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Spinal cord hemangioblastomas in von Hippel-Lindau disease

H Kanno', I Yamamoto', R Nishikawa?, M Matsutani?, T Wakabayashi®, ] Yoshida3, N Shitara®, I Yamasaki®,

T Shuin®, and Clinical VHL Research Group in Japan

"Department of Neurosurgery, Yokohama City University School of Medicine, Yokohama, Japan; 2Department of Neurosurgery,
Saitama Medical University, Hidaka, Japan; *Department of Neurosurgery, Nagoya University School of Medicine, Nagoya, Japan;
*Tokyo Metropolitan Hiroo General Hospital, Tokyo, Japan and *Department of Urology, Kochi University School of Medicine,

Nangoku, Japan

Study Design: Retrospective data analysis.

Objective: To clarify the clinical features and surgical management of spinal cord hemangioblastomas

in patients with von Hippel-Lindau disease (VHL).

Setting: Clinical VHL Research Group in Japan, Japan.

Methods: Forty-eight out of 66 patients with associated spinal cord hemangioblastoma among 142
VHL patients were retrospectively examined with respect to clinical features, accompanying lesions and
outcome of surgical treatment.

Results: Among these 48 patients, 46 of them (95.8%) also had a central nervous system (CNS)
hemangioblastoma at another site: 42 (87.5%) with cerebellar hemangioblastoma and 11 (22.9%) with
brain stem hemangioblastoma. Twenty-three patients (47.9%) had more than one spinal cord
hemangioblastoma. The 48 patients with spinal cord hemangioblastomas collectively had a total of 74
tumors. The tumor was accompanied with a syrinx in 64 and without it in 10 patients. Forty of the 48
patients underwent surgical treatment for their spinal cord hemangioblastomas, and 7 of these 40
underwent surgical treatment twice. When functional changes in the patients after these 47 operations
were examined by postoperative evaluation by McCormick’s classification, 39 of these operations
(83.0%) resulted in improvement/no change and 8 (17.0%) in aggravation of symptoms.
Conclusion:  Von Hippel-Lindau disease patients bearing spinal cord hemangioblastomas mostly had
a CNS hemangioblastoma at another site. These tumors can be removed in the majority of VHL patients
without aggravation. In these patients, when the timing of treatment for spinal cord hemangioblastoma

is determined, the probability of occurrence and treatment of other lesions should be considered.
Spinal Cord (2009) 47, 447-452; doi:10.1038/5¢.2008.151; published online 25 November 2008

Keywords: spinal cord hemangioblastoma; von Hippel-Lindau disease; clinical features; surgical

outcomes

Introduction

Von Hippel-Lindau disease (VHL) is an autosomal dominant
hereditary disease in which central nervous system (CNS)
and retinal hemangioblastomas; renal cell carcinomas;
pheochromocytomas; abdominal cystic lesions such as those
in the kidneys, liver, and pancreas; and epididymal cysts
develop. VHL manifests itself by approximately 65 years of
age and shows an annual incidence of one per 36000 live
births. Manifestations in the CNS include cerebellar, brain
stem, spinal cord, and suprasellar hemangioblastomas and
endolymphatic sac tumors.'™ The causative gene, located
in the chromosome 3p25-26 region,7 is also related to

Correspondence: Dr H Kanno, Department of Neurosurgery, Yokohama City
University School of Medicine, 3-9 Fukuura, Kanazawa-ku, Yokohama,
Kanagawa 236-0004, Japan.

E-mail: kanno@med.yokohama-cu.ac.jp
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the occurrence of sporadic CNS hemangioblastoma® and
renal cell carcinoma.’

