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Executive summary 

In July 2023 I have been awarded with the prestigious Mid-Career Grant of the Austrian Society of 
Pneumology and pursuant to the main aim I completed an academic stay at the Changing Division of 
Network Medicine (CDNM) at the Brigham and Women’s Hospital between January 8, 2024, and 
January 8, 2025. During this period, I have been jointly supervised both by my home institution (Medical 
University of Graz) represented by Dr. Horst Olschewski and by the host institution (Harvard Medical 
School) by Drs. Edwin Silverman, Michael Cho and Adel El Boueiz. The time spent in Boston has been 
very inspiring and fruitful. The unique academic environment at the CDNM under the exemplary 
leadership of Dr. Silverman had a great impact on my professional and personal development. I have 
received continuous support and resources to carry out the proposed plan that consisted of training in 
genetic epidemiology and of research activities aiming to decipher the contribution of rare and common 
genetic variants to pulmonary hypertension associated with COPD. The scientific achievements have 
been presented at numerous national and international scientific meetings and a manuscript is currently 
being prepared for submission. Additionally, I have received institutional support and secured additional 
funding through another fellowship that allows me to extend the research stay and to meaningfully finish 
the projects I have begun. 

Mentorship 

Knowing my mentoring team at the host institution from our previous collaborative work had a great 
impact on my decision to apply to join the group. They have consistently demonstrated exemplary 
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mentorship and leadership, creating a profound and lasting impact on me. Whether refining 
manuscripts, abstracts or applications they have been always available, answering emails and calls 
with impressive speed and efficiency. This reliable communication and ability to meet deadlines 
consistently kept me motivated and inspired to achieve my goals. Dr. Cho was supervising my work on 
genetics and genetic association studies and besides our bi-weekly one-on-one meetings he has 
offered daily office hours which were very helpful to receive timely feedback on the daily work and active 
issues. Dr. El Boueiz brought expertise in imaging phenotypes, and he guided my work on pulmonary 
vascular imaging traits and provided valuable feedback on my research progress. We maintained 
weekly one-on-one meetings every Wednesday, where he provided ongoing support and supervision. 
Dr. Silverman, a leading authority in Omics studies, offered invaluable guidance based on his 
experience in association analyses, network medicine, and biological interpretation. He was proactive 
in connecting me with key collaborators and demonstrated a strong commitment to advancing my 
career. Our individual meetings every Thursday included not only scientific discussions, but also the 
ethical conduct of research and strategic conversations about manuscript development, funding 
opportunities, and both short- and long-term project goals. Additionally, we held monthly pulmonary 
vascular disease group meetings that focus on future directions, collaborations, and integrating new 
datasets. Their combined mentorship equipped me with unparalleled support, expertise, and resources 
to drive forward innovative research in pulmonary vascular diseases. According to the standard 
practices at the CDNM we developed an individual development plan for my career development. This 
provided a planning process that identified both professional development needs and career objectives. 
Additionally, the individual development plan identified the necessary tools to meet long-term career 
goals and to point out short-term needs for improving current performance. 

Research Environment 

During the funding period the key activities were training in genetic epidemiology as well as carrying 
out the proposed research plan. After my arrival at the host institution, I was warmly welcomed and 
here I experienced an exceptional academic research environment. I received all the support that was 
necessary to integrate into the team and to perform the proposed aims. In addition to dedicated office 
space and a desktop computer, I have had access to data storage and computing resources at the 
CDNM. The scientific community of epidemiologists, statisticians, bioinformaticists, and clinicians 
working together on large cohort studies make the CDNM a supportive environment that is dedicated 
to performing the highest quality research. The process of being listed as investigator on the local 
institutional review board was smooth which accelerated my ability to gain access to the study cohorts. 
Dr. Silverman facilitated access to data in his role as a Principal Investigator of the Genetic 
Epidemiology of COPD (COPDGene) Study. He led the Data Coordinating Center for the Evaluation of 
COPD Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE) Study, serves on the Trans-
Omics for Precision Medicine (TOPMed) Executive Committee, and is co-convener of the TOPMed 
Lung and COPD Working Groups. 

Training activities 

The diverse range of educational activities at the CDNM that I was attending includes research 
presentations, strategic meetings, project discussions, and technical updates, as detailed in Table 1. I 
was engaged in the lab meetings where I had the chance to present my progress, and I always received 
timely constructive feedback.  



