REVIEW | OPEN ACCESS

Medical Science

To Cite:

Gawrysz Z, Derewjanko S, Capar K, Gaik J, Wozniak J, Cholewa Z.
Phenotypic variability in von Hippel-Lindau disease, efficacy of
therapy, and prognosis. A review of the literature. Medical Science
2025; 29: €229ms3682

doi:

Authors” Affiliation:

'Department of Plastic and Burns Surgery, Multispecialty Hospital in
Nowa S¢l, ul. Chatubinskiego 7, 67-000 Nowa S6l, Poland
2Collegium Medicum of the University of Zielona Gora, ul. Zyty 28,
65-046 Zielona Gora, Poland

*Corresponding author:

Department of Plastic and Burns Surgery, Multispecialty Hospital in
Nowa S¢l, ul. Chatubinskiego 7, 67-000 Nowa Sol, Poland

Email: zhanna.gavrysh@gmail.com; Phone: +48 734 393 139

ORCID List
Zanna Gawrysz 0009-0001-9929-1332
0009-0009-2308-2575
0009-0008-8492-6957
0009-0005-5774-4494
0009-0004-6866-4281

0009-0003-0855-1843

Stanistaw Derewjanko
Karolina Capar
Joanna Gaik

Julia Wozniak

Zofia Cholewa

Peer-Review History

Received: 29 June 2025

Reviewed & Revised: 18/July/2025 to 30/November/2025
Accepted: 09 December 2025

Published: 23 December 2025

Peer-review Method

External peer-review was done through double-blind method.

Medical Science
pISSN 2321-7359; elSSN 2321-7367

© The Author(s) 2025. Open Access. This article is licensed under a Creative Commons
Attribution License 4.0 (CC BY 4.0)., which permits use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons license, and indicate if
changes were made. To view a copy of this license, visit
http://creativecommons.org/licenses/by/4.0/.

DISCOVERY

SCIENTIFIC SOCIETY

Medical Science 29, €229ms3682 (2025)

Phenotypic variability in von
Hippel-Lindau disease, efficacy of
therapy, and prognosis. A review of

the literature

Zanna Gawrysz!, Stanistaw Derewjanko?, Karolina Capar?,

Joanna Gaik?, Julia Wozniak? Zofia Cholewa?

ABSTRACT

Von Hippel-Lindau disease is an inherited cancer predisposition that occurs due to an
incorrect structure or a lack of the von Hippel-Lindau protein. Von Hippel-Lindau
disease is known to have a noteworthy phenotypic variability and an elevated risk of
developing tumors. A multitude of publications have demonstrated the correlation of the
severity of a disease with a patient's genotype. Missense mutations in exon three are
associated with one of the most severe outcomes, including the elevated risk of clear cell
renal cell carcinoma and pancreatic neuroendocrine tumors. Deletions in exon one
significantly raise the risk of developing pheochromocytomas. The review proved the
importance of tailoring the therapeutic strategy to the genetic profile of the patient.
Belzutifan shows high efficacy in treating patients with mutations in exon three. The
development of gene therapy, which is currently in preclinical testing, could become a
groundbreaking approach to treatment. Heterogeneity of VHL gene mutations leads to
high phenotypic variability in the disease. It directly modulates the disease course,
treatment efficacy, and prognosis. Early molecular diagnostics and personalized therapy
based on the genetic profile are critical for improving patient care. Further studies and
the improvement of modern therapeutic approaches, including gene therapy, are

necessary.
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1. INTRODUCTION

Von Hippel-Lindau disease (VHL disease) (OMIM: 193300) is a genetic disorder
inherited in an autosomal dominant manner. It leads to an increased genetic
predisposition to tumors. The condition arises from various mutations in the VHL
gene. Mutations in the VHL gene are known to increase the probability of
(PNETs),

pheochromocytomas, clear cell renal cell carcinoma (ccRCC), and both retinal and

developing tumors like pancreatic neuroendocrine  tumors
central nervous system (CNS) hemangioblastomas (Maher et al., 2011). According to
estimates, the disease affects one in thirty-six thousand people. According to

estimates, one in thirty-six thousand people suffer from this disease. In Poland,
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approximately one thousand one hundred patients live with VHL disease (Lubinski, 2022).

