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      Welcome Letter 

The Netherlands, October 2020 

Welcome to the 14th International VHL Medical Research Symposium, which was supposed 
to be held in Amsterdam, the Netherlands, but due to the COVID-19 pandemic, has moved 
to a Virtual format this year. We are really excited by the enthusiasm this research 
community has generated during the nearly three decades of these biannual meetings. It 
was spectacular that the work in part was recognised by the award of the 2019 Nobel Prize 
for Medicine to our Keynote speaker Bill Kaelin, together with esteemed colleagues Gregg 
Semenza and Peter Ratcliffe. The last two years have seen enormous advances in both 
understanding the molecular events consequent to VHL inactivation, as well as clinical 
understanding and treatment of VHL manifestations. We are looking forward to the 
presentation of new data, that will enable VHL-mutation carriers lead normal lives, and 
generate insights into the fascinating molecular role that VHL plays in cells.  

On behalf of the entire organising committee, enjoy the meeting! 

Rachel Giles, Chair of the Dutch VHL Organisation 
 and  
Thera Links, Chair of the Dutch Working Group for VHL Specialists 
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European 
Accreditation Council 
for Continuing Medical 
Education (EACCME®) 

The International VHL Medical/Research Symposium, Amsterdam (Virtual), Netherlands, 
29/10/2020-31/10/2020 has been accredited by the European Accreditation Council for 
Continuing Medical Education (EACCME®) with 12 European CME credits (ECMEC®s). Each 
medical specialist should claim only those hours of credit that he/she actually spent in the 
educational activity. 

Through an agreement between the Union Européenne des Médecins Spécialistes and the 
American Medical Association, physicians may convert EACCME® credits to an equivalent 
number of AMA PRA Category 1 CreditsTM. Information on the process to convert 
EACCME® credit to AMA credit can be found at www.ama-assn.org/education/ear-credit-
participation-international-activities. 

Live educational activities, occurring outside of Canada, recognised by the UEMS-EACCME® 
for ECMEC®s are deemed to be Accredited Group Learning Activities (Section 1) as defined 
by the Maintenance of Certification Program of the Royal College of Physicians and 
Surgeons of Canada. 

EACCME® credits 

Each participant can only receive the number of credits he/she is entitled to according to 
his/her actual participation at the event once he/she has completed the feedback form. Cf. 
criteria 9 and 23 of UEMS 2016.20. 

See https://www.allintheloop.net/Surveys/vhl/vhlVHLSymposium 
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Presenting Sponsor
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Programme 

Day 1: Thursday. 29 October 2020 

INTRODUCTIONS 
14:30 CET WELCOME Rachel Giles, MD, PhD 

Thera Links, MD, PhD 
Course Directors 

Ronald Westerlaken, MSc 
Dutch VHL Organisation 

14:45 CET Keynote Address: Toward a Treatment for 
VHL Disease:  HIF-2 Inhibitors 

William G. Kaelin Jr., MD 
2019 Nobel Laureate in Medicine; Sidney 
Farber Professor of Medicine, Harvard 
Medical School; Investigator, Howard 
Hughes Medical Institute; Dana-Farber 
Cancer Institute, Boston, MA, USA 

15:45 CET BREAK 

SESSION TITLE: NOVEL INSIGHTS INTO VHL BIOLOGY 
MODERATOR:  Ian Frew, PhD 

16:00 CET New Strategies Targeting Hypoxia and Iron 
Regulation in Kidney Cancer 

Mei Koh, PhD 
Assistant Professor of Pharmacology and 
Toxicology, University of Utah School of 
Medicine, Salt Lake City, UT, USA  

16:25 CET New VHL Regulatory Pathways and 
Therapeutic Implications in ccRCC 

Qing Zhang, PhD 
Associate Professor, Department of 
Pathology, UT Southwestern Medical 
Center, Dallas, TX, USA 

16:50 CET New VHL Exon and Complex Splicing 
Alterations in Familial Erythrocytosis or von 
Hippel-Lindau Disease 

Betty Gardie, PhD  
Associate Professor, Ecole Pratique des 
Hautes Etudes, Paris, France 

17:15 CET Proffered Paper: Inhibition of Lysine 
Demethylase 4A Rescues 3p 
Haploinsufficiency 

Ruhee Dere, PhD 
Assistant Professor, Baylor College of 
Medicine, Houston, Texas, USA 
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17:30 CET Proffered Paper: Cross-talk between VHL 
Mutant Kidney Cells and the Tumor 
Microenvironment: The Role of IL-6 and 
Oncostatin M Signaling 

Tien Hsu, PhD 
Professor, Department of Biomedical 
Sciences and Engineering, and Center for 
Chronic Disease Research and 
Management, National Central University, 
Taiwan 

17:45 CET The Patient Perspective Andrea Brelje 
United States 

17:55 CET BREAK 

SESSION TITLE: SCIENTIFIC MODELS 
MODERATOR:  Rachel Giles, MD, PhD 

18:25 CET HIF-1α and HIF-2α Differently Regulate 
Tumour Development, Metabolism and 
Inflammation of Clear Cell Renal Cell 
Carcinoma in Mice 

Ian Frew, PhD 
Department of Medicine, Centre for 
Translational Cell Research, BIOSS Centre 
for Biological Signalling,  
Albert-Ludwigs-Universität Freiburg, 
Freiburg, Germany 

18:50 CET Investigating Vascular-Microglia Interactions 
in a Mouse Model of Retinal 
Hemangioblastoma 

Anna Matynia, PhD 
Associate Researcher Ophthalmology,  
Stein Eye Institute, UCLA, Los Angeles, CA, 
USA 

19:15  CET Proffered Paper: UQCRH Downregulation 
Promotes Warburg Effect in Renal Cell 
Carcinoma Cells

Xin Lu, PhD 
John M. and Mary Jo Boler Assistant 
Professor, Department of Biological 
Sciences, Junior Chair, Boler-Parseghian 
Center for Rare and Neglected Diseases,  
University Notre Dame, Notre Dame, IN, 
USA  

19:30 CET The Patient Perspective Ronald Westerlaken 
the Netherlands 

19:40 CET POSTER SESSION 

KICK OFF OF VHLA RESEARCH MENTORSHIP PROGRAM 

MODERATOR:  Othon Iliopoulos, MD, PhD 

20:00 – 21:30 CET OPEN DISCUSSION 

http://www.uni-freiburg.de/
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Day 2: Friday, 30 October 2020 

SESSION TITLE: TAKING VHL INTO THE CLINIC 
MODERATOR:  Ramaprasad Srinivasan, MD, PhD 

14:30 CET Surgical Treatment of Retinal 
Hemangioblastomas 

Koen van Overdam, MD 
Vitreoretinal Surgeon, The Rotterdam Eye 
Hospital, Rotterdam, the Netherlands 

14:55 CET Identification of Therapeutic Targets in VHL 
Disease 

Othon Iliopoulos, MD, PhD 
Clinical Director, von Hippel-Lindau 
Disease/Familial Renal Cell Cancer 
Program, Massachusetts General 
Hospital Cancer Center; Associate 
Professor of Medicine, Harvard Medical 
School, Boston, MA, USA 

15:20 CET Surveillance Guidelines: 2020 Anthony Daniels, MD, MSc 
Assistant Professor of Ophthalmology & 
Visual Sciences and Radiation 
Oncology, Director of Ocular Oncology, 
Vanderbilt University School of Medicine, 
Nashville, TN, USA 

15:45 CET Nephron-Sparing Surgery for VHL Axel Bex, MD, PhD  
Consultant Clinical Lead Specialist Centre 
for Kidney Cancer The Royal Free London 
NHS Foundation Trust, Associate 
Professor UCL Division of Surgical and 
Interventional Science, London, UK 

16:10 CET Management of Pheochromocytoma/ 
Paraganglioma 

Henri Timmers, MD, PhD 
Professor, Department of Internal 
Medicine, Radboud University Medical 
Centre Nijmegen, Nijmegen, the 
Netherlands 

16:35 CET Systemic Therapies for VHL Eric Jonasch, MD 
Professor, Department of Genitourinary 
Medical Oncology, Division of Cancer 
Medicine, The University of Texas MD 
Anderson Cancer Center, Houston, TX, 
USA 

17:00 CET Proffered Paper: Hematological and 
Vascular Defects in a Model of Null and 
Type 2B VHL Mutations 

Morgan North, MS 
MD Candidate, Virginia 
Tech Carilion School of Medicine, 
Roanoke, VA USA 

17:15 CET The Patient Perspective Robert Kramer, DMD 
United States 

17:25 CET Break 
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SESSION TITLE: VHL AND THE CNS 
MODERATOR:  Othon Iliopoulos, MD, PhD 

18:00 CET Central Nervous System Asymptomatic 
Lesions in VHL. How Do We Make the Best 
Decisions? 

Tatjiana Seute, MD 
Head of Medical Care line Neuro-
Oncology, UMC Utrecht, Utrecht, the 
Netherlands 

18:25 CET Current Concepts on the Origin, Diagnosis 
and Treatment of Hemangioblastomas 

Sven Gläsker, MD, PhD
Professor, Department of Neurosurgery, 
Universitair Ziekenhuis Brussel, Brussels, 
Belgium 

18:50 CET Proffered Paper: Spinal Hemangioblastomas 
in von Hippel Lindau Disease: Clinical and 
Radiological Characteristics 

Pascalle Mossel 
MD, PhD Candidate, Nuclear Medicine 
and Molecular Imaging University Medical 
Center Groningen, Groningen, Germany, 
the Netherlands 

19:05 CET The Patient Perspective Tijmen Wolbers 
the Netherlands 

19:15 CET POSTER SESSION 

Day 3: Saturday, 31 October 2020 

SESSION TITLE: THE ENDOCRINE MANIFESTATIONS 
MODERATOR:  Thera Links, MD, PhD 

14:20 CET Screening for Pheochromocytoma: 
Metanephrines 

Anouk van der Horst-Schrivers, MD  
Department of Internal Medicine, UMC 
Groningen, Groningen, the Netherlands 

14:45 CET Management of Pancreas NETs Thera Links, MD, PhD  
Professor, Department of Internal 
Medicine, UMC Groningen, Groningen, 
the Netherlands  
Wouter Zandee,MD,  PhD 
Endocrinologist, Department of Internal 
Medicine, Division of Endocrinology, 
University Medical Center Groningen  
Groningen, the Netherlands 

15:10 CET The Complex Endocrinology of VHL Rachel van Leeuwaarde, MD, PhD 
Department of Endocrine Oncology, UMC 
Utrecht, Utrecht, the Netherlands 

15:35 CET New Developments and Challenges in 
Pancreatic Surgery in VHL 

Menno Vriens, MD, PhD 
Professor, Department of Surgical 
Oncology, UMC Utrecht, Utrecht, the 
Netherlands 
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16:00 CET Contrast-Enhanced Ultrasound as a 
Screening and Diagnostic Tool for Kidney 
and Pancreas Lesions  

Emily Chang, MD  
Assistant Professor of Medicine in the 
Division of Nephrology and Hypertension, 
UNC School of Medicine, Chapel Hill, NC, 
USA 

16:25 CET Proffered Paper: All-Cause Mortality among 
Patients with von Hippel-Lindau (VHL) 
Disease and Pancreatic Neuroendocrine 
Tumors 

Liat Arnon, MSc 
Neuroendocrine Tumors Service, Division 
of Endocrinology, Diabetes and 
Metabolism, Sheba Medical Center, Israel 

16:40 CET The Patient Perspective Jaqueline Zarro, PhD 
United States 

16:50 CET BREAK 

SESSION TITLE: GENETICS AND BEYOND 
MODERATOR:  Bernadette van Nesselrooij, MD, PhD 

17:00 CET Inherited Predisposition to Renal Cell 
Carcinoma 

Eamonn Maher, PhD 
Professor of Medical Genetics and 
Genomic Medicine, Head of 
the Department of Medical Genetics, 
University of Cambridge, Cambridge, UK 

17:25 CET Metabolic Effects of VHL Deficiency Fulvio Della Ragione, PhD 
Professor, Department of Precision 
Medicine, University of Campania, Naples, 
Italy 

17:50 CET Novel Functions of pVHL and the Jade 
Proteins 

Bernhard Schermer, MD, PhD 
Assistant Professor, Department of 
Medicine and Vice-Director of the Kidney 
Research Center Cologne, Cologne, 
Germany 

18:15 CET Splice Modulation Therapy in Inherited 
Retinal Diseases 

Rob Collin, PhD 
Associate Professor, Principal Investigator, 
Radboud University Medical Center 
Nijmegen, the Netherlands 

18:40 CET Proffered Paper: Large Scale Analysis of 
Genetic and Phenotypic Characteristics in 
Von Hippel-Lindau Disease 

Andreea Chiorean  
MD Candidate, Virginia University of 
Toronto, Toronto, ON, Canada 

18:55 CET Proffered Paper: Oxygen-Sensitive 
Regulation of Mitochondrial Mass by the 
von Hippel Lindau Tumor Suppressor 
Protein pVHL 

Susanne Schlisio, PhD 
Associate Professor, Karolinska Institute, 
Stockholm, Sweden 

19:10 CET The Patient Perspective Gabriela van der Hel 
the Netherlands 

19:20 CET Closing Remarks VHL Alliance 

19:20 CET POSTERS 



Presentation Abstracts 
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Keynote Address
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Keynote Address: Toward a Treatment for VHL Disease:  HIF-2 Inhibitors 

William G. Kaelin Jr. 