Sixty to 80% of VHL patients manifest CNS hemangio-
blastomas in the cerebellum, brain stem and spinal cord.“1-13
Spinal cord hemangioblastoma is the second most common
among CNS hemangioblastomas, accounting for more than
40% of VHL-associated CNS lesions.'* Spinal cord heman-
gioblastomas have morphological features similar to CNS
hemangioblastomas elsewhere. Histologically, CNS heman-
gioblastomas are highly vascular tumors composed of
neoplastic stromal cells, pericytes and endothelial cells.
The neoplastic cell of the origin for CNS hemangioblastomas
is the mesoderm-derived, embryologically arrested heman-
gioblast.'® Although a small spinal cord hemangioblastoma
is mostly asymptomatic, it becomes symptomatic after the
syrinx associated with the tumor has enlarged. Among
manifestations in patients with VHL, the earliest features
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are mostly retinal and cerebellar hemangioblastomas, while
it is relatively rare that spinal cord hemangioblastoma is the
earliest manifestation. Although most of these hemangio-
blastomas are located in the intramedullary region accom-
panied with a syrinx, postoperative deterioration is not often
encountered.'*'® Since the advent of the era of magnetic
resonance imaging (MRI), small asymptomatic spinal cord
hemangioblastomas can be easily detected on an MRL! In
VHL patients, spinal cord hemangioblastomas are frequently
found. VHL patients harboring spinal cord hemangioblastomas
face various treatment problems that are not encountered by
patients harboring sporadic spinal cord hemangioblastomas,
because VHL patients with spinal cord hemangioblastomas
may also require treatment for other CNS hemangioblasto-
mas or visceral tumors simultaneously or in the future.
However, most of the previous studies have dealt with
isolated sporadic spinal cord hemangioblastomas, and the
clinical features and the management of spinal cord
hemangioblastomas in VHL patients have not yet been fully
clarified.'® Here, we describe clinical features and manage-
ment for VHL patients with associated spinal cord heman-
gioblastomas.

Methods

Patients with VHL were collected by the Clinical VHL
Research Group in Japan in 2000-2002. The members of
the Clinical VHL Research Group in Japan consisted of
neurosurgeons who belonged to 336 hospitals approved as
training facilities for neurosurgery in Japan and joined this
study. Diagnosis for VHL was based on the following the
criteria®; (i) patients with a family history of developing
hemangioblastoma in the CNS and retina, renal cell
carcinoma, pheochromocytoma or pancreatic tumors or
cysts, epididymal cystadenoma; (ii) patients without a family
history of VHL disease, but who develop hemangioblastoma
in combination with other tumors, such as renal cell
carcinoma, pheochromocytoma, pancreatic tumors or cysts,
or epididymal cystadenoma. All symptomatic and asympto-
matic spinal cord hemangioblastomas were diagnosed based
on clinical symptoms and neuroradiological findings by MRI
(Figure 1), and all surgically removed spinal cord hemangio-
blastomas were histologically verified. Sixty-six patients
having spinal cord hemangioblastomas among 142 VHL
patients in 81 VHL families were retrospectively examined
with respect to the following: gender, age, type of VHL,
spinal tumor location, onset age of spinal cord hemangio-
blastoma and other lesions (cerebellar hemangioblastoma,
brain stem hemangioblastoma, retinal hemangioblastoma or
renal cell carcinoma), presence of a syrinx, number of spinal
tumors, other CNS hemangioblastomas, other complicating
lesions (endolymphatic tumor, renal cell carcinoma, pheo-
chromocytoma, epididymal cyst, renal cyst, pancreas cyst
and liver cyst), presence of VHL family history, manifesta-
tions in the family, follow-up period and outcome of surgical
treatment. In addition, the age of the patient at the onset of
spinal cord hemangioblastoma, the period between the
onset of the earliest manifestation in VHL and the operation
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T1-weighted magnetic resonance imaging (MRI) of spinal

Figure 1
cord hemangioblastomas in von Hippel-Lindau (VHL)-diseased
patients. Spinal cord hemangioblastoma usually shows intramedul-
lary homogeneously enhanced mass lesion frequently associated
with syrinx on MRI. (a) Cervical cord hemangioblastoma in a VHL
patient. (b) Lumbar cord hemangioblastoma in a VHL patient.

Table 1 Clinical/functional classification scheme?

Grade Definition

| Neurologically normal; mild focal deficit not significantly affecting
function of involved limb; mild spasticity or reflex abnormality;
normal gait

Il Presence of sensorimotor deficit affecting function of involved
limb; mild-to-moderate gait difficulty; severe pain or dysesthetic
syndrome impairing patient’s quality of life; still functions and
ambulates independently

it More severe neurological deficit; requires cane/brace for
ambulation or significant bilateral upper extremity impairment;
may or may not function independently

v Severe deficit; requires wheelchair or cane/brace with bilateral
upper extremity impairment; usually not independent

aCited from McCormick et al.'”