The symptoms and the onset age within patients with VHL mutations are highly variable due to the nature of the disease. The
average age of diagnosis is twenty-three years. An average life expectancy without treatment is around fifty-nine years for men and
around forty-eight years for women (Lubiniski, 2022). The significant phenotypic variability depends mainly on the type and location of
the mutation. Twenty percent of all VHL gene mutations arise de novo and lack a family history.

Estimates say that VHL may be responsible for (Maher et al., 2011): About one-third of CNS hemangioblastoma cases, Over fifty
percent of retinal hemangioblastoma cases, One percent of renal cell carcinoma cases, Fifty percent of isolated familial
pheochromocytomas, Eleven percent of apparently sporadic pheochromocytomas.

Tumors develop multifocally, bilaterally, and at a young age, with treatment primarily relying on surgical and pharmacological
methods. The Polish VHL registry, based in Szczecin, has been functioning since 1997 at the International Hereditary Cancer Center in
Szczecin.

The purpose of this work is to describe how the genotype of a patient determines the manifestations of VHL disease. The article
focuses on the treatment efficacy and prognosis for the patient, which is defined based on a review of the present literature.
Understanding the above interactions is essential for adjusting the diagnostic and treatment process, which can improve the quality of

life of patients.

Molecular basis of VHL disease

The VHL gene is approximately ten thousand base pairs in length. It consists of three exons and encodes the von Hippel-Lindau
protein (VHLp), which is also called the von Hippel-Lindau tumor suppressor. VHLp has a significant role in cellular adaptation to
hypoxia because it regulates the stability of hypoxia-inducible factor (Hif) proteins.

Hif proteins include Hifla, which has two isoforms (Hif2a and Hif3«), and Hif1p. The stability of Hifla proteins depends on the
partial oxygen concentration, Hif1f is constitutively stable, and Hif3at inhibits the binding of Hifla to DNA (Wojcierowski, 2022).

In normoxic conditions, Hifa proteins (Hifla and Hif2a) undergo hydroxylation by the Egln hydroxylase (prolyl hydroxylase),
enabling binding to VHLp. The VHLp/Hifa complex is then directed to the apoptosis pathway via E3 ubiquitin ligase. In hypoxic
conditions, VHLp cannot form a complex with Hifa, leading to an inability to degrade Hifa. The accumulation of Hifa causes it to bind
with Arnt/Hif1p. The established complex translocates to the nucleus, where it initiates the transcription (Wojcierowski, 2022). Figure 1

summarizes the primary mechanism of Hifla regulation.
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Figure 1: In normoxia, Hifla undergoes proteasomal degradation. (b) In hypoxia, Hifla stabilization and accumulation occur, leading

to its translocation into the nucleus and inducing angiogenesis.

The action of Hifla, similar to that of Hif2a, causes the expression of erythropoiesis, angiogenesis, genes encoding vasodilator
proteins, and other genes. Also, Hifla inhibits cell division by halting Myc protein function and activating the expression of cyclin-
dependent kinase (CDK) inhibitors. Unlike Hifla, Hif2«x stimulates the course of the cell cycle by increasing the reciprocal interaction
of Myc and Max proteins and activating Myc target genes. Activation of both complexes results in increased production of fibroblast
growth factor 1 (Fgfl) and cyclin D1 (Wojcierowski, 2022).

Medical Science 29, €229ms3682 (2025) 20f8



REVIEW | OPEN ACCESS

Roe et al., (2006) showed that the VHLp directly interacts with p53, and leads to stabilization of its function. In HEK293 cells,
coimmunoprecipitation allowed them to confirm the formation of the VHLp/p53 complex. The observed results suggest that VHLp
stabilizes p53, affecting its activity regardless of other proteins. The presence of mutations in the VHL gene results in a malfunctioning
VHLp structure. It can become completely non-functional, or it can have a limited function, depending on the mutation type and
location.

