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Summary

Object. Although functional mapping facilitates the planning of sur-
gery in and around eloquent areas, the resection of tumors adjacent to
language areas remains challenging. In this report, we took notice that
the language areas (Broca’s and Wernicke’s) present at the perisylvian
fissure. We posit that if there is non-essential language area on the inner
surface of the Sylvian fissure, safe tumor resection may be possible even
if the tumor is located under the language cortex.

Methods. The study population consisted of 5 patients with intrinsic
brain tumors (frontal glioma, n = 3; temporal cavernous angioma, n = 1;
primary malignant central nervous system lymphoma, n = 1) located in
the perisylvian subcortex, in the language-dominant hemisphere. All pa-
tients underwent awake surgery and we performed intra-operative bi-
polar cortical functional language mapping. When the tumnor was located
under the language area, the Sylvian fissure was opened and the inner
surface of the opercular cortex was exposed with the patient asleep, and
additional functional mapping of that cortex was performed. This en-
abled us to remove the tumor from the non-functioning cortex.

In our series, 4 of 5 patients had not language function on the inner
surface of the operculum. Only one patient, a 52-year-old man with
frontal glioblastoma (Case 3) had language function on the inner surface
of the frontal operculum.

Conclusion. We suggest that even perisylvian tumors located in the
subcortex of the language area may be resectable via the nonfunctioning
intrasylvian cortex by a transopercular approach without resultant lan-
guage dysfunction.

Keywords: Functional mapping; language area; operculum; brain
tumor.

Introduction

To minimize the risk of postoperative language defi-
cits in patients scheduled for surgery near the perisylvian
cortex in the dominant hemisphere, knowing the loca-
lization of language function is important for planning
the cortical trajectory and the resection area. While re-
ports on language cortical and subcortical mapping using

awake craniotomy and/or a sub-dural grid are available
[13, 14, 19], surgical resection under the eloquent cor-
tices continues to present a high risk of neurological
sequelae. Neuro-imaging functional techniques are in de-
velopment and are beginning to be efficient for cortical
sensorimotor mapping, but still lack sensitivity and spe-
cificity for language mapping, and remain difficult to
give real-time data during surgery [16].

The supratemporal plane is divided into the three parts
(planum polare, Heschl gyrus, planum temporale), and
contains the primary and association auditory system and
a part of Wernicke’s area. However, the language func-
tion of the inner surface of the operculum, and the clin-
ical presentation and treatment of patients with lesions
in these areas have rarely been described.

Here we present the results of functional mapping and
surgery undergone by 5 patients with tumors located in
and around the subcortex of the language area. These
lesions can be resected safely using functional mapping
in patients undergoing awake surgery.

Methods

Subjects

There were 5 patients with intrinsic brain tumors (frontal glioma,
n==3; temporal cavernous angioma, n=1; temporal primary central
nervous system malignant lymphoma, n = 1) located in the perisylvian
subcortex in the language-dominant hemisphere. They were 2 men and 3
women; their median age was 46 years (range 3155 years) (Table 1a).

Language evaluation

The Standard Language Test of Aphasia (SLTA) was used to evaluate
language functions. The SLTA is the standardized test battery most



Table la. Summary of the 5 patients
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Case Age (yr), Diagnosis Tumor localization Handedness Language Initial symptom
sex dominancy
1 49 F malignant lymphoma 1t. temporal Rt Lt epilepsy
2 31 F astrocytoma 1t. frontal Rt Lt inicidental
3 52M glioblastoma 1t. frontal Rt. Lt hemiparesis
4 55 M oligodendroglioma 1t. frontal Rt. Lt epilepsy
5 44 F cavernous angioma 1t. temporal Rt Lt transient paraphasia
Table 1b. Swmmary of the severity of aphasia in the 5 patients
Case Overall Auditory Naming Sentence Sentence Reading Kana letter Sentence
SLTA comprehen- repetition reading comprehen- dictation dictation
severity sion aloud sion
pre post pre post pre post pre post pre post pre post pre post pre post
1 10 10 7 9 16 18 3 5 4 5 7 9 10 8 5 5
2 10 10 10 10 20 20 5 4 5 5 10 10 10 10 5 5
3 5 9 1 1 14 14 3 4 5 5 1 1 6 8 1 !
4 10 10 9 8 18 18 4 4 5 5 10 10 10 10 5 5
5 10 10 10 10 20 20 4 4 5 5 8 8 10 10 5 5

commonly used to evaluate Japanese aphasic patients [20]. The aphasia
severity ratings (O =most severe, 10 =normal) are based on the 19
SLTA sub-scores; these were used as the primary language measure in
the present study [8, 11]. The following seven subscores of the SLTA
were also included in the analysis: auditory comprehension (to obey
verbal commands) (out of 10); naming (out of 20); sentence repetition
(out of 5); reading aloud short sentences (out of 10); dictation of Kana
letters (out of 10); and dictation of short sentences (out of 5). Each
patient was given the SLTA twice; the aphasia severity ratings before
and after the operation (approximately 1 to 3 months after the surgery)
are shown in Table 1b.

Intra-operative cortical functional mapping

To determine whether the lesions were located in the
dominant hemisphere, patients underwent pre-operative
functional MRI and/or intracarotid amytal testing (Wada
test). During awake surgery, intra-operative cortical map-
ping for language was performed in all patients following
the previous reports [1, 10, 14]. Intravenous anesthesia
(propofol) was used during craniotomy. After creating
a cranial opening large enough to expose most of the
lateral temporal and inferior frontal lobe, propofol
administration was discontinued and the patient was
allowed to awaken. Silver-tip bipolar electrodes spaced
approximately 5 mm from each other were placed on the
exposed cortical surface. Stimulation parameters are set
at 60 Hz, biphasic square wave pulses (I msec/phase),
with variable peak-to-peak current amplitude between 2
to 12 mA (peak-peak amplitude). To avoid eliciting local
seizure phenomena or false negative or false positive

results, a current below the after-discharge threshold
was used so that depolarization was not propagated to
the nearby cortex. Before mapping, 10 to 20 sites were
selected and marked with small tags. Sites for stimula-
tion mapping were randomly selected to cover all of the
exposed frontal or temporal lobe cortex, including areas
thought to contain sites essential for language function
and areas near and overlying the lesion site. Each patient
was shown images of simple objects. Cortical stimuia-
tion, applied before the presentation of each image, was
continued until there was a correct response or the next
image was presented. Each pre-selected site was stimu-
lated 3 to 4 times but never twice in succession. Sites
where stimulation produced consistent speech arrest or
anomia were considered essential language areas.

