylum, Class, Order, Family, Genus, and Species
for each database utilized. The results were then uploaded to the R-package (R Core Team,

2019) Pavian (Breitwieser & Salzberg, 2020) to generate a classification report.

7.3.3 Richness and Diversity indices

Alpha and beta indices were calculated using the package Vegan (Oksanen et al.,

2015). The Alpha diversity was measured by calculating the richness or quantity of species
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of microorganisms and their relative abundance with the Shannon, Simpson and eveness
indices (Moreno, 2001). The beta diversity is the grade of variation in the composition of
microorganisms between groups (Garcia-Q. et al.,, 2021) was measured calculating the
coefficient of similarity by Jaccard index (Moreno, 2001) and Bray-Curtis index (Park et al.,

2022).

7.3.4  Differential Abundance Analysis

To identify significant differences in the abundance of microorganisms between the
two groups (CAVS and non-CAVS), the DESeq2 R package (Love et al., 2014) was used.
The DESeq2 package is designed to normalise, visualise and test for differential analysis
between groups from counts obtained by high-throughput sequencing techniques such as
metagenomics. A significance level (FDR) of 5% was used. The analysis was performed at
different taxonomic levels (species, genus, and phylum) for each database used. A minimum

of 10 reads per individual was used for the comparison of microorganism counts.

7.3.5 Functional Analysis

A functional analysis was performed to infer potential functional capabilities of the
identified microbial communities. The analysis considered taxonomic information at the
specie level based on the sequence of the 16s rRNA coding gene sequencing. Thus, only the
counts obtained from the analysis with the Greengenes database were used. Functional
annotations were assigned using picrust2-2.4.1 (Douglas et al., 2020) and visualized using

the R package ggpicrust2 (Yang et al., 2023).
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7.4 Results

7.4.1 Datasets and participant characteristics

Four GEO datasets GSE76718 (Guauque-Olarte et al., 2016), GSE138531 (Kossar et
al., 2020), GSE148219 (MacGrogan et al., 2020), and GSE153555 (Greene et al., 2020) were
selected. After applying the individual’s selection criteria, the data from 44 individuals were
kept. These individuals were divided into two groups. The CAVS group consisted of 23
samples with calcific aortic valves, while the non-CAVS group consisted of 21 samples with
non-calcific aortic valves. The mean age of CAVS group was 68.4 = 7.4, with 18 males, two
females, and three individuals whose gender was not disclosed. In the non-CAVS group, the

mean age was 47.5 + 18.0, with 16 males and 5 females (Table 5).

7.4.2 Identification of microorganisms

Based on the RNA sequences, the organisms present in each individual were
identified and classified by taxa. The number of classified reads ranged from 2,182,850 to
120,177,109 per individual in the CAVS group and from 7,305,258 to 50,037,531 per
individual in the non-CAVS group. The CAVS group had a mean mapped read of
microorganisms of 554,562 + 954,182, while the non-CAVS group had a mean mapped read

to microorganisms of 81,494 + 131,830 (Table 6).

The microorganisms were categorized into super kingdoms bacteria, archaea, viruses,
eukaryote. A total of 5970 species were identified between the groups for all domains for a
total of 14,466,300 reads of microorganisms between all databases used (Greengenes — 143
species, Standard — 5760 species, Eupath — 257 species). In both groups, the top 10 of

microorganisms in terms of read number belong to Bacteria. The top 10 species in the CAVS
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group (>273.000 reads) were Stutzerimonas stutzeri, Acinetobacter sp. FDAARGOS 560,
Cupriavidus basilensis, Burkholderia cepacian, Burkholderia pseudomallei, Salmonella
enterica, Sphingobacterium multivorum, Yersinia pestis, Acinetobacter baumannii, and
Cupriavidus necator. In the non-CAVS groups (>24.000 reads), the top 10 species species
were Escherichia coli, Salmonella enterica, Bacillus cereus, Klebsiella pneumoniae,
Salmonella sp. SJTUF14178, Salmonella bongori, Burkholderia dolosa, Staphylococcus

aureus, Yersinia pestis, and Enterobacter hormaechei.

The phyla Proteobacteria and Firmicutes were present in all samples with the higher
number of reads, followed by Bacteroidota, Actinobacteria, Cyanobacteria, Artverviricota,
Euryarchaeota, Planctomycetota, Ascomycota and Deinococcus. The specie Bacillus cereus
was present in all samples with the highest number of reads (Supplementary Figure 2). The
unique species with most reads were Halovivax sp. CGA30 in CAVS group in 14 samples;

and Mycolicibacterium aichiense in non-CAVS groups in six samples.

7.4.3  Microbial Community Diversity

In terms of species the CAVS group showed 4257 Bacteria, 102 Eukaryotes, 88
Archaea and 56 Viruses. Richness in the non-CAVS group showed 4040 Bacteria, 130
Eukaryotes, 126 Archaea, 68 Virus. Was observed higher values of evenness in CAVS group
with 0.11 than non-CAVS group with 0.09 groups. Indicative that in non-CAVS group, few
species dominate the community in comparison with CAVS group. The Shannon index in
the non-CAVS (1.98+0.83) group shows less dispersion than in the CAVS group (2.09+0.76)
(Figure 9). The Bray-Curtis similarity index shows that the CAVS group has a similarity
minimum of 0% and maximum of 92%; with respect to the non-CAVS group, the maximum

similarity was 98%, minimum similarity was of 6% (Figure 10).
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According to the three databases (Greengenes, Standard and Eupath) used for
taxonomic assignment, we identified 4503 species of microorganisms in CAVS patients and
4335 species in non-CAVS individuals. Among the common species of microorganisms,
49.4% are common in Bacteria, 28.1% in Archaea, 26.5%, 64.0% in Viruses, and 45.3% in

Eukaryote (Figure 11).

We are interested specially in the bacterial community present in the samples.
According to the Standard database we identified 4212 bacterial species affiliated to 1377
genera, 402 families, 191 orders, 85 classes, and 39 phyla in the CAVS group and 4011
bacterial species affiliated to 1324 genera, 464 families, 212 orders, 98 classes, and 36 phyla

in the non-CAVS group.

7.4.4  Differential taxa abundance between groups

The comparison of the frequency of microorganisms between groups at the genus and
species levels indicates that 17 genera and 49 species were significantly different between
the groups (Table 7). The genera Sphingobacterium, Brevundimonas, Cupriavidus, Delftia,
and Sphingobium are common between databases. The species Salmonella enterica,
Sphingobacterium multivorum and Brevundimonas diminuta are common between
databases. In all cases, the sense of fold change was common between databases. At the
genera and species level, we found that none was reported with differential expression

between groups were established as periodontal pathogenic.

7.4.5 Metabolic inference

Between groups we found 24 pathways (p<0.05) related to bacterial 16s DNA

sequence in Greengenes database. In the CAVS group, the major process involved pathways
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activated by active stress conducing to apoptosis (1 pathway), and metabolism of aromatic
compounds (6 pathways). Respect to non-CAVS groups, the presence of bacteria is related

to metabolism of carbohydrates and lipids (17 pathways) (Figure 11).

7.5 Discussion

In the present study, we explored the presence of microorganisms, determined from
RNA sequences extracted from a public database for 44 human adults with tricuspid aortic
valves (TAV) with endocarditis and heart infection risk as exclusion criteria. The individuals
were from the USA (Greene et al., 2020; Kossar et al., 2020), Canada (Guauque-Olarte et al.,
2016), and Spain (MacGrogan et al., 2020), and were divided into two groups: CAVS and

non-CAVS.

Of all the species present in aortic valves, 26.9% species were unique to the CAVS
group and 24.6% were exclusive to the non-CAVS group, with a quantity of reads
approximately 10 times higher in the CAVS group. The differences encountered in the
composition of reported microorganisms and number of reads may be associated with habitat
difference because calcific areas are more related to the major density of microorganisms

than non-calcific areas (F. A. F. Oliveira et al., 2019; Pierri et al., 2006).

Previous studies detected bacteria and virus species in aortic valves from patients
with CAVS with diverse methodologies (chemical and morphology). Shared taxa with our
study are Listeria spp., Staphylococcus warneri, Propionibacterium acnes and Pantoea
spp.,but in few samples and low frequency (Bayram et al., 2011; Higuchi et al., 2002; F. A.
F. Oliveira et al., 2019; Pierri et al., 2006; Radke et al., 2002). In relation with other
metagenomics analysis, we found in CAVS and non-CAVS samples common species such

as Clostridioides difficile and Nocardia cyriacigeorgica (Yoshiba et al., 2023), and
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Sphingomonas, Bifidobacterium, Bradyrhizobium genera (Curini et al., 2023) with higher

frequency in the CAVS group.

The most abundant phyla in the CAVS group were Proteobacteria, Thaumarchaeota,
Uroviricota, and Discosea, while for the non-CAVS group were Proteobacteria,
Euryarchaeota, Artverviricota, and Apicomplexa. Many reads were attributed to Bacteria,
principally to the phyla Proteobacteria and Firmicutes, as well as the species Bacillus cereus,
which was present in all samples. The most abundant species was the pathogenic bacteria
Stutzerimonas stutzeri for the CAVS group (3 samples), and Escherichia coli for the non-
CAVS group (2 samples), identified in few samples but in high abundances. Stutzerimonas
stutzeri 1s commonly found in soil, and Escherichia coli is associated with fecal
contamination. Proteobacterias and the genera Bacillus have been described as dominant in

oral cavity (A. M. Oliveira et al., 2012).

Among the taxa with significantly different abundance in the CAVS group vs the
non-CAVS group, are Bacteria. Among the differential abundant genera, bacterias such as
Sphingobacterium and Brevundimonas were found, these arecommonly found in soil and are
not documented inside the human body (Gomila et al., 2022; Jang et al., 2024). The most
significant bacteria with the highest fold-change found is related to food spoiling, causing
infections, and included species as Yersinia pestis and Salmonella enterica (Godinez-Oviedo

et al., 2024; Zhang et al., 2020).

Our research indicates that oral pathologies have a close association with heart
diseases. For example, gingival ulceration in periodontitis can lead to bacteremia and may
induce the formation of atherosclerotic plaques (Bartova et al., 2014; DeStefano et al., 1993).

Oral diseases such as periodontitis caused by bacteria may predispose for cardiovascular
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disease (Bayram et al., 2011; Kolltveit et al., 2002; Pierri et al., 2006). Many of the
microorganisms found in patients with CAVS have been associated with oral health (F. A. F.
Oliveira et al., 2019); the transmission may have occured through the bloodstream (Bayram
etal., 2011; Yoshiba et al., 2023). Although in few densities, analysis of the samples revealed
that the presence of bacterial species from the red and orange complexes described by
Socransky & Haffajee (2005). The following bacteria were found in both groups: Prevotella
nigrescens (12 CAVS samples and 10 non-CAVS samples), Prevotella intermedia (4 CAVS
samples and 2 non-CAVS samples), Parvimonas micra (1 CAVS sample and 3 non-CAVS
samples), Fusobacterium nucleatum (3 CAVS samples and 5 non-CAVS samples) and
Campylobacter gracilis (1 CAVS sample and 1 non-CAVS sample). Streptococcus

constellatus was unique to the CAVS group (1 sample).

The presence of contaminants in metagenomic studies, including our own, is a
significant challenge. We identified potential contaminants such as Cupriavidus basilensis,
Burkholderia cepacia, Yersinia pestis, Escherichia coli, Pseudomonas stutzeri, Klebsiella
pneumoniae, Enterobacter hormaechei, and Enterobacter cloacae in both CAVS and non-
CAVS groups (Dewhirst et al., 2010; Salter et al., 2014; Strong et al., 2014). These
contaminants can originate from various sources like laboratory environments, reagents, or
sample handling (Jurasz et al., 2021). Their presence can lead to false positive findings,
biased abundance estimates, and incorrect taxonomic assignments (Davis et al., 2018). Future
studies should prioritize strategies to minimize contamination and validate findings through

independent methods.

Furthermore, we conducted an evaluation of the microbiota function via PICRUSt2

software. This metagenome predictor compares the significance of differential abundance of
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predicted functional gene profiles from bacterial 16S rRNA DNA sequences. (Douglas et al.,
2020 ;Yang et al., 2023). The potential event signaling predicted by KEGG pathways showed
a potential link between microbiota and metabolic profile, which is positively related to stress
and degradation of different aromatic compounds. The pathways of apoptosis include the
subpathways calcium signaling pathway (hsa04020), the TNF signaling pathway (hsa04668),
and the PI3K-Akt signaling pathway (hsa04151). The K-Akt signaling pathway (hsa04151),
NF-kappa B signaling pathway (hsa04064) and MAPK signaling pathway (hsa04010) were
also found in our review as significant. Although there is no evidence that the breakdown of
aromatic compounds is linked to CAVS, there is a clear association between cardiovascular

disease and aromatic compounds that cause inflammation (Mallah et al., 2021).

Our analysis revealed a negative correlation between the abundance of predicted
functional bacteria and metabolites of carbohydrates and lipids. This suggests that the
presence of these bacteria is potentially linked to stress-induced pathway alterations
previously associated with CAVS. The increase in fold-change in CAVS relates processes
that indicate an increase in cell death processes and those related to the degradation of
aromatic compounds, potentially indicate an increase in inflammation processes. In the non-
CAVS group, an increase in lipid and carbohydrate metabolization was observed, this may
be related to low lipid accumulation in valves that do not represent the condition. This process
is related to different processes that lead to calcification of the valves in calcification aortic

stenosis.

This study analyzed the human aortic valve microbiome, revealing a strong link
between the types of microbes present and the geographic origin of the samples

(Supplementary Figure 3). This indicates that location plays a significant role in determining
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the composition of microbial communities. It is notable that the study design may have
excluded samples that could have been influenced by other infectious agents. In addition to
geography, factors such as diet, hygiene habits, and even transmission through objects may
also contribute to the diversity of these communities (Gupta et al., 2017). These findings

highlight the complex interplay between environmental factors and the human microbiome.

Our study revealed distinct microbial communities associated with aortic valve
samples from different geographic regions, aligning with previous research demonstrating
geographic variability in the human microbiome (Gupta et al., 2017; Zaura et al., 2013;
Blaser et al., 2013; Yatsunenko et al., 2012). These findings suggest that geographic location
may influence the composition of the aortic valve microbiome, potentially through factors

such as diet, hygiene, and environmental exposures (Lafaurie et al., 2022).

However, our study has several limitations. The relatively small sample size from
each geographic region restricts the generalizability of our findings. Additionally, the
absence of detailed individual-level lifestyle data prevents a comprehensive analysis of the
factors shaping the aortic valve microbiome. Furthermore, the identification of contaminant
species in our samples, including some with relatively high abundance, highlights the
challenges of metagenomic studies. While these contaminants pose limitations, they also
represent an opportunity to explore the presence of novel or unexpected microorganisms.
Future studies with larger, more diverse cohorts and comprehensive data collection are
needed to fully elucidate the factors influencing the aortic valve microbiome across

geographic regions.
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7.6 Conclusion

Our study provides novel insights into the complex interplay between the aortic valve
microbiome and CAVS. We observed significant differences in the microbial composition
between CAVS and non-CAVS groups, suggesting a potential association between specific
microbial profiles and disease development. The presence of oral bacteria, such as those from
the red and orange complexes, in both groups highlights the potential role of oral-systemic
connections in CAVS. However, the exact mechanisms by which these microorganisms

contribute to CAVS pathogenesis remain to be elucidated.

While our findings suggest a potential link between the microbiome and CAVS, it is
essential to acknowledge the limitations of our study, including the cross-sectional design
and relatively small sample size. Further longitudinal studies with larger cohorts are needed
to establish causality and to explore the temporal dynamics of the aortic valve microbiome
in relation to disease progression. Additionally, functional studies are warranted to

investigate the specific roles of identified microorganisms in CAVS pathogenesis.
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Figure 8. [llustrates the general workflow of data analysis. It begins with the search of
databases and ends with the diversity index and metabolic prediction. The workflow
followed was designed to minimise the possibility of misidentification of microorganisms.
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Figure 9. Number and percentage of (a) phyla, (b) genera, and (c) species common to both
CAVS and non-CAVS groups. The number of species in the CAVS group is greater than
that in the non-CAVS group.
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Figure 10. Boxplot comparison of Shannon index between CAVS group and non-CAVS
group. The horizontal axis shows the two categories being compared CAVS and non-CAV'S.
The values of the Shannon diversity index are shown between two groups.
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Figure 11. Metabolic pathways between groups. Illustrates the distribution of various metabolic pathways between the CAVS and non-
CAVS groups.
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Table 5. Data sets used for metagenomic analysis. The table summarizes the metagenomic data

used, including information on the total number of samples analyzed, the sequencing platform

employed, and the general categories of analyzed samples. Details regarding participant
characteristics, such as age, sex, and specific references to the datasets.

GEO ID Country | n=92 | Platform (an:;;s) N"('I‘FCZ‘?)V S Age Mse" -
GSE13853 1 Kossa) USA 6 | HiSeq 2500 3 0 ND | -
GSE76718(Guavque) Canada 27 HiSeq 2000 9 8 634+4.6 | 17 | --

GSE148219MscGrogan | Spain 29 | HiSeq 2500 7 8 53.3+20.5 | 14 | 1
GSE153555Greene) USA 30 | HiSeq 2500 4 5 5384244 | 3 | 6
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Table 6. Number of total and classified reads in CAVS patients and non-CAVS individuals. The

table provides general information about the overall read distribution across different groups

and microbial categories.