When the VHLp is impaired, it results in overexpression of proangiogenic genes, which promote carcinogenesis. The phenotypic
variability in VHL disease stems from the mutation heterogeneity. This principle affects the type, location, and age of tumor
manifestation. Understanding the molecular role of VHLp and genotype-phenotype correlations allows clinicians to personalize

patients' diagnosis and therapy, making it possible for them to improve treatment strategies and predict the progression of the disease.

[ Identification of studies via databases and registers ]

Records removed before screening:

Records identified from: e Records marked as ineligible by
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Pubmed (n = 1002) e Records removed for other

reasons (n = 0)

Records screened R Records excluded
(n = 546) (n =443)
.
Reports sought for retrieval o| Reports not retrieved
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A4

Studies included in review
(n =28)

Figure 2: PRISMA flow diagram.

2. REVIEW METHODS

To achieve the stated aim of this study, a systematic literature review was conducted using the PubMed database, based on articles on
genotype-phenotype correlation in VHL disease. Original research articles, systematic reviews, and meta-analyses that covered
phenotypic variation, treatment efficacy, and prognosis in patients suffering from VHL disease served for the analysis.

Keywords selected based on their relevance to examining the matter in the subject, such as VHL, von Hippel-Lindau, phenotypic
variability, genotype-phenotype, correlation, and therapy, were used in the process of article selection. Keywords were applied in
various combinations with logical operators (AND, OR). Studies were selected based on their relevance to the subject. The first step in
the selection of the literature needed for review consisted of reviewing the titles and abstracts. The chosen articles, then, were screened
based on the full text by two independent researchers. Disagreements in evaluations were resolved through consensus to ensure the

high quality and reliability of the selected sources. The analysis incorporated information from textbook literature on molecular biology
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and clinical genetics, including monographs. These works laid the foundation for understanding the molecular mechanisms of VHL

disease. The article screening process adhered to the PRISMA guidelines (Figure 2).

Exclusion criteria:
o Articles not related to VHL disease,
o Studies without an explicit reference to genotype-phenotype correlation or treatment outcomes.

3. RESULTS & DISCUSSION

A review of the literature reveals that specific VHL gene mutations are particularly characteristic of certain clinical phenotypes.
Missense mutations in exon three result in a notably increased risk of PNETs within patients suffering from VHL disease. It is a finding
that was supported by Blansfield et al. and later genotypic and clinical analyses (Blansfield et al., 2007; Tirosh et al., 2018; Xu et al., 2024;
He et al., 2023; Binderup et al., 2016). This observation is clinically reflected in a structured risk prediction model, which incorporates
the presence of exon three mutations as a criterion showing a high likelihood of metastasis (Blansfield et al., 2007).

Data from the Chinese population add further layers to this profile, showing that missense mutations not only increase PNET risk
but also reduce the incidence of CNS hemangioblastomas and pancreatic cystic lesions (Peng et al., 2017). In the same context, large
deletions within the VHL gene are strongly correlated with a bigger risk of retinal hemangiomas, which are some of the earliest
diagnosed and most often reported ocular manifestations (Peng et al., 2017; Wittstrom et al., 2014; Karimi et al., 2020).

Cohort analyses from both Western and Chinese populations have proven that truncating mutations confer a substantially higher
ccRCC risk compared to missense variants (Ruppert et al., 2019; Binderup et al.,, 2013; Gossage et al., 2015). Additionally, studies
suggest that mutations resulting in impairment of Jade-1 protein stabilization correlate with a severe ccRCC course (Zhou et al., 2004).

Attention is also drawn to studies writing down that frameshift mutations in exon one do statistically significantly enlarge the
probability of developing pheochromocytoma in younger patients (Nordstrom-O'Brien et al.,, 2010; Rednam et al., 2017). In patients
who have missense mutations within the elongin C-binding domain, there is similarly an increased risk of developing
pheochromocytoma, though without hemangioblastoma. Numerous family studies and meta-analyses confirm the previously
mentioned fact (Maher et al., 2011; Binderup et al., 2013; Nordstrom-O'Brien et al., 2010; Nielsen et al., 2011; Huang et al., 2018).

