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Abstract 

Background Von Hippel-Lindau (VHL) syndrome is an autosomal dominantly inherited disorder that predisposes 
to multiple neoplasms. Patients may develop hemangioblastomas of the central nervous system and retina, multi-
ple cysts in the pancreas and kidneys, renal carcinoma, and pheochromocytomas, among other lesions. This disease 
is caused by germline genetic variants in the VHL gene. The regulation of the alpha subunit of hypoxia-inducible fac-
tor-1 is the key tumor suppressor function of the VHL protein. To date, more than seven hundred variants have been 
reported in VHL gene. This study aimed to investigate the molecular etiology of VHL syndrome in Cuban patients.

Results DNA samples from twenty-two individuals were analyzed by Sanger sequencing or enzymatic restric-
tion. The analysis identified four novel pathogenic variants for the Cuban population: c.463 + 2T > C, C162W, R167W, 
and S183X, in addition to D121G and R161X, previously described in another work. The diagnosis was confirmed 
in seven patients with clinical manifestations and family history. Two at-risk family members without clinical signs 
were positive for presymptomatic diagnosis.

Conclusions The spectrum of germinal point mutations of VHL gene in Cuban patients was updated. The presence 
of genetic variants was ruled out in eight asymptomatic relatives, which is a psychological relief for these individu-
als. The results allow for offering other at-risk relatives the presymptomatic diagnosis and the possibility of receiving 
genetic counseling.
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Background
Von Hippel-Lindau syndrome (OMIM #193300) is a 
heritable multisystem cancer disease. It is characterized 
by the appearance of highly vascularized tumors, both 
benign and malignant, in multiple locations. Patients 
may develop hemangioblastomas of the central nerv-
ous system and retina, and visceral tumors such as clear 
cell renal carcinoma, pheochromocytomas, epididymal 
cystadenomas, pancreatic neuroendocrine tumors, and 

other lesions such as cysts in the pancreas and kidneys 
[1, 2].

It is rare to find all manifestations in the same patient; 
in familial cases, up to 50% of patients have only one 
manifestation of the syndrome [3]. The disease has a 
highly variable inter- and intra-familial expressivity. 
The location and dynamics of tumor development, the 
severity and diversity of manifestations, and the age of 
first symptoms vary considerably [2]. Both genetic and 
environmental modifying factors have been reported to 
influence expressivity, as with other familial cancer syn-
dromes [4]. Penetrance varies with age, and the average 
age at diagnosis is 29 years for cerebellar hemangioblas-
toma and 44.8 years for clear cell renal carcinoma [5].

VHL syndrome has been subdivided according to 
the presence or absence of pheochromocytomas. Type 
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1-affected patients within a family have a minimal risk of 
developing pheochromocytomas but are at elevated risk 
for other lesions. In Type 2, on the other hand, there is 
a substantial risk of developing pheochromocytomas. 
This type is further subdivided into Type 2A, without the 
manifestation of renal cell carcinoma, which has the best 
prognosis; Type 2B, which has a high incidence of renal 
cell carcinoma, is the rarest form but the only one in 
which all manifestations of VHL syndrome are present; 
and Type 2C, where pheochromocytomas are the only 
clinical manifestation [6].

The disease originates from germline variants in the 
VHL tumor suppressor gene (OMIM *608537), which 
is located on 3p25.26 [7]. Patients are heterozygotes for 
VHL with one wild type and one defective allele. Somatic 
inactivation of the second functional allele in susceptible 
cells, and therefore loss of VHL function, leads to patho-
logical features of disease [8].

To date, more than 700 variants in VHL gene have been 
registered in HGMD [9]. Approximately 89% of the index 
cases analyzed have point variants, while the remainder 
have large or complete deletions [10]. It is proposed that 
20% of pathogenic alterations of the VHL gene sequence 
occur de novo [2].

Germline variants in VHL gene are also associated with 
other clinical entities and can be detected in patients 
with nonsyndromic familial pheochromocytoma (OMIM 
#171300), while variants in homozygous or compound 
heterozygous state can cause familial erythrocytosis-2, 
(OMIM #263400), without manifestation of Von Hippel-
Lindau syndrome.

The best understood function of VHL protein is its role 
in processes that sense oxygen levels. Symptoms associ-
ated with VHL syndrome and sporadic renal cell carci-
noma, such as increased angiogenesis and polycythemia, 
suggest a correlation between the function of VHL pro-
tein and the adaptive response to oxygen deprivation 
[10].