ID Sample Bacterial Viral Fungal Protozoan | ID Sample non- Bacterial Viral Fungal Protozoan
CAVS reads reads reads reads CAVS reads reads reads reads
SRR12118630 11906 0 0 0 SRR12118617 15651 0 0 0
SRR12118632 25385 0 3 0 SRR12118620 10116 0 0 0
SRR12118634 14940 0 0 0 SRR12118622 10315 1 0 0
SRR12118636 9976 0 0 0 SRR12118624 12034 0 0 0
SRR3096626 5865 16 7 1 SRR12118626 19263 0 0 0
SRR3096627 4322 17 9 1 SRR3096635 5192 19 7 2
SRR3096628 9069 37 12 3 SRR3096636 5172 16 13 3
SRR3096629 5223 30 11 3 SRR3096637 10937 34 16 6
SRR3096630 2018 17 0 0 SRR3096638 4813 12 3 5
SRR3096631 1941 17 2 2 SRR3096639 1579 9 2 2
SRR3096632 6548 44 18 2 SRR3096640 2439 23 1 0
SRR3096633 1364 16 0 2 SRR3096641 7891 74 9 3
SRR3096634 9529 66 20 10 SRR3096642 12254 77 25 15
SRR10240188 1493668 342 2380 1786 SRR11497227 12382 321 64 13
SRR10240189 10270395 45 808 1141 SRR11497228 15061 361 55 7
SRR10240190 837550 649 3049 959 SRR11497229 2752 698 78 29
SRR11497230 1623 18 5 0 SRR11497239 6663 30 64 20
SRR11497231 1886 16 11 1 SRR11497240 5481 24 25 16
SRR11497232 3413 32 12 7 SRR11497241 1902 26 31 23
SRR11497234 10440 123 29 6 SRR11497246 819100 126 326 637
SRR11497235 4843 5 15 2 SRR11497247 725917 147 319 636
SRR11497236 5914 17 4 8 -- - - -- -
SRR11497237 5236 20 14 9 -- - - -- -
Mean 554046 66 279 171 Mean 81282 95 49 67
Median 5914 17 11 2 Median 10116 24 13 5
Std dev 2146402 146 793 464 Std dev 230325 171 94 189
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Table 7. Significantly different taxa between the CAVS and non-CAVS group. Summarizes the
results of statistical analysis comparing the abundance of various taxonomic groups between
CAVS and non-CAVS groups. Specific details, including exact taxa names, fold change values, p-
values, and adjusted p-values.

Level Taxa | log2FoldChange | pvalue |  padj
Standard (CAVS= 23, non-CAVS=21)
Sphingobacterium -7.71 4.62E-08 3.88E-06
Brevundimonas -6.39 1.42E-07 5.97E-06
Stutzerimonas -7.02 2.25E-07 6.29E-06
Salmonella -7.68 3.59E-06 7.55E-05
Novosphingobium -4.84 4.73E-05 7.82E-04
Yersinia -9.77 5.59E-05 7.82E-04
Rhizobium -3.18 3.90E-04 4.68E-03
Methylorubrum -4.15 7.53E-04 7.91E-03
Chryseobacterium -3.48 1.33E-03 1.24E-02
Microbacterium -2.94 1.96E-03 1.65E-02
Genera Cupriav_idus -3.24 2.88E-03 2.20E-02
Delftia -3.83 3.30E-03 2.31E-02
Curtobacterium -3.38 3.60E-03 2.33E-02
Vibrio -2.38 3.92E-03 2.35E-02
Pseudomonas -2.51 5.40E-03 3.02E-02
Caulobacter -2.68 8.09E-03 4.21E-02
Sphingobium -3.32 8.52E-03 4.21E-02
Greengenes
Cupriavidus -26.17 6.33E-19 4.98E-17
Sphingobacterium -26.09 8.29E-19 4.98E-17
Delftia -26.88 6.81E-20 1.23E-17
Sphingobium -24.82 4.04E-17 1.82E-15
Brevundimonas -23.39 2.39E-15 8.62E-14
Standard

Yersinia pestis -26.96 2.86E-20 3.64E-18
Brucella melitensis -24.21 1.24E-16 7.90E-15
Chryseobacterium sp. PET-29 -22.87 5.37E-15 9.75E-14
Brevundimonas sp. BT-123 -22.99 3.93E-15 8.47E-14
Microbacterium sp. Y-01 -22.99 4.00E-15 8.47E-14
Stutzerimonas kunmingensis -23.68 5.70E-16 1.81E-14
Sphingobium sp. PAMC28499 -23.84 3.61E-16 1.53E-14
Pseudomonas sp. S$150 -22.67 9.79E-15 1.38E-13
Mesorhizobium japonicum -22.74 7.91E-15 1.26E-13
Specie Anabaena sp. YBS01 -21.27 3.62E-13 4.60E-12
Salmonella enterica -7.62 1.43E-05 1.65E-04
Burkholderia thailandensis -1.47 4.67E-05 4.94E-04
Acinetobacter sp. WCHA45 -11.83 5.15E-05 5.03E-04
Stutzerimonas stutzeri -6.92 2.73E-04 2.48E-03
Sphingobacterium multivorum -10.06 4.29E-04 3.63E-03
Burkholderia mallei -10.13 5.31E-04 4.21E-03
Burkholderia cepacia -1.2 2.72E-03 2.03E-02
Burkholderia pseudomallei -8.67 3.02E-03 2.08E-02
Delftia acidovorans -7.9 3.11E-03 2.08E-02
Staphylococcus aureus -2.68 3.82E-03 2.43E-02
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Level Taxa log2FoldChange pvalue padj
Acinetobacter junii -6.37 5.15E-03 3.12E-02
Brevundimonas diminuta -7.87 6.55E-03 3.78E-02
Microbacterium oxydans -7.89 6.96E-03 3.84E-02
Greengenes
Klebsiella oxytoca 29.84 3.65E-18 7.84E-17
Salmonella enterica 30 2.43E-18 7.84E-17
Trabulsiella farmeri 28.86 4.33E-17 6.20E-16
Plesiomonas shigelloides 26.64 8.83E-15 6.33E-14
Enterobacter cowanii 26.96 4.27E-15 3.68E-14
Morganella morganii 27.04 3.49E-15 3.68E-14
Haemophilus parainfluenzae 25.59 9.72E-14 5.23E-13
Erwinia dispersa 26.22 2.33E-14 1.43E-13
Brenneria quercina 24.38 1.30E-12 6.19E-12
Brevundimonas diminuta -12.93 1.97E-05 8.48E-05
Sphingobacterium multivorum -11.47 1.19E-04 4.64E-04
Variovorax paradoxus -10.82 2.52E-04 9.01E-04
Acinetobacter schindleri -10.53 4.22E-04 1.40E-03
Pseudomonas veronii -9.91 8.65E-04 2.66E-03
Pseudomonas fragi -9.98 1.13E-03 3.24E-03
Methylobacterium hispanicum -9.5 1.48E-03 3.99E-03
Acinetobacter guillouiae -9.39 1.71E-03 4.32E-03
Aggregatibacter segnis 9.74 4.76E-03 1.08E-02
Burkholderia gladioli -9.28 5.01E-03 1.08E-02
Serratia marcescens 9.1 4.82E-03 1.08E-02
Serratia symbiotica 9.54 5.68E-03 1.16E-02
Microbacterium lacticum -8.92 7.02E-03 1.36E-02
Sphingomonas yabuuchiae -8.88 7.30E-03 1.36E-02
Actinobacillus parahaemolyticus 8.48 1.45E-02 2.59E-02
Corynebacterium kroppenstedtii 8.4 1.55E-02 2.67E-02
Desulfovibrio aminophilus 8.31 1.67E-02 2.76E-02
Sphingobium xenophagum -7.87 1.74E-02 2.77E-02
Pseudomonas balearica -7.48 2.39E-02 3.67E-02
Pseudomonas nitroreducens -7.04 3.35E-02 4.97E-02
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8. Conclusion general

En el desarrollo del proyecto del paisaje molecular y las comunidades microbianas
asociadas con la estenosis aortica por calcificacion, identificamos genes candidatos potencialmente
implicados en la enfermedad, a partir del analisis de la expresion diferencial de ARNm y ARNnc
y de las variantes genéticas asociadas con la CAVS.. Estos genes se mapearon en vias moleculares
especificas, revelando sus posibles funciones y modulacion en CAVS, abriendo las puertas a
terapias dirigidas. También se explord el microbioma de tejidos de valvulas aorticas sanas y con
CAVS, revelando variaciones en la diversidad y composicion de microorganismos entre el estado
patoldgico y normar de las vélvulas, siendo las densidades microbianas mas altas en el grupo
CAVS, y la inferencia de las rutas metabdlicas seguidas por los microorganismos identificados
indica una tendencia a aumentar los procesos de degradacion de compuestos aromaticos. Sugiere
que la exposicion a compuestos aromaticos podria ser un vinculo potencial para futuras
investigaciones. Se identificd una posible superposicion entre las vias moduladas por los genes
identificados y las influenciadas por el microbioma, lo que sugiere mecanismos compartidos para
las contribuciones genéticas y microbianas a CAVS, una indicacion de que la microbiota podria
estar involucrada en las alteraciones de las vias moleculares relacionadas con la enfermedad.
Descifrar estas vias compartidas tiene un potencial terapéutico, lo que nos permite dirigirnos tanto
a la predisposicion genética como a la influencia del microbioma para el desarrollo de nuevas

terapias CAVS.
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Supplementary 1. Supplementary Figure 1. Risk of bias for each article included in the present
systematic review.
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Supplementary 2. Supplementary Figure 2. Abundance of microorganisms for phyla and
species is shown. The top 10 microorganisms with the highest number of samples and readings
obtained after classification are shown. “AS” corresponds to the CAVS group and “C”
corresponds to the non-CAVS group. The samples are listed according to the sequence followed
in table 6 of the present document.
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Supplementary 3. Supplementary Figure 3. Jaccard index of similarity between all samples,

both CAVS and non-CAVS, aggregated by dataset and condition. CAVS denotes samples with

calcific aortic valve stenosis, while non-CAVS denotes samples without calcific aortic valve

stenosis. The author clearly identifies the dataset names, along with the condition and sample

count for each dataset.
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Supplementary 4. Supplementary table 1. Quality assessment of included papers. The criteria
established according to STROBE and CONSORT 2010 guidelines guide are distributed in a
matrix of presence and absence, with the criterion in question marked as present or absent in the
article. The final column presents the total fulfilment of all the criteria established for each
article.

. Item grade
Article 123456780 10 11 12 13 14 15 '°@
Anger, T et al., 2009 111101101 0 1 0 1 1 0 10
Bossé et al., 2009 1111110101 O O 1 1 1 1
Bourgeois et al., 2021 1111110101 1 0 0 1 1 11
Breyne et al., 2010 1111111101 1 1 1 1 1 14
Cantor et al., 2021 1111001101 1 0 1 1 o0 10
Chenetal., 2020 1111111100 0 0 1 1 1 1
Coffey et al., 2016 111001010 1 1 1 1 1 0 10
Ducharme et al., 2013 1111011100 1 0 0 1 1 10
Ertas et al., 2007 1111110101 1 0 0 1 1 11
Gaudreault et al., 2011 1111110101 1 0O 0 1 1 11
Greene et al., 2020 111111012111 0 O 1 1 1 12
Guauque-Olarte et al., 2015 1111110101 1 1 1 1 1 13
Hadji et al., 2016 111111011 1 1 1 1 1 1 14
Helske et al., 2004 1111110101 O O 1 1 0 10
Jiao et al., 2019 1111010100 1 1 1 1 1 1
Kamstrup et al., 2014 1111111101 1 0 0 1 o0 11
Kossar et al., 2020 111111111 0 1 1 1 1 1 14
Li et al., 2020 1111110101 1 1 1 1 0 12
Luetal., 2019 1111011101 0 1 1 1 0 11
Mahmut et al., 2014 1111010100 1 1 1 1 0 10
Mkannez et al., 2018 1111111101 1 0 O 1 1 12
Nagy et al., 2012 1111110100 0O O 1 1 1 10
Peltonen et al., 2011 1111110101 0 O 1 1 1 11
Peltonen et al., 2009 1111000101 1 1 1 1 o0 10
Peltonen et al., 2009 1111011101 1 1 1 1 1 13
Peltonen et al., 2007 1111010101 1 0 1 1 0 10
Pohjolainen et al., 2012 1111010100 1 1 0 1 1 10
Qiao et al., 2022 1111110100 1 1 0O 1 0 10
Schlotter et al., 2018 111111011 1 1 1 1 1 1 14
Song et al., 2019 101111011 0 1 1 1 1 1 12
Sunetal., 2021 1110110101 1 1 1 1 0 11
Teng et al., 2020 1111011001 1 1 1 1 0 11
Thanassoulis et al., 2013 1110111011 1 1 1 1 o0 12
Thériault et al., 2018 1111010100 1 1 1 1 0 10
Wang et al 2021 1111010101 1 0 1 1 0 10
Wang et al 2018 1111110101 1 O 1 1 0 11
Wypasek et al., 2014 111101000 1 1 0 1 1 1 10
Wypasek et al., 2015 1111011101 0O O 1 1 0 10
Yang et al., 2020 111001010 0 1 1 1 1 1 10
Yang et al., 2020 1111111100 1 1 1 1 0 12
Zhang and Ma, 2019 1111111101 1 1 1 1 1 14

Zhu et al., 2019 1111110101 O O 1 1 0 10

(1) answer the research question of the present systematic review (genetic variants, mRNA, miRNA and proteins on CAVD) presenting specific results for varians that
influence the mechanisms related to CAVD, (2) Indicate the study’s design with a commonly used term in the title or the abstract, (3) Provide in the abstract an
informative and balanced summary of what was done and what was found, (4) State specific objectives, including any prespecified hypotheses, (5) Describe the setting,
locations, and relevant dates, including periods of recruitment, exposure, (6) Describes the selected sample: cellular, tissues or sequences of animal or humans. Protein
obtained and the intervention for each group, and size, (7) Clearly define all outcomes and potential confounders. Give diagnostic criteria, if applicable, (8) For each
variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of asse ssment methods if there is more than one
group, (9) Describe any efforts to address potential sources of bias, (10) Explain how the study size was arrived at (cases-controls), (11) Explain how quantitative
variables were handled in the analyses. If applicable, describe which groupings were chosen and why, (12) Describe all statistical methods, including those used to
control for confounding, (13) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (e.g., 95% confidence interval). Make
clear which confounders were adjusted for and why they were included (case-controls), (14) Summarize key results with reference to this review question, (15) Discuss
limitations of the study, considering sources of potential bias or imprecision. Discuss both direction and magnitude of any p otential bias.
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Supplementary S. Supplementary table 2. List of differentially expressed genes between CAVS
and Non-CAVS. It reports 510 upregulated genes and 399 downregulated genes. The column
indicates the validated gene symbol according to the NCBI and Uniprot databases. The sense and
authors of each gene are indicated in the respective columns, along with the diagnosis and aortic
valve configuration for the samples used by the different authors.

Gene Sense Author Diagnostic Configuration

iao et al. 2022 AS TAV

A2M upregulated Z(r?ang y Ma. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV

ABCAS8 downregulated Zhang y Ma. 2019 AS BAVITAV

Zhu et al. 2019 AS BAV/TAV
ABCA9 downregulated Bossé et al. 2009 AS TAV
ABCG1 upregulated Bossé et al. 2009 AS TAV
iao et al. 2022 AS TAV

ABLIM1 downregulated Zﬁang y Ma. 2019 AS BAV/TAV
ABTB2 downregulated Bossé et al. 2009 AS TAV

ACACB downregulated Zhu et al. 2019 AS BAVI/TAV

ACADVL downregulated Zhang y Ma. 2019 AS BAVI/TAV
Bossé et al. 2009 AS TAV
ACAN downregulated Kossar et al. 2020 AS TAV
ACAP1 downregulated Bossé et al. 2009 AS TAV

ACE upregulated Helske et al. 2004 AS BAV/TAV/CAV

ACE2 downregulated Peltonen et al. 2011 AS BAVI/TAV
ACSM3 downregulated Bossé et al. 2009 AS TAV
ADAM12 upregulated Bossé et al. 2009 AS TAV
ADAM19 upregulated Bossé et al. 2009 AS TAV
ADAM28 upregulated Bossé et al. 2009 AS TAV
ADAMS8 upregulated Bossé et al. 2009 AS TAV

ADAMTS15 downregulated Zhu et al. 2019 AS BAVITAV
Bossé et al. 2009 AS TAV

ADAMTSS upregulated Zhu et al. 2019 AS BAV/TAV
ADCYAP1 upregulated Bossé et al. 2009 AS TAV
ADGRB3 downregulated Bossé et al. 2009 AS TAV

ADGRE2 upregulated Zhu et al. 2019 AS BAVITAV
ADGRG2 downregulated Qiao et al. 2022 AS TAV
ADH1A downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

ADH1B downregulated Zhu et al. 2019 AS BAV/TAV
Guauque-Olarte et al. 2015 Mild/Severe AS TAV

ADRB1 downregulated Zhu et al. 2019 AS BAV/TAV
AFAP1-AS1 upregulated Hadji et al. 2016 AS TAV
Bossé et al. 2009 AS TAV

AFF1 downregulated Zhang y Ma. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
Guaugue-Olarte et al. 2015 Mild/Severe AS TAV

AGTRL downregulated Fhu et al. 2010 AS BAV/TAV

Peltonen et al. 2011 AS BAVITAV

AGTR2 downregulated Peltonen et al. 2011 AS BAVI/TAV
AIF1 upregulated Qiao et al. 2022 AS TAV
AIF1L downregulated Bossé et al. 2009 AS TAV
AKAP12 downregulated Bossé et al. 2009 AS TAV
AKAP13 downregulated Bossé et al. 2009 AS TAV

ALDHI1L1 downregulated Greene et al. 2020 AS BAVITAV

AMER2 downregulated Zhu et al. 2019 AS BAVITAV
Bossé et al. 2009 AS TAV
AMPD3 upregulated Guauque-Olarte et al. 2015 Mild/Severe AS TAV
Qiao et al. 2022 AS TAV

ANGPT2 upregulated Teng et al. 2020 AS BAV/TAV
ANGPTL2 upregulated Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV

