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Coexistence of VHL Disease and CPT2 Deficiency: A Case Report

Case Report

von Hippel-Lindau (VHL) disease is an inherited syndrome manifesting with benign
and malignant tumors. Deficiency of carnitine palmitoyltransferase type II (CPT2) is a
disorder of lipid metabolism that, in the muscle form, manifests with recurrent attacks
of myalgias often associated with myoglobinuria. Rhabdomyolytic episodes may be
complicated by life-threatening events, including acute renal failure (ARF). We report
on a male patient who was tested, at 10 years of age, for VHL disease because of
family history of VHL. He was diagnosed with VHL but without VHL-related manifesta-
tion at the time of diagnosis. During childhood, the patient was hospitalized several
times for diffuse muscular pain, muscle weakness, and dark urine. These recurrent
attacks of rhabdomyolysis were never accompanied by ARF. The patient was found
to be homozygous for the mutation p.S113L of the CPT2 gene. To the best of our
knowledge, this is the first report of the coexistence of VHL disease and CPT2 defi-
ciency in the same individual. Based on findings from animal models, the case illus-
trates that mutations in the VHL gene might protect against renal damage caused by
CPT2 gene mutations.
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Introduction

von Hippel-Lindau disease (VHL) is a hereditary, autoso-
mal-dominant, neoplastic disease associated with various
tumor types, including central nervous system (CNS) and
retinal hemangioblastomas, clear cell renal carcinomas,
pheochromocytomas, and pancreatic neuroendocrine 
tumors, in addition to pancreatic and renal cysts. The disease

is caused by mutations in the VHL tumor-suppressor gene.
As described by the two-hit hypothesis of Knudson, affected
patients inherit one mutated copy of the VHL gene from an
affected parent through the germline. Later in life, the other
normal copy of the VHL gene undergoes somatic mutation
in susceptible tissues (i.e., the second hit), initiating local 
tumorigenesis. The VHL protein is expressed ubiquitously,
and its function is primarily associated with the formation of
a ubiquitin ligase complex with other participating proteins

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

Correspondence: 
Alfonso Massimiliano Ferrara, MD, PhD
Familial Tumor Unit, Veneto Institute of 
Oncology IOV-IRCCS, Via Gattamelata, 
68, 35128 Padua, Italy
Tel: 39-0498215503 
Fax: 39-0498215502
E-mail: massimiliano.ferrara@ioveneto.it

Received  November 22, 2015
Accepted  March 14, 2016
Published Online  March 25, 2016

Alfonso Massimiliano Ferrara, MD, PhD1

Monica Sciacco, MD, PhD2

Stefania Zovato, MD, PhD1

Silvia Rizzati, MD1

Irene Colombo, MD2

Francesca Boaretto, PhD1

Maurizio Moggio, MD, PhD2

Giuseppe Opocher, MD1,3

1Familial Tumor Unit, Veneto Institute of 
Oncology IOV-IRCCS, Padua, 
2Neuromuscular and Rare Disease Unit, 
Dino Ferrari Centre, IRCCS Foundation 
Ca' Granda, Ospedale Maggiore Policlinico,
University of Milan, Milan, 
3Department of Medicine, 
DIMED University of Padua, Padua, Italy

│ http://www.e-crt.org │1438 Copyright ⓒ 2016 by  the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://crossmark.crossref.org/dialog/?doi=10.4143/crt.2015.450&domain=pdf&date_stamp=2016-10-10


(i.e., elongin B and elongin C) that subsequently binds and 
directs the degradation of the transcription factor hypoxia-
inducible factor (HIF). Loss of VHL function in mutated cells
is mainly caused by dysregulated accumulation of HIF,
which then directs the excessive transcription of downstream
genes, including angiogenic growth factors such as vascular
endothelial growth factor and platelet-derived growth factor
[1].

Carnitine palmitoyltransferase type II (CPT2) deficiency is
an autosomal recessive disorder representing the most 
common inherited disorder of long-chain fatty acid oxidation
affecting skeletal muscle. During prolonged exercise, fasting,
exposure to cold, fever, emotional stress, and drugs, produc-
tion of extra energy demand is met by oxidation of fatty
acids. Under these conditions, long-chain fatty acids are the
main source of energy substrate of muscle. However, long-
chain fatty acids do not readily diffuse across the mitochon-
drial membrane and hence require trans-esterification to
acylcarnitine. Formation of acylcarnitine from carnitine and
long-chain fatty acyl-CoA is catalyzed by CPT1 at the outer
mitochondrial membrane and then crosses the inner mito-
chondrial membrane. At the inner side of the inner mito-
chondrial membrane, CPT2 catalyzes formation of acyl-CoA,
which is then available for -oxidation. There are three phe-
notypes of CPT2 deficiency: lethal neonatal form, severe 
infantile hepatocardiomuscular form, and mild myopathic
form [2]. In the most frequent muscle form, recurrent attacks
of myalgias and cramps, often associated with myoglobin-
uria are the clinical hallmark. Rhabdomyolytic episodes, 
usually induced by the above-mentioned triggering factors,
may be complicated by life-threatening events, including
acute renal failure (ARF; not specific of CPT2 deficiency, but
consequent to myoglobinuria of any cause), respiratory fail-

ure, and, more rarely, cardiac arrhythmias, and hypo-
glycemia [3].