Table 1. Ongoing educational activities at the Channing Division of Network Medicine 

 

Skills development 

I have been continuously working on improving my computational, statistical and grant writing skills 
by completing several formal training courses as detailed in Table 2. The certificates I obtained are 
attached to this report. By focusing on learning state-of-the-art analytic approaches that were 
necessary for the completion of the research aims, I gained independence in several computational 
tools like R, plink, bcftools, regenie, METAL, WGSA. 

Table 2. Completed training courses during the research stay 

Course title Provider Date of completion 
Introduction to Statistical Genetics Massachusetts 

General Hospital 
03/2024 

Applied Biostatistics for Clinical Trials Massachusetts 
General Hospital 

03/2024 

ClinGen’s Variant Curation training ClinGen 06/2024 
Introduction to Omics: Applying Omics to Your 
Research 

Harvard Catalyst 08/2024 

The Data Scientist´s Toolbox Johns Hopkins 
University 

01/2025 

 
Mon SGGU meeting (weekly) Research presentations on statistical genetics 

Metabolomics meeting (weekly) Presentations of recent research 

Functional Genetics meeting (weekly) Project updates 

SGGU Omics Data meeting (weekly) Bioinformatics data updates 

Tue 

Channing Methods Seminar Updates on technical image processing, 
machine learning, and artificial intelligence 

Theodore L. Badger Lecture in 
Network Medicine (quarterly) 

Presentations of invited national and 
international experts  

Bioinformatics code club (weekly) Problem solving and code cleaning  

Bioinformatics meeting (weekly) Research presentations on high throughput 
approaches 

SGGU Laboratory meeting (weekly) Presentations of recent research 

Wed 

COPDGene Subtyping meeting 
(weekly) 

Discussion of ongoing machine learning projects 

Fellow’s meeting (biweekly) Educational presentations and workshops 

CDNM multiple omics seminar Research presentations about multiple omics 

CDNM COPD Research Group 
meeting (weekly) 

Work in progress presentations 



 

Research accomplishments 

1. Pulmonary arterial hypertension genes in PH associated with COPD 

We hypothesized that patients with COPD-PH share similar genetic variants as patients with PAH. 
Whole genome sequencing (WGS) data was obtained from the Graz Pulmonary Hypertension in COPD 
registry of patients with COPD who underwent right heart catheterization due to clinical suspicion of 
PH. WGS Annotator, which integrates the outputs of several annotation tools, was used to identify 
nonsynonymous variants of n=27 genes that have putative evidence for PAH causality. The reported 
pathogenicity of the variants was assessed in ClinVar and Varsome. We found 42 missense variants in 
13 PAH-associated genes. When comparing patients with homozygous PAH variants to the rest of the 
study population, there were no statistically significant differences in hemodynamics and pulmonary 
function parameters. None of the participants had known rare homozygous or heterozygous pathogenic 
variants according to ClinVar, though we found n=2 homozygous and n=9 heterozygous common and 
rare variants of uncertain significance. The results of this study have been presented at the Annual 
Meeting of the American Thoracic Society in 2024. To better characterize the missense variants of 
reported PAH genes in this cohort, we applied additional filtering including in silico predictors of 
pathogenicity and allele frequency criteria from databases including gnomeAD and BRAVO browser. 
With this strategy we identified two variants of the ATP13A3 gene, one variant in the SMAD9 gene, one 
variant in the GGCX gene and one variant in the BMPR1B gene meeting pre-defined criteria for 
pathogenicity. These results have been reported at the Annual Meeting of the Austrian Society for 
Pneumology in 2024. 

2. Pulmonary arterial hypertension genes in cohorts not specifically enriched for PH 

Given the rarity of PAH, a critical gap exists in understanding the distribution and impact of its 
associated genetic variants across large cohorts. We sought to examine the frequency and 
characteristics of rare variants within established PAH genes in study cohorts not specifically enriched 
with patients with PAH. We used the BRAVO variant browser to display chromosome locations, alleles, 
functional annotations and allele frequencies for 868 million variants observed in 150899 whole 
genomes. We found a total of 248 loss-of-function variants from the analyzed genes in 150899 subjects. 
Only 60 variants were reported in ClinVar. We identified pathogenic variants in 9 out of the 12 
investigated genes in 111 subjects suggesting that loss-of-function variants in PAH genes are rare but 
can be detected in a diverse population sample. These findings have been presented at the Annual 
Meeting of the European Respiratory Society in 2024. While focusing on COPD patients, we aimed to 
evaluate known pathogenic variants of genes associated with pulmonary arterial hypertension (PAH) 
by analyzing whole genome sequencing and Phase 1 clinical data from the COPDGene cohort. We 
assessed the prevalence of different classes of pathogenic variants and the clinical and chest CT 
imaging characteristics of variant carriers. Carriers of pathogenic variants showed no significant 
differences in demographics, lung function, or pulmonary vascular imaging phenotypes compared to 
carriers of variants of uncertain significance or benign variants in both univariable and multivariable 
models. However, subgroup analyses based on evidence level for gene pathogenicity revealed that 
carrying deleterious variants in PAH genes with definitive pathogenicity was associated with pulmonary 
vascular pruning in non-Hispanic white subjects. These results have been presented at the Annual 
Meeting of the American Society of Human Genetics in 2024. 