Regulation of the alpha subunit of hypoxia-inducible 
factor-1 (HIF1A) is the key tumor suppressor function 
of VHL protein. A large number of disease-associated 
variants have been shown to significantly impair the 
interaction between VHL protein and HIF-alpha. This 
interaction is mediated by the formation of a complex 

called VCB-CR, which, in addition to VHL protein, 
includes elongin C and B, cullin-2, and E3 ubiquitin-pro-
tein ligase RBX1 [11].

The small size of the VHL gene, with a coding sequence 
of only 642 base pairs distributed in three exons, allowed 
its early molecular characterization. This work aimed 
to investigate the molecular etiology of VHL syndrome 
in Cuban patients with a clinical diagnosis of VHL syn-
drome, as well as in patients with isolated clinical mani-
festations, without family history of the disease. The 
analysis of at-risk relatives of index cases with molecular 
diagnosis was also carried out.

Methods
Subjects
A total of twenty-two individuals were studied between 
2014 and 2022. Of these, seven patients had clinical 
manifestations of VHL syndrome and family history, ten 
were asymptomatic relatives at risk for the disease, and 
another five patients had pheochromocytoma or heman-
gioblastoma, with no family history of the disease.

The patients were seen in the multidisciplinary consul-
tation for the diagnosis and treatment of patients with 
VHL syndrome, of the Clinical Surgical Hospital Herma-
nos Ameijeiras (HCQHA), of Havana, Cuba. Molecular 
analysis of the VHL gene was performed at the Depart-
ment of Molecular Biology, National Center for Medical 
Genetics (CNGM), of Cuba.

DNA analysis
After informed consent, peripheral blood samples were 
collected. Genomic DNA isolation was performed by 
conventional saline precipitation method or automated 
using magnetic bead technology (QIAsymphony DNA 
Midi Kit and QIAsymphony SP, QIAGEN).

Sanger sequencing or RFLP-PCR was used in the anal-
ysis process. The primer sets for PCR are described in 
Table  1. These oligonucleotides were the same used for 
DNA sequencing.

The GenomeLab GeXP (Beckman Coulter) sequencer 
was used for bidirectional sequencing of PCR products. 
The sequences obtained for each sample were com-
pared with the reference sequence of the human VHL 
gene (GenBank: NG_008212). For the nomenclature 

Table 1 Primers for PCR and sequencing of three exons of VHL gene

bp: base pairs; Ta: annealing temperature

Exons Forward primers Reverse primers Fragment sizes (bp) Ta (°C)

1 GCC CGG GTG GTC TGG ATC GGG CTT CAG ACC GTG CTA TC 424 60

2 AGC CAC CGG TGT GGC TCT TTA ACA TCA GGC AAA AAT TGA GAA CTG G 266 57

3 CCT TGT ACT GAG ACC CTA GTC TGT CACT CAA GAC TCA TCA GTA CCA TCA AAA GCTG 292 54
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of the variants detected, the VHL variant 1 transcript 
(GenBank: NM_000551) and the variant 1 isoform of 
VHL protein (GenBank: NP_000542) were used as refer-
ences. We used the in-silico tool Human Splicing Finder 
(RRID:SCR_005181) to measure the functional impact of 
a detected splice site variant.

PCR–RFLP analysis was used to genotype the D121G 
and R161X variants [12], which were detected in the first 
three families with VHL syndrome studied in Cuba.

Results
DNA sequencing identified four pathogenic variants not 
previously detected in the Cuban patients: c.463 + 2T > C, 
in intron 2, and C162W, R167W, and S183X, in the third 
exon. These are in addition to the previously detected 
D121G and R167X mutations in exons 2 and 3, respec-
tively. No variant has been found in exon 1. Details of the 
variants identified so far in Cuba are shown in Table  2. 
All are registered in the ClinVar [13] and VHLdb [14] 
databases.

To date, mutations in the VHL gene have been detected 
in seven Cuban families (see Additional file 1: Figs. 1–7). 
The same sequence change, D121G, is present in two 
families with no established linkage. In this study, the 
clinical diagnosis could be confirmed in seven of the 12 
(58.3%) patients with some clinical manifestation and in 
100% of the cases with symptoms and a family history of 
the disease.

A total of three patients were positive for R167W and 
another two had S183X. The c.463 + 2T > C and C162W 
variants have only been detected in the index cases, the 
only individuals in their respective families with genetic 
testing performed. One subject tested positive for the 
presymptomatic diagnosis of variant D121G and another 
for R161X. In addition, eight asymptomatic members 
were negative for the variants in VHL gene.

