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Abstract

Background Central nervous system (CNS) hemangioblas-
toma (HB) is one of the most common manifestations in von
Hippel-Lindau disease (VHL), but large-scale studies on
clinical features of CNS HB in VHL are scarce.

Methods On the basis of the results of a questionnaire, we
collected data of VHL patients with CNS HB.

Results The total number of CNS HBs in 111 VHL patients
(male 59, female 52) was 264 with the following distribu-
tions: cerebellar, 65.4 %; brainstem, 9.9 %; spinal cord,
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23.9 %,; and pituitary, 1. 1 %. The follow-up period was 0.6
to 39.2 years, with the mean 12.5 years. Patients bearing
brainstem or spinal cord HB also had another HB significantly
more frequently than those bearing cerebellar HBs (P<0.05).
The mean onset age of CNS HB was 29.1 years, and that of
patients bearing a single HB (mean 34.4 years) was signifi-
cantly greater than that of multiple HBs (mean 25.7 years).
Patients with multiple HBs under 40 years are more dominant
than those with a single HB. The distribution rate of brainstem
HB is significantly smaller in patients below 30 years than
patients above 29 years. Although ECOG PS score increased
along with number of operations, the onset age decreased with
increasing number of operations. The mean ECOG PS score
of patients below 20 years is significantly smaller than patients
above 19 years.

Conclusions When the onset age of CNS HB is under
40 years, and CNS HB is located at the brainstem or spinal
cord HB, the probability of multiple occurrence can be
predicted. Since patients with an onset age under 20 years
old preserve a high performance status, early detection of
CNS HB would be important. In addition, since a multiple
operations aggravate performance status, number of opera-
tions should be reduced.

Keywords Central nervous system hemangioblastoma -
Von Hippel-Lindau disease - Clinical features - Quality of life
Introduction

Von Hippel-Lindau disease(VHL) is a familial neoplasia
disorder with an autosomal dominant pattern of inheritance

that results from a germline mutation in the VHL gene, and
which is characterized by a predisposition to develop
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multiple neoplastic lesions, including central nervous sys-
tem (CNS) hemangioblastomas (HBs), retinal HBs, renal
cell carcinomas (RCCs), pheochromocytomas (PhCs), pan-
creatic tumors (PTs), endolymphatic sac tumors (ELSTs),
and epididymal cystadenomas (ECs) [9, 11-13]. VHL gene,
located at chromosome 3p25 region, was isolated by a
positional cloning approach [7] and shown to be mutated
in the germline of VHL patients, as well as in sporadic
tumors including CNS HBs [5] and RCCs [16]. Common
CNS lesions in affected individuals include cerebellar, spi-
nal cord, brainstem HBs, as well as retinal HBs, pituitary
stalk HBs, and ELSTs [3, 4, 8-10, 13]. The annual incidence
of VHL is approximately one in 36,000 live births and has
over 90 % penetrance by 65 years of age [9, 11-13]. The
earliest feature among manifested lesions in VHL patients is
usually a retinal or cerebellar HB. At present, metastases
from RCC and neurological complications from CNS HBs
are the most common causes of death. Although the median
survival of VHL patients previously did not reach 50 years,
the prognosis of VHL patients has been improved and the
complications related to VHL-associated lesions were re-
duced by comprehensive serial screening and routine
follow-up, earlier diagnosis of lesions in VHL patients by
computed imaging and laboratory studies including DNA
tests, progress in treatment such as micorosurgery or radio-
therapy for CNS HB and tumor enucleation for RCC, and
increased knowledge of VHL [9]. At present, even small
asymptomatic HBs in VHL patients are detected on an MRI
without difficulty [11]. Since most VHL patients with a
CNS HB also have other CNS HBs and/or visceral tumors,
these patients might have opportunities to undergo treatment
for other CNS HBs or visceral tumors in the future. Large-
scale epidemiological studies involving over 100 patients
have rarely been done, and the clinical features of CNS HBs
in VHL disease are not yet fully defined. In addition, the
previous studies mostly have treated a smaller number of
only cerebellar or spinal cases; and therefore the clinical
aspects and the quality of life of CNS HBs in VHL patients
have not yet been fully elucidated [1, 17]. Here, focusing
particularly on onset age of CNS HB, we describe the
clinical features and quality of life of HBs in the CNS of
VHL patients.