2019 Nobel Laureate in Medicine; Sidney Farber Professor of Medicine, Harvard Medical School; 
Investigator, Howard Hughes Medical Institute; Dana-Farber Cancer Institute, Boston, MA, USA 

Functional inactivation of the VHL tumor suppressor protein (pVHL) causes the inappropriate 
accumulation of the HIF transcription factor. Dysregulation of HIF, and specifically dysregulation of 
HIF2, plays an important role in the pathogenesis of tumors linked to pVHL inactivation.  PT-2977 
(now called MK-6482) has advanced to Phase 3 trials for the treatment of kidney cancers, which are 
frequently linked to pVHL inactivation, based on promising Phase 2 data. 61 VHL Disease patients 
with measurable kidney tumors, as well as other incidental tumors, were recently treated with MK-
6482 in a Phase 2 trial. Preliminary data strongly suggest that MK-6482 has beneficial effects in this 
setting.  
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Novel Insights into VHL Biology 
Moderator: Ian Frew, PhD 
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New Strategies Targeting Hypoxia and Iron Regulation in Kidney Cancer  

 
Mei Koh 

Assistant Professor of Pharmacology and Toxicology, University of Utah School of Medicine, Salt 
Lake City, UT, USA 

Genetic and functional studies within the past two decades have culminated in a paradigm that 
suggests a pro-tumorigenic role for HIF-2α, and a tumor suppressor role for HIF-1α in clear cell renal 
cell carcinoma (ccRCC), which has prompted the development of HIF-2α specific inhibitors. Through 
our efforts to identify selective small molecule inhibitors of HIF-2α, we have identified compounds 
that inhibit iron-responsive element (IRE)-mediated HIF-2α translation. These compounds act by 
disrupting cellular iron metabolism, which promotes the binding of iron-regulatory element binding 
protein 1 (IRP1) to the HIF-2α IRE, blocking HIF-2α translation. Intriguingly, treatment with these 
compounds also results in excessive iron accumulation and cell death via ferroptosis, a non-
apoptotic form of cell death associated with iron-dependent lipid peroxidation. ccRCC cells are 
uniquely sensitive to ferroptosis due to the accumulation of poly-unsaturated lipids which gives 
them their distinctive clear cell morphology. Here, I will discuss the therapeutic potential of the dual 
targeting of HIF-2α and the induction of ferroptosis in ccRCC.  
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New VHL Regulatory Pathways and Therapeutic Implications in ccRCC 

Qing Zhang 

Department of Pathology, UT Southwestern Medical Center, Dallas, TX, USA 

VHL is the most important tumor suppressor in kidney cancer. VHL loss leads to stabilization of 
HIF2α, which contributes largely to the development of clear cell renal cell carcinoma (ccRCC). 
Recent reports showed that the specific HIF2α inhibitor PT2399 inhibits primary tumor growth and 
invasion of a subset of kidney cancer. However, a significant portion of kidney cancer remains 
resistant to HIF2α inhibitor treatment, highlighting the importance of identifying additional 
therapeutic vulnerabilities of VHL-deficient kidney cancer. In this talk, I will discuss some of our latest 
results on new VHL regulatory pathways, including ZHX2, SFMBT1 and TBK1. I will discuss on they 
may contribute to ccRCC tumorigenesis and their therapeutic implications.  

14



New VHL Exon and Complex Splicing Alterations in Familial Erythrocytosis or 
von Hippel-Lindau Disease 

Betty Gardie 
Ecole Pratique des Hautes Etudes, Paris, France 

The VHL gene has been reported to contain three exons (E1, E2, E3). The commonly described VHL 
transcript is expressed ubiquitously and contains three spliced exons that encodes a 213 amino-acid 
(aa) protein (pVHL213 also termed pVHL30). A smaller isoform (pVHL160 or pVHL19) is initiated from 
an in-frame internal translation start site. These VHL proteins are involved in a variety of functions, 
the most studied being the regulation of the hypoxia inducible factor (HIF). A naturally occurring 
splice variant, comprises E1 directly spliced to E3 and is translated into a protein termed pVHL172 
(pVHLΔE2), the functions of which are still under investigation.  

Recently, we described a more complex regulation of VHL splicing. We identified new VHL transcripts 
that contained a cryptic-exon that we termed E1’. E1’ is located in intron 1 and is spliced between E1 
and E2 or E3. In addition, the sequence located upstream of E1' represents a transcriptionally active 
region and transcripts are initiated from this potential alternative promotor.  A weak expression of 
these mRNA isoforms is detected in normal human tissues. 

More importantly, we identified germline mutations in the new VHL cryptic exon that cause VHL-
related disease. We identified heterozygous mutations in E1' in one large family presenting a typical 
VHL disease and in patients with isolated pheochromocytoma or multiple hemangioblastoma 
without any alteration in the other VHL exons. In addition, we identified compound heterozygous or 
homozygous E1’ mutations in ten families with erythrocytosis.  

We performed comprehensive studies of E1’ and we showed that dysregulation of its splicing causes 
VHL-related disease. We demonstrated that mutations in E1’ induce its excessive retention in the 
transcripts with a resulting decrease of functional VHL proteins expression. Comparative studies of 
mutations in E1’ identified in patients with erythrocytosis or multiple tumors showed a strong 
correlation between the severity of the impact on splicing and the severity of the developed disease. 

This discovery highlights the importance of thoroughly studying all the regulatory mechanisms of 
the VHL gene in order to better understand its functions. 

Acknowledgements to the financial support organizations:  
VHL Alliance USA, VHL France, French National Research Agency (ANR), Région des Pays de la Loire, 
LABEX « GR-Ex» dedicated to Red Blood Cells. 
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PROFFERED PAPER 

Inhibition of Lysine Demethylase 4A Rescues 3p Haploinsufficiency 

Rahul Jangid1, Pratim Chowdhury1, Sung Yung1, Sandy Grimm1, Cristian Coarfa1, Elisabeth Martinez2, 

Kristen Verhey3, Cheryl Walker1, Ruhee Dere1 

1 Baylor College of Medicine, Houston, TX, USA; 2 U.T. Southwestern Medical Center, Dallas, TX, USA; 3 

University of Michigan Medical School, Ann Arbor, MI, USA 

Chromosome 3p loss is a truncal event in von Hippel Lindau (VHL) disease and renal cell carcinoma 

(RCC) with >95% of patients showing loss of heterozygosity (LOH) of the VHL tumor suppressor. In 

addition to inactivation of VHL, 3p loss results in deletion of several chromatin remodeler genes 

including Set-domain containing 2 (SETD2). SETD2 was recently discovered to function as a dual 

chromatin and cytoskeletal methyltransferase. Mono-allelic loss of SETD2 occurs concomitant with 

loss of chromosome 3p in VHL disease and results in the inability of SETD2 to methylate 

microtubules of the cytoskeleton, while fully retaining its ability to methylate histones on chromatin. 

The haploinsufficiency of SETD2 results in decreased methylation of microtubules during mitosis, 

contributing to the genomic instability associated with these tumors. We have now discovered lysine 

demethylase 4A (KDM4A) as a centrosome associated protein that opposes the function of SETD2 on 

microtubules. KDM4A via its demethylase activity modulates microtubule methylation leading us to 

hypothesize that inhibition of KDM4A could be leveraged as a strategy to elevate methylation on 

microtubules in the setting of SETD2 haploinsufficiency. A genetic knockdown of KDM4A resulted in 

increased microtubule methylation and a concurrent decrease in genomic instability (assessed as a 

reduction in micronuclei formation) in the setting of mono-allelic loss of SETD2. Our data provide a 

novel target, with potential for therapeutic intervention, within an alternate paradigm wherein loss 

of 3p tumor suppressors directly alter the cytoskeleton and drive disease progression via 

cytoskeletal defects. 
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PROFFERED PAPER 

Cross-Talk Between VHL Mutant Kidney Cells and the Tumor Microenvironment: 

The Role of IL-6 and Oncostatin M Signaling 

Tien Hsu, Hieu-Huy Nguyen-Tran, Thi-Ngoc Nguyen, Chen-Yun Chen 

Department of Biomedical Sciences and Engineering, and Center for Chronic Disease Research and 

Management, National Central University, Taoyuan City, Taiwan 

The development of renal cell carcinoma (RCC) has been linked to tissue inflammation. Using the 

Hoxb7 promoter-specific knockout of mouse VHL allele (Vhlh) in limited compartments of kidney 

tubules, including collecting ducts, Henle's loops, and parts of distal and proximal tubules, we 

indeed observed severe inflammation and fibrosis associated with expected angiogenesis, 

hyperplastic and clear-cell phenotypes. Similar inflammation and fibrosis can also be observed in 

the adjacent normal tissue of ccRCC. However, how VHL mutant epithelial cells interact with and 

organize the inflammatory microenvironment is still unclear. Our laboratory has undertaken a 

systematic analysis of the stromal components in the microenvironment of VHL mutant cells. We 

have observed a dramatic increase in the number of infiltrated macrophages in the Vhlh KO kidney 

tissue and a distinct inflammatory signature (high phospho-JNK expression) in the vasculature of the 

KO kidney. Several analytical strategies were taken to unravel the mechanism and functional 

significance of the changes within the VHL mutant-containing microenvironment, including analyses 

of the cytokine repertoire secreted by the VHL mutant cells, the transcriptome profiling of the 

endothelial cells in the Vhlh mutant kidney, and the macrophage landscape of the ccRCC tissue at 

the single cell level. We found that VHL mutant tubule epithelial cells can stimulate macrophage 

infiltration and polarization, and activate vascular endothelial cells via the IL-6 and Oncostatin M 

signaling pathways, respectively. These two stromal components in turn influence each other in a 

feed-forward fashion, and stimulate the tumorigenicity of the VHL mutant epithelial cells. 

Inactivation of these two pathways can ameliorate the inflammatory and hyperplastic phenotypes of 

the Vhlh knockout in vivo. Finally, single cell analysis of the ccRCC patient samples identified tumor-

specific immune cell populations that may represent a novel diagnostic and therapeutic markers. 

Taken together, the inflammatory microenvironment of the VHL mutant cells represents a viable 

alternative target for the treatment and early detection of ccRCC. 
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Scientific Models 
Moderator: Rachel Giles, MD, PhD 
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HIF-1α and HIF-2α Dif ferent ly Regulate Tumour Development , Metabolism and 
Inflammation of Clear Cell Renal Cell Carcinoma in Mice 

Ian Frew 

Department of Medicine, Centre for Translational Cell Research, BIOSS Centre for Biological 
Signalling, Albert-Ludwigs-Universität Freiburg, Freiburg, Germany 

Mutational inactivation of VHL is the earliest genetic event in the majority of clear cell renal cell 
carcinomas (ccRCC), leading to accumulation of the HIF-1a and HIF-2a transcription factors. While 
correlative studies of human ccRCC and functional studies using human ccRCC cell lines have 
implicated HIF-1a as an inhibitor and HIF-2a as a promoter of aggressive tumour behaviours, their 
roles in tumour onset have not been functionally addressed. We now show using an autochthonous 
ccRCC model that Hif1a is essential for tumour formation whereas Hif2a deletion has only minor 
effects on tumour initiation and growth. Both HIF-1a and HIF-2a are required for the clear cell 
phenotype. Transcriptomic and proteomic analyses reveal that HIF-1a regulates glycolysis while HIF-
2a regulates genes associated with lipoprotein metabolism, ribosome biogenesis and E2F and MYC 
transcriptional activities. HIF-2a-deficient tumours are characterised by increased antigen 
presentation, interferon signalling and CD8+ T cell infiltration and activation. Single copy loss of HIF1A 
or high levels of HIF2A mRNA expression correlate with altered immune microenvironments in 
human ccRCC. These studies reveal an oncogenic role of HIF-1a in ccRCC initiation and suggest that 
alterations in the balance of HIF-1a and HIF-2a activities can affect different aspects of ccRCC biology 
and disease aggressiveness. We are currently investigating the therapeutic implications of these 
findings by testing a number of different inhibitors of HIF-1a and HIF-2a in our autochthonous 
model. 
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Investigating vascular-microglia interactions in a mouse model of retinal 
hemangioblastomas 

Anna Matynia, Sachin Parikh, Steven Nusinowitz, Michael B. Gorin 

1Jules Stein Eye Institute, David Geffen School of Medicine, UCLA, Los Angeles, CA 

Background: Retinal hemangioblastomas are often the first manifestations of VHL Syndrome and 
have significant consequences for vision. At presentation, retinal hemangioblastomas are often 
large, highly vascular tumors characterized by giant foamy cells of unidentified origin, located in the 
superficial layers of the retina often projecting into the vitreous. Retinal hemorrhage and exudation 
can lead to retinal damage and detachment resulting in vision loss. We have generated a mouse 
model of retinal hemangioblastomas in which the effects of loss of expression of the VHL gene is 
limited to the eyes so as to not compromise their overall health and survival. 

Methods: Intravitreal injections of AAV2 virus expressing Cre recombinase and eGFP under a 
general promoter were performed in mice homozygous for the floxed VHL allele. Nested PCR was 
performed to confirm Cre-mediated excision in treated eyes. Confocal microscopy of retinal whole 
mounts or sections was used to assess expression of eGFP, and vascular microglia changes. Retinas 
were monitored by indirect ophthalmic endoscopy and fluorescence angiography (FA) over the 
course of 8 weeks.  

Results: Virus-mediated GFP expression occurred within three days. Numerous retinal phenotypes 
were characterized in both eyes that received Cre recombinase or control virus. Similarly, 
intermittent or chronic vascular leakage were observed by FA in both experimental and control 
groups. However, vascular changes were specific to retinas receiving Cre recombinase, including 
vascular tumors observed by indirect ophthalmoscopy and hemangioblastomas ranging from small 
incipient tumors to established large vascularized hemangioblastomas predominantly in or above 
the superficial vascular layer, with activated microglia in presumptive growth areas.   