Case illustration

Case |

This 49-year-old right-handed woman was in excel-
lent health when she had her first generalized tonoclonic
seizure. Preoperative MRI showed a round well-enhanced
2.5cm lesion in the superior temporal gyrus. Intra-op-
erative functional mapping of the essential speech cortex
under awake surgery disclosed that the tumor was lo-
cated just under the temporal language area. After ex-
posing the posterior part of superior temporal plane by
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Fig. 1. Case 1 — A 49-year-old woman with primary CNS malignant
lymphoma. Intra-operative photograph of the brain map showing that
the tumor is located under the Wernicke’s area. O Speech arrest, A
dysarthria, x no response, CS central sulcus, SF Sylvian fissure

opening the Sylvian fissure, we performed intra-operative
language mapping of the posterior part of the superior
temporal plane. No language site was identified at that
area. Unfortunately, we could not obtain an intra-opera-
tive pathological diagnosis, so we totally removed the
lesion via a superior temporal plane cortical incision
(Fig. 1). Postoperative histological diagnosis was pri-
mary CNS malignant lymphoma. This was treated with

Fig. 2. Case 2 — A 3l-year-old woman with low-grade astrocytoma.
Intra-operative photograph of the brain map showing that the tumor
is located within the tongue motor area. O Speech arrest, A dysarthria,
x no response, CS central sulcus, SF Sylvian fissure

radio-chemotherapy as adjuvant therapy. Her postopera-
tive SLTA score remained unchanged. She discharged
from our hospital without any neurological deficits.

Case 2

This 31-year-old woman was in excellent health when
she sustained a simple head injury. CT study incidentally
disclosed an anomaly. Preoperative MRI revealed a
round, non-enhancing, 3 cm lesion in the inferior frontal
gyrus. With the patient awake, intra-operative cortical
functional mapping of the essential speech cortex was
performed. A frontal language area was identified; the
tumor was located under the tongue motor area. We
exposed the frontal operculum by opening the Sylvian
fissure and performed intra-operative language mapping.
No language function was identified at the inner sur-
face of the posterior part of the frontal operculum; the
tumor was removed from the non language area (Fig. 2).
The histological diagnosis was low-grade astrocytoma.
Although she suffered transient dysarthria, she fully re-
covered within several days.

Case 3

This 52-year-old right-handed man was admitted to
our hospital with aphasia and right-hand loss of power
to grip. MRI showed a ring-like enhanced lesion in the
frontal lobe. Intra-operative cortical language mapping

S

Fig. 3. Case 3 — A 52-year-old man with frontal glioblastoma multi-
forme. Intra-operative photograph of the brain map showing that the
Broca’s area is located on the inside of the Sylvian fissure. O Speech
arrest, A dysarthria, x no response, CS central sulcus, SF Sylvian
fissure



failed to identify a frontal language area. His inferior
frontal gyrus was swollen. We exposed the inner surface
of the frontal operculum by opening the Sylvian fissure
and performed intra-operative language mapping again.
The essential language area, located on the inner surface
of the frontal operculum, was compressed by a tumor and
shifted into the Sylvian fissure. We resected the tumor
through the non-language cortex (Fig. 3). The language
area was replaced to the surface of inferior frontal gyrus.
The histological diagnosis was glioblastoma multiforme.
His overall SLTA severity had worsened immediately
after the operation, whereas it recovered and improved
3 months after surgery (Table 1b).

Case 4

This 55-year-old-man was admitted our hospital with
transient epileptic motor aphasia. T1- and T2-weighed
MRI showed a low- and a high-intensity lesion in
the inferior frontal gyrus, respectively, which was not
enhanced by gadolinium. His pre-operative interictal
SLTA score was normal. During awake surgery, intra-
operative functional mapping identified a frontal lan-
guage area. The tumor was located under the language
area. We opened the Sylvian fissure and performed
intra-operative language mapping at the inside of the
Sylvian fissure again. Because no essential language
area was identified on the inner surface of the frontal
operculum, we resected the tumor through this non-
language area (Fig. 4). The histological diagnosis was
oligodendroglioma. His postoperative SLTA score was
also normal.

Fig. 4. Case 4 — A 55-year-old man with oligodendroglioma. Intra-
operative photograph of the brain map showing that the tumor is
located under the Broca area. O Speech arrest, A dysarthria, X no
response, CS central sulcus, SF Sylvian fissure
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Fig. 5. Case 5 - A 44-year-old woman with cavernous angioma.
Intra-operative photograph of the brain map showing that the tumor
is located under the Wericke area. O Speech arrest, A dysarthria,
X no response, CS central sulcus, SF Sylvian fissure

Case 5

This 44-year-old woman visited our hospital complain-
ing of transient paraphasia. T2-weighted MRI showed
a mixed-intensity lesion with a hypo-intense rim in the
left superior temporal gyrus. Awake craniotomy was
performed. Intra-operative functional mapping revealed
that the tumor was located under Wernicke’s area. We
opened the Sylvian fissure and performed intra-operative
language mapping of the planum temporale. No lan-
guage function was identified at that area. We resected
the tumor through the non-language area on the splanum
temporale (Fig. 5). The diagnosis was cavernous an-
gioma. Her postoperative SLTA score was normal.

Summary of cases

Pre- and postoperative MRI of the 5 patients are
shown in Fig. 6. Quality of resection was systemically
evaluated using immediate (within 72 hr after the op-
eration) post-operative MRI. We were able to remove
all tumors totally without permanent new neurolog-
ical deficits and without exacerbation of the patients’
aphasia. Schematic drawings presented in Fig. 7 iden-
tify the localization of the 5 tumors and the language
areas. Of the 5 patients, only case 3, a patient with
frontal glioblastoma manifested essential language
function on the inner surface of the frontal or temporal
operculum. This language area, located on the frontal
operculum, appeared to be compressed and displaced
by the tumor.
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Fig. 6. Pre (upper line) — and post (lower line)-operative Gd-enhanced, T1-weighted magnetic resonance images obtained on the 5 patients. All
tumors were removed almost totally

Case 1 Case 5

Case 2 Case 3 Case 4

DIo ® @

Fig. 7. Schematic drawing of the brain map of the 5 patients. B
Broca’s area, W Wernicke’s area. The filled circles indicates the
tumor. The dotted and gray lines encircle the functional- and
non-functional areas, respectively

Discussion Ojemann and his associates reported that the essential
language area localized to a focal areas of dominant hemi-
sphere cortex of approximately 1cm? [14, 15]. And the
exact location of these sites in the left dominant hemi-
sphere was found to vary substantially across the patient

Although functional mapping facilitates the planning
of surgery in and around eloquent areas, the resection of
tumors adjacent to language areas remains challenging.



population. Haglund and colleagues reported that a mar-
gin of 7 to 10mm around the language areas resulted
in significantly fewer permanent postoperative linguistic
deficits [9]. Recently, Duffau and colleagues noted no
higher rate of definitive language worsening despite a
resection’ coming in contact with the language sites
(but higher rate of transient postoperative aphasia) [4].
Whittle IR er al. reported the incidence of iatrogenic
dysphasia without intra-operative brain mapping is not
dissimilar to that described after resection during use of
awake craniotomy and intra-operative language testing
[21]. They suggested that a large prospective study would
be required to assess the usefulness of intra-operative
language testing. Recently, Duffan H et al. reported that
successful resection of a left insular cavernous angioma
using intra-operative language mapping [5]. And Berger
MS er al. mentioned that to maximize the extent of
tumor resection while minimizing permanent language
deficits, and recommended the using of cortical stim-
ulation mapping [2]. Although this might be still con-
troversial, we believe intra-operative language mapping
is necessary to avoid surgical morbidity.