Teng et al. 2020 AS BAVITAV

ANGPTL7 downregulated Zhan% y Ma. 2019 AS BAV/TAV

Zhu et al. 2019 AS BAVI/TAV
ANK3 downregulated Bossé et al. 2009 AS TAV
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Gene Sense Author Diagnostic Configuration
ANKRD10 upregulated Bossé et al. 2009 AS TAV
ANLN upregulated Bossé et al. 2009 AS TAV
ANO3 downregulated Bossé et al. 2009 AS TAV
ANPEP upregulated Qiao et al. 2022 AS TAV
AOAH upregulated Qiao et al. 2022 AS TAV
AOC3 upregulated Anger et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
AOXL downregulated Qiao et al. 2022 AS TAV
APOBEC3B upregulated Bossé et al. 2009 AS TAV
APOQOasl downregulated Hadji et al. 2016 AS TAV
Bossé et al. 2009 AS TAV
APOC1 upregulated Qiao et al. 2022 AS TAV
APOL6 downregulated Bossé et al. 2009 AS TAV
AQP7P1 downregulated Greene et al. 2020 AS BAVITAV
AQP7P2 downregulated Greene et al. 2020 AS BAVITAV
AQP7P3 downregulated Greene et al. 2020 AS BAVITAV
AQP7P4 downregulated Greene et al. 2020 AS BAV/TAV
AR downregulated Zhu et al. 2019 AS BAVITAV
ARFGEF3 downregulated Zhu et al. 2019 AS BAVI/TAV
ARHGAP15 upregulated Bossé et al. 2009 AS TAV
Teng et al. 2020 AS BAVI/TAV
ARHGAP30 upregulated Zhang y Ma. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
ARHGAP9 upregulated Qiao et al. 2022 AS TAV
Teng et al. 2020 AS BAVI/TAV
ARHGDIA upregulated Bossé et al. 2009 AS TAV
ARHGEF26 downregulated Bossé et al. 2009 AS TAV
ARID5B upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
Guauque-Olarte et al. 2015 Mild/Severe AS TAV
ARL4C upregulated cg?iao etal. 2022 AS TAV
Zhang y Ma. 2019 AS BAVITAV
ART4 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
ATOHS8 downregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAV/TAV
ATOSA downregulated Bossé et al. 2009 AS TAV
ATP11B downregulated Bossé et al. 2009 AS TAV
ATP6VOD2 upregulated Cantor et al. 2021 AS TAV
Bossé et al. 2009 AS TAV
ATPBAL downregulated Zhu et al. 2019 AS BAV/TAV
B2M upregulated Kossar et al. 2020 AS TAV
B4GALT5 upregulated Bossé et al. 2009 AS TAV
BAMBI downregulated Qiao et al. 2022 AS TAV
BASP1 upregulated Bossé et al. 2009 AS TAV
BBLN upregulated Bossé et al. 2009 AS TAV
BCAR3 downregulated Qiao et al. 2022 AS TAV
BCAT1 upregulated Sun et al. 2021 AS BAVITAV
BCL11B upregulated Bossé et al. 2009 AS TAV
BCL3 upregulated Bossé et al. 2009 AS TAV
BCL6 downregulated Bossé et al. 2009 AS TAV
BCLAF1 downregulated Bossé et al. 2009 AS TAV
BCO2 downregulated Bossé et al. 2009 AS TAV
BCOR upregulated Bossé et al. 2009 AS TAV
BDKRB2 upregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
Bossé et al. 2009 AS TAV
BEX2 downregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVI/TAV
BGN upregulated Bossé et al. 2009 AS TAV
BIRC6 upregulated Bossé et al. 2009 AS TAV
BMX downregulated Bossé et al. 2009 AS TAV
BRINP3 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
BTC downregulated Zhu et al. 2019 AS BAV/TAV
BTG1 upregulated Bossé et al. 2009 AS TAV
BTK upregulated Qiao et al. 2022 AS TAV
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Gene Sense Author Diagnostic Configuration
Cl6orf54 upregulated Bossé et al. 2009 AS TAV
Clorfl62 upregulated Qiao et al. 2022 AS TAV
Clorf21l downregulated Bossé et al. 2009 AS TAV
C10A upregulated Kossar et al. 2020 AS TAV
Cl1QC upregulated Teng et al. 2020 AS BAVITAV
Bossé et al. 2009 AS TAV
CIQTNF5 upregulated Qiao et al. 2022 AS TAV
Qiao et al. 2022 AS TAV

C2orig8 downregulated Zhu et al. 2019 AS BAVITAV
C5orf46 upregulated Qiao et al. 2022 AS TAV
Qiao et al. 2022 AS TAV

c6 downregulated Sun et al. 2021 AS BAVITAV

Teng et al. 2020 AS BAV/TAV

Zhu et al. 2019 AS BAV/TAV
Cc7 downregulated Qiao et al. 2022 AS TAV
C8orf88 downregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV

CA12 upregulated Sun et al. 2021 AS BAVITAV

Zhang y Ma. 2019 AS BAV/TAV

Zhu et al. 2019 AS BAVI/TAV
Bossé et al. 2009 AS TAV
CAB39L downregulated Qiao et al. 2022 AS TAV

Zhu et al. 2019 AS BAV/TAV
CACNA1C upregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
CACNAH1 upregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
Qiao et al. 2022 AS TAV

CADM1 upregulated Teng et al. 2020 AS BAVITAV

Zhu et al. 2019 AS BAVI/TAV
Qiao et al. 2022 AS TAV

CADM2 downregulated Zhu et al. 2019 AS BAV/TAV
CADM3 downregulated Bossé et al. 2009 AS TAV
CARHSP1 upregulated Bossé et al. 2009 AS TAV
CASP1 upregulated Anger et al. 2009 AS TAV
CASP10 downregulated Anger et al. 2009 AS TAV
CASP8 downregulated Anger et al. 2009 AS TAV
CAVIN2 downregulated Bossé et al. 2009 AS TAV
Cantor et al. 2021 AS TAV

CBLN1 downregulated Greene et al. 2020 AS BAVITAV
Qiao et al. 2022 AS TAV

CBLN4 upregulated Greene et al. 2020 AS BAV/TAV
CBX3 upregulated Bossé et al. 2009 AS TAV
CCDC181 upregulated Bossé et al. 2009 AS TAV
CCDC80 upregulated Bossé et al. 2009 AS TAV
CCL14 upregulated Bossé et al. 2009 AS TAV
CCL15 upregulated Bossé et al. 2009 AS TAV
CCL23 upregulated Bossé et al. 2009 AS TAV
CCL26 upregulated Anger et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

CCL4 upregulated Yang et al. 2020 AS BAVITAV

Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV

CCL5 upregulated Teng et al. 2020 AS BAVITAV

Yang et al. 2020 AS BAVI/TAV

Zhu et al. 2019 AS BAV/TAV

CCN4 upregulated Bossé et al. 2009 AS TAV

CCN5 downregulated Qiao et al. 2022 AS TAV

CCNC upregulated Anger et al. 2009 AS TAV
CCND2 downregulated Anger et al. 2009 AS TAV
CCNG1 downregulated Anger et al. 2009 AS TAV

CCR2 upregulated Zhu et al. 2019 AS BAVITAV

CCR5 upregulated Bossé et al. 2009 AS TAV

Bossé et al. 2009 AS TAV

CCR7 upregulated Qiao et al. 2022 AS TAV

CCT7 downregulated Yang et al. 2020 AS BAVI/TAV
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Gene Sense Author Diagnostic Configuration
Kossar et al. 2020 AS TAV
CD14 upregulated Qiao et al. 2022 AS TAV
Zhang y Ma. 2019 AS BAVI/TAV
Bossé et al. 2009 AS TAV
CD209 upregulated Qiao et al. 2022 AS TAV
Teng et al. 2020 AS BAVI/TAV
CD226 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
CD247 upregulated Qiao et al. 2022 AS TAV
Teng et al. 2020 AS BAVITAV
CD248 upregulated Guaugque-Olarte et al. 2015 Mild/Severe AS TAV
CD27 upregulated Qiao et al. 2022 AS TAV
CD28 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
CD300A upregulated Qiao et al. 2022 AS TAV
CD300LF upregulated Bossé et al. 2009 AS TAV
CD3G upregulated Bossé et al. 2009 AS TAV
CD44 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
iao et al. 2022 AS TAV
CD48 upregulated TQeng etal. 2020 AS BAV/TAV
Zhu et al. 2019 AS BAVITAV
Qiao et al. 2022 AS TAV
CD53 upregulated Zhang y Ma. 2019 AS BAVITAV
Zhu et al. 2019 AS BAVITAV
Bossé et al. 2009 AS TAV
CD72 upregulated Qiao et al. 2022 AS TAV
Teng et al. 2020 AS BAVITAV
Teng et al. 2020 AS BAVITAV
CD74 upregulated Zhang y Ma. 2019 AS BAV/TAV
CD79A upregulated Cantor et al. 2021 AS TAV
Bossé et al. 2009 AS TAV
CD84 upregulated Qiao et al. 2022 AS TAV
CD86 upregulated Zhu et al. 2019 AS BAVI/TAV
CcDC7 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
CDH19 downregulated Teng et al. 2020 AS BAVITAV
Zhang y Ma. 2019 AS BAVITAV
CDH6 upregulated Greene et al. 2020 AS BAVITAV
CDK1 upregulated Bossé et al. 2009 AS TAV
CDK4 downregulated Yang et al. 2020 AS BAV/TAV
CDKN3 upregulated Bossé et al. 2009 AS TAV
CDO1 downregulated Bossé et al. 2009 AS TAV
CECR2 downregulated Bossé et al. 2009 AS TAV
CELF2 downregulated Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV
CEMIP upregulated Zhu et al. 2019 AS BAV/TAV
CEP55 upregulated Bossé et al. 2009 AS TAV
CERCAM upregulated Bossé et al. 2009 AS TAV
CERKL upregulated Bossé et al. 2009 AS TAV
CFD downregulated Qiao et al. 2022 AS TAV
CFL1 upregulated Bossé et al. 2009 AS TAV
CGNL1 downregulated Zhu et al. 2019 AS BAVITAV
CHAD downregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
CHODL downregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVITAV
CHST7 downregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
CHST9 downregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVITAV
CIDEC downregulated Qiao et al. 2022 AS TAV
CKLF3 downregulated Anger et al. 2009 AS TAV
CKS2 upregulated Bossé et al. 2009 AS TAV
CLC upregulated Bossé et al. 2009 AS TAV
CLDN11 downregulated Bossé et al. 2009 AS TAV
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Gene Sense Author Diagnostic Configuration

Qiao et al. 2022 AS TAV

Zhang y Ma. 2019 AS BAV/TAV

Zhu et al. 2019 AS BAVITAV
CLDN5 upregulated Qiao et al. 2022 AS TAV
CLEC3B downregulated Bossé et al. 2009 AS TAV

CLEC7A upregulated Zhu et al. 2019 AS BAVITAV
CLK4 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

CLSTN2 downregulated Zhu et al. 2019 AS BAV/TAV

Greene et al. 2020 AS BAVITAV

CMAL upregulated Zhu et al. 2019 AS BAV/TAV
CMYA5 downregulated Qiao et al. 2022 AS TAV

CNP downregulated Peltonen et al. 2007 AS BAVITAV
CNR1 downregulated Bossé et al. 2009 AS TAV

CNTFR downregulated Greene et al. 2020 AS BAVITAV
Bossé et al. 2009 AS TAV

CNTNL downregulated Zhu et al. 2019 AS BAV/TAV
CNTN4 downregulated Bossé et al. 2009 AS TAV
COBL downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

COLI5AL upregulated Sun et al. 2021 AS BAV/TAV
COL18A1 upregulated Bossé et al. 2009 AS TAV

COL1A2 upregulated Sun et al. 2021 AS BAVI/TAV
Bossé et al. 2009 AS TAV
COL4AL upregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
Bossé et al. 2009 AS TAV
COL4A2 upregulated Guauque-Olarte et al, 2015 Mild/Severe AS TAV
Bossé et al. 2009 AS TAV

COL4A3 downregulated Zhang y Ma. 2019 AS BAVITAV

Zhu et al. 2019 AS BAVI/TAV
Bossé et al. 2009 AS TAV

COL4A4 downregulated Zhu et al. 2019 AS BAV/TAV

COL4A5 downregulated Zhu et al. 2019 AS BAVI/TAV
Bossé et al. 2009 AS TAV

COLSAL upregulated Sun et al. 2021 AS BAV/TAV
Bossé et al. 2009 AS TAV

COLSA2 upregulated Sun et al. 2021 AS BAV/TAV
COL6A2 upregulated Bossé et al. 2009 AS TAV
COL9A3 downregulated Bossé et al. 2009 AS TAV
COLGALT2 downregulated Qiao et al. 2022 AS TAV
COMP upregulated Qiao et al. 2022 AS TAV
CORIN downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

CORO1A upregulated Teng et al. 2020 AS BAVITAV

Zhang y Ma. 2019 AS BAVI/TAV
COTL1 upregulated Qiao et al. 2022 AS TAV
CPAMDS8 downregulated Bossé et al. 2009 AS TAV
CPVL upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
CR1 upregulated Qiao et al. 2022 AS TAV

Zhu et al. 2019 AS BAV/TAV
CR1L upregulated Bossé et al. 2009 AS TAV
CRTAC1 upregulated Qiao et al. 2022 AS TAV

CSE1L downregulated Yang et al. 2020 AS BAVITAV
CSFI1R upregulated Qiao et al. 2022 AS TAV
CSF3 upregulated Anger et al. 2009 AS TAV
CsK upregulated Qiao et al. 2022 AS TAV
CST6 upregulated Qiao et al. 2022 AS TAV
CcST7 upregulated Bossé et al. 2009 _ AS TAV
Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
Bossé et al. 2009 AS TAV
cTSB upregulated Qiao et al. 2022 AS TAV
CTSC upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
CTSD upregulated Qiao et al. 2022 AS TAV
CTSz upregulated Bossé et al. 2009 AS TAV
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CTTNBP2 downregulated Bossé et al. 2009 AS TAV
CX3CR1 upregulated Qiao et al. 2022 AS TAV
CXCL1 upregulated Bossé et al. 2009 AS TAV
CXCL10 upregulated Yang et al. 2020 AS BAVITAV
Bossé et al. 2009 AS TAV
Kossar et al. 2020 AS TAV
CXCL12 upregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
CXCL14 upregulated Qiao et al. 2022 AS TAV
CXCL9 upregulated Qiao et al. 2022 AS TAV
CXCR1 upregulated Anger et al. 2009 AS TAV
CXCR3 upregulated Bossé et al. 2009 AS TAV
CXCR4 upregulated Yang et al. 2020 AS BAVITAV
Teng et al. 2020 AS BAVI/TAV
CYBA upregulated Zhan% y Ma. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
CYP27B1 downregulated Qiao et al, 2022 AS TAV
Bossé et al. 2009 AS TAV
CYP4B1 downregulated Greene et al. 2020 AS BAVITAV
Zhu et al. 2019 AS BAV/TAV
CYTH4 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
DDITAL upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
DENND2A downregulated Qiao et al, 2022 AS TAV
DENND2D upregulated Bossé et al. 2009 AS TAV
DHRS9 upregulated Bossé et al. 2009 AS TAV
DIO2 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
DKK2 downregulated Qiao et al. 2022 AS TAV
Teng et al. 2020 AS BAVITAV
DKK3 downregulated Bossé et al. 2009 AS TAV
DLG2 upregulated Bossé et al. 2009 AS TAV
DLGAP5 upregulated Bossé et al. 2009 AS TAV
DNER downregulated Greene et al. 2020 AS BAVI/TAV
Bossé et al. 2009 AS TAV
DOCK10 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
DOCK8 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
DOCK9 downregulated Qiao et al, 2022 AS TAV
Bossé et al. 2009 AS TAV
DOK3 upregulated Zhu et al. 2019 AS BAV/TAV
DOK6 downregulated Bossé et al. 2009 AS TAV
DPP4 upregulated Bossé et al. 2009 AS TAV
DPY19L2 downregulated Bossé et al. 2009 AS TAV
DTL upregulated Bossé et al. 2009 AS TAV
DUSP1 downregulated Qiao et al. 2022 AS TAV
DUSP14 upregulated Qiao et al. 2022 AS TAV
ECE1 downregulated Peltonen et al. 2009 severe AS BAVITAV
iao et al. 2022 AS TAV
ECHDC2 downregulated Zﬁang y Ma. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
Guauque-Olarte et al. 2015 Mild/Severe AS TAV
EDNRA upregulated c(lgiao etal. 2022 AS TAV
Teng et al. 2020 AS BAVITAV
EGFR downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
iao et al. 2022 AS TAV
EHBP1 downregulated %un etal. 2021 AS BAV/TAV
Zhang y Ma. 2019 AS BAVITAV
EIF2S1 downregulated Yang et al. 2020 AS BAVITAV
EIF5A upregulated Bossé et al. 2009 AS TAV
ELOVL2 downregulated Bossé et al. 2009 AS TAV
EMILIN1 upregulated Bossé et al. 2009 AS TAV
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EMILIN2 upregulated Qiao et al. 2022 AS TAV
EMILIN3 downregulated Bossé et al. 2009 AS TAV

Bossé et al. 2009 AS TAV

ENPEP upregulated Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV

ENPP1 upregulated Zhu et al. 2019 AS BAV/TAV
Qiao et al. 2022 AS TAV

ENPP2 upregulated Sun et al. 2021 AS BAVITAV

Zhang y Ma. 2019 AS BAVITAV
Bossé et al. 2009 AS TAV

EPB41L4B downregulated Zhu et al. 2019 AS BAV/TAV
EPB41L5 downregulated Bossé et al. 2009 AS TAV

EPHB1 downregulated Greene et al. 2020 AS BAVITAV
Guauque-Olarte et al. 2015 Mild/Severe AS TAV

ERBB3 downregulated Teng et al. 2020 AS BAVITAV

Zhu et al. 2019 AS BAV/TAV

Greene et al. 2020 AS BAVITAV

ESM1 upregulated Qiao et al. 2022 AS TAV

ESR1 downregulated Guaugque-Olarte et al. 2015 Mild/Severe AS TAV

ETNK2 downregulated Kossar et al. 2020 AS TAV

EVI2A upregulated Qiao et al. 2022 AS TAV

EVI2B upregulated Qiao et al. 2022 AS TAV

EVI5 downregulated Bossé et al. 2009 AS TAV

EYAl downregulated Bossé et al. 2009 AS TAV

F10 downregulated Qiao et al. 2022 AS TAV

F13B upregulated Bossé et al. 2009 AS TAV

F5 downregulated Teng et al. 2020 AS BAVI/TAV
Zhang y Ma. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
FAM107A downregulated Teng et al. 2020 AS BAV/TAV
FAM163A downregulated Greene et al. 2020 AS BAVITAV
Bossé et al. 2009 AS TAV
Sun et al. 2021 AS BAVITAV
FAM20A upregulated Teng et al. 2020 AS BAV/TAV
Zhu et al. 2019 AS BAVI/TAV
FAM43A upregulated Bossé et al. 2009 AS TAV
FAM83D upregulated Zhu et al. 2019 AS BAVITAV

FAP upregulated Bossé et al. 2009 AS TAV

FAT1 upregulated Qiao et al. 2022 AS TAV

FBLN5 downregulated Qiao et al. 2022 AS TAV
FCGBP upregulated Qiao et al. 2022 AS TAV

Bossé et al. 2009 AS TAV
FCGRIA upregulated Sun et al. 2021 AS BAV/TAV
FCGR2A upregulated Zhang y Ma. 2019 AS BAVITAV