Conclusions: Vascular alterations, consistent with exophytic retinal hemangiomas described in VHL 
patients prior to formation of overt hemangiomas, are observed as an early phenotype in this novel 
ocular mouse model of VHL Syndrome. We hypothesize loss of VHL in vascular endothelial cells 
and/or microglia allow tumor formation characterized by hyperproliferation of vasculature and 
activation of microglia.  This unbiased targeting of retinal cells with virally-expressed Cre 
recombinase to genetic excise VHL enables us to identify key cell types in the initiation and 
progression of disease. A major use of this model system will be determining and testing new 
strategies for hemangioma prevention and treatment. 
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PROFFERED PAPER 

UQCRH Downregulation Promotes Warburg Effect in Renal Cell Carcinoma Cells 

Yanting Luo1,2, Louise Medina Bengtsson1,2, Xuechun Wang1,2, Tianhe Huang1,2, Guoqiang Liu1,2,3, 

Sean Murphy1,2, Caiqin Wang1,2, John Koren III4, Zachary Schafer1,2, Xin Lu 1,2,3,5 

1 Department of Biological Sciences, Boler-Parseghian Center for Rare and Neglected Diseases, 

University of Notre Dame, Notre Dame, IN, USA; 2 Harper Cancer Research Institute, University of 

Notre Dame, IN, USA; 3 Integrated Biomedical Sciences Graduate Program, Warren Family Research 

Center for Drug Discovery and Development, University of Notre Dame, Notre Dame, IN, USA; 4 

Department of Chemistry and Biochemistry, University of Notre Dame, Notre Dame, IN, USA;5 Tumor 

Microenvironment and Metastasis Program, Indiana University Melvin and Bren Simon Cancer 

Center, Indianapolis, IN, USA 

Ubiquinol-cytochrome c reductase hinge protein (UQCRH) is the hinge protein for the multi-subunit 

complex III of the mitochondrial electron transport chain and is involved in the electron transfer 

reaction between cytochrome c1 and c. Recent genome-wide transcriptomic and epigenomic 

profiling of clear cell renal cell carcinoma (ccRCC) by The Cancer Genome Atlas (TCGA) identified 

UQCRH as the top-ranked gene showing inverse correlation between DNA hypermethylation and 

mRNA downregulation. The function and underlying mechanism of UQCRH in the Warburg effect 

metabolism of ccRCC have not been characterized. Here, we verified the clinical association of low 

UQCRH expression and shorter survival of ccRCC patients through in silico analysis and identified 

KMRC2 as a highly relevant ccRCC cell line that displays hypermethylation-induced UQCRH 

extinction. Ectopic overexpression of UQCRH in KMRC2 restored mitochondrial membrane potential, 

increased oxygen consumption, and attenuated the Warburg effect at the cellular level. UQCRH 

overexpression in KMRC2 induced higher apoptosis and slowed down in vitro and in vivo tumor 

growth. UQCRH knockout by CRISPR/cas9 had little impact on the metabolism and proliferation of 

786O ccRCC cell line, suggesting the dispensable role of UQCRH in cells that have entered a 

Warburg-like state through other mechanisms. Together, our study suggests that loss of UQCRH 

expression by hypermethylation may promote kidney carcinogenesis through exacerbating the 

functional decline of mitochondria thus reinforcing the Warburg effect.  
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Taking VHL Into the Clinic 
Moderator: Ramaprasad 

Srinivasan, MD, PhD 
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Surgical Treatment of Retinal Hemangioblastomas 

Koen van Overdam 

The Rotterdam Eye Hospital, Rotterdam, The Netherlands

Retinal hemangioblastomas (RHs) are benign vascular tumours that appear as round, circumscribed 
lesions found in the peripheral or juxtapapillary retina. They can occur as isolated vascular 
abnormalities or as manifestations of von Hippel–Lindau (VHL) disease. Despite being slow-growing, 
RHs are capable of causing significant visual morbidity. Visual loss can be caused by exudative or 
tractional retinal detachment (RD). Challenges of treatment are the multifocality, bilaterality, growth 
in the juxtapapillary region as well as a possible complicated tumour progression. Applied treatment 
methods include laser photocoagulation, cryotherapy, radiotherapy, photodynamic therapy (PDT), 
transpupillary thermotherapy (TTT), systemic therapies and vitreoretinal surgery. Applicability and 
efficacy are highly dependent on tumour size and presence of exudation and traction. Vitreoretinal 
surgery is usually performed for large RHs or those complicated by exudative or tractional RD. 
Considering ongoing advancements in vitreoretinal surgical equipment and techniques, reduced 
surgical risks have offered the option of treating lesions prior to the development of extensive 
complications. This might allow surgical treatment to take place before visual deterioration occurs, 
possibly improving the long-term visual prognosis. 

23



Identification of Therapeutic Targets in VHL Disease 

Othon Iliopoulos, MD, PhD 

Clinical Director, von Hippel-Lindau Disease/Familial Renal Cell Cancer Program, Massachusetts 
General Hospital Cancer Center; Associate Professor of Medicine, Harvard Medical School, Boston, 
MA, USA

No abstract available 
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Surveillance Guidelines: 2020 

Anthony Daniels 

Assistant Professor of Ophthalmology & Visual Sciences and Radiation Oncology, Director of Ocular 
Oncology, Vanderbilt University School of Medicine, Nashville, TN, USA

Purpose: von Hippel-Lindau (VHL) affects >10 organ systems, and active surveillance of each organ 
system has been shown to decrease morbidity and mortality. The majority of previous guidelines 
have been based on expert opinion, rather than systematic review of the literature, and many are 
lacking in detailed guidance. Beginning in late 2018, the VHL Alliance spearheaded an effort that 
assembled an international consortium of 50+ VHL experts to develop new surveillance guidelines 
for each organ system. This presentation describes the new methodology and approach utilized by 
the international consortium, and we report the new multisystem screening guidelines for each 
affected organ and VHL manifestation. 

Methods: A separate subcommittee was convened for each organ system, consisting of multiple 
experts in the relevant manifestation, along with experts in radiology, anesthesia, guideline writing, 
and patient representatives. These new guidelines are based on systematic review of the literature, 
rather than only expert opinion as with previous guidelines. Expert consensus was used where only 
low-level evidence was available. The evidence supporting each guidelines was graded using the 
method of Shekelle et al. (BMJ, 1999), and the strength of each recommendation was weighted 
according to the method of the National Comprehensive Cancer Network.  

Results: Briefly, dilated eye examinations are recommended to begin within the first year of life, and 
occur every 6-12 months until age 30, then yearly. A history and physical geared towards assessing 
signs and symptoms of the various VHL manifestations should occur yearly beginning at age 1, with 
blood pressure and pulse included from age 2. These continue throughout life. Metanephrines arte 
recommended yearly beginning at age 5, until age 65. Magnetic resonance imaging (MRI) with 
gadolinium of the entire neuroaxis is recommended every 2 years beginning at age 11, until age 65. 
Audiograms are recommended every 2 years beginning at age 11, until age 65. A baseline MRI of the 
internal auditory canal is recommended at some point after age 15 (and ideally before age 21). MRI 
of the abdomen to assess the kidneys, but also the pancreas and adrenals, is recommended 
beginning at age 15 at least every 2 years (assuming no positive findings), stopping at age 65. MRI of 
the neuroaxis and abdomen can be combined into a single session, but separate organ-specific 
imaging protocols should be employed. All indications to stop at age 65 assume that the particular 
patient has never shown a tumor in that organ previously. Prior to a planned pregnancy, all systems 
should be screened, but additional testing is not required once already pregnant. Specific details of 
the testing, including modalities, how to combine imaging of various systems, interpretation of 
findings, and algorithms for treatment for specific tumors in specific organ systems, are all included. 

Conclusions: The new 2020 VHL surveillance guidelines assembled by an international consortium of 
>50 experts resulted in detailed, evidence-based guidelines that are different from previous
iterations. An effort was also made to harmonize intervals and screening initiation and cessation
ages to simplify implementation and compliance for patients, resulting in the “5-11-15-20 rule”.
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Nephron-Sparing Surgery for VHL 

Axel Bex 

Specialist Centre for Kidney Cancer, The Royal Free London NHS Foundation Trust, London, 
United Kingdom; UCL Division of Surgical and Interventional Science, London, United Kingdom 

Patients with VHL frequently present with bilateral multiple renal cell carcinoma. In the last 2 
decades a paradigm evolved to perform nephron-sparing surgery, whenever technically feasible, 
when the largest lesion has reached a threshold of 3 cm with the goal of removing all tumors in 
that renal unit. Approximately 20% of patients require repeat interventions for recurrent 
tumours and it is important to consider minimizing surgical trauma at the first intervention. 
Robotic techniques have evolved rapidly and are now an essential part of the surgical 
management. The development of the surgical technologies for VHL kidney cancer patients will 
be reviewed.  
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Management of Pheochromocytoma/ Paraganglioma 

Henri J.L.M. Timmers 

Department of Internal Medicine, Radboud University Medical Centre Nijmegen, Nijmegen, the 
Netherlands 

Pheochromocytomas and sympathetic paragangliomas (PPGLs) represent a prominent 
manifestation of VHL disease. They are chromaffin cell tumors originating in the adrenal medulla 
and sympathetic paraganglia that share the capacity to synthesize and release catecholamines. 
Surgical resection is the only curative treatment. Management of patients with PPGL is complex 
and should be done by a specialized multidisciplinary team in centers with broad expertise. 
Surgical resection of a PPGL is a high-risk procedure for which optimal pretreatment with 
antihypertensive drugs is required in combination with state-of-the-art surgical procedures and 
anesthesiological techniques. In this lecture, current views on peri-surgical management will be 
addressed, as well as the currently available treatment options for metastatic PPGL. 
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Systemic Therapies for VHL 

Eric Jonasch, MD 

Professor, Department of Genitourinary Medical Oncology, Division of Cancer Medicine, The 
University of Texas MD Anderson Cancer Center, Houston, TX, USA 

Current standard of care for patients with von Hippel Lindau (VHL) disease include regular 
surveillance followed by organ targeted intervention if threatening lesions are observed. Effective 
systemic therapy is an unmet need in this patient population.  

VHL loss results in an inability to downregulate hypoxia inducible factor 1 alpha and 2 alpha (HIF1 
and HIF2), with subsequent upregulation of vascular endothelial growth factor (VEGF) transcription 
and the formation of highly angiogenic tumors.  A number of agents targeting VEGF or VEGF 
receptors (VEGFR) have been developed and approved for advanced clear cell renal cell carcinoma 
(ccRCC), which shows frequent somatic mutations in the VHL gene. Antiangiogenic agents have been 
tested in patients with VHL disease, based on the hypothesis that formation and progression of 
renal, CNS, pancreatic and adrenal lesions in patients with VHL disease is primarily driven by excess 
angiogenesis.  Sunitinib, a small molecule VEGFR inhibitor, demonstrated a 33 percent objective 
response rate (ORR) in VHL disease related ccRCC in a small phase II study, but did not induce any 
objective response in hemangioblastomas.  Pazopanib, another small molecule VEGFR inhibitor, 
produced a 52 percent ORR in VHL disease related ccRCC, and a 4 percent ORR in 
hemangioblastomas in a 31 patient study.  In both of these studies, patients experience significant 
treatment emergent side effects, which resulted in a number of patients coming off study for this 
reason.  

Recently, MK6482, a small molecule inhibitor of HIF2, was tested in a pivotal 61 patient phase II 
study.  In this study, a confirmed ORR of 36 percent was observed in VHL disease related ccRCC and 
a 30 percent ORR was seen in CNS lesions, with an 11 percent complete response rate.  Additional 
responses were seen in pancreatic lesions and in retinal lesions.  This agent was well tolerated, and 
most patients remain on study.  MK6482 was granted Breakthrough Therapy designation for VHL 
disease related ccRCC.  Further follow up and study of MK6482 in VHL disease appears warranted, 
and provides hope for patients with this devastating disease.  
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Hematological and Vascular Defects in a Model of Null and Type 2B VHL 
Mutations 

Morgan North1, Laura Beth Payne2, John C. Chappell2 
1 Virginia Tech Carilion School of Medicine; 2 Fralin Biomedical Research Institute at Virginia Tech-Carilion, 

Von Hippel-Lindau (VHL) syndrome is an autosomal dominant predisposition to cancer in 
neurological tissues, the kidneys, adrenal glands, pancreas, and liver, including neurological 
hemangioblastoma (HB), pheochromocytoma (PCC), pancreatic neuroendocrine tumors (PNET), 
pancreatic and renal cysts, and clear cell renal cell carcinoma (ccRCC). The disease process aligns 
with Knudson’s two-hit model, requiring spontaneous loss or mutation of a normal VHL tumor 
suppressor allele to induce manifestation of the disease. VHL syndrome principally involves 
dysregulation of oxygen sensing pathways including the Hypoxia Inducible Factor (HIF)-Vascular 
Endothelial Growth Factor-A (VEGF-A) and HIF-Erythropoietin (EPO) signaling axes. RNA sequencing 
(RNA-Seq) data from our previous work in the developing retina (Arreola et al. JCI Insight 2018) 
revealed that induced null and Type 2B VHL mutations yielded elevated VEGF-A expression, with the 
existence of a potentially novel VEGF-A splice variant lacking the VEGF Receptor-1 (VEGFR-1)/Flt-1 
binding domain, which would render this isoform resistant to native down-regulation. Extending this 
early postnatal model (postnatal day 7-21, P7-21) to juvenile/young adult stages (P43-60), consistent 
phenotypic changes were observed in VHL mutant mice, specifically very red appearing extremities 
and ears with prominently visible vasculature. In order to determine the etiology of this phenotype, 
we measured red blood cell count, Epo gene expression levels, and arterialization of the blood 
vessels in these experimental mice as compared to littermate controls. Research is ongoing to 
conclusively identify the presumptive VEGF-A isoform, though we observed an associated decrease 
in retinal expression of Claudin-5, a tight junction molecule critical for vessel barrier function.  
Preliminary data further indicates a multifactorial and age-dependent etiology for the erythematous 
phenotype downstream of VHL mutations, with future studies aimed at establishing the molecular 
mechanisms underlying the hematological and vascular changes observed. 
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VHL and the CNS 
Moderator: Othon 

Iliopoulos, MD, PhD 
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Central Nervous System Asymptomatic Lesions in VHL. How Do We Make the 
Best Decisions?  

Tatjiana Seute 

UMC Utrecht, Utrecht, the Netherlands 

Hemangioblastomas occur both sporadically and as an important component of von Hippel-
Lindau (VHL) disease. Hemangioblastomas are slow-growing tumors of the central nervous 
system, which most commonly occur in the cerebellum, brainstem, or spinal cord. They are 
generally diagnosed at a young age (median age 29 years).  

In this presentation cases will be discusses concerning VHL patients with asymptomatic lesions 
of the central nervous system. When is intervention needed and how do we make decisions? 
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Current Concepts on the Origin, Diagnosis and Treatment of 
Hemangioblastomas 

Sven Gläsker 

Neurosurgical Practise Lake Constance, Singen, Germany and VUB University Medical Center, 
Brussels, Belgium 

Hemangioblastomas are rare tumors and there are still many unanswered questions and 
controversies regarding these lesions. In this talk the current concepts on the origin and 
development as well as diagnosis and treatment of these tumors will be discussed. 
Hemangioblastomas appear to arise from developmentally arrested pre-hemangioblastic cells. 
During their development and progression these tumors mimic the development of 
hemangioblastic stem cells. The mainstay of treatment of these lesions is surgery. In general, 
surgery can be performed with low morbidity, but there are some factors which increase surgical 
risk. Different surgical approaches and recent developments will be discussed. Treatment 
alternatives include radiation and pharmacological therapy. However, the effectiveness of these 
alternatives has so far not been proven scientifically. Therefore, these should be viewed as 
alternatives for inoperable tumors and not be used for prophylactic treatment of 
hemangioblastomas.  
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Spinal Hemangioblastomas in von Hippel-Lindau Disease: Clinical and 

Radiological Characteristics 

P. Mossel1, A.N.A. van der Horst-Schrivers2,5, M.J.W. Olderode-Berends3, R. Groen4, E.W.

Hoving4,6, A. Appelman1, T.P. Links2

1 Medical Imaging Center UMCG, Groningen, The Netherlands; 2 Department of Endocrinology, 

UMCG, Groningen, The Netherlands; 3 Department of Genetics, UMCG, Groningen, The 

Netherlands; 4 Department of Neurosurgery, UMCG, Groningen, The Netherlands; 5 Department 

of Endocrinology, Maastricht University Medical Center , Maastricht, The Netherlands ; 6 

Department of Neurosurgery, Princess Máxima Center for Pediatric Oncology, Utrecht , The 

Netherlands 

Background: Hemangioblastomas in the central nervous system (CNS) are common 

manifestations in Von Hippel-Lindau disease (VHL).  Clinical follow-up and regular Magnetic 

Resonance imaging (MRI) of the CNS are mandatory. Periodical surveillance should lead to timely 

intervention to prevent irreversible morbidity. Asymptomatic spinal hemangioblastomas may be 

present over a long period and progression may be slow. However, the relation between 

symptoms and radiological findings of spinal hemangioblastomas remains unclear. 