In this report, we took note that the language areas
(Broca’s and Wernicke’s area) present at the perisylvian
fissure. We posit that if there is non-essential language
area on the inner surface of the Sylvian fissure, safe
tumor resection may be possible even if the tumor is
located under the language cortex. We operated on 3
patients with frontal gliomas without new neurological
deficit except case 3 who experienced worsening of
his aphasia transiently. But, his aphasia was improved
3 months after surgery.

The functional imaging studies allow detection of all
the areas implicated in the realization of a task, but not
the essential structures in these networks. There has been
some work on the importance of the left frontal oper-
culm for syntactic processing [6], and this region is acti-
vated during functional imaging studies of language. The
functional imaging studies detected the distribution of
‘essential’ and ‘participating’ neuronal activity. But, the
distribution of ‘participating’ neurons is substantially dif-
ferent to the focal, lateralized ‘essential’ sites identified
by stimulation mapping for language. Noninvasive func-
tional imaging modalities are an aid to the neurosurgeon,
but the golden standard is still believed to be intra-opera-
tive monitoring. The evolution of better presurgical func-
tional brain mapping techniques such as magnetic source
imaging (MSI), fMRI, and probabilistic Diffuion Tensor
imaging/fiber tracking methods will allow an estimation
of the anatomical and functional cortex [7, 12]. These
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techniques may have the potential to promote functional
neuronavigation as to an alternative to awake surgery.

The supratemporal plane of the temporal lobe in hu-
mans and subhuman primates contains the cortical repre-
sentation of the primary and association auditory system
and forms a part of Wernicke’s area. However, the clini-
cal presentation and treatment of patients with lesions
in these areas have rarely been described. Silbergeld et al.
who performed intra-operative cortical mapping during
awake surgery on 2 patients subjected to resection of
left-hemisphere Heschl gyrus gliomas, reported that nei-
ther patient manifested postoperative deficits [18]. Of
3 patients with non-dominant hemisphere Heschl’s gyrus
gliomas operated on by Russell and Golfinos [17], one
presented with postoperative difficulty with music com-
prehension and production. In this report, we operated on
2 patients with left planum temporale tumors. We only
examined language function intra-operatively. However,
none of our 2 patients complained of auditory dysfunction
and auditory change upon cortical stimulation. And we
could remove the tumors without language dysfunction
via non-functioning planum temporale cortex.

In our series, 4 of 5 patients had no essential language
area on the inner surface of the operculum. Only one
patient, a 52-year-old man with a frontal glioblastoma
(Case 3) had language function on the inner surface of
the frontal operculum. Duffau and colleagues reported
3 cases of inferior frontal gyrus (F3) glioma operated on
without neurological deficits. They speculated that total
F3 infiltration by glioma, thus a functional reorgani-
zation due to brain plasticity would explain the lack of
deficit [3]. However, from intra-operative findings, after
tumor removal, language cortex replaced on to the sur-
face of the inferior frontal gyrus. We could not detect
essential language area on the medial area of the essen-
tial language area, and so we speculated his language
area was compressed and displaced, rather than that
there was reorganization of a new language area.

In conclusion, we posit that there is non-essential lan-
guage area on the inner surface of the Sylvian fissure.
While studies on larger patient populations are neces-
sary, we can remove the perisylvian tumors through
overlying non-language cortex. We propose our (oper-
cular) approach may be useful in patients requiring the
resection of perisylvian tumors.

Conclusions

Of 5 patients with tumors in the perisylvian cortex,
only one, a patient with a frontal glioblastoma, mani-
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fested essential language function on the inner surface of
the frontal operculum. In this exceptional case, the lan-
guage cortex was compressed by the tumor and displaced
to the inside of the Sylvian fissure. Based on the func-
tional mapping data we obtained, we suggest that even
tumors located in the subcortex of the language area may
be resectable through the nonfunctioning opercular cortex
without inducing postoperative language dysfunction.
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Comment

This is an interesting study that emphasizes the value of intra-opera-
tive stimulation in awake patients during the resection of lesions adja-
cent to eloquent cortex. The authors hypothesize that even in the
presence of lesions which seem unresectable because of location near
Broca’s or Wernicke's area, in selected cases a complete resection may
be possible when the tumor is approached through a trans-opercular
route of non-functional intrasylvian tissue on the inner’ surface of the
operculum.

In our opinion, however, awake craniotomy, while still regarded as the
reference standard of surgery in eloquent cortex, should be considered an
interim solution until the advent of better and more powerful functional
imaging modalities that help us visualize functionally important brain tis-
sue. We have experience with language MEG (magneto-encephalography)
for over 5 years in about 120 cases operated upon for gliomas in the
vicinity of Broca’ and Wernicke’s area with functional neuronavigation.
From our experience we conclude that this may well be an alternative to
intra-operative awake stimulation.

The evolution of better presurgical functional brain mapping techni-
ques and probabilistic Diffusion Tensor Imaging/fibertracking methods
will allow an estimation of the anatomical and functional cortex hitherto
norknown. These techniques may have the potential to promote func-
tional neuronavigation as to a true alternative to awake craniotomies.
More correlative studies will be warranted in the future to prove that
these new techniques are as safe as the proven and tested method of
intra-operative electrical stimulation.
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NICOPATHOLOGICAL STUDY

ABSENCE OF TIGHT JUNCTIONS BETWEEN
MicrROVASCULAR ENDOTHELIAL CELLS IN HUMAN
CEREBELLAR HEMANGIOBLASTOMAS

OBJECTIVE: Endothelial tight junctions form the main barrier of the blood-brain barrier
(BBB). In human hemangloblastomas, cyst formation is a common and important clinical

manifestation. Although most researchers consider that the cyst formation in-hemangio- -
. blastomas may be caused by the breakdown of the BBB, the underlying molecular -

mechanisms for cyst formation remain unknown. At present, there are few reports about
the change of tight junctions in microvessel endothelium of human hemangxoblastomas

"The purpose of this research is to investigate the change of tight junction and its major

molecular components in microvessel endothelium of human hemangtoblastomas

"METHODS: Twenty-four consecutive patients with cerebellar hemangxoblastomas were

studied. Tight junctions in the microvessels of hemangioblastomas and the control brain -

~were examined by electron microscopy. Immunohistochemistry and double immunoflu-
~ orescent microscopy were used to analyze the expression of CLN5 ‘and its relationship -
-~ with astrocytic endfeet in the control brain and hemangioblastomas. Quantrtatlve ‘real-time .-
: reverse—transcnptase polymerase chain reaction and Western blots were used to investi-
gate the expression- level of CLN5 in hemangloblastomas Triple immunofluorescent
‘microscopy was used to analyze the coexpression of vascular endothelial growth factor,
 vascular endothelial growth factor-R1, .and placenta growth factor on microvessels of .-
 hemangioblastomas. Clinical and experimental data were correlated and analyzed by the. -
~one-way analysis of variance, Kruskal-Wallis test, and Spearman rank correlation test.