for spinal cord hemangioblastoma and times of surgical
treatment for spinal cord hemangioblastoma were exam-
ined. Data from the clinical charts and radiological records
were used to obtain the above information. Evaluation of
surgical treatment was assessed in terms of McCormick’s
functional grade (Table 1)'7 before and 6 months after the
operation. The change in the status of the patient after the
operation was classified into three types: improved, no change
and aggravated. The relationships between the postoperative
McCormick’s functional grade and age of patient at the time of
the operation, number of simultaneously resected spinal cord
hemangioblastomas during the operation, volume of the
tumor preoperatively, spine level of the tumor, McCormick’s
functional grade before the operation and presence of a syrinx
were assessed on MRIL Exclusion criteria were as follows:
incomplete description in clinical charts and neuroradiological
records about site of tumor, accompanying lesions, family
history of VHL and surgical outcome evaluation. Then, among
66 patients bearing spinal cord hemangioblastomas associated
with VHL, 48 of them, representing 45 VHL families, were
examined. For statistical analysis, non-parametric test was
applied by Mann-Whitney’s U-test or Spearman’s correlation
coefficient by rank test. Statistical significance was set
at P<0.03.



Results

Forty-eight patients bearing spinal cord hemangioblastomas
in 45 VHL families were collected from 27 hospitals
including all districts in Japan, and consisted of 21 males
and 27 fernales. The age of the patients ranged from 13 to 52
years, and the mean age was 33.5+ 9.6 years. The follow-up
period ranged from 1 to 20 years, with a mean of 6.5+5.4
years. The 48 patients collectively had a total of 74 spinal
cord hemangioblastomas. Among these 48 patients, 46
(95.8%) had more than one CNS hemangioblastoma at a
site in addition to the spinal cord, and 12 of 46 had the
spinal hemangioblastoma as the first manifestation asso-
ciated with simultaneously recognized lesions. The remain-
ing two patients without another CNS hemangioblastoma
developed spinal cord hemangioblastomas at the ages of 12
and 16 years as the first manifestation of VHL. Twenty-three
patients (47.9%) had more than one spinal cord hemangio-
blastoma, and the mean number of tumors in patients
harboring spinal cord hemangioblastoma was 1.54. Forty-
two patients (87.5%) also had cerebellar hemangioblastoma;
and 11 (22.9%), a brain stem hemangioblastoma. Sixteen
patients (33.3%) also presented with retinal hemangioblas-
toma, 16 (33.3%) with renal cell carcinoma, 11 (22.9%) with
pancreas cyst, 5 (10.4%) with a renal cyst and 1 (2.1%) with a
pheochromocytoma (Figure 2). The onset ages of spinal cord
hemangioblastoma, cerebellar hemangioblastoma and brain
stem hemangioblastoma ranged from 5 to 49 years, from 10
to 47 years and from 10 to 49 years (mean 27.5+10.5,
24.9+8.2 and 27.5+10.4 years), respectively. For other
manifestations, the onset ages of retinal hemangioblastoma
and renal cell carcinoma ranged from 11 to 49 years and
from 19 to 49 years (mean 23.2+11.5 and 32.9 9.4 years),
respectively (Figure 3). Spinal cord hemangioblastoma was
the earliest manifestation in 23 patients, the second in 13,
and the third in 12 patients. The mean period between the
first manifestation of VHL except for spinal cord hemangio-
blastoma and the operation for spinal cord hemangioblastoma
was 4.4 years (Figure 4).

Thirty spinal cord hemangioblastomas (40.5%) were
located at the cervical level, 40 (54.1%) at the thoracic and
4 (5.4%) at the lumbar. Although the thoracic site of spinal
cord hemangioblastomas was the most dominant, tumors at
the cervical level were relatively the most common on a per
spine level (cervical, 4.3; thoracic, 3.3; lumbar, 0.8). This
occurrence ratio of cervical commonness revealed that spinal
cord hemangioblastoma in VHL usually occurred more
rostrally than caudally. Sixty-four tumors (86.5%) were
associated with a syrinx; and 10 (13.5%) without one.
Among the 48 VHL patients harboring spinal cord heman-
gioblastomas, 40 of them (83.3%) underwent 47 surgical
resections for spinal cord hemangioblastomas, whereas 8
patients were under observation because of no symptom
with the tumor. Seven patients underwent two operations
for spinal cord hemangioblastomas. The mean period
between the first operation and the second operation for
the latter group was 9.5 years. Among the 47 operations, 16
of them were for plural spinal lesions; and 31 for single
lesion. Total removal was performed in 44 operations
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Figure 2 Accompanied manifestations in von Hippel-Lindau-
diseased patients harboring spinal cord hemangioblastomas.
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Figure 3 The onset ages of central nervous system hemangioblas-
tomnas in von Hippel-Lindau (VHL)-diseased patients harboring spinal
cord hemangioblastomas. (a) Spinal cord hemangioblastomas.
(b) Cerebellar hemangioblastomas. (c) Brain stem hemangioblastomas.
The onset ages of spinal cord hemangioblastoma, cerebellar heman-
gioblastoma and brain stem hemangioblastoma were 27.5+10.5,
24.9+8.2 and 27.7 £ 10.4 years, respectively.