An abundance of histopathologic examinations performed on divergent cohorts of individuals reveals that the most frequent ocular
manifestations within VHL disease-positive patients are caused by the loss of heterozygosity (LOH) type mutations (Maher et al., 2011;
Blansfield et al., 2007; Peng et al., 2017; Wittstrom et al., 2014; Karimi et al., 2020; Rednam et al., 2017; Wiley et al., 2019). The findings
included vascular retinopathies, along with retinal hemangiomas, as the most frequent ocular manifestations. Also, observations show
that up to sixty percent of patients develop ocular manifestations before the age of thirty (Karimi et al., 2020).

Moreover, epigenetic studies as well as somatic mutation analyses of the VHL gene in renal tumors have revealed that loss of its
function, due to LOH type mutation, promoter methylation, or truncation mutations, represents a consistent feature in the pathogenesis
of ccRCC, in both hereditary and sporadic forms (Banks et al., 2006; van Houwelingen et al., 2005). The emerging studies using
radiogenomics suggest that it may become possible to predict the VHL mutation profile based on the imaging characteristics of ccRCC
(He et al., 2023). This finding can potentially open up opportunities for noninvasive monitoring in mutation carriers. In the era of
personalized medicine, this approach could show the benefits of a precisely tailored care regimen compared to generalized guidelines.

Table 1 describes selected severe mutations in the VHL gene.

Table 1: Severe mutations in the VHL gene — localization, phenotypic expression, and clinical relevance.

Location Type Common Clinical Phenotype Selected Clinical Features
Exon 1 Frameshift Pheochromocytoma Frequent in young patients
. Increased metastasis risk;
Exon 3 Missense PNETs, ccRCC .
aggressive course
Exon 3 Truncating (nonsense, splicing) | ccRCC High risk of bilateral ccRCC
Exon1/ ) Retinal hemangiomas, Occurs earlier (<30 y.o.); may lead
) Large deletions . . )
multiexon retinopathies to blindness
Various . . . Loss of VHL gene function,
LOH, promoter methylation ccRCC (hereditary and sporadic) . .
(heterogeneous) epigenetic features

Medical Science 29, €229ms3682 (2025) 40f8
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A review of the literature shows that the phenotypic variability in VHL disease is closely related to the type and location of the
mutation present in the VHL gene. This correlation has a direct impact on the choice of a proper therapeutic strategy and prognosis.
Exon three mutations are known for a more severe course compared to exons two and one. Patients with exon three mutations
characteristically have a higher risk of developing ccRCC, with lesions occurring multifocally (Blansfield et al., 2007; Ganner et al.,
2025). When compared to exon three, mutations in exon one result in a milder course, with features such as pheochromocytomas,
which require a completely different diagnostic and therapeutic approach (Peng et al., 2017; Ganner et al., 2025). The data findings are
in agreement with earlier studies pointing to the value of mutation heterogeneity in the course of VHL. Table 2 shows selected

therapeutic methods used in VHL therapy and their areas of application.

Table 2: Therapeutic methods and their applications in VHL

Therapeutic

Indications Efficacy Limitations Remarks
Method
First approved
No randomized clinical systemic therapy
49% for ccRCC; 63% for . )
. trials (RCTs); side effects: | (FDA, 2021); of
Belzutifan ccRCC, PNETs CHB; 83% for PNET ) ] . . .
anemia (93%), fatigue, particular interest in
(LITESPARK-004)