Materials and methods

VHL patients were gathered by the Japanese VHL
Study Group in the Japanese Health & Labor Ministry
during 2009-2010 via the results of a questionnaire
(Table 1) answered by Japanese neurosurgeons at 1020
hospitals approved as training facilities for neurological
surgery in Japan. The clinical diagnosis for VHL was
made on the basis of the following criteria [9]. In the

@ Springer

presence of a positive family history, VHL can be
diagnosed clinically in a patient with at least one typical
VHL tumor, retinal or CNS HB,; RCC; PhC; and PT.
ELSTs and multiple pancreatic cysts suggest a positive
carrier. In contrast, in patients with a negative family
history of VHL-associated tumors, diagnosis of VHL
can be made when they exhibit two or more CNS HB
or a single HB in association with a visceral tumor such
as RCC, PhC, and PT. All CNS HBs or visceral tumors
were diagnosed on the basis of clinical histories, symp-
toms, histories, laboratory studies, and radiological find-
ings made by CT or MR. Among the collected VHL
patients, those bearing CNS HBs were investigated with
respect to the following: patients’ characteristics, loca-
tion of CNS HB, onset age of CNS HB, follow-up
period, number of operations for CNS HB, and radiation
therapy. In addition, performance status (PS) at the

" point based on the results of the questionnaire was
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assessed according to the following Eastern Cooperative
Oncology Group (ECOG) PS [14]. The relationship
between the number of operations and the PS or onset
age of CNS HB was also examined. Exclusion criteria
were as follow: incomplete description about location of
tumor, onset age or performance status. For statistical
analysis, we applied the non-parametric Mann-Whitney’s
U test or Spearman’s correlation coefficient rank test.
Statistical significance was set at P<0.05. This study
was conducted with the approval of the ethics commit-
tee of Kochi University School of Medici,ne which is
the center of this study.

Results

According to the criteria described in the Methods section,
294 patients were defined as VHL according to results of the
questionnaire. Among them, 200 (68.1 %) bore CNS HBs.
Among these 200 patients, their tumor locations, onset age,
ECOG PS,and follow-up period were clarified in 111
patients. Summary of data on CNS HBs in VHL patients
is shown in Table 2. Among 111 patient, 2 died due to CNS
HB at 44 and 47 years, and remaining 109 patients were
living.

Among the 111 patients bearing CNS HBs, those
bearing cerebellar ones were 92 (82.9 %); brainstem,
22 (20.7 %); spinal cord, 43(38.7 %); pituitary, 3
(2.7 %). Fifty-three patients had only cerebellar HBs
(30, single tumor; 23, multiple ones). Ten patients had
only spinal cord HB (seven, single tumor; three, multi-
ple ones); and three patients had only brainstem HBs
(two, single tumor; one, multiple ones). In addition, the
result of the present study revealed that 83.7 % of the
patients with spinal cord HB had another CNS HB at
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Table 1 Questionnaire on central nervous system hemangioblstoma (CNS HB) in VHL

Onset age of CNS HB ( ) years old or the Year ( )
Times of therapy Age
( )years old o tumor removal
or o stereotactic radiotherapy
the Year o external irradiation
The first time ( . ) o other therapy
Location
ocerebellum
obrainstem
ospinal cord oC(cervical) o T(thoracic) o L/S(lumbosacral)
( ) years old o tumor removal
or O stereotactic radiotherapy
the Year o external irradiation
The second time R ) = other therapy
Location
ocerebellum
obrainstem
ospinal cord oC(cervical) oT(thoracic) ¢ L/S(lumbosacral)
( ) yearsold o tumor removal
or o stereotactic radiotherapy
the Year pexternal irradiation
The third time ( ) oother therapy
and following Location
ocerebellum
obrainstem
ospinal cord  oC(cervical) oT(thoracic) o L/S(lumbosacral)
ECOG Performance Status
Check  Score definition
o 0  Full active, able to carry on all pre-disease performance without restriction.

1

Restricted in physically strenuous activity but ambulatory and able to carry out work
of a light or sedentary nature.