3. Genome-wide and exome-wide association studies focusing on pulmonary vascular 
measures 

 To identify possible novel genes implicated in the pathogenesis of pulmonary vascular disease in 
COPD we conducted gene-based rare variant testing with REGENIE, applying multiple minor allele 
frequency cutoffs. For association testing, we focused on CT-quantified pulmonary artery-to-aorta 
(PA/A) ratio, pulmonary blood vessel volume for vessels with a cross-sectional area ≤5 mm² (bv5), total 
pulmonary blood vessel volume (tbv), and the bv5/tbv ratio. We included age, sex, race, smoking pack-
years, current smoking status, and principal components of genetic ancestry as covariates. We 
adjusted for multiple testing with Bonferroni correction, accounting for the total number of genes tested. 
We identified significant associations between predicted deleterious missense variants in genes not 
previously reported to be involved in PH pathogenesis and PA/A ratio as well as bv5/tbv in the 
COPDGene cohort. Ongoing work is focusing on assessing genome-wide associations with mean 
pulmonary arterial pressure in cohorts enriched with COPD subjects that underwent right heart 
catheterization. These preliminary results are going to be presented at the upcoming Annual Meeting 
of the American Thoracic Society in 2025. 

 

Deliverables 

The proposed deliverables in the application are listed below followed by the outcomes. 

Deliverable 1: Abstract at the Annual Meeting of the Austrian Society for Pneumology 2024 

Outcome:  

1). V. Foris, K. Kim, L. Martini, A. Boueiz, G. Kovacs, P. Douschan, G. Kwapiszewska, A. Olschewski, 
H. Olschewski, E.K. Silverman, M. Cho. Missense variation in pulmonary hypertension associated with 
chronic obstructive pulmonary disease. ASP 2024 

Deliverable 2: Abstract at an international conference in 2025 

Outcome:   

1). V. Foris, K. Kim, L. Martini, C. Tern, R. San Jose Estepar, G. Washko, R. C. Wade, J. M. Wells, E.K. 
Silverman, M.H. Cho, A. Boueiz, for the COPDGene investigators. Pathogenic PAH Gene Variants 
Linked to Pulmonary Vascular Pruning in Non-Hispanic White COPDGene Participants. PVRI 2025 

2). V. Foris, K. Kim, Y. Qian, R. San Jose Estepar, G. R. Washko, R. C. Wade, J. M. Wells, E. K. 
Silverman, A. R. El Boueiz, M. H. Cho. Gene-based Rare Variant Testing In Vascular Measures In 
COPDGene. ATS 2025 

Deliverable 3: Written report for the Austrian Society of Pneumology 

Outcome: The present report is being sent to the Board of the Society. Additionally, if requested, I will 
write a summary for the upcoming issue of the newsletter of the Society (“Airmail”). 

Deliverable 4: Original manuscript including the results of the current project in 2025 

Outcome: A manuscript entitled “Variants of pulmonary hypertension associated genes in COPD with 
or without PH” is currently in preparation. 



 

Deliverable 5: Preparing a call for collaboration within the Austrian Society for Pneumology 

Outcome: Under the sponsorship of the European Respiratory Society, I am a founding member of the 
“Austrian Respiratory Coalition” where one of our aims is to increase awareness for respiratory 
diseases with a possible genetical background.  

Deliverable 6: Acquisition of further funding through a national agency (FWF, FFG) in 2025  

Outcome: In 2024 I successfully secured additional funding through the Max Kade Foundation in New 
York that supports my current research and enables the extension of my current fellowship. Upon 
completion and after my return to Austria I will apply for additional funding through a national agency.  

Additional activities 

I have been in a privileged position and received dedicated time to carry on and finish research projects 
that I have been involved in at the Medical University of Graz. This resulted in the full-text peer-reviewed 
publications listed in the appendix. Other manuscripts are either being already submitted or are in 
preparation. For the academic year 2024-2025 I have been selected as a mentee of the Austrian 
Scientists and Scholars in North America, which offers excellent networking opportunities with Austrian 
researchers who are established in the US. 