hypoxia (1.6%) patients with exon 3

mutations

Standard in tumors

Small, benign Variable; minimizes Requires a strict

Active surveillance with low risk of

tumors recurrence observation schedule .
progression
ccRCC, CHB, pNET, ) Standard method in
. . Frequent necessity for
Interventional pheochromocytomas | Partial nephrectomy . . advanced tumors;
L . . multiple treatments; high . .
Surgery requiring immediate | effective sk specific to location
ris
resection and phenotype
CHB in hard-to- o
. . Limited long-term Used less frequently,
Radiotherapy reach locations; . . . . . .
. . Effective for CHB efficacy data; risk of mainly in specific
(stereotactic) when surgery is
- cerebral edema. cases of CHB.
contraindicated
VEGF/mTOR Used off-label or in
Inhibitors (e.g. Advanced ccRCC Limited efficacy in High risk of side effects; clinical trials; less
sunitinib, (experimental) VHL; studied in ccRCC | no FDA approval in VHL | effective than
everolimus) belzutifan.
Being studied in Experimental, needs
Immunotherapy Advanced ccRCC . No approval for VHL; .
. . sporadic ccRCGC; . further research in
(e.g. nivolumab) (experimental) oo side effects
limited data for VHL VHL
. o . Lack of approval; Experimental;
Potentially all VHL- | Promising results in

Challenges: mutation possible future

Gene Therapy related tumors preclinical models; no

. . . heterogeneity, vector option, especially for
(preclinical phase) clinical data available

delivery, off-gene effects | mutations in exon 3

The Food and Drug Administration (FDA) in August 2021 approved belzutifan, an oral Hif2a inhibitor, as the first systemic therapy
for adult patients requiring treatment for cancers such as ccRCC, CNS hemangiomas, or VHL-associated PNETs (FDA, 2022). Due to
the lack of randomized controlled trials (RCTs), available information about the effectiveness of belzutifan is still inconclusive. The
LITESPARK-004 study was an open-label trial without a control group, limiting the ability to compare it with other treatment methods

such as active surveillance or surgery (Srinivasan et al., 2025).
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With a better understanding of molecular mechanisms in the VHL disease, promising treatment strategies, such as gene therapy,
appear. Trends in research are mainly focused on the development of technologies to restore the physiological functions of the VHL
gene or to compensate for mutations via modulation of the Hif pathway. The use of viral vectors such as adeno-associated virus (AAV)
or lentivirus to introduce correct sequences into the VHL gene in somatic cells is also under consideration. The CRISPR/Cas9 genome
editing method is frequently described in publications in its preclinical state as being highly promising as well. Numerous studies
suggest that once gene therapy is developed, it is possible that it will be used along with adjunctive drugs such as the exemplary
belzutifan.

Heterogeneous data in the literature limit the review due to differences resulting from differences in study methodology, cohort
size, and phenotype reporting. There is no standardization in describing genotype-phenotype correlations in VHL disease, which also
makes the research process harder. Further prospective research is needed for a better comprehension of the impact of specific

mutations on treatment response and prognosis.

4. CONCLUSION

The variability of manifestations in a course of VHL disease results from the wide range of mutations in the VHL gene and significantly
affects both the therapeutic efficacy and prognosis for the patient. Mutations in exon three of the VHL gene are associated with a more
severe phenotype in comparison to mutations of exons one and two. These patients need, thus, more vigilant surveillance and
personalized treatment strategies. Early molecular diagnostics and regular imaging studies can positively affect the patient's fate and
quality of life. Systematic imaging studies adjusted to the individual's risk of developing genotype-specific tumors are recommended.
Belzutifan, as the first Hif2a inhibitor approved for VHL therapy, may open the next era of therapeutic approaches in VHL. Despite
promising therapeutic effects so far, randomized trials are necessary to confirm its efficacy. Radiotherapy and targeted therapies such
as VEGF inhibitors, mammalian target of rapamycin (mTOR) kinase inhibitors, or immunotherapy with appropriate use are considered
good adjunctive or experimental methods. However, they have limited efficacy, and their use is not officially registered for VHL

therapy. Further research is needed to enhance and personalize treatment for VHL disease.

Acknowledgments

The authors have no acknowledgments to disclose.