Herein, we describe, for the first time, the coexistence of
VHL disease and CPT2 deficiency and its consequences on
the clinical manifestation.

Case Report

A 25-year-old male patient (V-5) (Fig. 1A), former, 
non-professional, soccer player was born to consanguineous
parents. At the age of 10 years, familial history of VHL 
disease prompted mutational analysis of the VHL gene. He
was found to be a VHL carrier (chromosome 3p25.3; c. 256
C>G; p.P86A mutation) without VHL-related manifestations
at the time of diagnosis but later developing bilateral retinal
capillary hemangioblastomas and multiple pancreatic simple
cysts. The patient was hospitalized in 2003, 2006, and 2008 at
ages of 12, 15, and 17 years, respectively, for diffuse muscular
pain, muscle weakness, and brown-colored urine. Symptoms
in all three episodes were triggered by prolonged exercise in
addition to acute febrile illness caused by pneumonia (in
2003 and 2006) and gastroenteritis (in 2008) and resolved
within a few days with antibiotics therapy. At each hospital-
ization, neurological examination was normal whereas
serum creatine kinase, aspartate aminotransferase, alanine
aminotransferase, lactate dehydrogenase, and serum and
urine myoglobin levels were abnormal (Table 1). On the 
contrary, serum creatinine and potassium were completely
normal during (Table 1) and between the attacks. The recur-
rent attacks suggested an inherited cause of rhabdomyolysis.

Laboratory result    
Year of hospitalization

2003 2006 2008
CK (24-170 U/L) 49,800 15,451 16,939
Creatinine (0.3-0.6 mg/dL)       0.50 0.85 1.13
Potassium (3.6-5.0 mmol/L)    4.6 3.6 4.6
LDH (230-460 U/L)  5,051 774 808
AST (1-33 U/L) 2,541 325 742
ALT (1-31 U/L) 8,371 78 211
Serum mioglobin ND 2,107a) 472b)

Urine mioglobin (0-6 g/L) ND 2 3
Urine Hb (< 0.03 mg/dL)   1.5 1.5 0.75
C16, hexadecanoyl carnitine (< 0.22 mol/L)c) ND ND 0.59
C18, octadecanoyl carnitine (< 0.2 mol/L)c) ND ND 0.30

CK, creatine kinase; LDH, lactate dehydrogenase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ND, not
determined; Hb, hemoglobin. a)Normal values, < 90 g/L, b)Normal values, 1.2-75 g/L, c)Long-chain acylcarnitines.  

Table 1. Biochemical findings in the proband during rhabdomyolytic attacks
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Electromyography showed no abnormality whereas quadri-
ceps muscle biopsy showed necrosis of muscle fibers (“ghost
fibers”) (Fig. 1B-D). With suspicion of a CPT2 deficiency, 
biochemical CPT2 assay showed a marked CPT deficiency
(isotope, 43.8 pmol/min/mg [normal value, 452±160 pmol/
min/mg]; forward, 137 pmol/min/mg [normal value, 367±

110 pmol/min/mg]) along with elevation of serum long-
chain acylcarnitines levels (Table 1). CPT2 gene sequencing
showed the homozygous substitution c.338C>T (p.S113L).
Frequent meals with carbohydrate-rich intake before exercise
and restriction of long-chain fatty acid intake along with
medium chain fatty acid supplementation were recom-

Deceased subjects
Healty subjects
Asymptomatic carriers
VHL disease
CPT2 deficiency
Proband
DNA available