Ambulatory and capable of all self-care but unable to carry out any work activities.

Capable of only limited self-care, confined to bed or chair more than 50% of working hours.

Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair.

o 2
Up and about more than 50% of working hours.
o 3
o 4
o 5  dead

the same and/or another site; and, similarly, 91.3 % of
the patients with brainstem HB also had another CNS
HB at the same and/or another site, and 68.4 % of the
patients with cerebellar HBs had CNS HB at the same
and/or another site (Fig. 1). The distribution of 63
spinal cord HBs is as follows: cervical, 50.6 %, thorac-
ic, 37.0 %; lumbar, 12.3 %. The number of patients
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having undergone radiotherapy was 10, and all radio-
therapies were performed with stereotaxic radiosurgery .
In VHL patients below 40 years old, patients bearing
multiple HBs are more dominant than those bearing
single HB, while in VHL patients above 39 years old,
those bearing single HB are more dominant than those bearing
multiple HBs. The distribution rate of brainstem HB is
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Table 2 Summary of data on CNS hemangioblastomas (HBs) in VHL
patients

Characteristics
Male/female 59/52
VHL patients with treated CNS HBs 108
VHL patients with untreated CNS HBs 3
Onset age of CNS HB (mean years+sd.) 7 to 73 (29.1+12.6)
VHL patients with a single HB 34.4%15.8
VHL patients with multiple HBs 25.7+9.8
Period of follow-up (mean years+s.d.) 0.6 to 39.2
(12.5+9.3)
ECOG Performance status (PS) 0.77+1.16

(mean score+s.d.)

ECOG PS 0 63 (56.8 %)
ECOGPS 1 29 (26.1 %)
ECOG PS 2 8 (7.2 %)
ECOG PS 3 6 (5.4 %)
ECOG PS 4 327 %)
ECOG PS 5 2 (1.8 %)
Distribution of all CNS HBs 264
Cerebellum 172 (65.2 %)
Spinal cord 63 (23.9 %)
Brainstem 26 (9.8 %)
Pituitary 3(1.1 %)
Distribution of onset CNS HBs in VHL patients 111
Cerebellum 79 (71.2 %)
Spinal cord 21 (18.9 %)
Brainstem 10 (9.0 %)
Pituitary 1(0.9 %)
Total number of operation 251

Times of operation per patient 1t09(2.2+1.8)

(mean tumes+s.d) 1 to 9

significantly higher in patients below 30 years old than
patients above 29 years old (P<0.01) (Table 3).

The onset age of VHL patients with a single HB (34.4+
15.4 years) was significantly higher than the patients with

Cerebellum
Pituitary
Brainstem 4“

Spinal cord

Fig. 1 Distribution of CNS HBs in 111 VHL patients
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multiple HBs (25.7£12.6 years) (P<0.001). Similarly, the
mean onset age of patients bearing a single cerebellar HB
(33.8 £15.0 years) was significantly higher than that of
patients bearing multiple cerebellar HBs and/or HBs at
another site (26.2 +8.9 years). Likewise, in the case of
patients bearing a single spinal cord HB, this mean age
(35.9 £17.5 years) was significantly higher than that of
patients bearing multiple spinal cord HBs and/or HBs at
another site (24.4 £12.1 years old) (P<0.01). Patients bear-
ing multiple HBs are more dominant than those bearing
single HB in patients below 40 years old, while those
bearing single HB are significantly more dominant than
those bearing multiple HBs in patients above 39 years old
(P<0.01) (Table 3).