Aim of the Study: To investigate the relation between MRI findings of spinal hemangioblastomas 

and symptoms with a special focus on peritumoural edema and spinal cysts. 

Method: VHL patients under surveillance at the UMCG for at least two years between 2000-2017 

were eligible for evaluation. Symptoms defined as hypesthesia, weakness, ataxia and 

hyperreflexia were retrospectively scored from the medical charts. MRIs were re-scored for the 

presence of edema (T2) and cysts. The association between symptoms and the presence of 

peritumoural edema was evaluated using descriptive statistics and 2-sided Fisher’s Exact Tests. 

Results: Forty-three (23 male, 20 female, mean age 34 16 y) patients were evaluated, 28 

patients (65%) showed in total 78 spinal hemangioblastomas. Eighteen patients with a spinal 

hemangioblastoma experienced symptoms. Ten patients had spinal cysts and 9 patients showed 

peritumoural edema on the T2 MRI. Nine patients with spinal cysts and eight patients with 

peritumoural edema had symptoms. Both peritumoural edema and spinal cysts were associated 

with symptoms (p=0.009 respectively p=0.041). 11/28 patients underwent interventions (surgical 

resection, arterial embolization or radiotherapy) during study period. 

Conclusions: The presence of peritumoral edema and/or spinal cysts on MRI in VHL-patients 

with spinal hemangioblastomas is associated with symptoms and may alert the clinician, to 

intensify the radiological and neurological follow up in order to prevent irreversible morbidity. 
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The Endocrine Manifestations 
Moderator: Thera Links, MD, PhD 
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Screening for Pheochromocytoma: Metanephrines 

 
Anouk van der Horst-Schrivers 

Department of Internal Medicine, UMC Groningen, Groningen, the Netherlands  

Plasma free metanephrines are currently the test of choice for diagnosing a pheochromocytoma 
(PCC). However, interpreting the results can be difficult. This presentation will focus on “who, what 
and how”. Who is your patient? What is your reference range and how was this reference range 
established? 
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Pancreatic Neuroendocrine Tumors in VHL Disease 

Thera Links and Wouter Zandee 

Department of Internal Medicine, subdivision Endocrinology University of Groningen, University 
Medical Center Groningen, The Netherlands 

Pancreatic lesions in patients with VHL disease can manifest as simple pancreatic cysts, serous 
cystadenomas and pancreatic neuroendocrine tumors (pNET). More than 60% of the VHL 
patients have at least one type of pancreatic lesion. In most cases VHL-associated pNET are 
nonfunctional and do not demonstrate hormonal hypersecretion.  Chromogranin A can be useful  
especially in follow-up, but its specificity is low. At the age of 40 at least 50% of the patients has a 
pancreatic manifestation in the majority pancreatic cysts. The natural history of VHL-associated 
pNETs varies between nonlinear tumor growth, stability and sometimes decrease of the lesion, 
without  identifying factors responsible for tumor behavior. We have shown that endoscopic 
ultrasound (EUS) is superior to CT/MRI +  Somatostatin receptor scintigraphy  for detecting 
pancreatic solid lesions in VHL disease. Although the EUS performs well in early detection of 
pNETs, its role in VHL standard surveillance is unclear. The optimal surveillance for pancreatic 
NET has not been established yet. But it has already shown that the presence of a exon 3 
germline mutation increases the risk on malignant potential.  The treatment of pNET has to be 
balanced with the presence and progression of the multiplicity of the other non-pancreatic VHL-
associated tumors. Surgery should be considered for pNETs larger than 2-3cm or with a doubling 
time of <500 days. Local lymph node or distant metastases have been reported in 13% of 
patients with a pNET. In general, guidelines for sporadic pNET are also used for VHL-associated 
metastatic pNET. Surgical resection should be considered if more than 90% of tumor burden can 
be resected and risk of peri-operative mortality is low. First-line medical treatment for 
progressive metastatic low-grade pNET is a somatostatin analog. Currently no preference exists 
for second-line treatment and the choice between PRRT with Lu177-DOTATATE, everolimus, 
sunitinib or chemotherapy is mainly based on tumor and patient characteristics.  
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The complex endocrinology of Von Hippel Lindau 

Rachel van Leeuwaarde 

Department of Endocrine Oncology, UMC Utrecht, Utrecht, the Netherlands 

Von Hippel Lindau is not considered an endocrine tumor syndrome, but has multiple endocrine 
manifestions. Pancreatic neuroendocrine tumors, paragangliomas, and pheochromocytomas are 
the most common endocrine sites. Adrenal insufficiency after bilateral pheochromocytoma 
resection and supratentorial hemangioblastomas in the pituitary region are also a direct 
consequence of the disease.  

The more widespread use of nuclear imaging such as 68 GA-DOTATATE PET/CT imaging has given 
insight in another endocrine related phenomenon; somatostatin receptor expression is seen in 
generally all VHL related tumors. Is the endocrinology in VHL underestimated or more complex 
than assumed?  
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New Developments and Challenges in Pancreatic Surgery in VHL 

Menno Vriens 

Professor, Department of Surgical Oncology, UMC Utrecht, Utrecht, the Netherlands 

Surgery is the cornerstone for the treatment of VHL related PNETs. Based on location, size and 
relation to adjacent structures, a surgical custom made strategy is proposed by the medical team. 
New techniques, like robot surgery have been introduced and surgical indication, based on genetic 
profiles of the tumors will be discussed. 
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Contrast-Enhanced Ultrasound as a Screening and Diagnostic Tool for Kidney 
and Pancreas Lesions  

Emily Chang 

Division of Nephrology and Hypertension, UNC School of Medicine, Chapel Hill, NC, USA 

For patients diagnosed with von-Hippel Lindau, the requirements for surveillance and monitoring 
are time and labor intensive. Recent updates to the active surveillance guidelines have moved MRI 
imaging studies to begin even earlier, further increasing the total lifetime dose of gadolinium 
contrast and MRI exposure. While MRI is an excellent imaging technique with undeniable benefits, it 
is relatively expensive compared to other imaging modalities, time consuming and can be difficult 
for some patients to tolerate. In addition, the toxicity of MRI contrast agent is not clear in patients 
with advanced kidney disease. For these reasons, exploration of alternative imaging techniques has 
the potential to benefit patients with VHL. Contrast-enhanced ultrasound (CEUS) is an imaging 
modality that has become more widespread with an increasing number of applications. Thus far, it 
has not been used as a surveillance tool. VHL is an ideal patient population in which to investigate 
this application. In addition to kidney imaging, imaging of the pancreas should also be explored 
since one advantage of MRI is cross-sectional imaging that captures both the kidneys and the 
pancreas. 

39



PROFFERED PAPER 

All-Cause Mortality Among Patients with von Hippel-Lindau (VHL) Disease and 

Pancreatic Neuroendocrine Tumors 

Liat Arnon1, Amit Tirosh1,2

1Neuroendocrine Tumors Service, Division of Endocrinology, Diabetes and Metabolism, Sheba 

Medical Center, Ramat Gan, Israel; 2Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel 

Introduction: VHL diagnosis is based on a family history of VHL and one VHL-related manifestation. 

Additional criteria include detection of two HBs or one HB and visceral neoplasm (“International 

Criteria”), or detection of any two VHL-related manifestations (“Danish Criteria”). VHL-related 

morbidity and mortality are related mainly to central nervous system HB and RCC. Nevertheless, a 

poor prognosis may also be associated with subset of the patients harboring PNET, which may 

metastasize. 

Aim: To assess the impact of diagnosis with PNET in patients with VHL on their risk for all-cause 

mortality (ACM). 

Methods: Retrospective analysis based on the Surveillance, Epidemiology and End Results (SEER) 

database, including patients diagnosed with HB, RCC, PNET or pheochromocytoma. VHL diagnosis 

was determined according to the international/Danish criteria. Risk for ACM was compared among 

patients with VHL, with/without detection of PNET. 

Results: Among 16,344 patients (age at diagnosis 763. ±11.5 years, 5,428 [33.2%] women), 159 (1.0%) 

were diagnosed with VHL, defined by co-diagnosis with RCC and PNET (n=80), RCC and HB (n=74) or 

RCC and PPGL (n=5). Of them 91 had VHL- related PNET, and 419 had sporadic PNET. Patients with 

VHL-related PNET (54.0±14.0 years) were younger at PNET diagnosis compared to those with 

sporadic PNET (60.2±13.0 years, p<0.001). 

Stratification according to VHL diagnosis status demonstrated a comparable risk for ACM among 

patients with sporadic PNET vs. patients with sporadic HB, RCC or pheochromocytoma (p=0.4), 

whereas among patients with VHL, risk for ACM was higher among patients with PNET diagnosis vs. 

without (p=0.011) 

The risk for ACM was higher in sporadic PNET patients with metastatic disease (p=0.0057) while 

among patients with VHL-related metastatic PNET there was similar trend (p=0.1). 

Among patients with any type of PNET and with VHL-related PNET a higher risk for ACM was found 

in PNET diameter size ≥30mm vs. 11-29mm (p=0.06 and p=0.1, respectively). 

In patients with sporadic PNET, a higher risk for ACM was found in grade 4 vs. grade 1 (p=0.0001), 

grade 4 vs. grade 2 (p=0.005) and grade 4 vs. grade 3 (p=0.08). 

In multivariable analysis including patients with VHL, diagnosis with PNET by itself did not confer 

increased for ACM (HR 0.82, 95% CI 0.22-3.2, p=0.8). However, we found a trend for an increased risk 

for ACM among patients with metastatic PNET (HR 2.5, 95% CI 0.98-6.5, p=0.055). The small number 

of events (n=18) may explain the lack of statistical significance. 

Conclusion: Diagnosis with PNET is a risk factor for ACM in patients with VHL. However, when 

considering the multiple potential co-manifestations of VHL, PNET by itself does not constitute 

independent risk factor for all-cause mortality. However, the presence of metastatic PNET may be 

associated with increased mortality risk, hence necessitating active surveillance to detect PNET at 

early stage, to allow timely prophylactic intervention. 40



Genetics and Beyond
Moderator: Bernadette 

van Nesselrooij, MD, PhD 
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Inherited Predisposition to Renal Cell Carcinoma (RCC) 

Eamonn Maher 

Department of Medical Genetics, University of Cambridge, Cambridge, UK 

Approximately 3% of cases of RCC are recognised as having a genetic basis and a variety of 
syndromic and non-syndromic forms of RCC have been delineated. The identification of the 
molecular basis of inherited RCC, as exemplified by von Hippel-Lindau disease, has been 
fundamental to understanding the molecular mechanisms of sporadic of RCC and to the 
development of treatments for metastatic RCC. In addition, the identification of a pathogenic 
variant in a RCC predisposition gene (RCG) enables genetic testing of at risk relatives and 
surveillance for early RCC reducing morbidity and mortality. In our clinical practice individuals 
with features of inherited RCC (familial RCC and/or multiple RCC and/or early age at onset and/or 
syndromic features) are routinely tested for mutations in a five gene panel (VHL, FH, FLCN, MET, 
SDHB) and constitutional translocations with FLCN and SDHB mutations being the most common 
findings individuals without syndromic features. However, the overall diagnostic yield of testing 
is low and variants of uncertain significance (VUS) can pose difficulties. We have investigated the 
basis of the “missing RCC heritability” by undertaking panel, exome and genome sequencing in 
cohorts of individuals with features of inherited RCC to identify additional genetic causes for 
syndromic and non-syndromic cases. Our investigations have identified rare pathogenic variants 
in genes outside of those that are tested routinely (e.g. CHEK2, MAX, TMEM127, TP53) and 
additional potential candidate genes (e.g. BRIP1) that require point validation. Whilst expanding 
genetic testing for inherited RCC to a wider gene set would increase diagnostic yield the clinical 
utility of such an approach needs to be confirmed. A drawback to wider genetic testing is 
increased detection of VUS and we have sought to develop tools to aid variant interpretation for 
FH and SDHx genes using in vitro and in vivo metabolomics.  
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Metabolic Effects of VHL Deficiency 

Fulvio Della Ragione 

Professor, Department of Precision Medicine, University of Campania, Naples, Italy 

Mutations in VHL, which encodes von Hippel–Lindau tumor suppressor (VHL), are associated with 
various different diseases. These include not only the VHL syndrome, a hereditary condition 
associated with tumors arising in multiple organs (including brain, retina, kidney, pancreatic NET, 
pheochromocytoma, and reproductive tract) but also a congenital form of polycythemia (ECTY2). 
Although the syndrome has been identified in the first decades of the last century, several basic 
questions are still unexplained. Particularly, the reason(s) for which specific tissue/cell 
phenotypes are target to malignant transformation. Recently, we have characterized a patient 
showing about 80% VHL reduction. The decreased protein levels are due to the presence of a 
novel VHL gene synonymous mutation that alters the VHL transcript splicing, giving rise to not-
functional mature mRNA. The strong protein decrease results in the early onset of a complex 
syndrome clearly different from VHL disease and ECTY2. It is indeed associated with a strongly 
reduced growth rate, persistent hypoglycemia, and limited exercise capacity. In my talk, I will 
describe how the reduction of VHL might result in important gene expression changes able to 
reprogram carbohydrate and lipid metabolism, impairing muscle mitochondrial respiratory 
function, and uncoupling oxygen consumption from ATP production. Particularly, I will focus on 
the effects of VHL on specific key enzymatic activities that modulate fatty acids and cholesterol 
biosynthesis (mainly, INSIG2/SREBP1c mechanism). Intriguingly, these effects have not been 
previously demonstrated in VHL-dependent familiar erythocytosis. Putative consequences of 
these changes on the elasticity and function of cell membrane will be also discussed. The 
mechanisms by which changes in gene transcription might impair muscle mitochondrial network 
will be also highlighted. I will describe the identification of unusual intermitochondrial 
connecting ducts. In conclusion, novel pieces of knowledge will be added on the importance of 
the VHL–hypoxia-inducible factor (HIF) axis to human phenotypes (physiology). 
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Novel Functions of pVHL and the Jade Proteins 

Bernhard Schermer 

Kidney Research Center, Cologne, Germany 

Cilia are specialized sensory organelles that play important roles in several biological processes 
including mechanosensation, polarity, photoperception and various signaling networks. While a 
large number of hereditary diseases is caused by mutations in genes encoding for ciliary 
proteins, cilia have also been linked to tumorigenesis and cancer. In the past, we identified the 
von Hippel-Lindau tumour suppressor protein (pVHL) as a ciliary protein in renal epithelial cells 
and we could demonstrate the impact of pVHL for ciliogenesis. We continued our work on pVHL 
in C.elegans. Here, loss of vhl-1 results in an increased lifespan of worms. Moreover, we could 
recently show that loss of vhl-1 results in significant changes of the RBPome, the proteome 
bound to RNA. To further elucidate the function and regulation of pVHL we now focussed on the 
Jade family of proteins. The putative tumor suppressor Jade-1 had been described to be 
stabilized by pVHL and to inhibit Wnt signaling. Using genome editing we generated several 
knockout mouse as well as cell lines for Jade-1, Jade-2 and Jade-3 that are currently validated and 
studied extensively.   
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Splice Modulation Therapy in Inherited Retinal Diseases 

Rob W.J. Collin 

Department of Human Genetics and Donders Institute for Brain, Cognition and Behaviour, 
Radboud University Medical Center, Nijmegen, The Netherlands.  