RESULTS: In the control brain, the paracellular cleft between adjacent endothelial cells is

“sealed by continuous strands of tight junctions. In cystic hemangioblastomas, a sxgmf icant -

paracellular cleft could be found between adjacent endothelial cells, Some endothelial -
cells were connected with adherens junction and no tight junction‘was found between
them. Compared with the contral brain, expression of CLN5 was decreased in cystic

: hemang!oblastomas (P < 0.05). Phosphorylated CLN5 was detected in most hemangio-

blastorhas; but not in the control brain. Microvessels in hemangloblastomas showed a .
significant absence ‘of astrocytic ‘endfeet.- Coexpressxon of vascular endothelial growth
factor, vascular endothelial growth factor-R1, and placenta growth factor was detected in

 the endothelial cells. The Spearman rank correlation test showed a- sxgmf icant correlation

between a greater degree of CLN5 expression and less morpholog:cal cystic fprmatron in

‘these patlents studied (Correlatlon coefficient = —0.520; P = 0. 009).

CONCLUSION: The continuity of tight junctions_ of the BBB is mterrupted in human

 cerebellar hemangioblastomas. Significant .absence of astrocytic endfeet and tight junc-
tions can be found in microvessels of hemangioblastomas, which may lead to the break-
- down of the BBB in these tumors. These findings suggest that the absence of ttght junctions
msght play a role in cyst formatlon of hemangxoblastomas

‘, : KEY WORDS Blcod bram bamer, Cyst Hemanglcblastoma, Tlght Junctlon =

: Neurosurgery 59:660- 670 2006 N
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primary central nervous system (CNS) neoplasms and

approximately 7% of primary posterior fossa tumors
in adults (25, 29). In these tumors, cyst formation is a common
and important clinical manifestation. Most mass effect-
producing symptoms in cystic HB patients derive from the
cyst rather than from the tumor causing the cyst (35). Al-
though most researchers consider that the cyst formation in
HBs may be caused by the breakdown of the blood-brain
barrier (BBB) for an extended period (12, 23), the exact molec-
ular basis and the pathophysiological process remain un-
known.

The BBB is a physical and metabolic barrier between the
CNS and the systemic circulation that regulates and protects
the microenvironment of the brain (17). In the BBB, endothelial
tight junctions (TJs) form the main barrier (11, 39). The forma-
tion of TJs between endothelial cells (ECs) is a basic microvas-
cular feature in the CNS that results in high transendothelial
electrical resistance (1500-2000 £Xcm?) and decreased para-
cellular permeability (6). Disruption of TJs in the BBB has been
found in some human tumors (5, 8, 27). At present, there are
few reports about the change of TJs in microvessel endothe-
lium of human HBs. Recently, it has been found that a TJ is
composed of many molecular components, such as claudins
and occludins. Decreased expression of T] proteins has been
shown to be related to the increased microvascular permeabil-
ity in human gliomas (21, 30, 42). The aim of this study was to
investigate the change in TJs and their major molecular com-
ponents in the microvessel endothelium of human HBs.

H emangioblastomas (HBs) account for 1 to 2.5% of all

PATIENTS AND METHODS

Patient Population and Imaging

We examined 24 consecutive patients with cerebellar HBs
(11 women, 13 men) treated at our institutions between 1980
and 2005. The mean age of the patients at the time of presen-
tation was 42.3 = 15.5 yr. Of the 24 patients, six were diag-
nosed with von Hippel-Lindau disease (VHL) according to
family histories.

All computed tomographic and magnetic resonance imag-
ing scans of the patients were evaluated separately by two
authors (YC,} OT) for HBs and associated cysts. To evaluate the
cyst formation of HBs, all tumors were classified into three
grades according to the macroscopic pattern of each tumor:
Grade 1 (Group 1) corresponded to macroscopic solid tumor;
Grade 2 (Group 2) to a mainly solid tumor with macroscopic
cysts; and Grade 3 (Group 3) to a cystic neoplasm with a small
tumor nodule located in the cyst wall (33). HBs in Groups 2
and 3 were considered cystic HBs. '

Surgical Tissue Specimens

Twenty-four paraffin-embedded HB specimens were ob-
tained from patients undergoing therapeutic removal of tu-
mors and were used for immunchistochemical study. Nine
fresh frozen samples collected between 1997 and 2005 were
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flash-frozen immediately after removal and stored at —136°C.
Histological diagnosis was confirmed through standard light
microscopy evaluation of sections stained with hematoxylin
and eosin. All of the tumor tissues in the present study were
obtained from primary resections. Control brain specimens
were obtained from the cortex of temporal lobe of five epi-
lepsy patients who were treated by temporal lobectomy and
the cerebellar tissue of a patient with low-grade brainstem
astrocytoma who was treated by surgery.

Electron Microscopy

Electron microscopy was performed in 10 HBs and four
control brain specimens that were collected between 1990 and
2005 at our institution. Surgically extracted specimens were
fixed in phosphate buffer containing 2% glutaraldehyde and
were immediately cut into small fragments (approximately 1
mm?®). After postfixation with 1% OsO, in 0.1 mol/L phos-
phate buffer (pH, 7.4), specimens were processed according to
the standard method and were embedded in Epon 812. Ultra-
thin sections were stained with uranyl acetate and lead citrate
and were examined using an electron microscope (H71-FA;
Hitachi, Ltd., Tokyo, Japan). Images were recorded on stan-
dard transmission electron microscopy film and were subse-
quently digitized using a digital scanner (ES-2200; Epson,
Tokyo, Japan). In each section, a total of 10 microvessels were
randomly chosen and examined under a transmission electron
microscope. Microvessels with an absence of intercellular TJs
were labeled and recorded. The exact percentage of microves-
sels with absence of intercellular TJs in all microvessels was
calculated.