ECOG PS was assessed based on the results of the
questionnaire. Those patients having low ECOG PS scores
(PS=0, 1) were 82.9 %, while higher ECOG PS scores (PS>
2) were 17.1 % of the total 111 patients. The relationship
between ECOG PS score and the onset age of CNS HB
showed a tendency that patients having a lower PS score
were at a lower onset age, but there was no significant
correlation (P=0. 06). The mean ECOG PS score of patients
below 20 years old was significantly smaller than patients
above 19 years old (P<0.01). The mean ECOG PS of
patients with a single CNS HB (0.34+0.76) was significant-
ly lower than that of patients with multiple CNS HBs (0.87+
1.14) (P<0.005). In addition, the mean ECOG PS of
patients bearing cerebellar HB was 0.67+1.04, and the mean
ECOG PS of patients bearing a single cerebellar HB (0.24+
0.69) was significantly lower than that of patients bearing
multiple cerebellar HBs and/or HBs at another site or single
cerebellar HB with HB at another site (0.87+1.12, P<0.005).
The mean ECOG PS of patients bearing a spinal cord HB was
0.88+1.1. The mean ECOG-PS of patients bearing spinal cord
HB was 0.88%1.1, and that of those bearing a single spinal
cord HB (0.69+0.95) was not significantly lower than that of
patients bearing multiple spinal cord HBs and/or HBs at
another site HB or a single spinal cord HB with an HB at
another site (0.93+1.20, P=0.46). ECOG PS score of VHL
patients bearing a single CNS HB is significantly smaller than
that of those bearing multiple CNS HBs in all onset age
groups (P<0.05).

Among 111 VHL patients, 108 patients underwent a total
of 251 operations, while the remaining three patients did not
undergo treatment for CNS HB. All three patients with
untreated CNS HB were above 39 years old, with a mean
of 42.7 years old. Among these three patients with untreated
CNS HB, two have one cerebellar HB and one has two CNS
HBs (cerebellum, 1 and spinal cord, 1). ECOG PS scores of
patients with untreated HBs were as follows: two
patients, PS 0; and one, PS 4. The follow-up period
of patients with untreated HB ranged from 1 to 7 years
(mean 5 years). On the other hand, the number of
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Table 3 Onset age of CNS HB

and other clinical features Onset age of CNS HB (years) —19 (N=26) 20-29 (N=41) 30-39 (N=24) 40- (N=20)
Male/Female 11/15 26/15 14/10 9/11
Single/Multiple 7/19 17124 8/16 15/5
Follow-up period 13.54+9.14 13.61+8.92 13.54+10.87 7.5+6.81
Total number of CNS HB 75 103 62 24
Mean number of CNS HB 2.88+1.97 2.51+1.80 2.58+1.86 1.2+0.52
Distribution of all CNS HB C47/B12/S15/P1  C58/B12/S33/P1  C52/B1/S9 C15/B1/S6/P1
Distribution of onset CNS HB  C19/B2/S4/P1 C28/B6/S7 C18/B1/S5 C14/B1/85
Total number of operations 67 101 63 20
Mean number of operations 2.58+1.94 2.46+1.83 2.63+1.95 1+0.65
Mean ECOG PS score 0.29+0.46 0.73£1.11 0.83+1.34 0.89+1.18
ECOG PS score single 0 0.5+1.03 0.13+0.35 0.77+1.17
ECOG PS score multiple 0.41+0.51 0.88+1.15 1.19+1.51 1.2+1.3

operations per patient with treated CNS HBs ranged
from 1 to 9, with a mean of 2.2+1.8. In the first
operation, cerebellar HB was dominant; but in the sec-
ond operation, the rate of the spinal cord HB operation
increased. In the spinal cord operations for HB, the first
and third operations were dominantly performed at the
cervical level, while the second operation was domi-
nantly at the thoracic one (Fig. 2). As to the relation-
ship between number of operations and ECOG PS, the
ECOG PS score significantly increased together with the
operation number (P<0.001). In contrast, in the rela-
tionship between operation number and onset age of
CNS HB (Fig. 3), the latter significantly decreased with
increasing number of operations (P<0.005); with a
mean of 32. 9 years for one operation; a mean of
26.2 years for two operations; and a mean of 23.9 years

Fig. 2 Sites of CNS HBs with
respect to operation number are
shown. a Cerebellar HBs were
always the most dominant,
while spinal cord and brainstem
HBs were always the second
and the third, respectively. The
proportion of spinal cord HBs
increased with operation
number, particularly in the
second operation. b Number of
spinal cord HBs with respect to
spinal cord level and operation
number. In the first operation,
the cervical level was the most
dominant location; whereas in
the second, the thoracic was the
most dominant one, In the third
and fourth operations, the
cervical level was the most
dominant 0 -
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for three and more operations. As to the relationship
between number of operations and onset age of CNS
HBs, the mean numbers of CNS HB and operation for
CNS HB in onset age of VHL patients above 39 years
old are significantly smaller than other onset age groups
(P<0.05) (Table 3, Fig. 3).