Discussion
The clinical diagnosis, molecular confirmation, and 
management of patients with manifestations of VHL 
syndrome have been ensured by the joint work of the 

specialized Clinical Genetics consultation of the HCQHA 
and the molecular genetics laboratory of the CNGM.

Until now, the molecular study has identified six vari-
ants in Cuban patients. All of them are described in the 
literature and registered in different variant databases. 
Although studies with larger case series have found a 
greater number of variants in exons 1 and 3 [10, 15], no 
patients with pathogenic mutations in the first exon have 
been detected in Cuba. However, four of the six nucleo-
tide sequence changes were identified in exon 3.

In this work, we detected two missense variants 
(C162W and R167W), one nonsense (S183X) and one 
splice-site mutation (c.463 + 2T > C).

The c.463 + 2T > C variant has been found both in the 
germline and at the somatic level and is classified as path-
ogenic [16, 17]. Patients with VHL syndrome, familial 
erythrocytosis-2, or renal cell carcinoma have also been 
identified as carriers of c.463 + 2T > C. This sequence 
change affects the donor splice site in intron two. This 
is a highly conserved site and computational prediction 
of its effect using the Human Splicing Finder program 
indicates that this alteration probably affects the splicing 
mechanism. The computational tools also predict that 
another variant, identified more frequently at this donor 
site, c.463 + 1G > T, produces the same effect [15, 18]. 
Nucleotide substitutions within the consensus splice site 
are a relatively common cause of aberrant intron dele-
tion mechanisms [19]. The splice donor site affected by 
c.463 + 2T > C is located upstream of the exon 3 sequence 
encoding the elongin C-binding domain of VHL pro-
tein. This domain is required for the stability of the pro-
tein and its tumor suppressor activity [20]. Variants that 
destabilize elongin C-binding domain have been reported 
to be pathogenic [19, 21]. This suggests that this region is 
critical for VHL protein function and other variants that 
alter this region may also be pathogenic.

The C162W variant has been identified in different 
populations. It has been found both in the germline and 
at the somatic level, and is classified by different inves-
tigators as pathogenic [19, 22]. Patients with VHL syn-
drome, familial erythrocytosis-2, or renal cell carcinoma 

Table 2 Identified germline variants and clinical subtypes of affected families in Cuba

Conventional 
nomenclature

cDNA change Protein change dbSNP number Family ID VHL subtype

D121G c.362A > G p.Asp121Gly rs5030832 2, 3 Type 2B

IVS2 + 2T > C c.463 + 2T > C p.? rs5030814 5 Type 2B

R161X c.481C > T p.Arg161Ter rs5030818 1 Type 1

C162W c.486C > G p.Cys162Trp rs5030622 7 Type 1

R167W c.499C > T p.Arg167Trp rs5030820 6 Type 2C

S183X c.548C > A p.Ser183Ter rs5030823 4 Type 1
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carry this variant. This sequence change replaces cysteine 
with tryptophan at codon 162 of VHL protein. The 
cysteine residue is highly conserved evolutionarily, and 
there are large physicochemical differences between 
cysteine (polar) and tryptophan (apolar). An experimen-
tal study has shown that this missense change disrupts 
VHL protein-dependent degradation in the proteasome, 
failing to induce ubiquitination of target proteins [19]. 
Schoenfeld et al. suggest that C162 is a critical residue for 
binding to elongin C [20], so it is likely that the stability 
and functionality of the VCB-CR complex are affected.

The R167W variant is commonly described in stud-
ies of the VHL gene. It has been found both in the ger-
mline and at the somatic level, and is classified by several 
investigators as pathogenic [23, 24]. Patients with VHL 
syndrome, renal cell carcinoma, pheochromocyto-
mas, or familial erythrocytosis-2 carry this variant. This 
sequence change replaces arginine with tryptophan at 
codon 167 of VHL protein. The arginine residue 167 is 
highly conserved evolutionarily, and there are moderate 
physicochemical differences between arginine (positively 
charged) and tryptophan (apolar). Codon 167 is located 
in the α-domain of VHL protein, and residue R167 has 
been reported to be important in maintaining protein 
structure [25]. Functional studies show that VHL pro-
tein with the R167W variant does not bind to elongin 
C, nor elongin B, resulting in an unstable protein that is 
rapidly degraded by the proteasome [20]. Other experi-
mental studies have shown that VHL protein with this 
variant does not fully stabilize the Jade-1 protein, which 
is an important factor in the suppression of renal tumors 
[26]. Recently Buart et  al. demonstrated that VHL pro-
tein with this variant interferes with the plasticity of renal 
carcinomas and may affect cell behavior by exacerbat-
ing their phenotypic change [27]. Other variants in this 
codon: R167G, R167Q, and R167L, associated with VHL 
syndrome, have been registered in variant databases, 
confirming the functional importance of this region of 
the protein.