Background: Antisense oligonucleotides (AONs) are small DNA/RNA molecules able to modulate 
pre-mRNA splicing, including the correction of aberrant splicing processes due to genetic 
mutations. Therapeutically, AONs are employed for a variety of inherited diseases, including 
Duchenne muscular dystrophy, spinal muscular atrophy, metabolic disorders etc. In this talk, I will 
mainly focus on the use of AONs for inherited retinal diseases (IRD), a group of disorders that is 
highly heterogeneous, both at the genetic and clinical level. Our proof-of-concept work on the 
correction of a recurrent splicing defect underlying CEP290-associated Leber congenital amaurosis 
(LCA), one of the most severe subtypes of IRD, has led to the initiation of a clinical trial, with positive 
interim results, demonstrating safety and in some subjects efficacy upon intra-ocular AON delivery. 
We expanded the use of AONs for the treatment of other subtypes of IRD, including Stargardt 
disease which is caused by ABCA4 mutations. 

Methods: Recently, we established a panel of ABCA4 midigenes together encompassing the 
complete ABCA4  gene, with which the effect of any ABCA4 variant on pre-mRNA splicing can readily 
be assessed in vitro. Following site-directed mutagenesis, wild-type or mutant midigenes were 
transfected into HEK293T cells to identify variants affecting ABCA4 pre-mRNA splicing. For variants 
resulting in aberrant ABCA4 splicing, AONs were designed, and co-transfected with the midigenes 
to assess their efficacy to correct splicing defects. For several variants, patient-derived fibroblasts 
and/or iPSC-derived photoreceptor progenitor cells were treated with the AONs, and rescue 
efficacy was determined at the RNA level. 

Results: In total, we identified more than a dozen different ABCA4 variants that affect pre-mRNA 
splicing. The majority of variants resides in introns, and leads to the insertion of pseudoexons that 
are predicted to disrupt the reading frame and thus loss of ABCA4 protein function. Another, 
recurrent, ABCA4 variant (c.768G>T) led to an exon extension of 35 nucleotides(nt), thereby also 
disrupting the reading frame. Whereas some variants showed splicing defects in all cell types 
tested, others showed a more retina-specific splicing defect. For all variants that resulted in 
pseudoexon insertion, this process could be corrected by one or more AONs specifically targeting 
the corresponding pseudoexon. Intriguingly, also the 35-nt extension caused by the common 
c.768G>T variant could be rescued completely by blocking the alternative splice donor site in intron
6, forcing the spliceosome to use the original splice donor site of exon 6.

Conclusion: AONs appear to be an effective and versatile tool to correct different types of splice 
defects that are caused by ABCA4 mutations. Given the promising data obtained so far in a clinical 
trial using AONs for the treatment of CEP290-associated LCA, AONs may serve as a broadly 
applicable therapeutic strategy, not only for Stargardt disease but potentially also for other genetic 
subtypes of inherited retinal disease caused by splicing defects. 
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Introduction: Von Hippel-Lindau (VHL) disease is a hereditary cancer syndrome where individuals are 
predisposed to tumour development in the brain, adrenal gland, kidney and other organs. It is caused 
by deleterious mutations in the VHL tumor suppressor gene, although gene variants of unknown 
significance are regularly encountered in clinical practice. Standardized disease information has been 
difficult to collect due to the rarity and diversity of VHL patients.  

Methods: A literature search from database inception to September 2019 identified over 4100 unique 
papers which were screened for germline genotype and phenotype data. Patient data was translated 
into standardized descriptions using HGVS gene variant nomenclature and Human Phenotype 
Ontology terms and has been uploaded onto an open-access database called Clinical Interpretations 
of Variants in Cancer (CIViC). Preliminary genotype-phenotype analyses have been conducted. 

Results: We have curated data representing over 4000 patients and over 500 unique VHL mutation 
variants with associated phenotypes. Suspected hotspot mutations, preliminary associations between 
VHL mutation types and clinical manifestations, and potentially novel VHL disease classifications are 
discussed.  

Discussion: The CIViC database is the largest accessible, international, and standardized source of 
clinically interpreted VHL gene mutations. It serves as an aggregate knowledge translation tool to 
facilitate information between clinicians, patients, and researchers about the pathogenicity of VHL 
mutations. Further, our analyses reveal novel genotype-phenotype associations to better predict the 
progression of VHL disease on a global-scale. 
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Oxygen-Sensitive Regulation of Mitochondrial Mass by the von Hippel-

Lindau Tumor Suppressor Protein pVHL 
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Abstract: The hypoxia inducible transcription factors (HIF ) are the key mediators of adaptation 

to hypoxia. Whereas, the major consumers of oxygen in the cell are mitochondria, mitochondrial 

transcription and biogenesis has not been reported to be directly regulated by HIF  

transcription. We identified an oxygen sensitive regulation of mitochondrial transcription Factor 

TFAM, a key activator of mitochondrial transcription and replication. We found that TFAM is 

hydroxylated by the oxygen-sensitive hydroxylase EglN3 on proline 53/56 and subsequently 

bound by the tumor suppressor protein von Hippel Lindau (pVHL). pVHL binding stabilizes TFAM 

by preventing mitochondrial LON protease recognition and proteolysis. Cells lacking wild-type 

VHL or in which EglN3 was inactivated genetically or by lack of oxygen have reduced 

mitochondrial content. All VHL disease mutations tested failed to bind hydroxylated TFAM, 

regardless of whether they have the ability to bind hydroxylated HIF  or not.  Tumors of VHL 

related malignancies such as pheochromoytoma and clear cell renal carcinomas (ccRCC) show 

low mitochondrial content, implicating that lack of mitochondrial content is related to the 

malignancies of the VHL syndrome. 
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Cystic endolymphatic sac tumors: a new anatomical form in Von Hippel Lindau 

disease 

Mihaela Alexandru1, Stéphane Richard2,3, Christine Le Pajolec1, Farida Benoudiba4, Jean-François 

Papon1,5, Jérôme Nevoux1,5,6
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EPHE, INSERM U 753, Faculté de Médecine Paris Sud and Institut de Cancérologie Gustave Roussy, Villejuif, 

France ; 4 AP-HP, Hôpital Bicêtre, service de neuroradiologie, Le Kremlin-Bicêtre, France ; 5 Université Paris-Saclay, 

Faculté de Médecine, Le Kremlin-Bicêtre, France ; 6 INSERM, U1120, Institut Pasteur, Paris, France 

Introduction: Von Hippel Lindau (VHL) disease is a rare genetic disorder with a prevalence of 

approximately 1/50,000. It predisposes patients to central nervous system tumors such as cerebellar 

hemangioblastomas and endolymphatic sac tumors (ELSTs).1 ELSTs are highly vascularized tumors 

characterized on CT scan by irregular erosion of the posterior wall of the temporal bone and on MRI 

by heterogeneous enhanced signal.2 We report two cases (45 and 16-year-old men) with VHL disease 

and an atypical form of ELSTs.  

Methods: We compared clinical examination and imaging between classical ELSTs and the first two 

cases of cystic ELST. 

Results:  We report the cases of two male patients (aged 16 and 45 years at diagnosis) having an 

atypical presentation of ELST. Both had left sensorineural hearing loss and tinnitus. Imaging showed 

rounded regular cystic tumor of the left endolymphatic sac on CT-scan, hyper T2-weighted on MRI. 

Cystic ELSTs were poorly vascularized on angiography. Complete surgical excision was performed 

without preoperative embolization.  There was no significant perioperative blood loss, and no 

recurrence after two years of follow-up. 

Conclusion:  This study describes for the first time a new anatomical form of ELST. As ELST are rare 

and their diagnosis difficult, it is important to know their radiological variants. These tumors are 

bilateral in approximately 30% of patients with VHL, their surgical management must be carried out 

as soon as possible to avoid an irreversible hearing loss, which would lead to a major handicap. 

Figure 1 Temporal 

bone CT scans and 

MRI comparison 

between classic 

endolymphatic sac 

tumor and cystic 

form. 

Figure 2 Angiography 

comparison between 

classic hypervascularized 

ELST (A) and cystic poorly 

vascularized ELST (B) 

(circles).   

Classic endolymphatic sac tumor (left panels) and 

cystic form (right panels) (circles) on temporal bone 

CT scans (on the posterior wall: A: irregular erosion, B: 

rounded erosion) and on T2-weighted MRI (in the 

cerebello-pontine angle C: heterogeneous signal, D: 

cystic homogeneous hyper-T2 signal). 
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Percutaneous ablation of renal tumors in von Hippel Lindau disease 
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Purpose: to evaluate the performance and complication of percutaneous ablation of renal tumors 
in patients presenting with in von Hippel Lindau (vHL) disease 

Material and Methods: Over a consecutive series of 1386 procedures of renal tumor ablation 
(2004-2020), 336 were performed in patients presenting with vHL. The characteristics of the included 
population and of the procedure were collected. Follow-up examination was performed at day 1 
(detection of early complications), 2 – 6 – 12 months, and yearly combining contrast-enhanced CT 
and MRI, as well as Contrast-enhanced US depending upon the renal function.  

Results: The population age was ranging from 18 to 87 years (mean 44 ± 12.9 years) and body mass 
index was ranging from 15 to 39 (mean 25 ± 4,05). The number of comorbidity factors was ranging 
from 4 to 11 (mean 7 ± 2). Serum creatinine level/estimated Glomerular Function Rate (estimated 
using the MDRD function) before the procedure was 72 ± 27 mg/ml (min 42 max 276). Numbers 
were not significantly changed after the ablation procedure. The volume of the lesion was ranging 
from 0.6 to 74 cm3 with a mean 6 ± 8.6 cm3. About 40 % of the lesions were in contact with the 
excretory system but ureteral stenting was performed for only 25 procedures. The lesion was close 
to the bowel structure in 18.5% (61 cases) of the cases but hydrodissection was only performed for 
28 procedures.  

All procedures were performed percutaneously under conscious sedation, 299 using radiofrequency 
ablation (CoolTip RF system), 12 using MWA and 25 treated with cryotherapy. Primary and secondary 
success rates were 89% and 95% respectively. Complications were rated according to the Clavien-
Dindo scoring system. No Clavien-Dindo 4 and 5 were reported. Total complication rate was 14% 
including Clavien-Dindo 1: 12% (non-significant peri-renal hematoma; hematuria; limited urinary 
fistula; acute renal failure), Clavien-Dindo 2: 1% (urinary tract fistula) and Clavien-Dindo 3: 0.5% (uro-
pleural fistula).  

Conclusion: Percutaneous ablation of renal tumors in vHL patients in a safe and effective 
procedure, that preserves renal function. 
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Patients with von Hippel-Lindau Syndrome: Novel Insights from a Large 
Consortium 
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Background: Von Hippel Lindau (VHL) syndrome is a rare hereditary condition leading to the 
development of neoplasms in kidneys and other organs. Although its physiopathology and 
pathways have been extensively analysed, few data are available regarding clinical and 
pathological aspects, natural history and follow-up after kidney tumor treatment. 

Method: A multi-institutional European consortium of patients with VHL syndrome allowed to 
collect detailed information of 78 non-metastatic patients treated at 8 urological departments 
(1987-2018). Descriptive and survival analyses were performed. 

Results: Overall, 40 patients were males (51.3%). Median age at VHL diagnosis was 34 years (IQR 
25-44). Two patients (2.6%) showed only renal manifestations at VHL diagnosis. Concomitant 
involvement of Central Nervous System (CNS) vs. pancreas vs. eyes vs. adrenal gland vs. others 
were present in 61.5 vs. 62.8 vs. 29.5 vs. 14.1 vs. 16.7% of patients, respectively. Forty-two 
percent of patients had both CNS and pancreatic diseases alongside kidney. Tumors in 8 patients 
(10.2%) were managed by active surveillance, while 78 (89.8%) received at least one active 
treatment. The median interval between VHL diagnosis and renal cancer treatment resulted 79 
months (IQR 0-132), with a median index tumor size leading to treatment of 37 mm (IQR 29-60). 
Of resected malignant tumours, 75% were low-grade (G1-2). Of high-grade tumors (25%), 52.4% 
were large >4 cm. With a mean follow-up of 10 years after the first renal treatment, clinical 
progression rate was 15% and 36.6% at 5 and 10 years, respectively. Overall mortality and 
cancer-specific mortality were 7.6% and 5.8% at 10 years, respectively. During the follow-up, 50% 
of patients did not receive a second active renal treatment. 

Conclusions:  Mean period between VHL diagnosis and renal cancer detection is roughly three 
years, with significant variability. Most renal tumors are small low-grade and <4 cm, nevertheless 
clinical progression and cancer-specific mortality are not negligible. Virtually all the patients with 
VHL treated for renal masses have other VHL manifestations and therefore need a 
comprehensive multidisciplinary evaluation and adequate follow-up after renal treatment. 
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Targeting �2-Adrenergic Receptors Counteracts HIF-2� and NF�B/p65 
Proteins, Showing Therapeutical Benefits in VHL-Derived Clear Cell Renal 
Cell Carcinoma 
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The complexity and uniqueness of rare diseases are challenges to overcome in research, often 
demanding a translational approach. A successful example is the new treatment for von Hippel-
Lindau (VHL) disease here presented: a result of the collaborative efforts between the VHL 
Spanish Alliance patients, clinicians, and researchers. 