Extraction of Ribonucleic Acid and Conventional
Reverse-transcriptase Polymerase Chain Reaction
Analysis

Ribonucleic acid (RNA) was extracted from nine fresh fro-
zen HBs and control brain specimens using RNeasy kit (Qia-
gen, Hilden, Germany) according to the supplier’s protocol.
Conventional reverse-transcriptase polymerase chain reaction
(RT-PCR) was performed using Ready-To-Go RT-PCR Beads
(Amersham Biosciences Corp., Piscataway, NJ). The primer
pair used to detect claudin 5 (CLN5) messenger RNA (mRNA)
was as follows: 5-TAA GCA GAT TCT TAG CCT T-3" (up-
stream) and 5-GTG TAC AGC TGG TCT TTA CT-3" (down-
stream), with an expected PCR product of 157 bp. For the
control gene encoding B-actin, the primers 5-CTA CAA TGA
GCT GCG TGT GGC-3” (upstream) and 5-CAG GTIC CAG
ACG CAG GAT GGC-3” (downstream) were used, with an
expected PCR product of 271 bp. After reverse transcription at
42°C for 30 minutes, amplifications were performed for 30
cycles under the following conditions: denaturation, 94°C for
30 seconds; annealing, 50°C for 45 seconds; and extension,
72°C for 1 minute. PCR products were separated on 2% aga-
rose gels and were visualized with ethidium bromide staining.
An HB sample was analyzed without reverse transcriptase as
a negative control.
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Quantitative Analysis of CLN 5 mRNA

Real-time RT-PCR was performed using a Quantitect Re-
verse Transcription Kit (Qiagen) and fluorescence thermocy-
cler (LightCycler; Roche Diagnostics GmbH, Mannheim, Ger-
many). Relative quantification based on the B-actin mRNA
levels was used to determine the amount of CLN5 mRNA in
HBs and control brain specimens. After extraction, RNA sam-
ple was incubated briefly in genomic deoxyribonucleic acid
(DNA) Wipeout Buffer (Qiagen) at 42°C for 2 minutes to
effectively remove contaminating genomic DNA. The comple-
mentary DNA corresponding to 10 ng RNA served as a tem-
plate in a 20-ul reaction containing 0.5 pmol/L for each
primer, deoxynucleoside triphosphate mix, and QuantiTect
SYBR Green PCR Master Mix (Qiagen). Samples were loaded
into capillary tubes and were incubated in the fluorescence
thermocycler (LightCycler) for an initial denaturing at 95°C
for 10 minutes, followed by 35 cycles, with each cycle consist-
ing of 95°C for 15 seconds, 50°C for 30 seconds, and 72°C for
30 seconds. Finally, the temperature was raised gradually
(0.1°C/s) from the annealing temperature to 95°C for the
melting curve analysis. Cycle-to-cycle fluorescence emission
readings were monitored and analyzed using LightCycler
Software (Roche Molecular Biochemicals). Relative CLN5
mRNA levels based on the B-actin mRNA levels were calcu-
lated and normalized. An HB sample without reverse tran-
scription was analyzed as a negative control.

Immunohistochemical Analysis

All paraffin-embedded specimens were fixed in buffered
formalin and saline and were processed into paraffin wax.
Tissue sections (5 pum) mounted on MAS-coated slides (Mat-
sunami Glass, Inc., Osaka, Japan) were deparaffinized by
treatment in xylene twice, rehydrated in a graded ethanol
series, and rinsed in phosphate-buffered saline (PBS) (pH, 7.4).
Antigen retrieval was performed by boiling (750 W) in citric
acid buffer (10 mmol/L, pH 6.0) for 5 minutes in a microwave
oven. The sections were allowed to cool to room temperature
in the buffer and were then rinsed in PBS (pH, 7.4). The
endogenous peroxidase activity was blocked in 0.3% hydro-
gen peroxide in methanol for 30 minutes. Thereafter, the sec-
tions were incubated with normal serum for 30 minutes (VEC-
TASTAIN elite ABC KIT; Vector Laboratories, Burlingame,
CA). Incubation with monoclonal mouse anti-CLN5 antibody
(18-7364; Zymed Laboratories, South San Francisco, CA) and
anti-vascular endothelial growth factor (VEGF) antibody (SC-
7269, Santa Cruz Biotechnology, Santa Cruz, CA) took place
overnight at 4°C followed by antimouse biotinylated antibody
and VECTASTAIN ABC Reagent (Vector Laboratories). All
slides were then developed in 3, 3"-diaminobenzidine tetrahy-
drochloride (Vector Laboratories) for 4 minutes. After rinsing
in distilled water, sections were counterstained with hematox-
ylin. Finally, the sections were dehydrated, cleared in xylene,
and mounted in ENTELLAN (Merck KgaA, Darmstadt, Ger-
many). Expression of CLN5 on microvascular ECs were
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graded as -, +, or ++ by two histopathologists who were
blinded to all clinical information on the specimens.

Fluorescent Immunostaining and Confocal Microscopy

After deparaffinization, rehydration, and antigen retrieval,
tissue sections were incubated in donkey serum (Chemicon
International, Temecula, CA) for 1 hour at room temperature.
To detect the astrocytic endfeet and CLN5 expression on mi-
crovessel endothelium, coincubation with monoclonal mouse
anti-CLN5 antibody (18-7364; Zymed) and polyclonal rabbit
antiglial fibrillary acidic protein (GFAP) antibody (Z0334; Da-
koCytomation, Copenhagen, Denmark) took place overnight
at 4°C. Sections were washed with PBS and were incubated
with Alexa Fluor donkey antimouse 594 and donkey anti-
rabbit 488 secondary antibodies (Molecular Probes, Eugene,
OR) for 1 hour at 37°C. To investigate the coexpression of
VEGF, VEGF-R1 (Flt-1), and placenta growth factor (PIGF),
coincubation with monoclonal mouse anti-VEGF antibody
(SC-7269; Santa Cruz Biotechnology), polyclonal rabbit anti-
Flt-1 antibody (SC-316; Santa Cruz Biotechnology) and poly-
clonal goat anti-PIGF antibody (SC-6164; Santa Cruz Biotech-
nology) took place overnight at 4°C. Sections were washed
with PBS and were incubated with Alexa Fluor donkey anti-
mouse 594, donkey antj-rabbijt 488, and Alexa Fluor donkey
anti-goat 350 secondary antibodies (Molecular Probes) for 1
hour at 37°C. Then, all slides were covered with UltraCruz
Mounting Medium (Santa Cruz Biotechnology). Photomicro-
graphs were obtained using an AX80 microscope (Olympus
Optical Co., Tokyo, Japan) and Olympus Fluoview Confocal
Microscope (Olympus Optical Co.).