Author's contribution

Conceptualization: Zanna Gawrysz, Stanistaw Derewjanko

Methodology: Zanna Gawrysz, Stanistaw Derewjanko

Check: Zanna Gawrysz

Formal analysis: Zanna Gawrysz, Stanistaw Derewjanko

Investigation: Zanna Gawrysz, Stanistaw Derewjanko, Karolina Capar, Joanna Gaik, Julia Wozniak, Zofia Cholewa
Resources: Zanna Gawrysz, Stanistaw Derewjanko, Karolina Capar, Joanna Gaik, Julia Wozniak, Zofia Cholewa
Data curation: Zanna Gawrysz

Visualization: Stanistaw Derewjanko

Supervision: Zanna Gawrysz

Project administration: Zanna Gawrysz, Stanistaw Derewjanko

Receiving funding: Zanna Gawrysz, Stanistaw Derewjanko, Karolina Capar, Joanna Gaik, Julia Wozniak, Zofia Cholewa

All authors have read and agreed with the published version of the manuscript.

Informed consent

Not applicable.

Ethical approval

Not applicable. This article does not contain any studies with human participants or animals performed by any of the authors.

Medical Science 29, €229ms3682 (2025) 60f8



REVIEW | OPEN ACCESS

Funding

This research did not receive any external funding like specific grant from funding agencies in the public, commercial, or nonprofit

sectors.

Conflict of interest

The authors declare that they have no conflicts of interests, competing financial interests or personal relationships that could have

influenced the work reported in this paper.

Data and materials availability

All data associated with this study will be available based on reasonable request to the Corresponding Author.

REFERENCES

1.

Banks RE, Tirukonda P, Taylor C, Hornigold N, Astuti D,
Cohen D, Maher ER, Stanley AJ, Harnden P, Joyce A, Knowles
M, Selby PJ. Genetic and epigenetic analysis of von Hippel-
Lindau (VHL) gene alterations and relationship with clinical
variables in sporadic renal cancer. Cancer Res 2006;66(4):2000-
11. doi: 10.1158/0008-5472.C AN-05-3074.

Binderup ML, Bisgaard ML, Harbud V, Meller HU, Gimsing
S, Friis-Hansen L, Hansen Tv, Bagi P, Knigge U, Kosteljanetz
M, Bogeskov L, Thomsen C, Gerdes AM, Ousager LB, Sunde
L; Danish vHL Coordination Group. Von Hippel-Lindau
disease (VHL). National clinical guideline for diagnosis and
surveillance in Denmark. 3rd edition. Dan Med ] 2013;60(12):
B4763.

Binderup ML, Budtz-Jergensen E, Bisgaard ML. Risk of new
tumors in von Hippel-Lindau patients depends on age and
genotype. Genet Med 2016;18(1):89-97. doi: 10.1038/gim.2015.
44,

Blansfield JA, Choyke L, Morita SY, Choyke PL, Pingpank JF,
Alexander HR, Seidel G, Shutack Y, Yuldasheva N, Eugeni M,
Bartlett DL, Glenn GM, Middelton L, Linehan WM, Libutti
SK. Clinical, genetic and radiographic analysis of 108 patients
with von Hippel-Lindau disease (VHL) manifested by
(PNETs). Surgery
2007;142(6):814-8; discussion 818.e1-2. doi: 10.1016/j.surg.2007.
09.012.

Ganner A, Ferrara AM, Sekula P, Schiavi F, Joo JH, Sanso G,
Almeida MQ, Knoblauch AL, Gizaw CJ, Krzystolik K,
SC, Achatz MI,
Hundsberger T, Lubinski ], Yildirim Simsir I, Bandgar T,
Hasse-Lazar K, Pawlaczek A, Zandee W, Yu K, Kater CE,
Rostomyan L, Qi XP, Deutschbein T, Remde H, Dallagnol TN,
Yukina M, Baudrand R, Andreescu CE, Kunavisarut T, Ishak
ND, Le Guillou Horn X, Shutler G, Jovanovic M, Peczkowska
M, Calissendorff J, Circosta F, Bugalho M]J, Corssmit EPM,
Gimm O, Quinkler M, Goldmann A, Watutantrige Fernando
S, Zovato S, Santana LS, Freitas-Castro F, Rothermundt C,

pancreatic neuroendocrine neoplasms

Astheimer Vieites A, Donegan D,

Medical Science 29, €229ms3682 (2025)

10.