FCMR upregulated Qiao et al. 2022 AS TAV

FEZ1 downregulated Zhang y Ma. 2019 AS BAV/TAV

FGF1 upregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV

FGF7 upregulated Bossé et al. 2009 AS TAV
FGF7P3 upregulated Bossé et al. 2009 AS TAV
FGF7P6 upregulated Bossé et al. 2009 AS TAV
FGFBP2 downregulated Qiao et al. 2022 AS TAV

FGFR3 downregulated Bossé et al. 2009 AS TAV

FGL2 downregulated Qiao et al. 2022 AS TAV

FHL2 upregulated Qiao et al. 2022 AS TAV
FHOD3 upregulated Bossé et al. 2009 AS TAV

Bossé et al. 2009 AS TAV
FKBP11 upregulated Zhu et al. 2019 AS BAV/TAV
FKBP1A upregulated Bossé et al. 2009 AS TAV

Bossé et al. 2009 AS TAV

FKBP5 downregulated Qiao et al, 2022 AS TAV

FMO2 downregulated Bossé et al. 2009 AS TAV

FMO3 upregulated Qiao et al. 2022 AS TAV

Bossé et al. 2009 AS TAV
FN1 upregulated Sun et al. 2021 AS BAVITAV
Zhu et al. 2019 AS BAVI/TAV

FNDC1 upregulated Bossé et al. 2009 AS TAV
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Qiao et al. 2022 AS TAV
Sun et al. 2021 AS BAVITAV
FOXO01 downregulated Zhang y Ma. 2019 AS BAVITAV
FOXO3 downregulated Bossé et al. 2009 AS TAV
FOXP2 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV
FPR1 upregulated Teng et al. 2020 AS BAVI/TAV
Yang et al. 2020 AS BAV/TAV
Zhu et al. 2019 AS BAVI/TAV
FPR3 upregulated Qiao et al. 2022 AS TAV
FRAS1 downregulated Bossé et al. 2009 AS TAV
FRMD3 downregulated Bossé et al. 2009 AS TAV
FRRS1L downregulated Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
FRZB downregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVITAV
FST upregulated Qiao et al. 2022 AS TAV
Furin downregulated Peltonen et al. 2007 AS BAVITAV
FXYD1 downregulated Guauque-Olarte et al. 2015 Mild/Severe AS TAV
Bossé et al. 2009 AS TAV
EYB upregulated Guauqu_e-OIarte et al. 2015 Mild/Severe AS TAV
Qiao et al. 2022 AS TAV
Teng et al. 2020 AS BAVITAV
GADD45G downregulated Bossé et al. 2009 AS TAV
GALNT15 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
GALNTS3 upregulated Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
GAP43 upregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
GATA5 downregulated Qiao et al. 2022 AS TAV
Teng et al. 2020 AS BAVI/TAV
GNLY upregulated Bossé et al. 2009 AS TAV
GPC5 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
GPM6A downregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
GPM6B downregulated Qiao et al. 2022 AS TAV
Zhang y Ma. 2019 AS BAV/TAV
GPR146 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
GPR160 upregulated Zhu et al. 2019 AS BAV/TAV
GPR18 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
GPR68 upregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVITAV
GPRASP1 upregulated Wang et al. 2021 AS BAVITAV
GPRIN3 upregulated Zhu et al. 2019 AS BAVITAV
GPSM3 upregulated Qiao et al. 2022 AS TAV
GPX3 downregulated Greene et al. 2020 AS BAVITAV
GSC upregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
Qiao et al. 2022 AS TAV
GSN downregulated Zhang y Ma. 2019 AS BAV/TAV
GUCY1Al upregulated Guaugque-Olarte et al. 2015 Mild/Severe AS TAV
GUCY1B1 upregulated Guauque-Olarte et al. 2015 Mild/Severe AS TAV
GZMH upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
H19 upregulated Greene et al. 2020 AS BAVITAV
Hadiji et al. 2016 AS TAV
H4C3 upregulated Kossar et al. 2020 AS TAV
Qiao et al. 2022 AS TAV
HAND2-AS1 downregulated Zhu et al. 2019 AS BAV/TAV
HAPLN3 upregulated Qiao et al. 2022 AS TAV

HBA1 upregulated Bossé et al. 2009 AS TAV
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Greene et al. 2020 AS BAVI/TAV
HBA2 upregulated Bossé et al. 2009 AS TAV
HBB upregulated Bossé et al. 2009 AS TAV

Greene et al. 2020 AS BAVITAV
HCG11 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
HCK upregulated Qiao et al. 2022 AS TAV

Zhu et al. 2019 AS BAVITAV
HCLS1 upregulated Qiao et al. 2022 AS TAV
Qiao et al. 2022 AS TAV

HCST upregulated Teng et al. 2020 AS BAV/TAV
HDC upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
HIBCH downregulated Qiao et al. 2022 AS TAV

Zhang y Ma. 2019 AS BAVITAV

HIF1A upregulated Greene et al. 2020 AS BAVITAV
Bossé et al. 2009 AS TAV

HIF3A downregulated Greene et al. 2020 AS BAVITAV
HIRA downregulated Bossé et al. 2009 AS TAV
HK3 upregulated Bo_ssé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV

HLA-DMB upregulated Teng et al. 2020 AS BAVITAV

Zhang y Ma. 2019 AS BAVITAV
Guauque-Olarte et al. 2015 Mild/Severe AS TAV

HLA-DOA upregulated Teng et al. 2020 AS BAV/TAV
Bossé et al. 2009 AS TAV

HLA-DOB upregulated Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV

HLA-DPA1 upregulated Zhang y Ma. 2019 AS BAVITAV

Zhu et al. 2019 AS BAVITAV
HLA-DPB2 upregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
HLA-DQA1 upregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
Bossé et al. 2009 AS TAV

HLA-DQB1 upregulated Teng et al. 2020 AS BAVITAV

Zhu et al. 2019 AS BAVI/TAV
Guauque-Olarte et al. 2015 Mild/Severe AS TAV
HLA-DRA upregulated Kossar et al. 2020 AS TAV

Zhang y Ma. 2019 AS BAVITAV
Bossé et al. 2009 AS TAV

HMGCLLL downregulated Zhu et al. 2019 AS BAV/TAV
HMMR upregulated Bossé et al. 2009 AS TAV
HOXDA4 upregulated Bossé et al. 2009 AS TAV
HPR downregulated Bossé et al. 2009 AS TAV
HPSE upregulated Bossé et al. 2009 AS TAV
HRH1 upregulated Bossé et al. 2009 _ AS TAV
Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
HS3ST1 downregulated Bossé et al. 2009 AS TAV
HS3ST2 upregulated Bossé et al. 2009 AS TAV
HSD17B13 downregulated Guauque-Olarte et al. 2015 Mild/Severe AS TAV
HSPAG6 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
HTR4 downregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
Qiao et al. 2022 AS TAV

HTRAL upregulated Zhang y Ma. 2019 AS BAV/TAV
HTRA4 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

HYALL downregulated Teng et al. 2020 AS BAV/TAV
ICA1L downregulated Bossé et al. 2009 AS TAV
1D2 downregulated Bossé et al. 2009 AS TAV
ID2B downregulated Bossé et al. 2009 AS TAV
IFI35 downregulated Anger et al. 2009 AS TAV
IFI6 upregulated Bossé et al. 2009 AS TAV
Kossar et al. 2020 AS TAV
IFITM3 upregulated Anger et al. 2009 AS TAV
IFNA8 upregulated Anger et al. 2009 AS TAV




ALTERACIONES MOLECULARES Y MICROORGANISMOS EN CAVS

Gene Sense Author Diagnostic Configuration

IFRD1 upregulated Anger et al. 2009 AS TAV
IGDCC4 upregulated Bossé et al. 2009 AS TAV
IGF1 upregulated Bossé et al. 2009 AS TAV

IGFBP2 upregulated Teng et al. 2020 AS BAVITAV
Bossé et al. 2009 AS TAV
IGFBP4 upregulated Qiao et al. 2022 AS TAV
IGHG1 upregulated Bossé et al. 2009 AS TAV
IGHG2 upregulated Bossé et al. 2009 AS TAV
IGHG3 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

IGHM upregulated Zhu et al. 2019 AS BAV/TAV

IGKC upregulated Zhu et al. 2019 AS BAVITAV

IGKV1-17 upregulated Zhu et al. 2019 AS BAVITAV
IGKV1-5 upregulated Bossé et al. 2009 AS TAV

IGKV1D-13 upregulated Zhu et al. 2019 AS BAVITAV

IGKV10OR2-108 upregulated Zhu et al. 2019 AS BAVITAV

IGKV4-1 upregulated Zhu et al. 2019 AS BAV/TAV
IGL upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

IGLJ3 upregulated Zhu et al. 2019 AS BAV/TAV
IGLL1 upregulated Qiao et al. 2022 AS TAV

Sun et al. 2021 AS BAV/TAV

IGLL3P upregulated Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV

IGLV2-14 upregulated Zhu et al. 2019 AS BAV/TAV

IGLV3-10 upregulated Zhu et al. 2019 AS BAVITAV
Bossé et al. 2009 AS TAV

IGLV3-25 upregulated Zhu et al. 2019 AS BAV/TAV
IGLV4-3 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
IGSF11 downregulated Guauque-Olarte et al, 2015 Mild/Severe AS TAV
IGSF4 upregulated Bossé et al. 2009 AS TAV
ILIORA downregulated Anger et al. 2009 AS TAV

IL11 upregulated Greene et al. 2020 AS BAVI/TAV
IL12 downregulated Anger et al. 2009 AS TAV
IL12RB1 upregulated Anger et al. 2009 AS TAV
IL16 upregulated Anger et al. 2009 AS TAV
IL17C downregulated Anger et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
iao et al. 2022 AS TAV

IL17D downregulated '?eng etal. 2020 AS BAV/TAV

Zhang y Ma. 2019 AS BAVITAV
IL1B upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

ILIRN upregulated Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV

IL21R upregulated Zhu et al. 2019 AS BAV/TAV
IL2RB upregulated Bossé et al. 2009 AS TAV
IL4 downregulated Anger et al. 2009 AS TAV
IL411 upregulated Bossé et al. 2009 AS TAV
IL6 upregulated Bossé et al. 2009 AS TAV
ILKAP upregulated Bossé et al. 2009 AS TAV
ING3 downregulated Bossé et al. 2009 AS TAV
IP6K3 downregulated Bossé et al. 2009 AS TAV
IRF4 downregulated Anger et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
IRF6 downregulated Qiao et al. 2022 AS TAV
IRF8 upregulated Qiao et al. 2022 AS TAV
IRX3 downregulated Bossé et al. 2009 AS TAV
ISM1 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

ITGA4 upregulated Yang et al. 2020 AS BAVITAV

Zhu et al. 2019 AS BAV/TAV
ITGA9 downregulated Bossé et al. 2009 AS TAV
ITGAV upregulated Bossé et al. 2009 AS TAV
ITGAX upregulated Bossé et al. 2009 AS TAV
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Teng et al. 2020 AS BAV/TAV
Yang et al. 2020 AS BAVI/TAV
ITGB2 upregulated Zhang y Ma. 2019 AS BAVITAV
Zhu et al. 2019 AS BAVI/TAV
ITGB7 upregulated Guauque-Olarte et al. 2015 Mild/Severe AS TAV
Bossé et al. 2009 AS TAV
ITK upregulated Qiao et al. 2022 AS TAV
Sun et al. 2021 AS BAV/TAV
iao et al. 2022 AS TAV
ITM2A downregulated Z(r?ang y Ma. 2019 AS BAV/TAV
ITPRID2 downregulated Bossé et al. 2009 AS TAV
JAK3 upregulated Bossé et al. 2009 AS TAV
KANK1 downregulated Zhu et al. 2019 AS BAV/TAV
KCNJ15 upregulated Bossé et al. 2009 AS TAV
KCNJ6 upregulated Greene et al. 2020 AS BAVI/TAV
KCNK17 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
KCNN4 upregulated Guauque-Olarte et al. 2015 Mild/Severe AS TAV
KCNT1 downregulated Greene et al. 2020 AS BAVITAV
KDELR2 upregulated Sun et al. 2021 AS BAVITAV
KIF11 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
KIF21A downregulated Qiao et al, 2022 AS TAV
Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV
KIFSC downregulated Teng et al. 2020 AS BAV/TAV
Zhu et al. 2019 AS BAVITAV
KLF15 downregulated Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV
KLF4 downregulated Zhang y Ma. 2019 AS BAV/TAV
KLF9 downregulated Bossé et al. 2009 AS TAV
KLHL6 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
KLRB1 upregulated Teng et al. 2020 AS BAVITAV
Zhu et al. 2019 AS BAVI/TAV
KLRC1 upregulated Bossé et al. 2009 AS TAV
KLRC2 upregulated Bossé et al. 2009 AS TAV
KMO upregulated Bossé et al. 2009 AS TAV
KMT2A downregulated Bossé et al. 2009 AS TAV
KRT17 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
KYNU upregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVITAV
L1CAM downregulated Bossé et al. 2009 AS TAV
LAIR1 upregulated Bossé et al. 2009 AS TAV
LAMA2 downregulated Bossé et al. 2009 AS TAV
LAMA3 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
LAMC3 downregulated Teng et al. 2020 AS BAVITAV
LBP upregulated Bossé et al. 2009 AS TAV
Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
LCK upregulated Sun et al. 2021 AS BAVITAV
Zhu et al. 2019 AS BAVI/TAV
Bossé et al. 2009 AS TAV
LCP1 upregulated Qiao et al. 2022 AS TAV
Teng et al. 2020 AS BAV/TAV
LCP2 upregulated Bossé et al. 2009 AS TAV
LDAF1 downregulated Bossé et al. 2009 AS TAV
LDLR upregulated Anger et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
LEPR downregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVI/TAV
Bossé et al. 2009 AS TAV
iao et al. 2022 AS TAV
LIFR downregulated TQeng etal. 2020 AS BAV/TAV
Zhu et al. 2019 AS BAVI/TAV
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Bossé et al. 2009 AS TAV

LILRB1 upregulated Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV

LILRB2 upregulated Zhu et al. 2019 AS BAV/TAV
LILRB4 upregulated Bossé et al. 2009 AS TAV

LIMCH1 downregulated Zhang y Ma. 2019 AS BAVI/TAV

LINC00844 downregulated Zhu et al. 2019 AS BAVI/TAV

LINC01094 upregulated Zhu et al. 2019 AS BAVI/TAV

LINC01614 upregulated Zhu et al. 2019 AS BAVITAV
LMO3 downregulated Bossé et al. 2009 AS TAV
LOC102723407 upregulated Bossé et al. 2009 AS TAV
LOC374443 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

LONRF2 downregulated Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV

LOXL2 upregulated Zhu et al. 2019 AS BAV/TAV
iao et al. 2022 AS TAV

LPARL downregulated Z(r?ang y Ma. 2019 AS BAV/TAV
LPL downregulated Kossar et al. 2020 AS TAV
LRATD2 downregulated Bossé et al. 2009 AS TAV
LRP1 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
LRP1B downregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV

Greene et al. 2020 AS BAVITAV
LRRCI15 upregulated Qiao et al. 2022 AS TAV

Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
LRRC32 upregulated Qiao et al. 2022 AS TAV
LSP1 upregulated Bossé et al. 2009 AS TAV
LST1 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
LTB upregulated Guauque-Olarte et al. 2015 Mild/Severe AS TAV

Teng et al. 2020 AS BAVI/TAV
Guauque-Olarte et al. 2015 Mild/Severe AS TAV
LUM upregulated Kossar et al. 2020 AS TAV
Qiao et al. 2022 AS TAV

LY6H upregulated Greene et al. 2020 AS BAVITAV
LY9 upregulated Bossé et al. 2009 AS TAV
LY96 upregulated Qiao et al. 2022 AS TAV
LYN upregulated Qiao et al. 2022 AS TAV
Qiao et al. 2022 AS TAV

LYz upregulated Teng et al. 2020 AS BAVITAV

Zhu et al. 2019 AS BAV/TAV
MAB21L1 downregulated Bossé et al. 2009 AS TAV
MAGEA4 downregulated Bossé et al. 2009 AS TAV
MAL downregulated Bossé et al. 2009 AS TAV
MALAT1 upregulated Bossé et al. 2009 AS TAV
MAMDC2 downregulated Qiao et al. 2022 AS TAV
MAP2 downregulated Bossé et al. 2009 AS TAV
MAP2K6 downregulated Bossé et al. 2009 AS TAV
MAP3K7CL upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
MAPK13 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV

MAPT downregulated Teng et al. 2020 AS BAV/TAV

MAS1 downregulated Peltonen et al. 2011 AS BAVI/TAV
Bossé et al. 2009 AS TAV

Teng et al. 2020 AS BAV/TAV

MASP1 downregulated Zhan% y Ma. 2019 AS BAV/TAV

Zhu et al. 2019 AS BAVI/TAV
Bossé et al. 2009 AS TAV

MATN2 downregulated Zhu et al. 2019 AS BAV/TAV
MCTP1 upregulated Bossé et al. 2009 AS TAV
MEF2A downregulated Bossé et al. 2009 AS TAV
MEIS2 downregulated Bossé et al. 2009 AS TAV
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Qiao et al. 2022 AS TAV
Zhang y Ma. 2019 AS BAVITAV
Zhu et al. 2019 AS BAVITAV
MEIS3P1 downregulated Zhang y Ma. 2019 AS BAVITAV
MFAP2 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
iao et al. 2022 AS TAV
MFAPS upregulated Zﬁang y Ma. 2019 AS BAV/TAV
Zhu et al. 2019 AS BAVITAV
Bossé et al. 2009 AS TAV
MGST1 downregulated Qiao et al, 2022 AS TAV
MMP10 upregulated Anger et al. 2009 AS TAV
MMP19 upregulated Anger et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
MMP7 upregulated Teng et al. 2020 AS BAVI/TAV
Zhu et al. 2019 AS BAV/TAV
MOXD1 upregulated Bossé et al. 2009 AS TAV
MPPED2 downregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
MSA4AL upregulated Zhu et al. 2019 AS BAV/TAV
MS4A14 upregulated Bossé et al. 2009 AS TAV
MTSS1 upregulated Bossé et al. 2009 AS TAV
MTURN downregulated Qiao et al. 2022 AS TAV
MTUS1 downregulated Bossé et al. 2009 AS TAV
MXI1 downregulated Zhang y Ma. 2019 AS BAVITAV
MXRAS upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
MYO10 upregulated Qiao et al. 2022 AS TAV
MYO1D upregulated Qiao et al. 2022 AS TAV
MYO1F upregulated Qiao et al. 2022 AS TAV
MYO5A upregulated Bossé et al. 2009 AS TAV
MYO5C upregulated Bossé et al. 2009 AS TAV
MYRIP downregulated Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV
MzZB1 upregulated Sun et al. 2021 AS BAVITAV
Zhu et al. 2019 AS BAVI/TAV
Bossé et al. 2009 AS TAV
NAALAD2 downregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVITAV
NABP1 upregulated Qiao et al. 2022 AS TAV
NAIP upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
NAP1L2 downregulated Zhu et al. 2019 AS BAV/TAV
NBEA downregulated Zhu et al. 2019 AS BAVITAV
NCAM1 downregulated Bossé et al. 2009 AS TAV
NCOR2 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
NDRG2 downregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVITAV
NDRG4 downregulated Bossé et al. 2009 AS TAV
NEDD1 upregulated Bossé et al. 2009 AS TAV
NEK6 upregulated Bossé et al. 2009 AS TAV
NELL2 upregulated Greene et al. 2020 AS BAVITAV
NETO2 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
NEURL2 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
iao et al. 2022 AS TAV
NFIA downregulated Zgang y Ma. 2019 AS BAV/TAV
Zhu et al. 2019 AS BAVITAV
NFKB1 downregulated Anger et al. 2009 AS TAV
NID2 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
NMES1 upregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVITAV
NOTCH3 upregulated Qiao et al. 2022 AS TAV
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NPAS3 downregulated Bossé et al. 2009 AS TAV
NPL upregulated Bo_ssé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV

NPR1 downregulated Peltonen et al. 2007 AS BAVITAV

NPR2 downregulated Peltonen et al. 2007 AS BAVITAV

NPY downregulated Gre_ene etal. 2020 AS BAVITAV
Qiao et al. 2022 AS TAV

NR4A2 downregulated Zhu et al. 2019 AS BAVI/TAV
NRP2 upregulated Bossé et al. 2009 AS TAV
NSG1 downregulated Qiao et al. 2022 AS TAV
NTN4 downregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV

NTRK2 downregulated Zhang y Ma. 2019 AS BAVI/TAV

Zhu et al. 2019 AS BAVITAV
NUDT10 downregulated Bossé et al. 2009 AS TAV
NUSAP1 upregulated Bossé et al. 2009 AS TAV

NXPH4 upregulated Greene et al. 2020 AS BAV/TAV
OIP5-AS1 downregulated Hadiji et al. 2016 AS TAV
OLFML2A downregulated Qiao et al. 2022 AS TAV
OLR1 upregulated Qiao et al. 2022 AS TAV
OPCML downregulated Bossé et al. 2009 AS TAV

OR51E1 upregulated Greene et al. 2020 AS BAVITAV

OsP upregulated Breyne et al. 2010 AS BAVITAV
OSR1 downregulated Qiao et al. 2022 AS TAV
OSR2 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
oTC downregulated Qiao et al. 2022 AS TAV

Teng et al. 2020 AS BAV/TAV
OXTR upregulated Qiao et al. 2022 AS TAV
P2RX6 downregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
P2RY12 downregulated Bossé et al. 2009 AS TAV
P2RY14 downregulated Bossé et al. 2009 AS TAV
P4HB upregulated Bossé et al. 2009 AS TAV
PAMR1 downregulated Qiao et al. 2022 AS TAV
PAPOLA downregulated Bossé et al. 2009 AS TAV

PARVG upregulated Teng et al. 2020 AS BAVI/TAV
PAXBP1 downregulated Bossé et al. 2009 AS TAV
PCDH1 upregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
PCDH11Y downregulated Bossé et al. 2009 AS TAV
Guauque-Olarte et al. 2015 Mild/Severe AS TAV
PCDH12 upregulated Qiao et al. 2022 AS TAV
PCDH20 downregulated Bossé et al. 2009 AS TAV
PCDH9 downregulated Bossé et al. 2009 AS TAV
PCDHB14 downregulated Bossé et al. 2009 AS TAV
PCDHB5 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

PCLAF upregulated Zhu et al. 2019 AS BAV/TAV
PCSK1 upregulated Bossé et al. 2009 AS TAV
PDE3B downregulated Bossé et al. 2009 AS TAV
PDIA5S upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

PDPN upregulated Teng et al. 2020 AS BAV/TAV
PDZK1 downregulated Bossé et al. 2009 AS TAV
PEBP4 downregulated Bossé et al. 2009 AS TAV
PFN1 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
PGM5 downregulated Qiao et al. 2022 AS TAV

Zhang y Ma. 2019 AS BAVI/TAV

PGRMC1 downregulated Teng et al. 2020 AS BAVI/TAV
PHF17 downregulated Bossé et al. 2009 AS TAV
PHKAL1 downregulated Bossé et al. 2009 AS TAV

PI15 upregulated Zhu et al. 2019 AS BAVITAV
PIAS1 downregulated Bossé et al. 2009 AS TAV
PIK3AP1 upregulated Qiao et al. 2022 AS TAV

PIK3CG upregulated Yang et al. 2020 AS BAVITAV
PIK3R1 downregulated Bossé et al. 2009 AS TAV
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Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV
PILRA upregulated Teng et al. 2020 AS BAV/TAV
Zhu et al. 2019 AS BAV/TAV
PIM1 upregulated Qiao et al. 2022 AS TAV
PIM2 upregulated Qiao et al. 2022 AS TAV
PIR downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
Guauque-Olarte et al. 2015 Mild/Severe AS TAV
PKHD1L1 downregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAV/TAV
PKIA downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV
PKP2 downregulated Teng et al. 2020 AS BAV/TAV
Zhu et al. 2019 AS BAV/TAV
PLA1A downregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
PLA2G4A downregulated Mahmut et al. 2014 AS BAV/TAV
Bossé et al. 2009 AS TAV
PLA2GS downregulated Mahmut et al. 2014 AS BAV/TAV
Bossé et al. 2009 AS TAV
PLCEL downregulated Zhang y Ma. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
PLCHL downregulated Zhu et al. 2019 AS BAV/TAV
PLD3 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
PLEK upregulated Qiao et al. 2022 AS TAV
PLEK2 upregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
Bossé et al. 2009 AS TAV
PLEKHAG downregulated Zhu et al. 2019 AS BAV/TAV
PLEKHB1 downregulated Bossé et al. 2009 AS TAV
PLEKHG1 upregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
PLEKHS1 upregulated Greene et al. 2020 AS BAVITAV
Bossé et al. 2009 AS TAV
PLLP downregulated Qiao et al. 2022 AS TAV
Teng et al. 2020 AS BAVI/TAV
Bossé et al. 2009 AS TAV
PLOD2 upregulated Zhang y Ma. 2019 AS BAV/TAV
Mkannez et al. 2018 AS TAV
PLPP3 downregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVITAV
Bossé et al. 2009 AS TAV
PLVAP upregulated Qiao et al, 2022 AS TAV
PLXNC1 upregulated Bossé et al. 2009 AS TAV
PMP22 downregulated Zhang y Ma. 2019 AS BAVITAV
PNKD upregulated Bossé et al. 2009 AS TAV
PNMT downregulated Cantor et al. 2021 AS TAV
PNP upregulated Qiao et al. 2022 AS TAV
POF1B downregulated Bossé et al. 2009 AS TAV
POU2F2 upregulated Bossé et al. 2009 AS TAV
PPAR upregulated Anger et al. 2009 AS TAV
PPM1H downregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
PPP1R1B downregulated Greene et al. 2020 AS BAVI/TAV
Bossé et al. 2009 AS TAV
PPPIR9A downregulated Zhu et al. 2019 AS BAV/TAV
PPP4R2 upregulated Bossé et al. 2009 AS TAV
PRDM1 upregulated Zhu et al. 2019 AS BAV/TAV
PRG1 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
PRIMAL downregulated Zhu et al. 2019 AS BAV/TAV
PRINS upregulated Hadji et al. 2016 AS TAV
Bossé et al. 2009 AS TAV
PRLR downregulated Zhu et al. 2019 AS BAV/TAV
Greene et al. 2020 AS BAVITAV
PRND upregulated Qiao et al. 2022 AS TAV
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Zhu et al. 2019 AS BAV/TAV
PRSS23 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

PRSS35 upregulated Greene et al. 2020 AS BAV/TAV
Qiao et al. 2022 AS TAV

PRTFDC1 downregulated Zhang y Ma. 2019 AS BAV/TAV

PSMD9 downregulated Yang et al. 2020 AS BAVITAV
PTCHD1 downregulated Bossé et al. 2009 AS TAV
PTENP1-AS downregulated Hadji et al. 2016 AS TAV
PTGER2 upregulated Bossé et al. 2009 AS TAV
iao et al. 2022 AS TAV

PTGER4 upregulated Z(r?ang y Ma. 2019 AS BAV/TAV
PTGS2 downregulated Qiao et al. 2022 AS TAV
PTHLH downregulated Bossé et al. 2009 AS TAV
PTPRB downregulated Bossé et al. 2009 AS TAV
PTPRC upregulated Bossé et al. 2009 AS TAV
PTPRG downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
Cantor et al. 2021 AS TAV

Greene et al. 2020 AS BAVITAV
PWWP3B downregulated Qiao et al. 2022 AS TAV

Teng et al. 2020 AS BAVITAV

Zhu et al. 2019 AS BAVITAV
PXDN upregulated Bossé et al. 2009 AS TAV
PXDNL downregulated Bossé et al. 2009 AS TAV
QSER1 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

RADX downregulated Sun et al. 2021 AS BAV/TAV

RAN downregulated Yang et al. 2020 AS BAVITAV
RANBP9 upregulated Bossé et al. 2009 AS TAV
RAP2B upregulated Bossé et al. 2009 AS TAV
RARRES1 upregulated Bossé et al. 2009 AS TAV
RASAL3 upregulated Qiao et al. 2022 AS TAV
RASGEF1A upregulated Bossé et al. 2009 AS TAV
RASGRP3 upregulated Qiao et al. 2022 AS TAV
RBL2 downregulated Bossé et al. 2009 AS TAV
RBM22 upregulated Bossé et al. 2009 AS TAV
RBM25 downregulated Bossé et al. 2009 AS TAV

Zhang y Ma. 2019 AS BAVITAV

RBMS3 downregulated Zhu et al. 2019 AS BAV/TAV

REN downregulated Peltonen et al. 2011 AS BAVITAV
RERG downregulated Bossé et al. 2009 AS TAV
RFX8 upregulated Guaugque-Olarte et al. 2015 Mild/Severe AS TAV

RGS1 upregulated Yang et al. 2020 AS BAVITAV
RGS13 upregulated Bossé et al. 2009 AS TAV
RGS16 upregulated Bossé et al. 2009 AS TAV
iao et al. 2022 AS TAV

RGS19 upregulated Z(r?ang y Ma. 2019 AS BAV/TAV
RGS4 upregulated Qiao et al. 2022 AS TAV

RHAG downregulated Greene et al. 2020 AS BAVITAV
iao et al. 2022 AS TAV

RHOB downregulated Z(r?ang y Ma. 2019 AS BAV/TAV
RHOBTB3 downregulated Qiao et al. 2022 AS TAV
RMST downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

RNASE2 upregulated Teng et al. 2020 AS BAVITAV

Zhu et al. 2019 AS BAVI/TAV
RNF180 downregulated Bossé et al. 2009 AS TAV
ROR2 upregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
RORA downregulated Bossé et al. 2009 AS TAV

RPL23A upregulated Yang et al. 2020 AS BAVITAV

RPS12P5 downregulated Greene et al. 2020 AS BAVITAV
RRM2 upregulated Bossé et al. 2009 AS TAV
RUNX1 upregulated Bossé et al. 2009 AS TAV
RUNX1-IT1 upregulated Bossé et al. 2009 AS TAV
RUNX2 upregulated Guauque-Olarte et al. 2015 Mild/Severe AS TAV



ALTERACIONES MOLECULARES Y MICROORGANISMOS EN CAVS 118

Gene Sense Author Diagnostic Configuration

Zhu et al. 2019 AS BAV/TAV
RUNX3 upregulated Bossé et al. 2009 AS TAV
S100A11 upregulated Bossé et al. 2009 AS TAV
S100B downregulated Bossé et al. 2009 AS TAV
SALL1 downregulated Bossé et al. 2009 AS TAV
SAMD3 upregulated Bossé et al. 2009 AS TAV
SAMSN1 upregulated Bossé et al. 2009 AS TAV
SASH3 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV

SCN7A downregulated Zhu et al. 2019 AS BAV/TAV
SCO2 upregulated Qiao et al. 2022 AS TAV

SDC1 upregulated Zhu et al. 2019 AS BAVITAV
SEL1L3 upregulated Qiao et al. 2022 AS TAV
SELENBP1 downregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV

Teng et al. 2020 AS BAVITAV

SERPINAL upregulated Zhang y Ma. 2019 AS BAV/TAV

Zhu et al. 2019 AS BAV/TAV
SERPINE1 upregulated Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV

SESTD1 downregulated Zhang y Ma. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV

SFRP1 downregulated Teng et al. 2020 AS BAV/TAV

Zhu et al. 2019 AS BAVITAV
SFRP2 upregulated Qiao et al. 2022 AS TAV

SGCE upregulated Sun et al. 2021 AS BAVITAV

Teng et al. 2020 AS BAV/TAV

SGSM1 downregulated Zhu et al. 2019 AS BAV/TAV
SH2D1A upregulated Bossé et al. 2009 AS TAV

SH3KBP1 upregulated Zhang y Ma. 2019 AS BAVITAV
Bossé et al. 2009 AS TAV
SH3RF2 downregulated Qiao et al. 2022 AS TAV

Zhu et al. 2019 AS BAVI/TAV
SIGLEC7 upregulated Bossé et al. 2009 AS TAV
sIL-1RAcP downregulated Anger et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

SLAMF7 upregulated Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV

SLCLIAL upregulated Zhu et al. 2019 AS BAV/TAV
SLC14A1 downregulated Bossé et al. 2009 AS TAV
SLC15A2 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV

SLCI6AL0 upregulated Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV

SLC16A3 upregulated Zhu et al. 2019 AS BAV/TAV
SLC16A6 upregulated Bossé et al. 2009 AS TAV

Sun et al. 2021 AS BAVI/TAV

SLC20A1 upregulated Zhang y Ma. 2019 AS BAV/TAV

SLC27A6 downregulated Greene et al. 2020 AS BAVI/TAV
Bossé et al. 2009 AS TAV

SLC2A3 upregulated Teng et al. 2020 AS BAV/TAV
Bossé et al. 2009 AS TAV

SLC2AS upregulated Zhu et al. 2019 AS BAV/TAV
SLC39A8 upregulated Bossé et al. 2009 AS TAV

SLC45A2 upregulated Zhu et al. 2019 AS BAVITAV

SLC5A4 downregulated Teng et al. 2020 AS BAVITAV
SLC6A16 downregulated Bossé et al. 2009 AS TAV
SLCO4A1 downregulated Bossé et al. 2009 AS TAV
SLITRK5 downregulated Bossé et al. 2009 AS TAV

SLP1 upregulated Teng et al. 2020 AS BAVITAV
SMCO4 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV

SMoc2 upregulated Teng et al. 2020 AS BAV/TAV

Zhang y Ma. 2019 AS BAVI/TAV




ALTERACIONES MOLECULARES Y MICROORGANISMOS EN CAVS

119

Gene Sense Author Diagnostic Configuration

Bossé et al. 2009 AS TAV
SMTNL2 downregulated Qiao et al, 2022 AS TAV
SNAP91 downregulated Bossé et al. 2009 AS TAV

SNRPD3 downregulated Yang et al. 2020 AS BAVITAV

SNX1 downregulated Zhang y Ma. 2019 AS BAVITAV
Bossé et al. 2009 AS TAV
SOCS3 upregulated Kossar et al. 2020 AS TAV
SOD2 upregulated Bossé et al. 2009 AS TAV
SOS1 downregulated Bossé et al. 2009 AS TAV

Teng et al. 2020 AS BAVITAV

SOST downregulated Zhu et al. 2019 AS BAV/TAV
Sox11 downregulated Anger et al. 2009 AS TAV
Sox18 downregulated Anger et al. 2009 AS TAV
SOX2-0T downregulated Hadji et al. 2016 AS TAV
Sox30 upregulated Anger et al. 2009 AS TAV
SPATA22 downregulated Bossé et al. 2009 AS TAV
SPHK1 upregulated Bossé et al. 2009 AS TAV
SPOCK2 upregulated Bossé et al. 2009 AS TAV
SPOCK3 downregulated Bossé et al. 2009 AS TAV

SPON1 downregulated Zhang y Ma. 2019 AS BAVITAV
SPON2 upregulated Bossé et al. 2009 AS TAV
SPRY2 downregulated Qiao et al. 2022 AS TAV
SPSB1 upregulated Qiao et al. 2022 AS TAV

SPTBN1 downregulated Zhang y Ma. 2019 AS BAV/TAV
Qiao et al. 2022 AS TAV

SRGN upregulated Zhu et al. 2019 AS BAV/TAV
SSTR1 downregulated Bossé et al. 2009 AS TAV
SSX2IP downregulated Bossé et al. 2009 AS TAV
ST6GALNAC1 downregulated Bossé et al. 2009 AS TAV

ST8SIA4 upregulated Zhu et al. 2019 AS BAVITAV
STAT4 upregulated Bossé et al. 2009 AS TAV
STC1 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
iao et al. 2022 AS TAV

STEAPL upregulated '?eng etal. 2020 AS BAV/TAV

Zhu et al. 2019 AS BAV/TAV
STONZ2 downregulated Bossé et al. 2009 AS TAV
STXBP6 downregulated Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV

SUGCT upregulated Zhu et al. 2019 AS BAV/TAV

SUGGT upregulated Teng et al. 2020 AS BAVITAV
SULF1 upregulated Qiao et al. 2022 AS TAV

SURF4 downregulated Sun et al. 2021 AS BAVITAV
Qiao et al. 2022 AS TAV

SYBU downregulated Teng et al. 2020 AS BAVITAV
SYK upregulated Qiao et al. 2022 AS TAV
SYN2 downregulated Bossé et al. 2009 AS TAV

SYTL2 upregulated Zhang y Ma. 2019 AS BAVI/TAV
SYTL4 downregulated Bossé et al. 2009 AS TAV
TAC1 downregulated Bossé et al. 2009 AS TAV