VHL, is a rare autosomal dominant inherited cancer in which the lack of VHL protein triggers the 
development of multisystemic tumors such as retinal and Central Nervous System 
hemangioblastomas (CNS-HB), clear cell renal cell carcinoma (ccRCC), and pheochromocytomas. 
Moreover, ccRCC rank the third in terms of incidence and first in cause of death, also comprises 
75% of renal carcinomas (RCs) and the homozygous mutation of the VHL gene. 

New specific drugs are demanded since standard systemic therapies for VHL-ccRCC have shown 
limited response, being recurrent surgeries the only effective treatment which in turn generates 
disability situations. Recently, we have noticed that FDA had granted the orphan drug 
designation for VHL patients with non-advanced RC of MK-6482, a HIF-2α inhibitor. 

In line with these finding, targeting of β2-adrenergic receptor (ADRB-2) has shown therapeutic 
antitumor benefits on VHL-CNS hemangioblastomas (in vitro) and VHL-retinal 
hemangioblastomas (phase III clinical trial). Therefore, in vitro and in vivo antitumor benefits of 
propranolol (ADRB-1,2 antagonist) and ICI-118,551 (ADRB-2 antagonist) on VHL-/- ccRCC primary 
cultures and the RCC cell line 786-O, have been addressed.  

The results obtained are summarized here: cell viability and proliferation impairment by 
triggering apoptosis; inhibition of gene and protein expression of HIF-2α and its targets such us 
CAIX, VEGF, and AQP1; a significant downregulation of the nuclear internalization of HIF-2α and 
NFĸB/p65, halting the tumor-related angiogenic process, and controlling the immune response 
of cytokines like TNFAIP6, IL-6, and IL-1β; significant antitumor therapeutic benefits in two 
different in vivo xenografts. 

In addition, ccRCC patients receiving propranolol as off-label treatment, (still) shown a positive 
therapeutic response after 15 to 47 months of treatment. 

We demonstrate, for the first time, in vitro, in vivo, and clinical therapeutic benefits of ADRB-2 
antagonists like propranolol and ICI-118,551 in VHL-derived ccRCC. 

Finally, since ccRCCs comprise the majority of the total RCs, targeting ADRB-2 becomes a 
promising drug for VHL and other non-VHL tumors. 
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Background: Patients with VHL-disease are at risk for several cancers, including ccRCC. Inactivation 
of VHL leads to aberrant stabilization of HIF-2α, which drives tumor growth. In a phase 1/2 study, 
MK-6482, a potent, selective, small molecule HIF-2α inhibitor, demonstrated favorable safety and 
antitumor activity in advanced ccRCC. We present initial results of the open-label phase 2 study of 
MK-6482 for treatment of VHL disease-associated ccRCC (NCT03401788). 

Methods: Adults with a pathogenic germline VHL variation, measurable localized/nonmetastatic 
ccRCC, no prior systemic anticancer therapy, and ECOG PS of 0/1 received MK-6482 120 mg orally 
once daily until progression, intolerable toxicity, or decision to withdraw. Primary end point was ORR 
of VHL-associated ccRCC tumors per RECIST v1.1 by independent review committee (IRC). Secondary 
end points were DOR, time to response (TTR), PFS, and safety. 

Results: As of June 1, 2020, 61 patients were enrolled. Median (range) age was 41 years (19-66); 
most patients were male (52%) and had ECOG PS of 0 (82%). Lesions outside the kidney (non-RCC 
tumors) evaluable by IRC included pancreatic lesions (100%) and CNS hemangioblastomas (70%). 
Median (range) duration of treatment was 68 weeks (8-105) and 92% of patients remain on therapy. 
There were 22 confirmed responses (ORR, 36% [95% CI, 24-49%]) and 7 (11%) unconfirmed 
(documented at 1 time point, to be confirmed at subsequent time point) responses; all PRs. In 22 
patients with confirmed PR, median (range) DOR was not reached (12-62 weeks) and median (range) 
TTR was 31 weeks (12-61). Fifty-six patients (92%) had any decrease in size of target lesions. PFS rate 
at 52 weeks was 98% (95% CI, 89%-100%). Responses were also observed in non-RCC tumors. 
Treatment-related AEs (TRAEs) occurred in 98% of patients. There were no grade 4/5 TRAEs. The 
most common TRAE was anemia (87%), considered an on-target toxicity. One patient discontinued 
because of a TRAE (grade 1 dizziness). 

Conclusions: MK-6482 is an active and well-tolerated therapy for VHL disease–associated RCC and 
responses were observed in non-RCC tumors. 
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Background: Measurements of plasma free metanephrines are recommended for diagnosis of 
pheochromocytoma and paraganglioma (PPGL). Metanephrines can be detected in saliva with LC-
MS/MS with sufficient sensitivity and precision. As collecting saliva is noninvasive, less expensive and 
cumbersome compared to plasma or urine collection, we assessed the accuracy of salivary 
metanephrines as a novel biochemical tool in the diagnosis of PPGL. 

Method: Two-center cross-sectional study including 44 PPGL patients with plasma metanephrines 
above the upper reference limit (20 pheochromocytomas and 24 sympathetic paragangliomas) and 
118 healthy subjects (44 men, age 33 [26 – 51] years) were included. Metanephrines were 
determined in plasma and saliva with LC-MS/MS. Accuracy of test performance was defined as the 
proportion of true results, i.e. the sum of true positive and true negative test results in all tested 
cases. Correlation between plasma and salivary metanephrines and potential factors influencing 
measurement of salivary metanephrines including age, gender and body position during sampling 
were assessed. 

Results: Salivary metanephrines were significantly higher in PPGL patients compared to healthy 
subjects (metanephrine (MN) 0.19 vs 0.09 nmol/L, p < 0.001 and normetanephrine (NMN) 2.90 vs 
0.49 nmol/L, p < 0.001). Sensitivity and specificity of salivary metanephrines in PPGL and healthy 
subjects were 89% and 97%, respectively. Diagnostic accuracy of salivary metanephrines was 95% 
with an area under the ROC curve of 0.94. A significant correlation was found between plasma and 
salivary metanephrines (MN Spearman ρ 0.72, p < 0.001 and Spearman ρ NMN 0.67,  
p < 0.001). Salivary NMN levels were significant higher in a seated position compared to supine  
(p < 0.001) and increased with age years (p < 0.001).  

Conclusion: Salivary metanephrines are a promising novel tool in the biochemical diagnosis of 
PPGL. Salivary metanephrines correlate with plasma free metanephrine and are elevated in patients 
with PPGL, however at this moment cannot replace measuring plasma free metanephrines.  
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Introduction: The kidney is frequently affected in patients with von Hippel-Lindau (VHL) disease. 
This organ can develop multiples tumors leading to repeated nephrectomies and, in some cases, 
may evolve to clear cell renal cell carcinoma (ccRCC). There is a need to improve clinicopathological 
markers to allow more accurate clinical decisions in renal tumor treatment. ccRCC is considered as a 
metabolic disease and characterized by accumulation of glycogen and lipids. Metabolic 
reprogramming in ccRCC is driven by HIF among other key regulators. RSUME or RWDD3 (RWD 
domain-containing protein SUMO Enhancer) is a hypoxia inducible protein isolated from highly 
tumorigenic and angiogenic cells and has been associated with poor prognosis in ccRCC. RSUME 
binds VHL protein and negatively regulates HIF degradation. 

Methods: In this study, we have investigated metabolic alterations triggered by RSUME in human 
ccRCC cell lines 786-O deficient for VHL (VHL−/−) and 3 stably clones with different expression of 
RSUME and VHL by means of ultraperformance liquid chromatography coupled to quadrupole-time-
of-flight mass spectrometry (UPLC-QTOF-MS) combined with cross-validated multivariate statistical 
models. From panels of discriminant metabolites, we identified those with significantly different 
levels between cells with different RSUME and VHL statuses. These included amino acids, 
glutathione, butyrylcarnitine and acetylcarnitine. We further validated the impact of altered 
pathways associated to RSUME expression by biological experiments and bioinformatics analyses 
for glutathione and carnitines, respectively. 

Results: RSUME-silenced 786-O cells showed a significant increase in glutathione levels compared to 
control cells, being 786-O shRSUME cells more affected than scramble cells to the oxidative 
challenges, supporting an alteration in the redox balance. By means of a bioinformatics approach 
conducted using the TCGA Kidney Renal Clear Cell Carcinoma (TCGA-KIRC) data collection, we 
identified reduced expression of Tricarboxylic Acid Cycle enzymes, higher expression of a key Fatty 
Acid Synthesis enzyme and reduced expression of Fatty Acid β-Oxidation enzymes in RSUME with 
higher expression in ccRCC patients, in agreement with the detected increased levels of 
acetylcarnitine and butyrylcarnitine in 786-O cells re-expressing VHL. 

Conclusion: In this work, we report results from the first metabolic fingerprinting analysis of a 
ccRCC cell line in which RSUME is silenced in the presence and/or absence of VHL, supported by 
biological experiments and bioinformatics analysis. Combined results showed RSUME action on 
redox balance and fatty acid metabolism in ccRCC. These findings strengthen the RSUME 
participation in ccRCC tumors and further investigation could provide new opportunities for 
biomarker discovery and targeted therapies in VHL-kidney tumors. 
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Background: Von Hippel-Lindau (VHL) disease is the main cause of inherited clear-cell renal cell 
carcinoma (ccRCC) and is caused by germline mutations in the VHL tumor suppressor gene. Biallelic 
VHL alterations lead to inactivation of pVHL, which plays a major role by downstream activation of 
the HIF pathway. Somatic VHL mutations occur in 80% of sporadic ccRCC and the second most 
frequently mutated gene is PBRM1. As there is currently no data regarding its involvement in VHL 
disease-associated ccRCC, we assessed the PBRM1 mutational status, then PBRM1 and HIF 
expression by immunohistochemistry in 23 VHL-associated ccRCC and 22 sporadic ccRCC in 
comparison.  

Results : We found PBRM1 somatic mutations in only 3 of the tumors (13.0%) and a loss of PBRM1 
nuclear expression in 4 of the tumors (17.4%) whereas in sporadic cases the frequency of PBRM1 
mutations was 27.3%, and the loss of PBRM1 expression was 45.5%. Loss of PBRM1 was correlated 
with an advanced tumor stage. HIF1-positive tumors were observed more frequently in the VHL-
associated ccRCC than in the sporadic series. Furthermore, in the VHL cohort, PBRM1 expression 
appeared to be associated more with HIF1 than with HIF2.  

Conclusions: Given that hereditary tumors tend to be less aggressive, our results suggest that 
PBRM1 loss could be a late event in renal carcinogenesis and that HIF1 would be less oncogenic than 
HIF2. 
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Kidney carcinoma (ccRCC) is the leading cause of death in Von Hippel-Lindau (VHL) disease. VHL 
patients carry a germline, heterozygous mutation that inactivates one allele of the tumor 
suppressor VHL in every cell of the body. Kidney tumor initiation occurs during post-natal life as a 
consequence of a “second hit” that inactivates the intact VHL allele in a single kidney cell. Somatic 
mutagenesis is a recognized mechanism entailing this event. Therefore, limiting the occurrence of 
somatic mutations can constitute an effective strategy to slow down disease progression in VHL. 
However, no therapeutic options are currently available to reduce somatic mutagenesis in the kidney.   

To get insight into the genetic events that facilitate tumor evolution in normal kidney cells, I analyzed 
the somatic mutations in single genomes from the kidney of healthy individuals. Kidney cortex 
biopsies were obtained intra-operatively from 6 living kidney donors of different ages (30-69 ys). Cells 
were derived from the tubules and clonally expanded. In addition to whole genome sequencing, 
clones were subjected to phenotypic analyses to determine the cell type. Cells from multiple control 
tissues (skin, subcutaneous fat and visceral fat) were also analyzed from each donor, allowing a well-
controlled comparison of mutation landscapes in different kidney and non-kidney cell types.  

The cell of origine of ccRCC (a specific proximal-tubule population, expressing VCAM1 and SLC17A3) 
showed enhanced accumulation of somatic mutations compared to other kidney and non-kidney 
cells. In addition, these cells presented a unique profile and distribution of mutations across the 
genome. In particular, sensitive regions, such as active chromatin, regulatory and transcribed regions, 
were enriched instead of depleted of mutations. This pattern ultimately resulted in a 6-fold-faster 
accumulation of cancer driver-mutations during adult life. Signs of alkylating damage and other 
endogenous mutagens were noticed and identified as possible causes of the unique mutation 
landscape.  

The highly conserved mutation profile observed in 5 different healthy individuals suggests that 
healthy proximal-tubules are exposed to endogenous mutagens, likely linked to cellular processes 
physiologically active during adult life. Identification of these mechanisms can be exploited to develop 
novel strategies for targeted reduction of somatic mutation accumulation in the kidney proximal-
tubule and consequent prevention of ccRCC initiation in VHL disease.  
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Background: Von Hippel-Lindau disease (VHL) is a rare hereditary disease mostly due to an 
autosomal dominant transfer of the VHL gene. Selected VHL – associated hemangioblastomas of 
brain and spinal cord are treated neurosurgically on a regular base. In cases with multiple spinal 
cord manifestations, medical therapy would be an appealing alternative to surgery. For this purpose, 
Propranolol has been suggested. A currently 38-year-old woman was treated at our institution for 
eight years for VHL presenting with cerebellar and spinal hemangioblastomas. Due to multiple 
spinal cord tumors treatment with Propranolol in a dosage of 80 mg three times a day was started in 
July 2017. 

Method: We retrospectively collected all available data for an overview of all surgical procedures, 
and changes in medication. 20 CT scans and 60 MRI datasets were available over a period spanning 
10 years, as well as all additional clinical information. We selected eight cranial and eight spinal 
MRIs, each with sufficient image quality in reasonable time intervals. Consecutively, we analyzed all 
images with the Elements SmartBrush software by Brainlab®, always using the T1-sequence with 
contrast. The overall tumor volume was automatically calculated by the software, stratified by 
cranial, cervical (foramen magnum down to and including C7) and thoracolumbar (Th1-S3). 