11.

12.

Zimmermann J, Durmaz A, Aykut A, Vroonen L, Krauss T,
Taschner C, Ruf ], Klingler JH, Glasker S, Lang S, Bucher F,
Agostini H, Jilg C, Schultze-Seemann W, Bausch B, Bergfeld
A, Rhein K, Uslar T, Concistre A, Juhlin CC, Casali-da-Rocha
JC, Petramala L, Tsoy U, Grineva E, Fang XD, Kotsis F,
Schaefer T, Links TP, Makay 0, Fagundes GFC, Ngeow ],
Shah N, Opocher G, Barontini M, Larsson C, Januszewicz A,
Viana Lima J, Wohllk N, Letizia C, Donatini G, Maher ER,
Beltsevich D, Bancos I, Cybulski C, Walz MK, Kéttgen A, Eng
C, Neumann HPH, Neumann-Haefelin E. Genotype-specific
neoplastic risk profiles in patients with VHL disease. Endocr
Relat Cancer 2025;32(5):€240260. doi: 10.1530/ERC-24-0260.
Gossage L, Eisen T, Maher ER. VHL, the story of a tumour
suppressor gene. Nat Rev Cancer 2015;15(1):55-64. doi:
10.1038/nrc3844.

He XM, Zhao JX, He DL, Ren JL, Zhao LP, Huang G.
Radiogenomics study to predict the nuclear grade of renal
clear cell carcinoma. Eur ] Radiol Open 2023;10:100476. doi:
10.1016/j.ejro.2023.100476.

Huang Y, Wang LA, Xie Q, Pang J, Wang L, Yi Y, Zhang ],
Zhang Y, Chen R, Lan W, Zhang D, Jiang J. Germline SDHB
SDHD mutations in
paraganglioma patients. Endocr Connect 2018;7(12):1217-1225.
doi: 10.1530/EC-18-0325.

Karimi S, Arabi A, Shahraki T, Safi S. Von Hippel-Lindau
Disease and the Eye. ] Ophthalmic Vis Res 2020;15(1):78-94.
doi: 10.18502/jovr.v15i1.5950.

Lubinski J. Genetyka kliniczna nowotwordw. Szczecin:
Libroprint 2022:482:239-259.

Maher ER, Neumann HP, Richard S. von Hippel-Lindau
disease: a clinical and scientific review. Eur ] Hum Genet
2011;19(6):617-23. doi: 10.1038/ejhg.2010.175.

Nielsen SM, Rubinstein WS, Thull DL, Armstrong M],
Feingold E, Stang MT, Gnarra JR, Carty SE. Genotype-
phenotype correlations of pheochromocytoma in two large
von Hippel-Lindau (VHL) type 2A kindreds with different

and pheochromocytoma  and

7 of 8



REVIEW | OPEN ACCESS

13.

14.

15.

16.

17.

18.

19.

20.

21.

missense mutations. Am ] Med Genet A 2011;155A(1):168-73.
doi: 10.1002/ajmg.a.33760.

Nordstrom-O'Brien M, van der Luijt RB, van Rooijen E, van
den Ouweland AM, Majoor-Krakauer DF, Lolkema MP, van
Brussel A, Voest EE, Giles RH. Genetic analysis of von
Hippel-Lindau disease. Hum Mutat 2010;31(5):521-37. doi:
10.1002/humu.21219.

Peng S, Shepard MJ, Wang J, Li T, Ning X, Cai L, Zhuang Z,
Gong K. Genotype-phenotype correlations in Chinese von
Hippel-Lindau disease patients. Oncotarget 2017;8(24):38456-
38465. doi: 10.18632/oncotarget.16594.