TAGLN upregulated Zhang y Ma. 2019 AS BAVI/TAV
TARP upregulated Bossé et al. 2009 AS TAV
TASOR2 downregulated Bossé et al. 2009 AS TAV
TBX2 upregulated Qiao et al. 2022 AS TAV
TBXA2R upregulated Bossé et al. 2009 AS TAV
TCERG1 downregulated Bossé et al. 2009 AS TAV
TENM3 downregulated Bossé et al. 2009 AS TAV
TESC upregulated Bossé et al. 2009 AS TAV
TEX11 downregulated Bossé et al. 2009 AS TAV
TFPI2 downregulated Bossé et al. 2009 AS TAV
TGFA upregulated Bossé et al. 2009 AS TAV
TGFB1 upregulated Anger et al. 2009 AS TAV
TGFB2 upregulated Anger et al. 2009 AS TAV
TGM2 upregulated Bossé et al. 2009 AS TAV
THBS1 upregulated Bossé et al. 2009 AS TAV
THEMIS upregulated Bossé et al. 2009 AS TAV
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THEMIS2 upregulated Bossé et al. 2009 AS TAV
THRSP downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
THSD4 downregulated Zhu et al. 2019 AS BAV/TAV
Qiao et al. 2022 AS TAV
TIMD4 upregulated Teng et al. 2020 AS BAVITAV
Zhu et al. 2019 AS BAVITAV
TIMP3 downregulated Anger et al. 2009 AS TAV
TIMPs downregulated Anger et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
TIPARP downregulated Qiao et al, 2022 AS TAV
TLCD4 downregulated Zhu et al. 2019 AS BAVITAV
TLR7 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
TLR8 upregulated Qiao et al. 2022 AS TAV
Teng et al. 2020 AS BAVI/TAV
Bossé et al. 2009 AS TAV
TMA4SF18 upregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVITAV
TM7SF2 downregulated Greene et al. 2020 AS BAVITAV
TMC6 upregulated Bossé et al. 2009 AS TAV
TMEFF2 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
TMEM100 downregulated Qiao et al. 2022 AS TAV
Zhang y Ma. 2019 AS BAVI/TAV
TMEM108 downregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
TMEM119 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
TMEM132C downregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVI/TAV
Bossé et al. 2009 AS TAV
Qiao et al. 2022 AS TAV
TMEM158 upregulated Sun et al. 2021 AS BAV/TAV
Zhu et al. 2019 AS BAVITAV
Bossé et al. 2009 AS TAV
TMEM163 upregulated Zhu et al. 2019 AS BAV/TAV
Bossé et al. 2009 AS TAV
Greene et al. 2020 AS BAVITAV
TMEM200A upregulated Qiao et al. 2022 AS TAV
Sun et al. 2021 AS BAVI/TAV
Zhu et al. 2019 AS BAVITAV
TMEM245 downregulated Bossé et al. 2009 AS TAV
TMEM38A downregulated Bossé et al. 2009 AS TAV
TMEM51 upregulated Qiao et al. 2022 AS TAV
Bossé et al. 2009 AS TAV
TMOD1 downregulated Qiao et al. 2022 AS TAV
Zhang y Ma. 2019 AS BAVITAV
Tnf downregulated Anger et al. 2009 AS TAV
TNFAIP8L1 upregulated Bossé et al. 2009 AS TAV
Zhang y Ma. 2019 AS BAVITAV
TNFRSFL1B upregulated Zhu et al. 2019 AS BAV/TAV
TNFRSF12A upregulated Bossé et al. 2009 AS TAV
TNFSF15 upregulated Greene et al. 2020 AS BAVITAV
TNRC6B downregulated Bossé et al. 2009 AS TAV
TOP2A upregulated Bossé et al. 2009 AS TAV
TPD52L1 downregulated Qiao et al. 2022 AS TAV
TPPP downregulated Bossé et al. 2009 AS TAV
TPSAB1 upregulated Qiao et al. 2022 AS TAV
TRAF3 upregulated Anger et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
TRAF3IP3 upregulated Qiao et al. 2022 AS TAV
Zhu et al. 2019 AS BAVI/TAV
TRAF4a upregulated Anger et al. 2009 AS TAV
TRAT1 upregulated Bossé et al. 2009 AS TAV
TRBC1 upregulated Bossé et al. 2009 AS TAV

Sun et al. 2021 AS BAVI/TAV
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TRBV19 upregulated Bossé et al. 2009 AS TAV
TRBV21-1 upregulated Bossé et al. 2009 AS TAV
TRBV3-1 upregulated Bossé et al. 2009 AS TAV
TRBV5-4 upregulated Bossé et al. 2009 AS TAV
TRDN downregulated Bossé et al. 2009 AS TAV
TREM2 upregulated Qiao et al. 2022 AS TAV
TRGC2 upregulated Bossé et al. 2009 AS TAV
TRGV2 upregulated Bossé et al. 2009 AS TAV
TRGV9 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
TRHDE downregulated quao ot al. 2022 AS TAV

Zhu et al. 2019 AS BAV/TAV
TRHDE-AS1 downregulated Guaugue-Olarte et al. 2015 Mild/Severe AS TAV
TRIM2 downregulated Bossé et al. 2009 AS TAV
TRIM59 upregulated Bossé et al. 2009 AS TAV
TRPM3 downregulated Bossé et al. 2009 AS TAV
TSC22D3 downregulated Bossé et al. 2009 AS TAV
TSPAN13 upregulated Bossé et al. 2009 AS TAV
Bossé et al. 2009 AS TAV
iao et al. 2022 AS TAV

TSPANS downregulated Zﬁang y Ma. 2019 AS BAV/TAV

Zhu et al. 2019 AS BAVI/TAV
TSPYL5 downregulated Qiao et al. 2022 AS TAV
TTC12 downregulated Bossé et al. 2009 AS TAV

TUBA1A upregulated Yang et al. 2020 AS BAVITAV
Bossé et al. 2009 AS TAV

TUBAL3 downregulated Teng et al. 2020 AS BAV/TAV
Qiao et al. 2022 AS TAV

TYROBP upregulated Zhang y Ma. 2019 AS BAV/TAV
UBASH3B upregulated Bossé et al. 2009 AS TAV
UGCG upregulated Bossé et al. 2009 AS TAV
ULK4P1 upregulated Bossé et al. 2009 AS TAV

UNC5A upregulated Greene et al. 2020 AS BAVITAV

USP14 downregulated Yang et al. 2020 AS BAVITAV
USP53 downregulated Bossé et al. 2009 AS TAV
VAMP8 upregulated Qiao et al. 2022 AS TAV
VAV1 upregulated Qiao et al. 2022 AS TAV
VDR upregulated Bossé et al. 2009 AS TAV
VMP1 upregulated Qiao et al. 2022 AS TAV
Qiao et al. 2022 AS TAV

Teng et al. 2020 AS BAV/TAV

VWF upregulated yang et al. 2020 AS BAV/TAV

Zhang y Ma. 2019 AS BAV/TAV
Qiao et al. 2022 AS TAV

WAS upregulated Zhang y Ma. 2019 AS BAV/TAV
WASF2 downregulated Bossé et al. 2009 AS TAV
WDR17 downregulated Bossé et al. 2009 AS TAV
WFDC1 upregulated Qiao et al. 2022 AS TAV
WLS downregulated Qiao et al. 2022 AS TAV

WNK3 downregulated Zhu et al. 2019 AS BAVI/TAV
WSB1 downregulated Bossé et al. 2009 AS TAV
XCL2 upregulated Bossé et al. 2009 AS TAV
XKR4 downregulated Bossé et al. 2009 AS TAV

XRCC6 upregulated Yang et al. 2020 AS BAVITAV
ZBTB16 downregulated Bossé et al. 2009 AS TAV
ZC2HC1A downregulated Bossé et al. 2009 AS TAV
ZMYND11 downregulated Bossé et al. 2009 AS TAV
ZNF124 upregulated Bossé et al. 2009 AS TAV

ZYX upregulated Bossé et al. 2009 AS TAV
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Supplementary 6. Supplementary table 3. List of the 252 miRNAs identified after full text
review. Gene Target predicted by miRGator 3.0 and differentially expressed among the reviewed
articles are shown. Upregulated genes are shown in bold. *Gene targets indicated by the authors.

sense of

Configuratio

mMiRNA - Gene target Author
expression n
MIRL  Downregulated PNP,TIMP3,CTSC,PIM1,TRIM2 COfg‘?’lgt al, TAV
MIR103a-3p Downregulated - COfgeoylgt a. rav
Coffey et al,
MIR106a-5p Downregulated RUNX1 2016 TAV
N.D. RUNX1,CXCL8* Qiaoetal, 2022  TAV
MIRL06b-3p Downregulated - COfgeoylgt a. rav
MIR107  Downregulated NFIAHIF1A COf;%ylgt al, TAV
MIR1180-3p Downregulated - COfg’g’lgt al, TAV
MIR1185-1-3p __ N.D. VCAML* Qiaoetal, 2022 TAV
MIR1185-2-3p __ N.D. VCAML* Qiaoetal, 2022 TAV
MIR1202 Downregulated - C"ﬁ;?’lgt a. rav
MIR1205 N.D. SYK* Qiao etal, 2022 TAV
MIR1207-5p Downregulated - COﬁ;?’lgt al, TAV
MIR1225-5p Downregulated - COf;eg’lgt al, TAV
MIR122-5p Downregulated NCAM1, CCNG1 COfgeg’lgt a, TAV
Coffey et al,
MIR124-3p Downregulated CDK4,NEK6,CHODL,GSN,LDLR,MYO10,SURF4 o1 TAV
MIR1245 Downregulated -- Jiao et al, 2019 TAV
MIR1246 Downregulated - COfgeg’lgt al, TAV
Coffey et al,
MIR125b-2-3pDownregulated - 2016 TAV
-- Qiao et al, 2022 TAV
Coffey et al,
MIR1263  Upregulated - 2016 TAV
MIR1271-5p Downregulated - C"f‘;%’lgt a. Tav
MIR1275  Upregulated . Coffeyetal.  rav
MIR1277-5p N.D. VCAM* CXCL12* Qiao etal, 2022 TAV
MIR128-3p Downregulated - Cof;eé)ylgt a, TAV
MIR1284 N.D. VCAML* Qiaoetal, 2022 TAV
Coffey et al,
MIR1287-5p Downregulated - 2016 TAV
Qiao et al, 2022 TAV
MIR1294 N.D. CXCL8* Qiao etal, 2022 TAV
MIR130a-5p N.D. VCAM* CXCL12* Qiao etal, 2022 TAV
MIR1323 N.D. PLEK* Qiao etal, 2022 TAV
MIR133a-3p Downregulated - Cofg%ylgt al, TAV
Coffey et al, TAV
MIR133b Downregulated KLF15 2016
Qiao et al, 2022 TAV
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miRNA SENse (.Jf Gene target Author Configuratio
expression n
- : TAV
MIR137 N.D. KT Qicoetal, 2022 [
Luetal, 2019 TAV

MIR138 Downregulated - Qiao et al, 2022 TAV
MIR139-5p Downregulated - COf;‘“@’lgt a. rav
MIR140-3p Downregulated . COf;%ylgt a. qav
MIR141-3p N.D. TGFB2,CXCL12* PLEK* Qiaoetal, 2022 TAV

Schlotter et al,

MIR142 Upregulated -- 2018 TAV
MIR143-3p  Upregulated - COfgeOylgt a. rav
MIR144-3p N.D. CXCL12* Qiao etal, 2022 TAV
MIR146a-5p N.D. CDKNB3,EGFR,NFKB1,CXCR4,ATOH8,CCL5* Qiao etal, 2022 TAV
MIR146b-5p N.D. NFKBL1,CCL5* Qiao etal, 2022 TAV
MIR149-3p N.D. CSFIR* Qiao etal, 2022 TAV

Coffey et al,
MIR149-5p Downregulated - 2016 TAV
Qiao et al, 2022 TAV

MIR155  Upregulated - 50525303 al, TAV

MIR155.5p ND. PAPOLA,AGTRl,FGF7,LPLéI\SI(FglO,BCATl,PHFl?,RUNXZ,C Gisoetal 2022 TAV

Coffey et al,
MIR16-5p Downregulated KCNN4,PTGS2,CA12,IFRD1,EGFR,ARHGDIA SLC16A3 ot TAV
Coffey et al, TAV

MIR17-5p Downregulated RBL2,CCND2, THBS1,RUNXL1 2016

Qiao et al, 2022 TAV
MIR181a-2-3pDownregulated - Cof;%ylgt al, TAV
MIR181a-5p N.D. ESR1,SPP1* Qiaoetal, 2022 TAV
MIR181b-5p N.D. ESRL,TIMP3,SPP1* Qiaoetal, 2022 TAV
MIR181c-5p N.D. SPP1* Qiaoetal, 2022 TAV
MIR181d-5p N.D. SPP1* Qiaoetal, 2022 TAV

MIR1825 N.D. KIT* Qiaoetal, 2022 TAV
MIR182-5p Downregulated TSC22D3,FOXO01 COfgeOylgt al, TAV
MIR185-5p Downregulated - Coffyetal.  tav
MIR18a-5p Downregulated ESR1,THBS1 COf;‘g’lgt a. qav
MIR18b-5p Downregulated ESR1 COfgeOylgt al, TAV
MIR190a-3p N.D. VCAM1* Qiao et al, 2022 TAV
MIR191-5p Downregulated - Cozeg’lgt a. qav
MIR192-5p Downregulated - COf;%ylgt al, TAV
MIR193b-3p N.D. ESRLKIT* Qiaoetal, 2022 TAV
MIR194-5p Downregulated - COf‘;‘?’lgt ad. 1Ay

MIR195 Downregulated VWF Yangetal BAV-TAV

MIR1973 Downregulated - COf;%ylgt a. qav

Coffey et al,
MIR197-3p Downregulated - 2016 TAV
SYK* Qiao et al, 2022 TAV
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miRNA e;;e)?zss?c]:n Gene target Author Confi%uratio
MIR199a-3p Upregulated CD44 C"ﬁ%’lgt al, TAV
MIR199a-5p Upregulated - Cof;%ylgt al, TAV
MIR199b-3p Upregulated - COf;‘“@’lgt a rav
MIR19b-3p Downregulated ESR1 COf;%ylgt al, TAV
MIR200a-3p __ N.D. CXCL12*, PLEK* Qiaoetal, 2022 TAV
MIR200c-3p Downregulated FN1 Cof;%ylgt al, TAV
MIR204 _ Downregulated IL11,SERPINELMEIS2,IL1B,CTSC Songetal TAV
MIR206  Downregulated ESR1,NOTCH3,TAC1 COf;%’lgt al, TAV
MIR20a-5p Downregulated HIF1A RBL2, THBS1,RUNX1,CCND2 C"ﬁ;%ylgt al, TAV
MIR20b-5p Downregulated ESR1,BAMBI,HIF1A COf;‘g’lgt al, TAV
MIR21-5p  Upregulated TIMP3, TGFB1,SLC16A10 COf;?’lgt a, TAV
MIR2110 Downregulated . COﬁ;%ylgt a. qav
MIR2117 N.D. SPPL* Qiaoetal, 2022 TAV
MIR214-3p Downregulated - COf;‘?’lgt a Ay
MIR216a-5p Upregulated - COfgeoylgt a. rav
N.D. NAIP,ESRL,COROIA,CXCL12*%,KIT* Qiaoetal, 2022 TAV
MIR221-3p  yoregulated NAIP,ESR1,CORO1A COf;eOylgt a, TAV
N.D. ESRL1,S0D2,COROIA KIT* Qiaoetal, 2022 TAV
MIR222-3p 5 requlated ESR1,50D2,CORO1A COf;%’lgt al, TAV
MIR22-3p N.D. ESRL,CSFIR* Qiaoetal, 2022 TAV
MIR224-3p N.D. TLR8* Qiaoetal, 2022 TAV
MIR23a-3p N.D. VCAM*,CXCL12* Qiaoetal, 2022 TAV
MIR23b-3p N.D. VCAM*,CXCL12* Qiaoetal, 2022 TAV
MIR23c N.D. VCAM*,CXCL12* Qiaoetal, 2022 TAV
MIR24-2 N.D. FURIN, TGFB1,CDK4 Kossgrzgt al, TAV
MIR27a-3p N.D. SPRY2,FOXO1,RUNXL,SYK* Qiaoetal, 2022 TAV
MIR27a-5p  Upregulated - COfgeOylgt a. rav
N.D. EDNRA SYK* Qiaoetal, 2022  TAV
MIR270-3p  yorequlated EDNRA COf;%ylgt ad rav
MIR296-3p N.D. CX3CRL* Qiaoetal, 2022 TAV
MIR302a-3p __ N.D. CDK4,TACL,CXCL8* Qiaoetal, 2022 TAV
MIR302c-3p __ N.D. ESR1,CXCL8* Qiaoetal, 2022 TAV
MIR302d3p __ N.D. CCND2,NR4A2,CXCL8* Qiaoetal, 2022 TAV
MIR30d-5p Downregulated - Cofg%ylgt a, TAV
MIR30e-5p Downregulated - Cof;eoylgt al, TAV
MIR31203p __ N.D. TLR8* Qiaoetal, 2022 TAV
MIR3124-5p Upregulated - Coffey etal, TAV