(95.7%), subtotal in 1 (2.1%), and partial in 2 (4.2%)
(Table 2). When functional grades before and after the
operative stage were evaluated according to McCormick’s
classification, 6 of the 47 operations resulted 6 (12.8%)
in improvement; 33 (70.2%) in no change; and 8 (17.0%)
in aggravation. No change of more than 1 grade of
McCormick’s classification occurred after the operation
(Figure 5). In addition, changes in McCormick’s functional
grade after the operation were not significantly correlated
with the number of spinal cord hemangioblastomas surgi-
cally treated, presence of a syrinx, preoperative McCormick’s
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Figure 4 Period between the earliest manifestation of von Hippel-Lindau (VHL) disease preceding spinal cord hemangioblastoma and the
operation for spinal cord hemangioblastoma with VHL. The mean period was 4.4 years.
Table 2 Summary of data on spinal hemangioblastomas (HBs) in
von Hippel-Lindau (VHL)-diseased patients
[2]
Characteristics é
o
VHL families 45 o
VHL patients with spinal HB 48 pE
Male/female 21/27 4
Age (mean years*s.d.) 3351296
Period of follow-up (mean years +s.d.) 6.5+54 xy
Associated with >1 spinal HB 23 N 7§ N }\\\ P NN ]\4
Associated with extra-spinal HB 46 ¥ Q VY NARRNARIRN
Cerebellum 42 | | | ] |
Brain stem 11 X
Improvement No change Aggravation
Number of VHL patients having undergone surgical treatment 40 Figure 5 Functional neurological grades before and after the
for spinal HB operative stage according to McCormick’s classification. Six opera-
5'”9]? operation 33 tions (12.8%) resulted in improvement (white columns); 33
Multiple operations 7 (70.2%), no change (black columns); and 8 (17.0%), aggravation
(grey columns). |, lI, [l and IV means McCormick’s functional grades.
Total number of surgical treatment 47
Extent of removal
Total 44
Subtotal 1 .
Partial 2 are associated with VHL. In VHL patients, spinal cord
hemangioblastoma is a common feature, and spinal cord
. hemangioblastomas associated with VHL are often also
Total number of spinal HB 74 . ; ;
With syrinx 64 accompanied by cerebellar and brain stem lesions; although
Without syrinx 10 sporadic spinal cord hemangioblastomas are almost always
. s universally solitary. In addition, VHL patients with spinal
VO/UTSO‘X spinal HB (rm®) 28 cord hemangioblastomas usually also have tumors of other
:00_1000 37 organs such as the eyes, the kidneys, the pancreas, the
<500 28 adrenal glands, paraganglia and the epididymus. This multi-
plicity accounts for the varied natural history of spinal cord
hemangioblastomas associated with VHL, complexities in
their management and uncertainties associated with long-
functional grade or age of the patient at the time of the term functional outcome, #3819
operation. However, the preoperative volume of the tumor Our study revealed that 66 (46.5%) out of 142 VHL
was significantly correlated with postoperative changes in patients examined had spinal cord hemangioblastomas.
the grade (P=0.02; Table 3). Although sporadic spinal cord hemangioblastomas are found
in approximately 10-20% among all CNS hemangioblasto-
mas, spinal cord hemangioblastoma with VHL is a more
. . common manifestation, In addition, 95.8% of the 48 VHL
Discussion . . : ) .
patients with spinal cord hemangioblastoma examined also
Spinal cord hemangioblastomas comprise 2-3% of primary had CNS hemangioblastomas at another site. In particular,
intramedullary spinal cord tumors and are the third most brain stem hemangioblastomas were associated with spinal
common among them.'>'®1? Spinal cord hemangioblasto-  cord hemangioblastomas. All 23 patients with more than
mas may occur sporadically or in association with VHL, one spinal cord hemangioblastoma also had CNS hemangio-
which is a multisystem familial cancer syndrome. Approxi- blastomas at sites in addition to the spinal region. From
mately two-thirds are sporadic in origin and the other third these results, when a spinal cord hemangioblastoma is found
Spinal Cord
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Table 3 Change in McCormick’s functional grade after the operation in patients with spinal hemangioblastomas (HBs)
Variables Number of operation Change of grade
P-value
Improvement (n=6) No change (n=33) Aggravation (n = 8)
Age (years)