Rednam SP, Erez A, Druker H, Janeway KA, Kamihara J,
Kohlmann WK, Nathanson KL, States L], Tomlinson GE,
Villani A, Voss SD, Schiffman JD, Wasserman JD. Von Hippel-
Lindau and Hereditary Pheochromocytoma/Paraganglioma
Syndromes: Clinical Features, Genetics, and Surveillance
Recommendations in  Childhood. Clin Res
2017;23(12):e68-€75. doi: 10.1158/1078-0432.CCR-17-0547.

Roe JS, Kim H, Lee SM, Kim ST, Cho EJ, Youn HD. p53
stabilization and transactivation by a von Hippel-Lindau
protein. Mol Cell 2006;22(3):395-405. doi:10.1016/j.molcel.2006.
04.006.

Ruppert MD, Gavin M, Mitchell KT, Peiris AN. Ocular
Manifestations of von Hippel-Lindau Disease. Cureus 2019;
11(8):€5319. doi: 10.7759/cureus.5319.

Srinivasan R, Iliopoulos O, Beckermann KE, Narayan V,
Maughan BL, Oudard S, Else T, Maranchie JK, Iversen AB,
Cornell J, Perini RF, Liu Y, Linehan WM, Jonasch E. Belzutifan
for von Hippel-Lindau disease-associated renal cell carcinoma
and other neoplasms (LITESPARK-004): 50 months follow-up
from a single-arm, phase 2 study. Lancet Oncol 2025;26(5):571-
582. doi: 10.1016/51470-2045(25)00099-3.

Tirosh A, Sadowski SM, Linehan WM, Libutti SK, Patel D,
Nilubol N, Kebebew E. Association of VHL Genotype With
Pancreatic Neuroendocrine Tumor Phenotype in Patients
With von Hippel-Lindau Disease. JAMA Oncol 2018;4(1):124-
126. doi: 10.1001/jamaoncol.2017.3428.

U.S. Food and Drug Administration. FDA approves belzutifan

Cancer

for cancers associated with von Hippel-Lindau disease.
https://www.fda.gov/drugs/resources-information-approved-
drugs/fda-approves-belzutifan-cancers-associated-von-hippel-
lindau-disease Published 2022.

van Houwelingen KP, van Dijk BA, Hulsbergen-van de Kaa
CA, Schouten L], Gorissen HJ, Schalken JA, van den Brandt
PA, Oosterwijk E. Prevalence of von Hippel-Lindau gene
mutations in sporadic renal cell carcinoma: results from The
Netherlands cohort study. BMC Cancer 2005;5:57. doi:
10.1186/1471-2407-5-57.

Medical Science 29, e229ms3682 (2025)

22.

23.

24.

25.

26.

Wiley HE, Krivosic V, Gaudric A, Gorin MB, Shields C,
Shields J, Aronow ME, Chew EY. Management of retinal
hemangioblastoma in von Hippel-Lindau disease. Retina
2019;39(12):2254-2263. doi: 10.1097/TAE.0000000000002572.
Wittstrom E, Nordling M, Andréasson S. Genotype-
phenotype correlations, and retinal function and structure in
von Hippel-Lindau disease. Ophthalmic Genet 2014;35(2):91-
106. doi: 10.3109/13816810.2014.886265.
Wojcierowski J. Genetyka i epigenetyka
somatycznych. Lublin: Wydawnictwo Czelej 2022:724:409-410.
Xu Z, Liu L, Jiang W, Qiu Y, Zhang B, Cheng J, Luo ], Guo ],
Xu J. VHL missense mutation delineate aggressive clear cell
cell with
immunotherapeutic response. ] Immunother Cancer 2024;
12(10):2009963. doi: 10.1136/jitc-2024-009963.

Zhou MI, Wang H, Foy RL, Ross JJ, Cohen HT. Tumor
suppressor von Hippel-Lindau (VHL) stabilization of Jade-1

komorek

renal carcinoma  subtype favorable

protein occurs through plant homeodomains and is VHL
mutation dependent. Cancer Res 2004;64(4):1278-86. doi:
10.1158/0008-5472.can-03-0884.

8of 8