2016
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miRNA SENse (.Jf Gene target Author Configuratio
expression n
MIR3128  Upregulated . C"ﬁ%’lgt a. qav
MIR3129-5p N.D. CXCL12* Qiao et al, 2022 TAV
N.D. CXCL12*PPBP* Qiao et al, 2022 TAV
MIRSL-5P  ypregulated CXCL12 COf;‘“@’lgt a. rav
MIR3162-5p Downregulated - COf;%ylgt al, TAV
Coffey et al,
MIR3178  Upregulated - 2016 TAV
Coffey et al,
MIR3197  Upregulated - 2016 TAV
Coffey et al,
MIR320a Downregulated TAC1 2016 TAV
N.D. TAC1,CXCL12*,CCR7* Qiao et al, 2022 TAV
Coffey et al,
MIR320b Downregulated - 2016 TAV
N.D. CXCL12* CCR7* Qiao et al, 2022 TAV
Coffey et al,
MIR320c Downregulated - 2016 TAV
N.D. CCR7* Qiao et al, 2022 TAV
MIR320d N.D. CCR7* Qiaoetal, 2022  TAV
MIR324-3p Downregulated - Coffeyetal.  rav
MIR328-3p Downregulated - Cof;eaylgt al, TAV
MIR335-5p  Upregulated RUNX2 C"f‘;%ylgt a, TAV
MIR339-3p Downregulated - Cof;zylgt a, TAV
MIR339-5p Downregulated BCL6 COf;‘“@’lgt al, TAV
MIR340-5p N.D. KIT* Qiao et al, 2022 TAV
N.D. CD44,CDKA4,KIT*,CSF1R* Qiao et al, 2022 TAV
MIR34a-5p ;0 equlated CD44,CDK4 COf;‘g’lgt ad. 1Ay
MIR3606-3p N.D. CXCL8* Qiao et al, 2022 TAV
MIR3617-5p N.D. KIT* Qiao et al, 2022 TAV
MIR3681-5p N.D. CCR1* Qiao et al, 2022 TAV
MIR369-3p N.D. CXCL8* Qiao et al, 2022 TAV
MIR376a-2-5p N.D. CXCL8* Qiao et al, 2022 TAV
MIR378a-3p Downregulated -- Cof;eé)ylgt a, TAV
MIR378a-5p Downregulated - COf;?lgt al, TAV
MIR378c  Downregulated - COf;‘?’lgt a Ay
Coffey et al,
MIR381-3p  Upregulated . 2016 TAV
Qiao et al, 2022 TAV
MIR3915 N.D. PLEK* Qiao et al, 2022 TAV
MIR3941 N.D. KIT* Qiao et al, 2022 TAV
MIR3978 N.D. SYK* Qiao et al, 2022 TAV
Coffey et al,
MIR422a Downregulated - 2016 TAV
N.D. CCR7* Qiao et al, 2022 TAV
MIR4251 N.D. SPP1* Qiao et al, 2022 TAV
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miRNA SEnse (.Jf Gene target Author Configuratio
expression n
MIR4253 Downregulated . COﬁ;%ylgt ad. qav
MIR425-5p Downregulated - COf;%’lgt ad. Ay
MIR4262 N.D. SPPI* Qiaoetal, 2022 TAV
MIR4282 N.D. CXCL8* Qiaoetal, 2022 TAV
MIR4284 Downregulated - Coffeyetal tav
MIR4290 N.D. SYK* Qiaoetal, 2022 TAV
MIR432-5p N.D. CCR7* Qiaoetal, 2022 TAV
MIR4429 N.D. CCR7* Qiaoetal, 2022 TAV
MIR4458 N.D. CCR7* Qiaoetal, 2022 TAV
MIR44743p __ N.D. HCK* Qiaoetal, 2022 TAV
MIR448 N.D. CXCL12* Qiaoetal, 2022 TAV
MIR4481 N.D. FPR1* Qiao etal, 2022 TAV
MIR4492 Downregulated -- Jiao et al, 2019 TAV
MIR449C Downregulated -- Jiao et al, 2019 TAV
MIR4500 N.D. CCR7* Qiaoetal, 2022 TAV
MIR4516 N.D. PLEK* Qiaoetal, 2022 TAV
MIR451a Downregulated . COf;‘“g’lgt ad qav
MIR4524a3p _ ND. PPBP* Qiaoetal, 2022 TAV
MIR455-3p  Upregulated . COﬁ;%’lgt ad. qav
MIR4686 N.D. PLEK* Qiaoetal, 2022 TAV
MIR4687-3p __ N.D. CXCL8* Qiaoetal, 2022 TAV
MIR4692 N.D. VCAMT* Qiaoetal, 2022 TAV
MIR4699-3p N.D. CXCL8* Qiao et al, 2022 TAV
MIR4701-3p __ N.D. SYK* Qiaoetal, 2022 TAV
MIR47155p  N.D. TLR7* Qiaoetal, 2022 TAV
MIR47175p  N.D. VCAMI* Qiaoetal, 2022 TAV
MIR47223p _ N.D. SYK* Qiaoetal, 2022 TAV
MIR47253p _ N.D. CCL5* Qiaoetal, 2022 TAV
MIR4739  Upregulated - Jiao et al, 2019 TAV
MIR47455p  N.D. FPRI* Qiaoetal, 2022 TAV
MIR47533p _ N.D. SPP1* Qiaoetal, 2022 TAV
MIR4769-3p _ N.D. PPBP* Qiaoetal, 2022 TAV
MIRA773 N.D. CCRI* Qiaoetal, 2022 TAV
MIR4774-3p Upregulated - Jiao et al, 2019 TAV
MIR47893p _ N.D. KIT* Qiaoetal, 2022 TAV
MIR47953p __ N.D. CCR1* Qiaoetal, 2022 TAV
MIR486-3p Downregulated -- Cof;eé)ylgt a, TAV
N.D. PLEK* Qiaoetal, 2022  TAV
MIR486-5p Downregulated . COf;%ylgt a1y
MIR491-5p Downregulated - COf‘;%’lgt al, TAV
MIR493-5p N.D. CXCL8* Qiaoetal, 2022 TAV
MIR495-5p N.D. VCAMT* Qiaoetal, 2022 TAV
MIR5003-5p  N.D. SPP1* Qiaoetal, 2022 TAV
MIR500a-3p Downregulated - CM;%VI? ad. 1Ay
Coffey et al,

MIR500a-5p Downregulated - 2016 TAV
Qiao et al, 2022 TAV
MIR50103p __ N.D. CX3CRI* Qiaoetal, 2022 TAV
MIR5011  Upregulated - Hadjietal, 2016 TAV
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Configuratio

miRNA - Gene target Author
expression n

MIR5011-5p N.D. VCAM1* Qiao et al, 2022 TAV

Coffey et al,
MIR501-3p Downregulated -- 2016 TAV
N.D. CCR1* Qiao et al, 2022 TAV

Coffey et al,
MIR502-3p Downregulated - 2016 TAV
Qiao et al, 2022 TAV
MIR5095 N.D. CCL5* Qiao et al, 2022 TAV
MIR513a-3p N.D. CXCL8* Qiao et al, 2022 TAV
MIR513b-3p N.D. CXCL12* Qiao et al, 2022 TAV
MIR513c-3p N.D. CXCL8* Qiao et al, 2022 TAV
MIR513c-5p N.D. VCAM1* Qiao et al, 2022 TAV
MIR518¢-5p N.D. CCR1* Qiao et al, 2022 TAV
MIR5192 N.D. TYROBP* Qiao et al, 2022 TAV
MIR5194 N.D. CCR7*,CCL5* Qiao et al, 2022 TAV
MIR520a-5p N.D. TLR7* Qiao et al, 2022 TAV
MIR520b N.D. CXCL8* Qiao et al, 2022 TAV
MIR520d-5p N.D. VCAM1* Qiao et al, 2022 TAV
MIR522-3p N.D. TLR8* Qiao et al, 2022 TAV
MIR525-5p N.D. TLR7* Qiao et al, 2022 TAV
MIR532-3p Downregulated - Coffyetal.  tav
MIR532-5p Downregulated RUNX3 Coffyetal.  tav
MIR541-3p N.D. TYROBP* Qiao et al, 2022 TAV
MIR545-3p N.D. LRP1,VCAM1* Qiao et al, 2022 TAV
MIR548a-3p Upregulated - Coffeyetal rav
MIR548au-3p N.D. VCAM1* Qiao et al, 2022 TAV
MIR548v N.D. KIT* Qiao et al, 2022 TAV
MIR550a-3-5p N.D. CX3CR1* Qiao et al, 2022 TAV
MIR550a-3p  Upregulated . C"ﬁ;?’lgt a. qav
MIR550a-5p N.D. CX3CR1* Qiaoetal, 2022  TAV
MIR550h-2-5p N.D. CX3CR1* Qiao et al, 2022 TAV
MIR5572 N.D. CX3CR1* Qiao et al, 2022 TAV
MIR561-5p N.D. VCAM1* Qiao et al, 2022 TAV
MIR5692a N.D. CXCL8* Qiao et al, 2022 TAV
MIR5706 N.D. CXCL8* Qiao et al, 2022 TAV
MIR574-3p Downregulated - COfE%ylgt A Tav
MIR583 N.D. KIT* Qiao et al, 2022 TAV
MIR586 N.D. TLR7* Qiao et al, 2022 TAV
MIR607 N.D. CXCL8* Qiao et al, 2022 TAV
MIR6074 N.D. VCAM1* Qiao et al, 2022 TAV
MIR6124 N.D. CCR1* Qiao et al, 2022 TAV
MIR6132 N.D. SYK* Qiao et al, 2022 TAV
MIR625-5p Downregulated - Coffyetal.  tav

Coffey et al,
MIR629-5p Downregulated - 2016 TAV
N.D. CCR1* Qiao et al, 2022 TAV
MIR638 Upregulated - Jiao et al, 2019 TAV
MIR641 N.D. KIT* Qiao et al, 2022 TAV
MIR6513-5p N.D. TLR8* Qiao et al, 2022 TAV
MIR652-3p Downregulated - Coffeyetal.  rav
MIR654-5p N.D. TYROBP* Qiao et al, 2022 TAV
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MIR664-5p Downregulated . COﬁ;%ylgt a. qav
MIR665 Downregulated - Cof;%ylgt al, TAV
MIR671-5p N.D. KIT* Qiao etal, 2022 TAV
MIR6718-5p N.D. PLEK* Qiao etal, 2022 TAV
MIR6722-3p N.D. PLEK* Qiao etal, 2022 TAV
MIR675  Upregulated - SCh'g%i%et a. rav
MIR6764-3p N.D. CCR7* Qiaoetal, 2022 TAV
MIR6806 Downregulated - Jiao et al, 2019 TAV
MIR6849-5p N.D. CCRL* Qiaoetal, 2022 TAV
MIR6870-5p N.D. CSFIR* Qiao etal, 2022 TAV

MIR7110 Downregulated -- Sunetal, 2021 BAV - TAV
MIR7-5p N.D. EGFR,CXCL12* Qiaoetal, 2022 TAV
MIR765 N.D. CXCL12* Qiaoetal, 2022 TAV
MIR766-3p Downregulated - COf;%’lgt ad. 1Ay
Jiao et al, 2019 TAV
MIR8087 Downregulated - Qiao et al, 2022 TAV
MIR885-5p Downregulated -- Cof;zylgt a, TAV
MIR889-3p N.D. CXCL8* Qiao etal, 2022 TAV
MIR92a-3p Downregulated THBS1 COf;%’lgt al, TAV
MIR933  Downregulated - Coffeyetal,  ray

2016
MIR93-5p Downregulated - Cof;%ylgt al, TAV
Coffey et al,

MIR939-5p Downregulated - 2016 TAV
Qiao et al, 2022 TAV
MIR98-5p N.D. CCR7* Qiao etal, 2022 TAV
MIR99a-5p Downregulated FGFR3,SERPINEL COf;?’lgt al, TAV
M'R"SiWAl N.D. CCND2,PRDM1,NFKB1,SLC20A1,CASP8,IL6,CCR7*  Qiaoetal, 2022  TAV
MIRLET7B N.D. BIRC6,PGRMC1,PRDML,PXDN,THBSL,CCR7* Qiao etal, 2022 TAV
M'REEWC N.D. CCR7* Qiaoetal, 2022  TAV
MIRLET7ESp _ N.D. CCR7* Qiao etal, 2022 TAV
MIRLET7F1 Upregulated PRDML1 COfg’a’lgt al, TAV
M'R";;WFZ N.D. VCAM1* Qiaoetal, 2022  TAV
M'R'%';WFZ N.D. CCR7* Qiaoetal, 2022  TAV
M'R;EWG N.D. COL1A2,CCR7* Qiaoetal, 2022  TAV
MIRLET7I  Upregulated - COﬁ;%ylgt al, TAV
MIRLET7I5p _ N.D. CCR7* Qiao etal, 2022 TAV
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Supplementary 7. Supplementary table 4. List of significant pathways (FDR<0.05). Differentially expressed genes according to
literature review are shown. Genes in bold are regulated by any of the differentially expressed miRNA identified. Genes with a list one
associated variant are marked with an asterisk.

ID Pathway FDR Matching genes accord to list extracted from the systematic review
Cytokine-cytokine IL2RB, TGFB1*,CSF3,
hsa04060 2 imternetion  1:92¢09  ILIORAJIL4ILI7C, CCRYILIRN,ILIB,IL11.CD27.CSFIR,CCR2,CCRS,CXCRI TNFRSF11B,[L17D,IL16,CXCL10,TNFRSFI2A.LEPR CXCLI4IL21R,C
X3CR1,CXCL9,XCL2,CXCR3,TNFSF15,CNTFR,IFNAS,CCL26,CXCL1,CXCLI12,IL6,CXCR4,LIFR, TNF,LTB,IL12RB1,CCL5,CCL4,PRLR,CCL15
PI3K-Akt signaling IL2RB,COMP,CSF3,NFKB1,IL4,CDK4,CHAD, THBSL,ITGAV,CCND2,VWF,RBL2,ITGA9,ITGB7,ERBB3,FGF7,EGFR,NTRK2,CSFIR,COL1A2,COL6
hsa04151 1.92¢-09  A2,ANGPT2,LAMA3,COL4AS5,FOXO3,FGFR3 PIK3AP1,FN1,COL4A2,LAMC3,LPAR] SYK,COL4A1,IFNAS,IGF1,COL4A3,COL4A4,ITGA4,S0OS1,IL6,
pathway LAMA2,TGFA PIK3CG,PIK3R1,JAK3,LOC102723407,FGF1,PRLR,COL9A3
hsa0as]y  ECMereceptor 5 14e.09 COMP.CHAD,THBSLITGAV,VWF,ITGA9,ITGB7,COL1A2,COL6A2, LAMA3,COL4AS,FN1,COL4A2,LAMC3,COL4A1,SDCIHMMR COL4A3,COL4A
interaction : 4,]TGA4,CD44,LAMA2,FRAS1,COL9A3
_ Viral protelr_l IL2RB,
hsa04061 _ nteraction with -y g3 7 11 10RA,CCRT,CSFIR,CCR2,CCRS,CXCR1,CXCLI0,CXCLI4,CX3CR1,CXCLY,XCL2,CXCR3,CCL26,CXCLT, CXCLI2,IL6,CXCR4,TNF,CCLS,CCLA,C
cytokine and cytokine CL15
receptor
1sa05152  Tuberculosis 38107 CD74MAPKI3.LBP,COROIA,TGFBI*NFKBI,ILIORA,CYP27B1* CTSD,IL1BFCGR2A ATP6V0D2,CASP10,CLECTA,SPHK1,CD209,CASP8,FCGRI
A.SYK,IFNAS,LSP1,ITGB2,CD14,IL6,TNF,CR1L.ITGAX,LOC102723407
IL2RB,TGFB1*,NFKB1,IL4,PTGER2, GADD45G,CDK4,ITGAV,CCND2,NOTCH3,FGF7,EGFR,CSFIR, RUNX1,PTGER4,EDNRA,LAMA3,COL4A5,ZB
hsa05200 Pathways in cancer ~ 4.61e-07  TB16,FGFR3,FN1,STAT4,CASP8,COL4A2,LAMC3,PTGS2,PIM1,LPARI,AR,CKS2,COL4A1,PIM2,FOXO1,IFNA8, TRAF3,IGF1,CXCL12,MGST1,COL
4A3,COL4A4,50S1,IL6, RASGRP3,CXCR4,AGTR1,LAMA2.TGFA, ESR1,PIK3R |, JAK3,HIF1A, BDKRB2,IL12RB2,FGF
hsaoa3go oOsteoclast 2680.07 LCPZMAPKI3,TGFBI* NFKBI.CYBA TYROBP,IL1B,FCGR2A,CSFIR, TNFRSF1B,LILRBI,SOCS3,FCGR1A,TREM2,SYK LILRB4,LILRB2,FHL2,T
differentiation i NF,PIK3R1,MAP2K6,L.CK,BTK
AGE-RAGE
signaling pathway in MAPK 13, TGFB1* SERPINE1,NFKB1,CDK4,IL1B,COL1A2,COL4AS5,FN1,COL4A2 PLCE,PIM1,COL4A 1,FOXO1,COL4A3,COL4A4,IL6, TNF,AGTR1
hsa04933 S pat 1.94e-06
diabetic ,PIK3R1
complications
hsa0406 Chemokine signaling (0 NFKBI,CCR7,CCR2,CCRS,CXCRI,CXCL10,CXCLI4,FOX03,CX3CR1,CXCLY,XCL2,CXCR3,HCK,WAS,CCL26,CXCLI,CXCL12,S0S1,CXCR4,ITK,P
pathway : IK3CG,PIK3R1,LYN,JAK3,VAV1,CCL5,CCL4,CCL15
hsa04620 g;gﬁig g’;ﬁ&‘; 2.79¢-06 MAPK 13,LBP,NFKB1,IL1B,LY96,CXCL10,TLR8,CD86,CASP8,CXCL9,IFNA8, TLR7, TRAF3,CD14,IL6,TNF,PIK3R I, MAP2K6,CCL5,CCL4
hsa05144 Malaria 2.93¢-06 TGFB1*,COMP,CSF3,KLRB1,LRP1,HBA2, THBSL,IL1B,SDC1,ITGB2,IL6,TNF,CR1L,HBB
. TGFB1* NFKB1,IL1B,COL1A2,LAMA3,COL4A5,FN1,COLAA2,LAMC3,COL4A1,CXCL1,COL4A3,COL4A4 ITGB2,CD14,IL6, TNF,LAMA2 PIK3R 1,
hsa05146 Amoebiasis 2.93e-06 LOC102723407
15204510 Focal adhesion 349006 COMP.CHAD,THBSLITGAV,CCND2,VWF,ITGA9,ITGB7 EGFR,COLIA2,COL6A2,ZYX LAMA3,COL4AS,FN1,COL4A2,LAMC3,COL4A1,IGF1,COL
4A3,COL4A4,ITGA4,SOS1,PARVG,LAMA2,PIK3R1,VAV1,COLIA3
15205165 papﬁgﬂzgims 6.97c.06 COMP.NFKBI,CDK4,CHAD,THBS1,ITGAV,CCND2,VWF.RBL2 NOTCH3,ITGA,ITGB7,EGFR, ATP6V0D2,COL1A2,COL6A2, PTGER4,LAMA3,COL
N fotion 4A5,FN1,CASP8,COL4A2,LAMC3,PTGS2,COL4A1,DLG2,FOXO1,IFNAS, TRAF3,COL4A3,COL4A4,ITGA4,S0S1,TNF,LAMA2,PIK3R 1,COL9A3
N JAK-STAT signaling I[L2RB,CSF3,IL10RA,IL4,CCND2,IL11,EGFR,IL17D,SOCS3,LEPR,IL2IR,STAT4,PIM1,AOX |,CNTFR,[FNAS,SOS1,IL6,LIFR PIK3R 1, JAK3,PIAS1.IL12
$a04630 9.52¢-06
pathway RBI,PRLR
hsa04659 . f?ehrglg:gon 2.60e-05 MAPK13,IL2RB,TGFB1#*,NFKB1,IL4,RORA,IL1B,RUNXLIL17D,IL21R,CD247,IRF4,IL6,CD3G,JAK3,HIF1A,ILI2RB1,LCK
NF-kappa B signaling
hsa04064 3.04¢-05 LBP,NFKB1,GADD45G,IL1B,LY96,PTGS2,SYK, TRAF3,CXCL1,CXCL12,CD14,TNF,LTB,LYN,LCK, LOC102723407,CCL4,BTK