Western Blots

Fresh frozen samples were homogenized in buffer (62.5
mmol/L Tris HCl, pH 7.6, 2% sodium dodecyl sulfate, 10%
glycerol, 1 mmol/L dithiothreitol, 0.01% bromophenol blue,
and 2% mercaptoethanol) and centrifuged at 10,000 x g for 5
minutes at 4°C. Protein concentration was determined by
Bradford assay (Bio-Rad, Hercules, CA). After being boiled for
2 minutes, 10 ug of each sample were loaded onto 12% poly-
acrylamide Tris-HCI gels (Bio-Rad) and run at 40 mA for 70
minutes at 4°C. Proteins then were transferred onto Hybond-P:
polyvinylidene fluoride membranes (Amersham Biosciences
Corp). After incubation in blocking buffer consisting of 50
mmol/L Tris HCI (pH 7.4), 150 mmol/L NaCl (Tris-buffered
saline), 0.1% Tween 20, and 5% bovine serum albumin for 1
hour at room temperature, membranes then were rinsed once
in Tris-buffered saline and were treated with antibodies CLN5
and B-tubulin (Sigma-Aldrich, Inc., St. Louis, MO) overnight
at 4°C. Membranes were rinsed three times in Tris-buffered
saline and 0.1% Tween 20 at room temperature and were
incubated for 1 hour with ECL-HRP linked antimouse immu-
noglobulin G (Amersham Biosciences Corp). The membrane
was washed and then drained to remove excess liquid. Detec-
tion of the protein of interest was obtained by chemilumines-
cence detection using ECL Plus Western blotting detection
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reagents from Amersham Pharmacia Biotech (Piscataway, NJ).
For detection of each reaction, 4 ml ECL Plus solution A and
0.1 ml ECL Plus solution B were mixed together and quickly
poured over the moist membrane. The membrane was en-
closed in a piece of cling film and was exposed to Hyperfilm
(Amersham Pharmacia Biotech) using different exposure
times to optimize the signal. The exposed Hyperfilms were
developed using an automated photoimage developer system.

Statistical Analysis

A one-way analysis of variance was used to analyze the
normalized expression level of CLN5 mRNA and the propor-
tion of microvessels with absence of intercellular TJs among
different clinical groups. If a significant analysis of variance
was found, post hoc tests (Student’s, Newman-Keuls, and
least significant difference tests) controlling for multiple com-
parisons were used to identify pairs of diagnostic groups that
differed significantly. Nonparametric Kruskal-Wallis tests
were used to evaluate the immunohistochemical results of
CLN5 among different groups. A Spearman rank correlation
test for nonparametric data was used to analyze the correla-
tion between the degree of CLN5 expression on ECs and the
macroscopic pattern of the tumors. All of the data were ana-
lyzed using a commercially available statistical package (SPSS,
version 11.01; SPSS, Inc., Chicago, IL). A probability value less
than 0.05 was taken as the level of significance.

FIGURE 1. Magnetic resonance im-
aging scans showing the classification
of cerebellar HBs according to the mac-
roscopic pattern of cyst formation in
tumors. A, Grade 1 corresponded to
tacroscopic solid tumor (Group 1). B,
Grade 2 corresponded to a mainly solid
tumor with macroscopic cysts (Group
2). C, Grade 3 corresponded to a cystic
neoplasm with a small tumor nodule
located in the cyst wall (Group 3).
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FIGURE 2. Electron microscopy images of control brain and HBs. A, in
control brain, a paracellular cleft between adjacent ECs is sealed by
continuous strands of T]s. No fenestration is found in the endothelium of
control brain (arrows indicate TJ; scale bar, 1.5 um). B, under higher
magnification, continuous TJs were seen clearly between adjacent ECs
(arrows indicate T]; scale bar, 0.2 um). C, paracellular clefts between
adjacent ECs were found in HBs (arrow; scale bar, 1.5 um). D, under
higher magnification, a paracellular cleft between adjacent ECs was seen
clearly in HBs (arrow; scale bar, 0.6 um). E, adjacent ECs were
connected with adherens junction (arrows). Scale bar, 1.5 um. F, under
higher magnification, an A] (arrows) was seen clearly and no T] was
found between them (Scale bar, 0.3 um).

RESULTS

Demographic Data’

In this study, we analyzed 24 HBs that were localized
within the cerebellum. According to the preoperative com-
puted tomographic and magnetic resonance imaging scans
and intraoperative findings, six HBs (25.0%) showed a mac-
roscopic solid pattern (one patient had VHL disease, Grade 1,
.Fig. 1A). Cyst formation of Grade 2 was found in nine HBs
(VHL disease, Grade 2, Fig. 1B). The remaining nine HBs
(three patients had VHL disease) showed a macroscopic cystic
pattern (Fig. 1C, Grade 3). No significance was found between
the cyst formation of sporadic HB and VHL disease (P > 0.05).
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FIGURE 3. Bar graph showing the absence of T]s in microvessels of HBs. In
cystic HBs (Groups 2 and 3), the absence of intercellular TJs was found in 67.3%
of microvessels in Group 2 and in 71.0% of microvessels in Group 3. Compared
with cystic HBs, the absence of intercellular Ts was found less frequently in
solid HBs (Group 1). Asterisk, P < 0.05).

Electron Microscopy

In the control brain, all paracellular clefts between adjacent
ECs were sealed by continuous strands of TJs. No fenestration
was found in the endothelium of the control brain (Fig. 24).
Under higher magnification, continuous TJs were clearly seen
between adjacent ECs (Fig. 2B). In HBs, an absence of intercellu-
lar TJs was found in 67.3% of microvessels in Group 2 and 71.0%
of microvessels in Group 3. Compared with cystic HBs (Groups
2 and 3), absence of intercellular TJs was found less frequently in
solid HBs (Group 1, P < 0.05). Only 23.3% of microvessels in
solid HBs showed absence of intercellular TJs. These results are
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FIGURE 4. PT-PCR analysis showing representative conventional

RT-PCR results of human HBs and control brain specimens. RT-PCR
analysis revealed a strong expression of CLN5 in control brain (Lane 1).
Expression of CLN5 was decreased significantly in cystic HBs (Groups 2
and 3, Lanes 2-7). Solid HBs (Group 1, Lanes 8-10) showed a higher
expression of CLN5 compared with cystic HBs. The HB sample was ana-
lyzed without reverse transcriptase as a negative control (Lane 11).
Human B-actin (271-bp PCR product) was amplified as an internal con-
trol. M, marker.
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shown in Figure 3. Figure 2, C and D show the paracellular cleft
between adjacent ECs and TJs between adjacent ECs that were
interrupted in microvessels. Significant fenestrations were found
in the endothelium of HBs (Fig. 2C). Figure 2, E and F show the
adherens junction between adjacent ECs; no TJ] was found be-
tween them. Residual, relatively intact TJs could be found in
some area of turnor tissues.