<21 17 4 10 3 0.54

21-40 23 1 18 4

>40 7 1 5 1
Syrinx

Presence 42 6 29 7 0.51

No presence S 0 4 1
Tumor volume (mm?)

<500 10 3 7 0 0.02

500-1000 26 3 18 5

>1000 11 0 8 3
Operations for spinal HBs

Single 31 3 25 3 0.43

Mulitiple 16 3 8 5
Preoperative McCormick’s grade

| 17 0 14 3 0.26

It 23 5 14 4

il 2 0 1 1

v 5 1 4 0
in a patient, VHL should be suspected and another result indicates that spinal cord hemangioblastomas can be
manifestation associated with VHL should be explored, removed in the majority of patients without aggravation.
particularly a CNS hemangioblastoma. In contrast, when Central nervous system hemangioblastomas in VHL often
another manifestation of VHL aside from spinal cord have multiple periods of tumor growth separated by
hemangioblastoma is the earliest one in a VHL patient, periods of arrested growth and exhibit stuttering growth
spinal cord hemangioblastoma may be expected later. In our patterns. Therefore, many untreated hemangioblastomas
study, the interval between the onset of the initial manifes- frequently remain asymptomatic, and do not require treat-
tation and spinal cord hemangioblastoma was 4.4 years as a ment for long intervals.>?*° These natural history of CNS
mean interval. When manifestation associated with VHL is hemangioblastomas in VHL should be considered when
detected and the patient is diagnosed as VHL, we can thus determining the optimal timing of screening for individual
predict that a spinal cord hemangioblastoma will appear patients and for evaluating the timing and results of
within 5 years. treatment.

Although previous reports on the spinal cord hemangio- The VHL patients often have opportunities to undergo
blastomas with VHL are limited, Lonser et al.* examined 44 plural operations for spinal cord hemangioblastomas. In our
consecutive cases of patients who underwent 55 operations, study, seven patients underwent operations twice, with a
and analyzed the relationship between clinical outcome and mean interval of 9.5 years. However, the preoperative
features. In their report, preoperative neurological function, functional grade at the second operation for spinal cord
the presence of a ventral or ventrolateral lesion and tumor hemangioblastomas decreased in comparison with the post-
size were correlated with postoperative neurological func- operative grade after the first operation. As VHL patients
tion and were useful as a predictor of outcome, but the frequently develop multiple spinal cord hemangioblastomas
presence of a syrinx was not a predictor of outcome. In our and have opportunities for multiple operations, neurological
study, the preoperative neurological functions, age, number aggravation should be avoided at the first operation for
of simultaneously resected tumors and the presence of a spinal cord hemangioblastoma with VHL, if possible.
syrinx were not correlated with the postoperative functions, In conclusions, most VHL patients bearing spinal heman-
but volume of the tumor was correlated with the functional gioblastoma also have a hemangioblastoma at some other
change. The surgical outcome of the tumor volume site. Although most spinal hemangioblastomas are located in
<500mm® was better than >500mm?®. Before the tumor the intramedullary region and have a syrinx, the aggravation
volume exceeds 500 mm?® during follow-up by MRI, surgical rate after surgical resection for spinal hemangioblastomas is
treatment should be considered. low. Generally, spinal cord hemangioblastomas can be safely