pathway
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Fc gamma R-
hsa04666 mediated 3.04¢-05 FCGR2A,SPHK 1,PLA2G4A,FCGR1A,PLPP3,GSN,SYK,HCK,WAS,PTPRC,MYO10,PIK3R1,LYN,CFL1,VAV1, LOC102723407, WASF2
phagocytosis
hsa05222 Smal;‘r’l‘zlelrm“g 3.54e-05 NFKB1,GADD45G,CDK4,ITGAV,LAMA3,COL4A5,FN1,COL4A2,LAMC3,PTGS2,CKS2,COL4A 1, TRAF3,COL4A3,COL4A4,LAMA2,PIK3R 1
hsa04610 _Complementand 5 ¢y s SERPINELVWF,C6,C7,A2M,F13B,F5,C1QC,C1QA,F10,ITGB2,SERPINA1,CR1L,BDKRB2,ITGAX,CFD
coagulation cascades
hsa05134 __ Legionellosis 5.03¢-05 NFKBLIL1B,HSPAG,CLK4,CASP8,CXCLL,ITGB2,CD14,IL6,TNF,CRIL,NAIP,CASPI
hsa04614 Remns';ls“tgelr‘:ensm 5.57¢-05 CMAI1,ENPEP,REN,ACE*, ANPEP,AGTR2,ACE2,AGTR 1, MAS1
hsa04924 __ Renin secretion 5.80e-05 PTGER2,CACNAIC,REN,PDE3B,ACE*,GUCY 1A1,PTGER4,EDNRA,CTSB,NPR1,ADRBI,AGTR1,GUCY IBI,ADCYAPI
hsa04662 Sigﬂi}iggfgf@;y 7.26¢-05 CD79ANFKB1,CD72,LILRB1,PIK3AP1 SYK,LILRB4,LILRB2,SOS1,RASGRP3,PIK3R 1, LYN,VAV1,LOC102723407,BTK
Hematopoietic cell
hsa04640 lineage 8.28¢-05 CSF3,IL4,IL1B,IL11,CSF1R, ANPEP,FCGR1A,ITGA4,CD14,IL6,CD44, TNF,CR1L,CD3G,MS4A 1,LOC102723407
hsa05140 _ Leishmaniasis 3.28¢-05 MAPK 13,TGFB1* NFKB1,IL4,CYBA,IL1B,FCGR2A,PTGS2,FCGR1A,ITGA4,ITGB2,TNF,CR1L,LOC102723407
hsa0516o  EPstein-Barrvirus o o MAPKI3,NFKBI,GADD45G,CDK4,CCND2,CXCL10,CASP8,CD247 SYK IFNA8 TRAF3 RUNX3,NCOR2,IL6,CD44, TNF,PIK3R 1 LYN,CD3G,JAK3,MA
infection ‘ P2K6,LOC102723407,BTK,B2M
hsa0d664 Lo epsilon RI 0.00017 LCP2,MAPK13,IL4,PLA2G4A,SYK,SOS1,TNF,PIK3R |,LYN,MAP2K6,VAV1,LOC102723407,BTK
signaling pathway
hsa05142 _ Chagas disease 0.00017 MAPK13,TGFB1*,SERPINELNFKBL,IL1B,ACE*,CASP8,CD247,C1QC,C1QA,IL6,TNF,PIK3R 1,CD3G,BDKRB2,CCL5
Transcriptional IL2RB,NFKB1,ID2,GADD45G,CCND2,ITGB7,CSFIR,RUNX1,CD86,ZBTB16,BCL11B,FCGR 1A, RUNX2,FOXO1,IGF1,AFF1,BCL6,CD14,IL6, KMT2A,
hsa05202  misregulation in 0.00017
LOC102723407,EYAL
cancer
hsa05130 E Pﬁth."%fmc i 000019  CLDNILMAPKI3NFKBI,CYTH4,MYOSC,IL1B,FCGR2A HCLS 1, MYO1D,CASP8 LPAR1,TUBAL3,MYOSA,CLDNS,IL6,TNF,MYO10,NAIP,CASP1,T
sa seherichua col : UBA1A,LOC102723407, WASF2,MYOIF
infection
Protein digestion and
hsa04974 absorption 0.00021 COL1A2,COL6A2,COL4A5,COL18A1,COL4A2,DPP4,SLC16A10,COL5A1,COL5A2,COL1SA1,COL4A1,COL4A3,COL4A4,ACE2,COL9A3, KCNN4
Proteoglycans in MAPK13,TGFB1*, THBS1,ITGAV,TIMP3, LUM,ERBB3,EGFR,ANK3,COL1A2,HCLS1,FN1,PLCE1,SDC1,IGFI,HPSE,SOS1,CD44, TNF,ESR1,PIK3R 1,
hsa05205 0.0003
cancer HIF1A,VAV1
hsa05323 Rheumatoid arthritis __ 0.00038 TGFB1*,IL1B,IL11,ATP6V0D2,CD28,CD86,CXCL1,CXCL12,ITGB2,IL6, TNF,LTB,CCL5,LOC102723407
hsa04650 mx;‘t‘gfy‘g&iﬂlﬁy 0.00043 LCP2,HCST,TYROBP,CD247,SH2D1A,SYK,IFNAS,KLRC2,ITGB2,SOS1,TNF,PIK3R 1, KLRC1,VAV1,LCK,LOC102723407,CD48
hsa05133 Pertussis 0.00043 MAPK13,NFKB L IL1B,IRFS,LY96,C1QC.C1QA,ITGB2,CD14,IL6,INF,CFL1,CASPI
Intestinal immune
hsa04672  network for IgA 0.00044 TGFB1*,IL4,ITGB7,CD28,CD86,CXCL12,ITGA4,IL6,CXCR4,LOC102723407
production
Human MAPK13,
hsa05163  cytomegalovirus 0.00040  IL10RA,NFKBI,PTGER2,CDK4,ITGAV,IL1B,EGFR,CCR5,PTGER4,CASPS,AKAP13,PTGS2,IFNA8,CXCL12,SOS1,IL6,CXCR4,TNF,PIK3R 1, MAP2K6
infection ,CCL5,CCL4,B2M
hsa04668 m}fafﬁal;;mg 0.00053 BCL3,MAPK13,NFKB1,IL1B,CASP10,CXCL10,SOCS3,CASPS,PTGS2, TRAF3,CXCL1,IL6, TNF,PIK3R1,MAP2K6,CCL5
hsa05135  Yersinia infection __ 0.00054 LCP2,MAPK13,NFKB1,IL1B,FCGR2A,FN1,WAS,ITGA4,IL6, TNF,PIK3R 1,CASP1,MAP2K6,VAV ,LCK,WASF2,LOC102723407
hsa04660 . | ccll receptor 0.00057 LCP2,MAPK 13,NFKB1,IL4,CDK4,CD28,CD247,S0OS 1,ITK, TNF,PTPRC,PIK3R 1,CD3G,VAV1,LCK
signaling pathway
hsa04625 C-ype lectin receptor ) ) BCL3,MAPK13,NFKB1,IL1B,CLEC7A,IL17D,CD209,CASPS,PTGS2,SYK,LSP1,IL6, TNF,PIK3R1,CASP1

signaling pathway
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hsa04657 IL‘L;S};;D’V‘;‘;hng 0.00073 MAPK13,CSF3,NFKB1,IL4,IL17C,IL1B,IL17D,CXCL10,CASP8,PTGS2, TRAF3,CXCL1,IL6,TNF
hsa05145 _ Toxoplasmosis 0.00073 MAPK13,TGFB1*,NFKBILIORA,LY96,CCR5,HSPA6,LAMA3,CASP8, LAMC3,TNF,LAMA2,PIK3CG,LDLR, MAP2K6
hsa04611 _ Platelet activation 0.0012 LCP2,MAPK13,VWF,VAMPS,FCGR2A,GUCY 1A1,COL1A2,P2RY 12,PLA2G4A,SYK,TBXA2R,PIK3CG,GUCY 1B1,PIK3R |,LYN,BTK
hsa05162 Measles 0.0014 IL2RB,NFKB,EIF2S1,CDK4,CCND2,IL1B,HSPA6,CD209,CD28,CASP8,IFNAS, TLR7, TRAF3,IL6,PIK3R |,CD3G,JAK3
Regulation of actin PFNLITGAV,ITGA9,ITGB7,FGF7,EGFR,FGFR3,FN1,GSN,LPAR1,CXCL12,ITGA4,ITGB2,S0S1,CXCR4,PIK3R 1,CFL1, BDKRB2,ITGAX,VAV1,FGF1,
hsa04810 0.0015
cytoskeleton WASF2
hsa05321 I“ﬂamgi;‘;rsye bowel - 6033 TGFB1* NFKB1,IL4,RORA,IL1B,IL21 R, STAT4,IL6,TNF,IL12RB1
hsa04514 C:}‘;ﬁ;‘;ﬂ;’“ 0.004 CLDN11,ITGAV,ITGA9,ITGB7,CD28,CD86,L1CAM,SDC1,IGSF11,ITGA4,ITGB2,CLDN5,PTPRC,CNTN1,CD226,NCAMI
hsa04658 Tgilffiﬁgn{i}iig;” 0.004 MAPK13,IL2RB,NFKB1,IL4,NOTCH3,STAT4,CD247,RUNX3,CD3G,JAK3,,IL12RB1,LCK
hsa04145 Phagosome 0.0047 CORO1A,COMP, THBSL,ITGAV,CYBA,FCGR2A,ATP6VOD2,CLEC7A,OLR1,CD209,FCGR 1A, TUBAL3,ITGB2,CD14,TUBA1A,LOC102723407
hsa04015 Ra}:}gfﬁi‘gmg 0.005  LCP2,MAPK13,PFN1,THBS1,FGF7,EGFR,CSFIR,ANGPT2 FGFR3,CNR1,PLCEI,LPAR1,IGF1,ITGB2,RASGRP3,PIK3R1,MAP2K6,FPR1,VAV1,FGF1
Kaposi sarcoma-
hsa05167 associated 0.0052 MAPK 13,NFKB1,CDK4,CCR5,ANGPT2,CD86,CASPS,PTGS2,SYK,HCK,IFNAS, TRAF3,CXCL1,IL6,PIK3CG,PIK3R |, LYN,HIF1A,MAP2K6
herpesvirus infection
nsa04010  MAPK signaling 00065  MAPKI3TGFB1* NFKB1,DUSP1,GADD45G,IL1B,CACNAIC,ERBB3,FGF7,EGFR,NTRK2,CSFIR, HSPAG, ANGPT2, FGFR3,MAPT,PLA2G4A IGF .S
pathway : 0S1,CD14,RASGRP3,TNF,TGFA,MAP2K6,FGF1
hsa05221 Acgjkfﬁg"d 0.0069 NFKB1,CSF1R,RUNX1,ZBTB16,FCGR1A,PIM1,PIM2,SOS1,CD14,PIK3R1
African
hsa05143 . 0.0099 HBAZ2,IL1B,IL6,TNF,HPR, HBB,LOC102723407
trypanosomiasis
hsa04068 F"XIg;‘vgvr:;““g 0.0106 MAPK13,TGFB1*,GADD45G,CCND2,RBL2,EGFR,FOX01,FOX03,IGF1,BCL6,SOS1,IL6,PIK3R 1,SOD2
p53 signaling
hsa04115 Doty 0.0106 SERPINE1,GADD45G,CDK4,THBS1,CCND2,CCNG1,CASP8, RRM2,IGF1,CDK
hsa05131 Shigellosis 0.0108 MAPK 13,PFN1,NFKB1,CYTH4,IL1B,EGFR,HK3,HCLS1,CBX3,FOX03,PLCE],FOXO1,CD14,CD44,TNF, PIK3R |,NAIP,CASP1,CCL5,WASF2
hsa05340 . Lrimary 0.0108 CD79A,IGLL1,PTPRC,JAK3,LCK,BTK,LOC102723407
immunodeficiency
hsa05160 Hepatitis C 0.011 CLDN11,NFKBI,EIF2S1,CDK4,EGFR,CXCL10,SOCS3,CASPS,IFNAS, TRAF3,50S1,CLDN5,TNF,PIK3R |,PIAS],LDLR
hsa05410 ~ Hypertrophic 0.0128 TGFB1* ITGAV,ITGA9,CACNA1C,ITGB7,ACE*,IGF1,ITGA4,IL6,TNF,LAMA2
cardiomyopathy
hsa05164  Influenza A 0.015 NFKBI,EIF2S1,CDK4,IL1B,CXCL10,SOCS3,TPSAB1,CASPS,IFNAS, TLR7,TRAF3,IL6,TNF,PIK3R ,CASP1,CCL5
Epithelial cell
signaling in
hsa05120 . . 0.0163 MAPK 13,CSK,NFKB1,EGFR,ATP6V0D2,CXCR1,CXCL1,LYN,CCL5
Helicobacter pylori
infection
hsa05322  Systemic lupus 0.0194 SNRPD3,C6,FCGR2A,C7,CD28,CD86,FCGR1A,C1QC,C1QA,TNF,LOC102723407
erythematosus
hsa05414 Dilated 0.0194 TGFB1*,ITGAV,ITGA9,CACNA1C,ITGB7,ADRB1,IGF1,ITGA4,TNF,LAMA2,LOC102723407
cardiomyopathy
hsa04917 © mlagggli‘;f;ahng 0.0205 MAPK 13,NFKB1,CCND2,S0CS3,FOX03,S0S1,ESR1,PIK3R ,PRLR
hsa04020 Caleium signaling 0.026 CACNAI1C,ERBB3,EGFR,SPHK |, EDNRA,OXTR, TRDN,ADRB1,PLCE1,PHKA1,HRH1,CXCR4, TBXA2R,AGTR1,P2RX6,BDKRB2,LOC102723407

pathway
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115205206 MicroRNAs in cancer __ 0.026 NFKB1,THBSI,CCND2,NOTCH3,TIMP3,ERBB3,EGFR,FGFR3,CCNGI,PTGS2,PIM1,SPRY2,S0S1,CD44,PIK3R 1
hsa05132 Salmonella infection __ 0.0274 MAPK13,PFNI,NFKB1,CYTH4,CSEIL,IL1B,RHOB,LY 96, ARHGEF26,CASPS,CD14,IL6, TNF,PTPRC, PIK3CG,NAIP,CASP1,MAP2K6
hsa0s1so  Swphylococeus 0.0275 FCGR2A,KRT17,FPR3,FCGR1A,C1QC,C1QA,ITGB2,CFD,FPR1,LOC102723407
aureus infection
hsa00350 Tyrosine metabolism 0.0282 ADHI1A PNMT,ADH1B,AOC3,A0X1,IL411
hsa04210 Apoptosis 0.0285 CTSZ.NFKB1,CTSC,CTSD,GADD45G,EIF2S1,CASP10,CTSB,CASPS, TUBAL3,TNF,PIK3R [, TUBA A
PD-L1 expression
hsa05235 and PD-1 checkpoint ~ 0.0285 MAPK13,NFKB1,EGFR,CD28,CD247,PIK3R1,CD3G,HIF1A,MAP2K6,LCK
pathway in cancer
hsa05332 Graft&?:;;‘;:'h“t 0.0306 IL1B,CD28,CD86,IL6, TNF,KLRC1
hsa04218_Cellular senescence ___ 0.033 MAPK 13,TGFB1*,SERPINE1,NFKB,GADD45G,CDK4,CCND2,RBL2,FOXO1,FOX03,CDK LIL6,PIK3R |, MAP2K6
hsa04623  CYtosolic DNA- 0.033 NFKB1,IL1B,CXCL10,IFNAS,IL6,CASP1,CCL5,CCL4
sensing pathway
hsa01521 POFR tyrosine kinase ., 5 ¢4 ERBB3,EGFR,FGFR3,FOX03,IGF1,S0S1,IL6,TGFA,PIK3R |
inhibitor resistance
Inflammatory
hsa04750 mediator regulation  0.0376 MAPK 13,PTGER2,IL1B,PTGER4,PLA2G4A,IGF1,HRH1,PIK3R 1, BDKRB2,MAP2K6
of TRP channels
nsa0d0go Newroactive ligand- "~ PTGER2,SSTRI,PTGER4,P2RY 14 EDNRA, TAC1,OXTR,VIPR,LEPR FPR3,ADRB1,CNRI,AGTR2,LPAR1,HRHI,NPY ,TBXA2R AGTR1 P2RX6,BDKR
receptor interaction ) B2,ADCYAPI1,FPR1,PRLR,MASI1
hsa04014 R"‘;;ﬁ“vzlymg 0.0459 NFKB1,FGF7,PLA1A EGFR,NTRK2,CSFIR,ANGPT2,FGFR3,RASAL3,PLA2G4A ,PLCE1,PLA2G5,IGF1,SOS1,RASGRP3,TGFA,PIK3R 1,FGF1
Leukocyte
hsa04670  transendothelial 0.0459 CLDNI11,MAPK13,CYBA,CXCL12,ITGA4,ITGB2,CLDN5,CXCR4,ITK,PIK3R1,VAV]
migration
hsa04926 Rela;;‘t‘hs‘;ga‘;ahng 0.0459 MAPK 13, TGFB1* NFKB1,EGFR,COL1A2,COL4A5,COL4A2,COL4A1,COL4A3,COL4A4,SOS1,PIK3R 1
hsa05161 Hepatitis B 0.0459 MAPK13,TGFB1*,NFKB1,CASP10,STAT4,CASPS,IFNAS, TRAF3,50S1,IL6,TNF,PIK3R,JAK3,MAP2K6
hsa0s223 Non-smallcelllung 05 GADD45G,CDK4,EGFR,FOX03,S0S1,TGFA,PIK3R 1,JAK3

cancer