Conventional RT-PCR and Quantitative Real-time RT-
PCR Analysis

We used genomic DNA Wipeout Buffer (Qiagen) to eliminate
possible genomic DNA contamination. Both conventional RT-
PCR and real-time RT-PCR were used to analyze the expression
level of CLN5 mRNA. Representative conventional RT-PCR re-
sults of human HBs and control brain specimens are shown in
Figure 4. Figure 5 shows our real-time RT-PCR results of CLN5 in
control brain and HBs. Compared with solid HBs and control
brain, CLNS expression was decreased significantly in cystic HBs
(Groups 2 and 3; P < 0.05). Solid HBs (Group 1) showed a higher
expression level of CLN5 mRNA than that of control brain in our
experiments, although no significant difference was found be-
tween them (P = 0.22, least significant difference test). These
results are shown in Figure 5. To analyze the expression and
possible phosphorylation of CLN5 protein, we performed immu-
nohistochemical and Western blot analysis.

Immunohistochemical Analysis

To detect the expression and distribution of CIN5 in control
brain and HBs, immunohistochemical analysis of paraffin-
embedded tissue sections was performed. In control brain tissue,
strong expression of CLN5 could be found on microvascular ECs
(Fig. 6C). In histopathological analysis; HBs are characterized by
two main components: large vacuolated stromal cells and a rich
capillary network (Fig. 6B). Figure 6D, from a cystic HB, shows
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FIGURE 5. Bar graph showing quantitative analysis of CLN5 mRNA in
human HBs and control brain specimens by real-time RT-PCR. Compared with
solid HBs and control brain, CLN5 .expression was significantly decreased in
cystic HBs (Groups 2 and 3; P < 0.05). Solid HBs (Group 1) showed a higher
expression level of CLNS mRNA than that of control brain in our experiments,
although no significant difference was found between them. (P = 0.22). Aster-
isk, P < 0.05 compared with control brain. +, P < 0.05 compared with solid HBs
(Group 1).
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TABLE 1. Summary of claudin 5 expression in endothelium of
human cerebellar hemangioblastomas and control brain®

. Cyst formation of HBs
Expression of

CLNS5 in ECs

Control brain

Grade 1 Grade 2 Grade 3
Negative 0 1 0 5
Positive 0 0 3 2
Double positive 6 5 6 2
Total cases 6 6 9 9

2 CLN5, claudin 5; ECs, endothelial cells; HBs, hemangioblastomas.

the dramatically decreased expression of CLN5 in microvessel
endothelium of a cystic HB.

These results are summarized in Table 1. We analyzed the
results of immunohistochemical staining combined with the clin-
ical data from our patients to determine whether expression of
CLNS5 correlated with cyst formation in HBs. Compared with the
control brain, expression of CLN5 was decreased in cystic HBs (P
< 0.05). A significant difference in CLN5 expression was found
between cystic HBs and solid HBs (P = 0.025). The Spearman
rank correlation test showed a significant correlation between a
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FIGURE 6. Photomicrographs revealing representative immunohistochemical results of CLN5 expression in
HBs and control brain specimens. A, control brain (hematoxylin and eosin). B, typical histological characteris-
tics of HB with large vacuolated stromal cells and a rich capillary network (hematoxylin and eosin). C, strong
expression of CLNS was detected on endothelium of the control brain (arrows). D, expression level of CLN5
was decreased in microvascular ECs of cystic HBs (arrows). Scale bars, 25 pum.

ABSENCE OF TiGHT JUNCTIONS IN HEMANGIOBLASTOMAS

greater degree of CLN5 expres-
sion and less morphological cys-
tic formation in the patients stud-
ied (correlation coefficient
—0.520; P = 0.009). These results
were in accordance with our
quantitative real-time RT-PCR re-
sults. To. confirm the expression
of CLIN5 and its relationship with
the astrocytic end-feet of BBB, we
used double immunofluorescent
staining of CLN5 and GFAP to
analyze their expression in the
BBB.

Immunofluorescence-
Microscopy for CLN5 and
GFAP

We used polyclonal rabbit
antihuman GFAP antibody to
label astrocytic endfeet and to
analyze the relationship be-
tween astrocytic endfeet and
CLN5 expression in-the BBB of
the control brain and HBs. In
the control brain, astrocytic end-
feet visualized by GFAP stain-
ing ensheathed the microvessels
(Fig. 7, A and C). CLN5 is ex-
pressed strongly in microvascu-
lar ECs (Fig. 7, B and C). In most
HBs, there is a significant absence of astrocytic endfeet in their
microvessels (Fig. 7, D and F). Gliosis was found in tumor
tissues (Fig. 7D). Expression of CLN5 was decreased in micro-
vascular ECs (Fig. 7, E and F).

7o

&

Coexpression of VEGF, Fit-1, and PIGF in HBs

VEGEF is a potent mediator of capillary leak. The expression
level of VEGF is relatively low in control brain (Fig. 8A).
Overexpression of VEGF could be found in human HBs (Fig.
8B). To investigate the possible role of coexpression of angio-
genic factors in the absence of TJs in HBs, we used triple
immunofluorescent staining of VEGEF, Flt-1, and PIGF in HBs.
Compared with negative expression of VEGF, Flt-1, and PIGF
in control brain (Fig. 9, A-D), positive expression of VEGF (Fig.
9F) and PIGF (Fig. 9G) were found on both stromal cells and
ECs. Figure 9E shows that Flt-1 expression is positive in ECs of
HBs. Coexpression of VEGF, Flt-1, and PIGF was found in ECs
of HBs (Fig. 9H).

Western Blot Analysis

To investigate the expression level of CLN5 protein, we
used Western blot analysis to confirm our previous results. In
control brain, a strong expression of CLN5 protein was de-
tected. Figure 10 shows that the expression level of CLN5
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FIGURE 7. Photomicrographs showing immunofluorescence in the con-
trol brain and HBs stained with GFAP (green) and CLN5 (red). A, posi-
tive GFAP detected on astrocytes of control brain (arrow). B, strong
expression of CLN5 was detected on the endothelium of the control brain
(arrowhead). C, merge of A and B. Microvascular ECs in the control
brain showed a strong expression of CLN5 (arrow). Astrocytic endfeet
visualized by GFAP staining ensheathed the microvessels (arrow). D, gli-
osis stained by GEAP in HBs (arrow). E, microvascular ECs are negative
for CLN5 staining. Note the red blood cells within microvessels. F, merge
of D and E. In cystic HBs, there is a significant absence of astrocytic end-
feet in their microvessels. Gliosis was found in tumor tissues (arrow).
Expression of CLN5 was decreased in microvascular ECs. Scale bars, 25
pm

RS

protein was dramatically decreased in cystic HBs (Groups 2
and 3) in comparison with control brain. Solid HBs (Group 1)
showed a higher expression of CLN5 than cystic HBs (Groups
2 and 3). Phosphorylated CLN5 was detected in most HBs,
including both solid and cystic HBs, but not in control brain.
This result was in accordance with our previous experimental
results.