The S183X variant has also been found both in the 
germline and at the somatic level, and is classified as 
pathogenic [15, 28]. Patients with VHL syndrome, renal 
cell carcinoma, or kidney cancer have been reported to 
carry this variant. Although there are no functional stud-
ies for this variant, it has been reported to segregate with 
the disease in families affected with VHL syndrome. This 
allelic variant produces a truncated protein with loss of 
the last 31 amino acids, starting from the serine residue 
at position 183. The 1999 study by Stebbins et al. estab-
lished that the leucine residues at positions 184 and 
188 (L184 and L188) are involved in the packing of the 
α-domain helices, and that residue L184 is an important 
contact between VHL protein and elongin C [25]. These 

amino acids with determinant roles in protein stabil-
ity are lost in the S183X variant, so VHL protein can be 
expected to result in an unstable protein and to be rap-
idly degraded by the proteasome.

No variants were detected after sequencing of the VHL 
gene in five of the patients who presented clinical mani-
festations of VHL with no family history of the disease. 
Two of these presented with pheochromocytoma alone, 
and the other three with hemangioblastoma of the retina 
or cerebellum, in one case also accompanied by ovar-
ian cyst. It should be noted that susceptibility to develop 
isolated pheochromocytoma may be caused by germline 
variants in several genes (OMIM #171300), not analyzed 
in this investigation.

On the other hand, as mentioned above, up to 11% of 
the variants identified in patients with VHL syndrome 
are large deletions or duplications [10], which cannot 
be detected with the techniques employed in this study. 
However, patients with isolated manifestations may be 
sporadic cases and have no germline involvement. To 
elucidate this, additional testing should be performed for 
large rearrangements in the VHL gene.

The phenotype–genotype relationship behaved, in 
most cases, as reported in previous studies. Amino acid 
changes that result in a VHL protein that is normal con-
cerning HIF regulation are more likely to be associated 
with VHL Type 2 [29, 30]. As in families 2 and 3, in which 
D121G is segregated, functional studies showed that the 
VHL protein with this mutation retained many of its 
properties, including its in vitro interaction with HIF and 
the regulation of gene expression controlled by this tran-
scription factor, as well as its ubiquitination (although at 
a lower level) and its interaction with elongin C [31, 32].

Amino acid changes that destabilize the packing of 
the α-helical domains; decrease the stability of the inter-
face between the α and β domains; interfere with bind-
ing to elongin C and HIF-alpha; or alter the hydrophobic 
residues of the central core of VHL protein, can result 
in loss of HIF regulation and are more likely to result 
in VHL Type 1 [29]. The family 7, where C162W segre-
gates, appears to be an example. An exception to this rule 
is the R167W variant, segregating in family 6, which as 
previously described results in an unstable protein that is 
rapidly degraded by the proteasome [20]. However, this 
variant has been described mainly in families with VHL 
Type 2 [33, 34], which was in agreement with our results.

Deletions, reading frame shifts, variants resulting 
in protein truncation, and splice site variants gener-
ally lead to VHL Type 1 manifestation [29, 30]. This 
is also true for families 1 and 4, where R161X and 
S183X segregate, respectively. In the case of the vari-
ant c.463 + 2T > C (family 5, VHL type 2), there was no 
coincidence with the expected findings for the splice 
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site variants. As described by other authors [16, 35], 
the manifestations of patients with this variant do 
not include pheochromocytomas. The same occurs 
in patients with other intronic variants that affect the 
splicing mechanism between exons 2 and 3 [36]. One 
possibility would be that these individuals had not yet 
developed pheochromocytomas at the time of study or 
that a modifying factor is influencing the different phe-
notypic expression among these patients.

Conclusions
So far, six germline mutations have been detected in 
Cuban patients with clinical diagnosis of VHL syndrome. 
Of these, c.463 + 2T > C, C162W, R167W, and S183X 
were find for the first time in Cuban patients. This has 
contributed to establishing the etiology of the disease in 
seven families, which constitutes a valuable support to 
genetic counseling and better management of patients. 
At the same time, it has been possible to rule out the 
risk of developing the syndrome in several asymptomatic 
relatives, with the consequent psychological benefit for 
these individuals.
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