Challenges 

The payment of the Mid-Career Grant has been only partially executed prior to the start of the research 
stay which has been a financial challenge. Additionally, the amount covered by the Mid-Career Grant 
was not fully compliant with the salary requirements of the Brigham and Women´s Hospital at postdoc 
level. To overcome these issues, Dr. Silverman generously supported my salary with $1,233/month for 
the first months until I received further funding through the Max Kade Foundation.   
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My publications in 2024 

Severe pulmonary hypertension in chronic obstructive pulmonary disease - From clinical perspective 
to histological evidence. Zeder K, Sassmann T, Foris V, Douschan P, Olschewski H, Kovacs G.Int J 
Cardiol Congenit Heart Dis. 2024 Jun 12;17:100519. doi: 10.1016/j.ijcchd.2024.100519. eCollection 
2024 Sep. PMID: 39711774 

Alteration of the Gut-Lung Axis After Severe COVID-19 Infection and Modulation Through Probiotics: 
A Randomized, Controlled Pilot Study. Horvath A, Habisch H, Prietl B, Pfeifer V, Balazs I, Kovacs 
G, Foris V, John N, Kleinschek D, Feldbacher N, Grønbæk H, Møller HJ, Žukauskaitė K, Madl T, 
Stadlbauer V. Nutrients. 2024 Nov 8;16(22):3840. doi: 10.3390/nu16223840. PMID: 39599626 

Prognostic Relevance of Tricuspid Annular Plane Systolic Excursion to Systolic Pulmonary Arterial 
Pressure Ratio and Its Association With Exercise Hemodynamics in Patients With Normal or Mildly 
Elevated Resting Pulmonary Arterial Pressure. John T, Avian A, John N, Eger A, Foris V, Zeder K, 
Olschewski H, Richter M, Tello K, Kovacs G, Douschan P. Chest. 2024 Sep 26:S0012-
3692(24)05269-3. doi: 10.1016/j.chest.2024.09.013. PMID: 39341493 

The prognostic relevance of exercise pulmonary hypertension in cardiac and pulmonary diseases. 
Zeder K, Douschan P, Foris V, Sassmann T, Maron BA, Olschewski H, Kovacs G.Curr Opin Pulm 
Med. 2024 Sep 1;30(5):451-458. doi: 10.1097/MCP.0000000000001096. PMID: 38958564  

Lung Fibrosis Is Linked to Increased Endothelial Cell Activation and Dysfunctional Vascular Barrier 
Integrity. Fließer E, Jandl K, Lins T, Birnhuber A, Valzano F, Kolb D, Foris V, Heinemann A, 
Olschewski H, Evermann M, Hoetzenecker K, Kreuter M, Voelkel NF, Marsh LM, Wygrecka M, 
Kwapiszewska G. Am J Respir Cell Mol Biol. 2024 Sep;71(3):318-331. doi: 10.1165/rcmb.2024-
0046OC. PMID: 38843440 

Editorial: Pulmonary hypertension: from bench to bedside. Foris V, Olschewski A. Front Physiol. 
2024 May 8;15:1421654. doi: 10.3389/fphys.2024.1421654. eCollection 2024. PMID: 38779320 

A comprehensive map of proteoglycan expression and deposition in the pulmonary arterial wall in 
health and pulmonary hypertension. Mutgan AC, Radic N, Valzano F, Crnkovic S, El-Merhie N, 
Evermann M, Hoetzenecker K, Foris V, Brcic L, Marsh LM, Tran-Lundmark K, Jandl K, 
Kwapiszewska G.Am J Physiol Lung Cell Mol Physiol. 2024 Aug 1;327(2):L173-L188. doi: 
10.1152/ajplung.00022.2024. PMID: 38771138 

Compartment-specific remodeling patterns in end-stage chronic obstructive pulmonary disease with 
and without severe pulmonary hypertension. Zeder K, Marsh LM, Avian A, Brcic L, Birnhuber A, 
Douschan P, Foris V, Sassmann T, Hoetzenecker K, Boehm PM, Kwapiszewska G, Olschewski A, 
Olschewski H, Kovacs G.J Heart Lung Transplant. 2024 Jul;43(7):1090-1101. doi: 
10.1016/j.healun.2024.02.1044. Epub 2024 Feb 19. PMID: 38382583 
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