1 2

1

1

1 2 3 4 5 6 7 8

21 3 4 5 6 7 8 9

9 10 11 12

2 3 4 5 6

VHL: wt/mt
Hb; RC; pNET; TPGL

VHL: wt/mt
Hb; RC; 
pNET; RCH

VHL: wt/mt
RCH; PC

CPT2: mt/mt
W; MA; M

VHL: wt/mt
Pheo; EC

VHL: wt/wt VHL: wt/wtVHL: wt/mt
AC

VHL: wt/mt
Hb; RCH; pNET

VHL: wt/mt
Hb; RC; PC; pNET; RCH; ELSTVHL: wt/wt

7
7 8

2 3 4
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Fig. 1.  (A) Family  pedigree. Genotypes and clinical manifestations are aligned with each subject. VHL, von Hippel-Lindau;
CPT, carnitine palmitoyltransferase; wt, wild-type allele; mt, mutant allele; Hb, SNC hemangioblastomas; RC, renal cysts;
pNET, pancreatic neuroendocrine tumor; TPGL, tympanic paraganglioma; RCH, retinal capillary hemangioblastomas; PC,
pancreatic cysts; ELST, endolymphatic sac tumor; Pheo, pheochromocytoma; EC, epydidimal cyst; AC, asymptomatic carrier;
W, weakness; MA, muscular algias; M, myoglobinuria. (B-D) Quadriceps muscle biopsy of the proband, performed in 2008,
showing scattered ghost fibers (arrows) (B, Gomori trichrome, 20; C, H&E staining, 40; D, NADH, 20).
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mended to prevent further attacks.
Family history was negative regarding manifestations of

CPT2 deficiency, whereas mother, brother, maternal aunts,
and maternal grandmother of the proband presented VHL
manifestations (Fig. 1A). 

Discussion

This study describes the first patient with coexistence of
VHL disease and CPT2 deficiency due to mutations in the
VHL and CPT2 genes, respectively. 

The mutation p.P86A in the VHL gene, found in the
proband, his brother, mother, maternal grandmother, mater-
nal aunts, and cousin was previously reported [4-6] and is
associated with pheochromocytoma, peripherally located
retinal capillary hemangioblastomas, and, in our experience,
CNS hemangioblastomas and pancreatic neuroendocrine 
tumors. The mutation involves a hydrophobic aminoacid of
the VHL protein that is essential for the structural integrity
of the  domain, which binds HIF [7].

p.S113L mutation in the CPT2 gene, found in a homozy-
gous state in the proband (V-5) (Fig. 1A), is present in 
approximately 70% of patients with the myopathic form of
CPT2 deficiency. Most patients with this genotype present a
relatively severe phenotype, often associated with life-threat-
ening events and, occasionally, with a fatal outcome. Among
patients who are compound heterozygotes for the p.S113L
and one deleterious other mutation, some patients had the
typical phenotype, but others experienced serious complica-
tions, further supporting that p.S113L is a potentially 
dangerous mutation [3]. 

Rhabdomyolysis is a leading cause of acute kidney injury
(AKI), which is responsible for ARF [8]. Tubular ischemia is
believed to be centrally involved in the initiation and estab-
lishment of AKI because intrarenal oxygen tensions are low
and further reduced by perfusion [9]. Interestingly, despite
a severe reduction of CPT activity (10% of control), the
proband presented only severe weakness and myalgias but
never manifested ARF during the rhabdomyolysis attacks.
Several explanations can be offered. First, the degree of rhab-
domyolysis might not be sufficient to cause AKI, even
though patients with creatine kinase levels > 5,000 IU/L are
at risk of developing AKI [10]. Second, the homozygous
p.S113L mutation manifests with various degrees of clinical

severity and large intra-familiar heterogeneity of the pheno-
type (ranging from asymptomatic to fatal) depending on 
different degree of exposure to triggering factors, in combi-
nation with other genetic factors and on the influence of 
intragenic polymorphisms [3]. This explains why 70% of
cases carrying the homozygous p.S113L mutation have not
experienced any episodes of ARF [2]. Third, and more 
intriguingly, the absence of AKI might be due to the protec-
tive effect of the VHL mutation against acute tubular injury.
Indeed, a recent study reported that selective activation of
HIF in renal tubules, through an inducible knockout of VHL
protein (VHLKO), protects from rhabdomyolysis-induced
AKI. In this model, HIF activation showed inverse correla-
tion with tubular injury and was associated with activated
glycolysis, cellular glucose uptake and utilization, auto-
phagy, vasodilation, and proton removal showing that a
metabolic shift toward anaerobic ATP generation is the 
central protective mechanism against AKI [11]. Conscious of
extending findings from a VHLKO animal model to a VHL-
heterozygous human condition, it is possible that in our 
patient the haploinsufficiency of VHL protein in renal tissue
increased HIF levels to an extent similar to that in mouse thus
protecting kidney from acute injury. 

In conclusion, we have reported on the first case of coexis-
tence of VHL disease and CPT2 deficiency. This case could
be the first example of how a VHL mutation, in addition to
other genetic and environmental factors, protects the patient
from rhabdomyolysis-induced AKI.
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