Discussion

Approximately two-thirds of CNS HBs are sporadic in
origin, while the remaining third are associated with VHL.
HBs in the CNS are a common feature in VHL patients, and
are often also accompanied by such lesions at other sites,
although sporadic CNS HBs are almost always universally
solitary. Approximately two-thirds of VHL patients bear
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6
Fig. 3 Relationship between a
number of operation and ECOG 14 -
performance status (PS) score o
or onset age of CNS HB is 12
shown. a The ECOG PS score <
was significantly positively ©
correlated with the number of = L
operations. b Relationship 2 !
between number of operation g 0.8 -
and onset age (years) of CNS o)
HB is inversely correlated @) 0.6 -
with number of operation. Eﬂ)
**P<0.01, *P<0.05 04 -
0.2 -
O 4

1

Number of operation

CNS HBs; and among these HBs, cerebellar are the most
dominant, and spinal cord ones are next, with brainstem
HBs being third [12, 13, 15]. Another frequently found site
is the pituitary [16]. In contrast, such lesions in the cerebral
intraparenchymal region or intraventricular region are rare.
These frequently found regions match those in which he-
matopoietic embryonic stem cells reside [17]. The HB dis-
tribution in this present study is similar to that found in
previous studies [1-3, 12, 13].

Spinal cord HB or brainstem HB is frequently also asso-
ciated with an HB at some other site, mostly cerebellar HB;
whereas cerebellar HB is less frequently associated with
HBs at other locations [14]. These findings suggest that
spinal cord or brainstem HB is usually an accompanied
manifestation of cerebellar HB and that cerebellar HB is
often an independent pathology. In other words, when a
spinal cord HB or a brainstem HB is found in a patient,
such a patient should be predicted to have another mani-
fested lesion associated with VHL, particularly a CNS HB;
and this possibility should be explored.

Our present study showed that the ECOG performance
status score was positively correlated with the number of
operations and with the onset age of CNS HB. VHL patients
frequently undergo multiple operations for CNS HBs, but
multiple operations aggravate performance status. If possible,
the number of operation for CNS HBs should be reduced. The
present study showed that the first operation was mostly for
cerebellar HB and that there was an increase in the proportion
of spinal cord HB, particularly thoracic, at the second opera-
tion. This change in proportion from the first operation to the
second one would be expected to affect performance status.
When a CNS HB is identified, and the patient is diagnosed as
VHL at an age under 40 years, we can thus predict that another
HB will appear in the CNS in the future, particularly in
brainstem or spinal cord HB. In contrast, when a CNS HB is
identified in the cerebellum and the patient is diagnosed as
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VHL over 39 years of age, we can predict that another CNS
HB will not appear later. Our present study also showed that a
single HB was different from multiple HBs in terms of onset
age of CNS HB and performance status. The onset age of CNS
HB in VHL patients bearing a single HB was significantly
older than that for VHL patients bearing multiple HBs. This
present study showed that VHL patients will probably have
only a single HB when the onset age of CNS HB is over
39 years, but that they will have multiple HBs under the onset
age of 40 years. This result indicates that scheduled follow-up
is necessary if onset age is under 40 years but that it is not
always necessary if onset age is above 39 years. In addition,
the present study also showed that the ECOG PS score of
patients below 20 years old was significantly smaller than that
of patients above 19 years old. This result suggests that early
detection of CNS HB in VHL patients and annually follow-up
is important, and that thereby the annual follow-up may
provide patients opportunities to undergo adequate treatment
and may contribute to preserve a high performance status of
patients. However, further studies are required to confirm the
findings of this study, because the number of VHL patients
bearing CNS HB above 39 years or below 20 years are small
in this study.