In addition, when function before and after the operation removed in the majority of patients in VHL. The prognosis of
was evaluated according to McCormick’s classification, 83% spinal cord hemangioblastomas in VHL disease is good as
of the surgical cases remained unchanged or showed long as consequent yearly surveillance is performed. The
improvement. With respect to the functional outcome, this probability of the multiple occurrence and treatments of
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other VHL-related lesions should be taken into account
when the timing of the surgery is determined.
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Neuronal Differentiation of Neural Progenitor Cells by Intracellular Deliv-
ery of Synthetic Oligopeptide Derived from Von Hippel-Lindau Protein
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Abstract: Intracellular delivery of synthetic oligopeptides has the potential to promote the occurrence of various cellular
events such as cell death, proliferation, growth inhibition, metabolic changes, and morphological changes. However, the
regulation of cellular differentiation by intracellular delivery of synthetic oligopeptides has been little studied. Von Hip-
pel-Lindau protein (pVHL) is one of the proteins that functions to induce the differentiation of neural progenitor cells
(NPCs). To function in these cells, pVHL forms a complex composed of itself, elongin BC, Clu-2, and Rbx-1. It is sug-
gested that the binding site of elongin BC in pVHL plays a critical role in pVHL function, i.e., ubiquitination, which is re-
lated to neuronal differentiation. So, we synthesized an oligopeptide corresponding to the elongin BC binding site, and de-
livered the oligopeptide into NPCs by using a mixture of trifluoroacetylated lipopolyamine and diloeoyl phosphatidyle-
thanolamine (BioPorter) to form a peptide-lipid complex. After intracellular delivery of the oligopeptide, induction of dif-
ferentiation of NPCs was shown in terms of neurite outgrowth and by immunocytochemical and electrophysiological
means. The intracellular delivery of the synthetic oligopeptide derived from pVHL may provide a safe and valuable ap-

proach for the neuronal differentiation of NPCs.

Keywords: Neuronal differentiation, neural progenitor cell, oligopeptide, intracellular delivery, von Hippel-Lindau protein.

INTRODUCTION

Intracellular delivery of synthetic peptides has the poten-
tial to promote various cellular events such as cell death [1],
proliferation, growth inhibition [2], and metabolic changes
[3] and to have transcriptional {4] and morphological [5]
effects. Although some functional domains in proteins are
responsible for the functions of the full-length proteins, pep-
tides derived from these proteins and delivered intracellu-
larly may have effects similar to those obtained by transfer
of the gene encoding the full-length protein [6, 7]. Various
proteins are involved in the regulation of neuronal differen-
tiation of NPCs [8-23]. The induction of neuronal differen-
tiation of NPCs by intracelllular delivery has greater advan-
tages in regenerative medicine and clinical use than viral
gene transfer, which has the potential for cellular toxicity
[24], carcinogenesis [25], and genetic recombination [26].
Although the intracellular delivery of these proteins for such
a purpose has been scarcely done, recently generation of
neurons by intracellular delivery of PAX6 protein in NPCs
has been reported [27]. Von Hippel-Lindau protein (pVHL)
is one of the proteins that induce the neural differentiation of
NPCs. The crystal structure of the pVHL published previ-
ously revealed a -sheet structure referred to as the f-domain
in the NH, terminus of pVHL and an o-domain consisting of
a-helices in the COOH-terminus of pVHL [28]. The amino
acid region 156-171 within the a-domain of pVHL was
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found to be a highly mutated region. This region binds with
elongins B and C and CUL-2, a member of the cullin family
of proteins [29]. It is thought to form a complex that closely
resembles the yeast E3 type ubiquitin ligase complex, and
this complex was shown to exhibit E3 ligase activity [30].
Thus, the amino acid 156-171 region of pVHL may play a
critical role in the ubiquitination machinery that is involved
in the degradation of a broad variety of cellular proteins. This
machinery participates in neural differentiation by effecting
the degradation of several factors [31-35]. Therefore, this
156-171 region in VHL may be related to neural induction,
which is one of the functions of pVHL. Here, we tested our
hypothesis that the intracellular delivery of the 156-171
amino acid region of pVHL would cause neural differentia-
tion of NPCs.

MATERIALS AND METHODS
Peptide Design

The amino acid region 156171 within the a-domain of
pVHL binds with elongins C and B and CUL-2, and is
thought to form a complex that closely resembles the yeast
E3 type ubiquitin ligase complex [36]. It was shown that this
complex can indeed exhibit E3 ligase activity. The amino
acid residues 156-171 derived from the a-domain of pVHL
is competitive with elongin A, which promotes messenger
RNA elongation. Therefore, the synthesized peptide was
designed as VHL 156-171 (YTLKERCLQVVRSLVK). As
control peptides, two peptide mutants, L158V (YTVKERCL
QVVRSLVK) and C162F (YTLKERFLQVVRSLVK), were
designed.

© 2009 Bentham Science Publishers Ltd.