DISCUSSION

Cyst formation is commonly associated with cerebellar,
brainstem, and spinal HBs. Most (60-70%) of all cerebellar
HBs are cystic masses (18, 44). Moreover, the pace of enlarge-
ment is much faster for cysts than for HBs themselves (35, 43).
As a result, it is the cysts that mainly cause the mass effect-
producing symptoms in patients of cystic-type HBs (35). At
present, most researchers consider the cyst formation in HBs
to be a result of the breakdown of the BBB (12, 23). In cystic
fluid, more than 92% of total cyst fluid protein consists of
plasma protein fractions. This implies that the greater part of
the cyst fluid proteins must derive from plasma, and the cyst
formation in brain tumors could be associated with the break-
down of the BBB (12, 22). However, there is little evidence
regarding the exact pathophysiological mechanism and mo-
lecular basis for cyst formation in HBs. This prompted us to
investigate changes in TJs and the major molecular compo-
nents in microvessels of HBs.

The BBB is a diffusion barrier essential for the homeostatic
regulation of the brain microenvironment and normal func-
tion of the CNS (3). The BBB is composed of three cellular
elements: ECs, astrocyte endfeet, and pericytes. In the BBB,
capillary ECs are connected together with continuous TJs (4,
13, 37). The formation of TJs produce a barrier to inhibit the
paracellular transport between cerebral ECs. Among all cellu-
lar elements of the BBB, endothelial TJs are recognized as the
anatomic substrate of the BBB (11, 39). Astrocyte endfeet
tightly ensheathe the vessel wall. They are speculated to be
critical for the induction and maintenance of the TJ barrier (3).
In this study, our results showed that the continuity of TJs of
microvessels was interrupted in
human cerebellar HBs. Com-
pared with the continuous TJs
in the control brain, some capil-
lary ECs of HBs were connected
with only adherens junction and
no TJ could be found between
them. A paracellular cleft fre-
quently was found between ad-
jacent ECs in HBs. Compared
with solid HBs, absence of TJs
was found much more fre-
quently in microvessels of cystic
HBs. These results in combina-
tion with the absence of astro-

£y ~ENE

FIGURE 8. Photomicrographs showing VEGF expression in the control brain and HBs. A, VEGF expression

is negative in the control brain. B, overexpression of VEGF could be found in HBs. VEGF is positive both in
stromal cells (arrows) and microvascular ECs (arrowheads). Scale bars, 50 wm.
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cytic endfeet provided us with
the morphological evidence of a
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FIGURE 9. Photomicrographs showing coexpression of VEGF, Flt-1, and
PIGF in HBs and the control brain. A, FIt-1 expression in the control
brain. B, VEGF expression in the control brain. C, PIGF expression in the
control brain. D, merge of A-C. No coexpression of VEGF, Fit-1, and
PIGF was detected in microvascular ECs of the control brain. E,
Fli-1 expression (green) is positive in ECs of HBs (arrows). F, VEGF
expression (red) is positive both in stromal cells (arrows) and microvas-
cular ECs (open arrows) of HBs. G, positive PIGE (blue) evidence could
be found in stromal cells (arrows) and microvascular ECs (open arrows)
of HBs. H, merge of E-G. Coexpression of VEGF, Flt-1, and PIGF was
detected in microvascular ECs of HBs (open arrows). Scale bars, 25 um.

breakdown of the BBB in HBs, suggesting that the absence of
TJs in microvessels may play a role in cyst formation of HBs.

TJs are composed of several molecular components, includ-
ing CLNs, occludin, junctional adhesion molecule, and zonula
occludens (14). In this study, although we did not find signif-
icant changes of expression of occludin, zonula occludens-1,
and junctional adhesion molecule (data not shown), the CLN5
expression level unexpectedly showed a significant decrease
in ECs of cystic HBs. Furthermore, the Spearman correlation
test showed a correlation between a greater degree of CLN5
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FIGURE 10. Western blot analysis of CLN5 protein expression in human
cerebellar HBs and the control brain. A strong expression of CLN5 was
found in the control brain (Lane 1). The expression level of CLN5 was
significantly downregulated in cystic HBs (Groups 2 and 3, Lanes 2-7).
Solid HBs (Group 1, Lanes 8-10) showed a higher expression of CLN5
than cystic HBs. Phosphorylated CLN5 (arrow) was detected in most HBs
including both solid and cystic HBs but not in the control brain. The
arrowhead indicates the position of CLN5 without phosphorylation; the
arrow indicates the position of phosphorylated CLNS.

expression and less morphological cystic formation in HBs.
These results are in accordance with our previous ultrastruc-
tural findings of TJs in HBs. In the BBB, CLN5 is a major cell
adhesion molecule of TJs in cerebral ECs (14, 26). Compared
with other TJ proteins, CLNs are necessary and sufficient for
the formation of TJs (10, 16, 26). Decreased expression of CLN5
has been proven to play a crucial role in increased vascular
permeability in many human diseases. In human brain, down-
regulation of CLN5 was found to be related to the increase in
microvascular permeability and brain edema in gliomas (21).
Interestingly, it has been demonstrated that the development
of cysts is related to brain edema in gliomas (35). There is
histological evidence of a gradual liquefaction of the spongy
edematous tissue that form the cyst fluid (35). Therefore, it is
suggested that the dysregulation of CLN5 may play a role in
the breakdown of the BBB and cyst formation of human HBs.

Phosphorylation of CLN5 may also have some effect on the
integrity of TJs of the BBB. Haorah et al. (15) reported that
CLN5 phosphorylation could lead to BBB impairment. Fur-
thermore, tyrosine phosphatase inhibition could induce loss of
BBB integrity (24). In our research, phosphorylated CLN5 was
detected in most HBs, including both cystic and solid HBs, but
not in control brain. These results suggest that phosphoryla-
tion of CLN5 could also lead to the disturbances of BBB
integrity in HBs. This could explain, in part, the mechanism of
absence of TJs in some solid HBs that showed a high expres-
sion level of CLN5 mRNA and positive expression of CLN5 on
microvessels in our immunohistochemical study.

The exact mechanism for dysregulation of CLN5 in ECs of
HBs is still unknown. Considering the rich capillary network
in HBs, we suspect that some angiogenic factors may play an
important role in the absence of TJs in microvessels of HBs. It
is well known now that VEGF could induce disruption of TJs
in a protein kinase C-a-dependent manner (31). In HBs, there
is a significant overexpression of VEGF in comparison with
control brain. Fischer et al. (9) reported that hypoxia-induced
changes of some TJ proteins in BBB damage are mediated by
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