Results: Infratentorial hemangioblastoma volume increased from 0.91 cm³ (06/2013) to 1.75 cm³ 
(07/2017) prior to Propranolol treatment. After treatment, tumor volume continued increasing to a 
current volume of 2.31 cm³, with a lastly stable volume between August 2018 and January 2019. 
Overall total tumor volume in the cervical spine showed no further progression with a prior constant 
growth from 0.18 cm³ in 2013 to 0.90 cm³ in 2017. Tumor volume in the thoracolumbar spine 
increased prior to propranolol from 1.82 cm³ to 3.09 cm³, while in our last MRI in January 2019 an 
overall thoracolumbar tumor volume of 3.22 cm³ was visible. 

Conclusions: Even though propranolol might decelerate course of VHL in this case the relationship 
between decreased growth and treatment remains unclear. More studies are needed on a cellular 
base as well as in field studies with more patients who are willing to undergo this still very 
experimental treatment. 
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In France, the pre-symptomatic VHL genetic test in minors is recommended from age of 5 years. It is 
proposed since 2010 by the multidisciplinary team of Genetics department of Hôpital Européen 
Georges Pompidou in Paris (composed by geneticist, genetic counsellor and psychiatrist) in 
collaboration with the national expert center of the disease (PREDIR). A specific procedure was 
specifically developed for children and adolescents, including 3 steps: a preparatory step dedicated 
to the parents without the presence of their child, a testing step and an announcement step 
designed for the child accompanied by his parents. Familial psychological support, present at each 
step, is essential for enhancing the follow-up adherence of regular screening proposed by PREDIR 
center to the child in case of positive genetic test. 

Thirty-three asymptomatic subjects, aged 5 to 17 years (mean age: 9.8 yrs), from 16 unrelated VHL 
families were tested. A positive VHL status was announced to 19 children (58%), 16 (the 3 others 
were living abroad) were quickly addressed to the PREDIR center that organized the first screening 
and then an annual follow up. An asymptomatic tumor was detected in 7 (43%) minors (mean age at 
diagnosis: 14.5 yrs), retinal (2 patients) or cerebral hemangioblastoma (1), pheochromocytoma (3), 
endolymphatic sac tumor (1). No child was lost of follow-up (mean length: 3,3 yrs).  

Our study highlights the benefits of the pre-symptomatic VHL genetic testing in minors. Our 
procedure based on psychological support in order to take care of families, sometimes severely 
affected by the illness, is validated by the complete adherence to the surveillance protocol by the at-
risk families. 
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VHL tumors are composed of a nest or cluster of blood vessels called ‘hemangioblastomas’. 
Individuals with VHL are at significantly higher risk of cancer. Presently, the treatment for VHL varies 
depending on the size and location of the tumor. Growths are surgically removed or irradiated but 
hemangioblastomas are sometimes in inoperable locations (like the brain stem), invariably recur 
and the cancer risk remains unabated. Histone deacetylase inhibitors (HDACi) have been 
successfully used as anticancer drug via altering gene transcription to cause growth arrest, 
dysregulation and death of many tumor cells. However, manipulating host immunity as one basis 
for HDACi anticancer effect remains poorly understood. Herein, we established a Balb/c nude 
mouse xenograft model using 786-o renal cancer cells deficient in the von Hippel-Lindau (vhl) tumor 
suppressor gene. We reported that a triple combination formulation (TCF) containing the pan-HDACi 
vorinostat significantly blocked tumor proliferation compared to vehicle (HPBCD +PEG) in the 
absence of cytotoxicity.  It quantitatively enhanced monocyte derived CX3CR1hi myeloid cell 
populations, macrophage, natural killer (NK) and dendritic cell populations and activities in the 
tumor microenvironment, relative to bone marrow, spleen or liver. There were increased 
neutrophils in the liver, but at much reduced levels compared to Vo alone and this pattern was 
mimicked by inflammatory cytokines. In vitro, Vo significantly stimulated killing by immune cell 
infiltrates without directly targeting the tumor, as well as increased activation and cytoxicity of NK 
cells triggered by dendritic cells. Together the data suggest the TCF may quantitatively modulate the 
innate immune microenvironment of the VHL tumor to enhance its killing, and provide benefit of 
reduced inflammation.  
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Kidney cancer is the 7th most common malignancy in the Western world, 80% of which are clear 
cell renal cell carcinomas (ccRCC). ccRCC can occur sporadically or as part of the hereditary VHL 
cancer syndrome. In both cases, ccRCC develops following biallelic inactivation of the VHL 
tumour suppressor gene. However, people with VHL syndrome already have germline 
inactivation of one VHL allele and, therefore, biallelic inactivation of VHL occurs more frequently. 
These individuals often develop multiple synchronous renal cancers, which, as a result of regular 
surveillance, are often detected and resected when they are at a comparatively early stage. 
Therefore, studying the molecular characteristics of nascent VHL syndrome-associated ccRCCs 
can provide unique insight into early stages of tumour development. 

The VHL gene product, pVHL, is a ubiquitin ligase subunit that regulates the cellular 
transcriptional response to oxygen. Following biallelic inactivation of VHL, the transcription factor 
HIF (hypoxia-inducible factor) is inappropriately stabilised and induces the expression hundreds 
of genes that both promote and inhibit tumourigenesis. The overall consequence of pathway 
activation is a balance of these effects, and, in cellular models, acute loss of VHL leads to 
senescence rather than proliferation (despite VHL inactivation being an oncogenic driver of 
ccRCC). Therefore, for tumours to progress, additional genetic mutations are required to re-
balance the output of the VHL/HIF pathway. The components of the HIF pathway that are tuned 
during this process, and the molecular mechanisms underlying this, remain poorly understood.  

We have performed single cell RNA-seq (10x Genomics) on two early-stage VHL syndrome-
associated ccRCCs (≤1.5cm diameter) and tumour-adjacent background kidney samples from the 
same patient. After filtering, we obtained expression data from approximately 16,000 individual 
cells, which has allowed us to examine genetic and transcriptomic tumour features, as well as 
tumour-stromal interactions. This provides a framework for future studies to reveal which nodes 
of the VHL-HIF pathway are tuned to overcome intrinsic tumour suppressor mechanisms and 
achieve tumour initiation. In turn, this will highlight potential therapeutic strategies for targeting 
ccRCC tumours and molecular markers of clinical outcome, which could be applicable to 
individuals with VHL syndrome as well as the general population. 
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Hereditary kidney carcinoma syndromes count for 3% of all cases of kidney carcinoma. Stakes of 
this diagnose are for patient but also its family. Search of genetic variants allows to objective 
their existence. This analysis is provided by Bordeaux public hospital with a specialized 
oncogenetics consultations. Single gene Sanger sequencing have been replaced since 2017 by 
panels of genes with next generation sequencing. 

This study aims to assess guidelines to refers patients with renal carcinoma to oncogenetics 
consultations. From 2012 to 2019, 142 patients with renal carcinoma were tested in Bordeaux to 
search hereditary predispositions. 19 (13%) had a positive test result, their personal and familial 
medical data and history were compared to those of the 123 other patients. We also weighted 
the performance of next generation sequencing to sanger in this indication.  

Positive family history of kidney cancer (p<0.01), personal history suggestive for a syndrome 
(p<0.001) and family history of cancer of the same spectrum before 50 (p=0.05) were 
significatively associated with a higher probability of a positive test. In our results, next 
generation sequencing has better performance for clear cell carcinoma (p=0.03).  

Patient are referred according to age at onset, multifocal nature of tumors or first-degree history 
of kidney cancer are accurate, but personal and familial should be taken into account before 
referring such patients. 
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Abstract: Mutations of the von Hippel-Lindau (pVHL) tumor suppressor are causative of a familiar 
predisposition to develop different types of cancer. pVHL is mainly known for its role in regulating 
hypoxia-inducible factor 1-α (HIF-1α) degradation, thus modulating the hypoxia response. There are 
different pVHL isoforms, including pVHL30 and pVHL19. However, little is known about isoform-
specific functions and protein-protein interactions. Integrating in silico predictions with in vitro and in 
vivo assays, we describe a novel interaction between pVHL and mouse double minute 2 homolog 
(MDM2). Importantly, we found that pVHL30, and not pVHL19, forms a complex with MDM2 (Figure 
1), and that the N-terminal acidic tail of pVHL30 is required for its association with MDM2. Further, 
we demonstrate that an intrinsically disordered region upstream of the tetramerization domain of 
MDM2 is responsible for its isoform-specific association with pVHL30. This region is highly conserved 
in higher mammals, including primates, similarly to what has been already proposed for the N-
terminal tail of pVHL30. Finally, we show that overexpression of pVHL30 and MDM2 together 
reduces cell proliferation, suggesting a synergistic effect of these E3 ubiquitin ligases. Collectively, 
our data support the idea that VHL30 plays a role in MDM2 regulation, suggesting a wider interplay 
among hypoxia sensing and cell cycle regulation.  

 

 
Figure 1. pVHL30 isoform specific interaction with MDM2 
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Background: Von Hippel-Lindau (VHL) disease is caused by a mutation in the VHL gene resulting in 
formation of highly vascular tumors called hemangioblastomas. These CNS tumors form primarily in 
eye, cerebellum, and spinal cord. Although the role of VHL protein in regulating cellular responses to 
hypoxia and extracellular matrix formation have been identified, the cellular mechanisms by which 
mutant VHL protein lead to tumor formation remain to be elucidated. We hypothesize that normal 
communications between cerebellar brain astrocytes and endothelial cells of the microvasculature 
are disrupted in VHL disease. To study these astrocyte-endothelial cell interactions, we have 
developed an in vitro model system using tamoxifen inducible Cre recombination to cause a VHL 
deficiency in primary cultures of cerebellar endothelial cells and astrocytes.  

Methods: VHL exon-1 floxed and tamoxifen inducible CagCre transgenic mice were purchased from 
Jackson laboratory and crossed to produce a strain of inducible VHL deficient mice. Cerebellar 
endothelial and astrocyte cultures were isolated from these mice for the induction of VHL deficiency 
by administration of 4-hyroxytamoxifen (OHT).  

Results: First, homozygous VHLfl/fl floxed females were crossed with heterozygous CagCre+/- males to 
produce VHLfl/wt-CagCre+/- offspring. Second, homozygous VHLfl/fl floxed females were crossed back 
to VHLfl/wt-CagCre+/- males to produce VHL homozygous floxed (VHLfl/fl-CagCre+/-) and VHL 
heterozygous floxed (VHLfl/wt-CagCre+/-) inducible VHL deficient mice. Crosses utilizing females with 
the CagCre+/- genotype and males with the VHLfl/fl genotype were generally unsuccessful. Cultures of 
cerebellar endothelial cells and astrocytes were isolated and characterized from mice with a variety 
of genotypes including VHLfl/wt-CagCre+/-. Investigations continue to determine how induction of VHL 
deficiency in these cultures alters expression of HIF-1α, HIF-2α, fibronectin, and various growth 
factors such as VEGF and PDGFβ.  

Conclusions: Characterization of primary VHL deficient cerebellar endothelial cells and astrocytes 
lays the foundation for future investigations of astrocyte endothelial cell interactions in VHL disease.   
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Introduction: Von Hippel-Lindau (VHL) disease is an inheritable disorder caused by germline VHL 
gene mutations that predisposes individuals to multiple typical lesions lifetime. First characterization 
of VHL in Brazil was published in 2005 and it included 20 VHL families. The project lasted 12 years 
and gave access to genetic testing for all participants, from 1998 until 2010. After 2010, VHL testing 
started being offered in private laboratories for patients covered by their health insurance, but 
those dependent on the Brazilian public health system (SUS) (70% of population) did not. The aims 
of this study was to prospectively collect clinical (clinVHL) and molecular (mutVHL) characteristics of 
VHL families, and to determine the assess of VHL testing among the participants. Genetic counseling 
was offered for all participants, and they were oriented about the VHL clinical screening program 
they should follow during lifetime. Medical records, VHL gene mutational status, disease history, and 
imaging data of all VHL patients and asymptomatic carriers were collected over time in a structured 
database for analysis.  

Results: A total of 61 unrelated Brazilian families were registered, including 140 individuals with VHL 
(55% were women, and 45% men), 132 of them with clinVHL (94.3%), and 8 were asymptomatic 
mutVHL carriers (5.71%). VHL testing was accessible for 101 clinVHL (72.1%), but 31 clinVHL patients 
(22,1%) were not tested. Patients in clinical screening had is a mean of 46.5 years (ranging from 12y 
to 86y). Thirty-five families (56.5%) were from the Southeast region, and 16 (25.8%) were from the 
South. A positive family history of VHL could be identified in 85.7% of probands. According with the 
familial phenotype, families were classified in: a) VHL type 1, 50 families (82.0%); b) type 2A, 7 
families (11.5%); c) type 2B, 3 families (4.9%); and d) type 2C, 1 family (1.6%). Central nervous system 
hemangioblastoma (CHB) was the most common manifestation among clinVHL (94.3%), followed by 
multiple cysts of the kidneys and pancreas (PCT) (80.0%), retinal angiomas (RA) (36.4%), renal cell 
carcinoma (RCC) (22.9%) and pheochromocytoma (PHEO) (10.7%). Pathological variants (PV) on VHL 
gene (ACMG) were detected in 100% of clinVHL: missense were more prevalent (55.6%), followed by 
large deletions (24.4%), frameshift (8.9%), in-frame deletion (4.4%), nonsense mutations (4.4%), and 
splicing-site mutations (2.2%).  

Conclusion: We constituted a prospective Brazilian National VHL database with organized 
collections of clinical and genetic information from VHL families and family members, which will be 
helpful to guide policies for VHL care and oncogenetics in Brazil. 
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Introduction: Loss of the tumor suppressor gene von Hippel-Lindau (VHL) underlies up to 80% of all 
clear-cell renal cell carcinoma (ccRCC) cases. Several reports have indicated that ccRCC often arises 
at the site of chronic inflammation and this solid tumor contains substantial inflammatory infiltrates, 
particularly macrophages. However, the origin of cancer-related inflammation and the causal 
relationship between tissue inflammation and ccRCC formation are still not clear. Our laboratory has 
previously shown that VHL-inactivated kidney tubule cells exhibit intrinsic metabolic and ER stresses 
that in turn induce inflammatory response. In this study, we further examine the mechanism that 
mediates the cross-talk between VHL-inactivated kidney tubule cells and macrophages with 
relevance to ccRCC formation.  

Methods: Transwell co-culture was used to mimic the extravasation process in-vitro, containing 
three types of cell lines including human kidney cells (HK-2 with or without VHL knockdown), human 
endothelial cells, and THP1 derived-macrophages. Cytokine composition from conditioned media of 
HK-2 cells was detected by cytokine bead array and ELISA. Neutralizing antibodies were used to test 
the function of secreted cytokines in vitro and in vivo. Vhlh knockout mice and ccRCC specimens were 
used to validate the in vitro results.  