Conclusion

When the onset age of CNS HB is under 40 years and CNS
HB is located in brainstem or spinal cord, the probability of
multiple occurrence of CNS HBs can be predicted and close
scheduled follow-up is necessary. We would emphasize that
since the onset age under 20 years old patients preserve high
performance status, early detection of CNS HB in VHL
patients and annually follow-up would be important, and that
since multiple operations aggravate performance status in
VHL patients, number of operations had better be reduced.
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- Abstract. The signal transducer and activator of transcription 3
(STAT3) factor plays an important role in the tumorigenicity of
cancer stemn cells. The purpose of this study was to investigate
the inhibitory mechanism of this pathway acting through the
tumor suppressor von Hippel-Lindan (VHL) protein in glioma
cancer stem cells. We isolated floating neurosphere-forming
CD133* cells as glioma stem-like cells (GSLCs) by the MACS
method. Furthermore, we examined these cells for their
growth rate, ability to form colonies and nenrospheres in soft
agar, capacity for implantation into SCID mice and expres-
sion of CD133, STAT3, JAX2, Elongin A, PTEN and VHL.
. Furthermore, we transferred the VHL gene, an inhibitor of
STAT3, into GSLCs using an adenovirus vector and compared
these transfectants with control vector-transfected GSLCs.

GSLCs proved to be xmplantable and formed a tumor in the
subcutanegus tissue of SCID mice, the histology of which was
similar to that of human glicblastomas. In addition, GSLCs
exhibited a high capacnty for soft agar colony and neurosphere
formation, nearly ‘all of which were CD133 pasitive. The
majority of GSLCs were immunopositive for STAT3, JAX2
and Elongin A, but immunonegative for PTEN and VHL.

‘When the VAL gene was transferred to GSLCs and these cells

. Were transplanted into SCID mice, they did notresult in tumor

* formation. Their capacity for soft agar colony and neurosphere
formation was significantly inhibited, although their prolifera-
tion was only moderately inhibited, Regarding the expression
of various factors, that of CD133 was decreased in the VHL
transfectants and those of STAT3, JAK2 and Elongin A were
eliminated. However, the expression of PTEN and of VHL was
- upregulated. These findings suggest that VHL regulated the
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tumorigenicity and self-renewal ability of glioma cancer stem
cells by inhibiting the JAK/STAT signaling pathway.

Iniroduction oo

Glioblastoma is one of the most intractable tumors of the
central nervous system and is often fatal. Complete remission
is rarely achieved. Compared to 30 years.ago, the survival time
has been prolonged only by a few months (I). Althcugh chemo-
therapy, nsually by oral temozolomide, may prolong survival of
glioblastoma patients, it does not significantly affect survival.
Bevacizomab, which is an anti-VEGF antibody, also extends
snrvival time by approximatély 2 months (2); it is not, however,
curative. To date, the majority of glioblastoma patients snccumb
to the disease within 1 year of initial diagnosis. The therapeutic
resistance of glioblastorna possibly results from the presence of
cancer stem cells. The cancer stem cell theary does not apply
to all types of cancer, but glicblastoma is considered a type
of cancer possessing cancer stem/initiating cells (3), which

" have been isolated from the U87 human glioma cell line (4).

The characteristics of glioma cancer stem cells include CD133
positivity, self-reproduction ability, nenrosphere formation-in
non-serum medinm containing growth factors, tumorigenicity |
in SCID mice, chemotherapy and radiotherapy resistance
and cellular hierarchy. Signal transducer and activator of
transcription 3 (STAT3) was reported to play a critical role in
the tumorigenicity of glioma-initiating cells (5,6). Inhibition
of translation of STAT3 mRNA by STAT3 siRNA results in
inhibition of cell proliferation and self-renewal (7). In addition,
the expression of microRNA (miRNA)-21 in glioma-initiating
cells is negatively regulated by activated STAT3 (8). It has
been suggested that the JAK/STAT pathway is repressed by
the von Hippel-Lindau (VHLY) protein (9) and that BC-box
proteins, inclnding VHL, possibly inhibit the JAX/STAT
pathway by binding to Elongin BC (10). Upregulated expres-
sion of PTEN coordinately inhibits the PI3K/Akt pathway (11)
as well as VHL and PTEN function (12). Glioma stem-like cells
(GSLCs) are suggested to be in a hypoxic environment (13).
Furthermore, it was recently reported that TRATL and pacli-
taxel synergize to kill U87-derived GSLCs in vitro (14) and that
miRNA-34a suppresses cell proliferation and induces apop-

54