Results: We found that VHL-inactivated kidney cells secreted specific cytokines such as IL-6 and 
CXCL1 that induced macrophage endothelial extravasation. These factors preferentially polarized 
the recruited macrophage toward M2/TAM phenotypes with high expression of CD206, CD163, and 
ARG1. In the reciprocal action, the induced macrophages over-secreted TGFβ and CCL18 to induce 
mesenchymal transition of VHL mutant tubule cells that over-expressed EMT marker N-cadherin in 
vitro and in vivo. Antibody blockade of IL-6 and CXCL1 in vitro reduced macrophage extravasation, 
induced macrophage phenotype shift from M2/TAM to M1 subtypes, and also relieved EMT-like 
shape change of tubule cells. Blockade of IL-6 in Vhlh conditional mutant mice reduced F4/80 
macrophage infiltration, inhibited macrophage polarization toward M2/TAM, reduced hyperplasia, 
and relieved EMT, confirming the in vitro data. 

Conclusions: VHL inactivated kidney cells recruit macrophages and induce their polarization toward 
M2/TAM phenotypes through the action of cytokines and chemokines such as IL-6 and CXCL1. The 
activated macrophages in turn over-secrete TGFβ and CCL18 to induce EMT of kidney tubule cells. 
Blockade of IL-6 and CXCL1 significantly reduces macrophage trafficking and polarization, inhibits 
TGFβ and CCL18 secretion from the activated macrophages, and reduces proliferation and EMT of 
kidney tubule cells. These cytokines may be potential targets for early detection or therapeutics for 
ccRCC. 
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Clear-cell renal cell carcinoma (ccRCC) is the most prevalent histological subtype of RCC in which 
more than 80% of ccRCC cases are associated with early inactivation of von Hippel-Lindau (VHL) 
tumor suppressor gene. Our Vhlh conditional knockout mouse model (Hoxb7-Cre-GFP; VhlhloxP/loxP) 
showed high penetrance of inflammation and fibrosis in the kidney in addition to hyperplasia and 
the appearance of transformed clear cells. These results support the concept of tumor-promoting 
inflammation. Endothelial cells (ECs)–a part of tumor microenvironment–are integral to the 
progression of cancer. However, our understanding of their pro-tumorigenic role has largely been 
focused on tumor angiogenesis. The involvement of ECs in tumorigenesis-related immune response 
is less well investigated. In this research, we used Hoxb7-Cre-GFP; VhlhloxP/loxP mice as a ccRCC-related 
inflammation model to explore the role of ECs in early tumorigenesis, which could be a novel target 
for cancer treatment beyond the strategy of anti-angiogenic therapeutics. 

We found that pJNK–an inflammatory marker–was enriched in ECs in tubule-specific Vhlh knockout 
kidney (ECs-KO), and in ECs in human ccRCC tissues. Besides, Vhlhdel/del mouse kidney tissue showed 
increase in the number of ECs and vascular permeability compared to the wild-type (WT). mRNA 
transcriptome (RNAseq) analysis of kidney ECs showed a distinct expression profile in Vhlhdel/del 
compared with WT, which is enriched in signaling pathways involved in inflammation, fibrosis, 
leukocyte extravasation, etc. ECs-KO also over-express typical kidney injury markers, pro-
inflammatory cytokines and chemokines, and endothelial-to-mesenchymal transition (EndoMT) 
genes involved in tissue fibrosis. The Ingenuity Pathway Analysis (IPA) revealed Oncostatin M (OSM) 
as a major regulator of the above EC-KO response profile. IHC staining confirmed the upregulation 
of OSM expression in the Vhlh mutant tubule cells. OSM and OSM receptor (OSMR) showed 
upregulation in different grades of ccRCC tissues while more than 80% of OSMR expression is in ECs. 
Treatment of ECs with rOSM in vitro induced upregulation of inflammatory response and EndoMT 
related genes and impaired ECs barrier functions. We also found that activated ECs by rOSM 
promoted invasion of cancer cells through the endothelium and increased the population ofM2/TAM 
macrophages. Coculture of VHL-inactivated HK-2 with ECs induced EC activation in an OSM/OSMR-
dependent manner. Finally, targeting Osm pathway in Vhlh knockout kidney tissue by generating 
Vhlh and Osmr double knockout mice could rescue the phenotypes of Vhlhdel/del tissue including 
reduced EC activation marker (sE-selectin), the number of CD31+ cells, infiltrated macrophage 
(F4/80+), vascular leakage, inflammatory foci, hyperplasia, and fibrosis. This suggests that OSM 
signaling in the endothelial cells is important for the manifestation of pre-ccRCC inflammation.  

EC activation in kidney tissues containing Vhlh knockout in the tubule cells is mediated through OSM 
pathway. Our results indicate that OSM pathway in ECs may be a novel target for prevention and 
treatment early-onset ccRCC. 
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Macular Blood Flow Impairment in von Hippel Lindau Disease Suggests a 
Generalized Retinal Vessel Alteration 

 
Elisabetta Pilotto1, Elisabetta Beatrice Nacci2, Alfonso Massimiliano Ferrara 3; Gilda De Mojà1; 
Stefania Zovato3, Edoardo Midena, 1,2 
 

1 Department of Ophthalmology, University of Padova, Padova, Italy; 2 IRCCS, Fondazione Bietti, 
Rome, Italy; 3 Familial Tumor Unit, Veneto Institute of Oncology IOV-IRCCS, Padova, Italy 

 

Purpose: To evaluate macular blood flow in patients with Von Hippel–Lindau (VHL) genetically 
confirmed disease.  

Methods: VHL patients without retinal hemangioblastomas (RHs) involving the posterior pole 
were consecutively enrolled. A group of healthy subjects served as controls. Macular perfusion 
was analyzed by means of Optical Coherence Tomography Angiography (OCTA) in the 
superficial vascular plexus (SVP), and in the intermediate (ICP) and deep retinal capillary (DCP) 
plexuses. The following OCTA parameters were measured: vessel area density (VAD), vessel 
length fraction (VLF), vessel diameter index (VDI) and fractal dimension (FD). 

Results: Sixty-three VHL patients (113 eyes) and 28 healthy controls (56 eyes) were enrolled. All 
OCTA quantitative parameters were reduced in VHL patients vs controls, reaching statistical 
significance for VAD of the SVP (0.348 ± 0.07 vs 0.369 ± 0.06, p=0.0368) and VDI of all plexuses 
(p<0.03 for all). No significant differences were detected between eyes without or with 
peripheral RHs.  

Conclusion: Macular blood flow is reduced in VHL patients demonstrating retinal vessels 
changes which are independent of the presence of peripheral RHs. VHL gene mutations disrupt 
the hypoxia-induced (HIF)/vascular endothelium growth factors (VEGF) pathway and the Notch 
signaling, both essential for the normal retinal vasculogenesis and angiogenesis. Therefore, an 
anomalous generalized retinal vascular development may be hypothesized in VHL disease.  
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VHL Alliance Russia: Present and Future 

 
Simonyan Armen Samvelovich1, Lepsveridze Levan Teymurazovich2, Mikhaylova Anna Dmitrievna3 

1 Neurosurgery Department, Tver Regional Children's Clinical Hospital, Tver, Russia; 2Neurosurgery 
Department, Burnazian FMBC Research Center of FMBA of  Russia, Moscow, Russia;  3 Neurology 
Department, Burnazian FMBC Research Center of  FMBA of  Russia, Moscow, Russia 

Although Russia is a rather large country with great financial capabilities and resources, and even 
though there are many multidisciplinary high-equipped hospitals currently operating, it is rather 
difficult for some people with rare diseases to get the necessary medical care. Since 2017, our 
multidisciplinary team from different cities of Russia has been trying to help patients with VHL in 
solving such problems. In August 2020, based on the Russian Society of Rare Diseases, a group of 
specialists responsible for promoting the interests of patients with VHL was formulated to organize 
assistance to patients, resolve problems related to obtaining disability, undergoing rehabilitation. 

According to our calculations, at least 2,000 families with VHL live in Russia. At the moment, there 
are ~100 families under our observation. We see the task of "VHL Alliance Russia" in finding and 
uniting families with VHL, providing assistance in the observation and treatment of patients, and 
raising the awareness of doctors about VHL. We also plan to involve patients and their relatives in 
the work of our organization. In the future, we will try to implement the idea of creating a fund to 
help patients with VHL. 

In our short message, we would like to present to the audience the story of the creation of our 
young organization, the problems our patients most often face, and the prospects of the 
organization. 

We would be grateful to more experienced colleagues for their assessment of our work and would 
like to hear from the audience suggestions for improving the quality of care for patients with VHL in 
Russia. 
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Radiological Features of Posterior Fossa Hemangioblastomas in von 
Hippel-Lindau Disease 
 
Anne-Marie Vanbinst1, Gert-Jan Allemeersch1, Carola Brussaard1, Evelynn Vergauwen2, Corina 
Andreescu3, Sven Gläsker4, 5 
1Department of Radiology, University Hospital Brussels, Brussels, Belgium; 2Department of 
Neurology, University Hospital Antwerp, Antwerp, Belgium; 3Department of Endocrinology, 
University Hospital Brussels, Brussels, Belgium; 4Neurosurgical Practise Lake Constance, Singen, 
Germany; 5Department of Neurosurgery, University Hospital Brussels, Brussels, Belgium 

Background: Posterior fossa hemangioblastomas (HBs) in von Hippel-Lindau (VHL) disease may 
reveal different radiological features. Edema develops early in the natural growth course of solid 
nodules. Progression of perilesional edema to a pseudocyst has been described in HBs. A solid 
nodule and subsequently developed pseudocyst are usually associated with lesion progression 
and development of symptoms. Our aim was to investigate the correlation between growth of 
the solid nodule, development of edema, and pseudocyst formation. 

Method: We conducted a retrospective review of the annual screening MRI images of patients 
with VHL disease seen between January 2016 and May 2020 in our referral hospital, using our 
35-min whole-body MRI screening protocol. Brain MRI images from earlier on were included 
whenever available. We investigated the number, location and growth characteristics of the 
lesions, and the presence and growth of perilesional edema in time.  

Results: In 24 VHL patients, 73 screening MRI’s and 20 previous brain MRI’s were included. 5 
patients did not have posterior fossa lesions. In 19 patients, posterior fossa HBs were found. A 
total of at least 90 tumors was detected. At least 36 of them were punctiform to 2 mm nodular 
lesions, not evolving through follow-up. The remaining 54 lesions were evaluated for growth 
characteristics. In 27 solid nodular lesions no edema was seen. 19 nodular lesions had 
perilesional edema. Edema slowly grew over months, even years, as did the nodules. 3 of these 
lesions grew heterogeneously, with more edema and mass effect and were operated. 1 patient 
refused surgery and is in follow-up. 3 lesions presented as a solid nodule associated with a 
developing pseudocyst in the perilesional edema. The remaining 3 lesions presented as cystic 
lesions from the beginning of the follow-up, with small solid components. 2 of those lesions were 
operated because of mass-effect due to growth of the pseudocyst; little perilesional edema was 
seen.  

Conclusion: We have demonstrated that in VHL associated posterior fossa HBs, lesions begin as 
solid nodules. Some lesions subsequently develop edema, and in a minority of cases, 
progression to expanding pseudocysts occurred. In our patient population, tumors that 
remained solid without edema were asymptomatic most of the time and well-tolerated in the 
cerebellum. However, a growing nodular tumor surrounded by edema can be clinically 
significant and seemed quite frequent in our series. Edema developed slowly and gradually over 
months, even years. Growing solid nodules becoming heterogeneous develop more edema and 
mass-effect and are often operated. For solid HB without edema and in a non-eloquent 
anatomical location, we recommend a biennial follow-up. 
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Optic Nerve Hemangioblastomas in von Hippel-Lindau Disease: Systematic 
Review and Report of 12 Cases 
 
 
Evelynn Vergauwen1,2, Jan-Helge Klingler3, Marie T. Krüger3, Robert Kuijpers4, Steffen Rosahl5 Vera 
Van Velthoven1, Sven Gläsker1,6 
 

1Department of Neurosurgery, University Hospital Brussels, Belgium; 2Department of Neurology, 
University of Antwerp, Belgium; 3Department of Neurosurgery, Freiburg University Medical Center, 
Germany; 4Department of Ophthalmology, University Hospital Brussels, Belgium; 5Department of 
Neurosurgery, Helios Klinikum Erfurt, Germany ; 6Neurosurgical Practise Lake of Constance, Singen, 
Germany 

Introduction: Optic nerve and chiasm hemangioblastomas are rare tumors, occurring sporadically 
or in the context of von Hippel-Lindau (VHL) disease. They have only been portrayed in isolated case 
reports and small cohorts. Their natural history and therapeutic strategies are therefore not well 
described. To better characterize these rare tumors, we retrospectively analyzed an optic nerve and 
chiasm hemangioblastoma series of 12 VHL patients followed in our institutions.  

Objective: By combining our own experience to a systematic review of all known cases in literature, 
we intended to create a treatment standard for optic nerve and chiasm hemangioblastomas.  

Methods: We reviewed two electronic databases in the hospitals of our senior authors, searching 
for VHL patients with optic nerve or chiasm hemangioblastomas. Clinical data were summarized. 
Tumor size and growth rate were measured on contrast enhanced MRI. Comparable data were 
collected by literature review of all available cases in VHL patients (Pubmed, Trip, Google and Google 
Scholar).  

Results: Twelve of our 269 VHL patients had optic nerve or chiasm hemangioblastomas. In 11 of 12 
patients, tumors were diagnosed upon annual ophthalmoscopic/MRI screening. Subsequent 
radiological follow-up periods ranged from 1 to 12 years. Nine patients were asymptomatic at time 
of diagnosis, and seven of them had absent or very slow annual progression, without developing 
significant visual deficits.  

Two of these initially asymptomatic patients suffered from rapid tumor growth and progressive 
visual deficits. Both underwent late stage surgery, resulting in incomplete resection and progressive 
visual deficits. One VHL patient presented with acute visual field loss. A watchful-waiting approach 
was preferred because the hemangioblastoma was ineligible for vision-sparing surgery. One patient 
presented with acute visual field loss which remained stable after surgery. Thirty-eight case reports 
were found in literature. 

Conclusion: When optic nerve and chiasm hemangioblastomas are diagnosed, we suggest annual 
MRI follow-up as long as patients do not develop visual deficits. If tumors grow fast, threaten the 
contralateral eye and/or patients develop progressive visual deficits, surgical resection must be 
considered because neurological deficits are irreversible and resection of large tumors carries a 
higher risk of further visual decline. 
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