Fig. 12 The same patient of Fig. 11. A and B : T1 weighted axial (A) and coronal (B) slices with enhancement
before treatment A high and low-signaled mass (arrow heads) was visible at the suprasellar cistern. The low-sig-
naled edema-like change (arrow) was noted along the left optic tract. C : Heavily T2 weighted axial slice at the one
slice above the optic tract before treatment. The edema-like changes (arrows) were visible bilaterally along the op-
tic tract. The left side was more prominent. D : Heavily T2 weighted coronal slice before treatment. The edema-like
changes (large arrows) were visible bilaterally along the optic tract. The optic tracts were difficult to differentiate
from the edema-like changes. On the right side, a curvilinear vessel-like high signal (red arrow), originating from
the edema-like change, was visible. E : Heavily T2 weighted axial slice above the level of the optic tract, 3 months
after surgery (similar slice level to C). The edema-like change disappeared completely on the right side. Large
perivascular spaces (large arrow), present in normal conditions, were visible on the same side. The edema-like
change (small arrow) seemed to remain on the left side. F : Heavily T2 weighted coronal slice, 3 month after sur-
gery (similar slice level to D). A large perivascular space was visible on the right optic tract (large arrow). A slight
degree of the edema-like change (small arrow) remained on the left side.
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Fig. 13 A 11-year-old boy with a germ cell tumor. A and B : T1 weighted axial

trast enhancement. A round and almost high-signaled mass (arrow heads) was visible at the suprasellar region. The
edema-like change along the optic tract was visible bilaterally in the axial section and on the right side in the coronal
section (arrows). C and D : Heavily T2 weighted axial and coronal MR images before treatment. Moderate and slight
edema-like changes (arrows) were visible along the right and left optic tracts, respectively. The tumor (arrow head)
was visible. E : Heavily T2 weighted axial slice above the level of the optic tract 2 months after treatment (similar slice
level to C). The edema-like change disappeared completely bilaterally, although the tumor (arrow head) remained in
the third ventricle. Normally present large perivascular spaces (large arrows) were visible. Large perivascular spaces
associated with anterior perforated substance were visible {small arrows). F : Heavily T2 weighted coronal slice 2
month after treatment (similar slice level to D). Large perivascular spaces (arrows) were bilaterally visible on the optic
tracts. The tumor remained in the third ventricle (arrow head).
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Fig. 14 A 62-year-old man with malignant lymphoma. A and B : T1 weighted axial (A) and coronal (B) slices with
enhancement, before treatment. A high-and low-signaled mass (arrow heads) was visible in the third ventricle.
The low-signaled edema-like changes (large arrows) were noted along the optic iracts. A venous angioma was
incidentally found in the left anterior basal ganglia (small arrow). C-F : Heavily T2 weighted axial (C, E) and coro-
nal (D, F) slices before treatment. In C, the tumor (arrow head) was visible. Marked edema-like changes were vis-
ible in the hypothalamus and midbrain and along the optic tracts (arrows). The edema-like change extends to the
perivascular spaces related to the anterior perforated substances (red arrows). In D, the tumor (arrow head) was
visible. Marked edema-like changes were visible in the hypothalamus and along the optic tract (arrows). In E and F,
the edema-like changes (arrows) extended as far as to the basal ganglia and the internal capsule. In F, marked
edema-like change was visible in the hypothalamus and midbrain (arrows).

Fig. 15 Histologic materials from a 79-year-old female without CNS lesions. A : Coronal section of the middle
portion of the optic tract at the slice showing the cerebral peduncle (CP). Haematoxylin and eosin stain. X 20.
Along the optic tract (OT), there is a large space, 1.5 mm in height, which possesses the following features. A
pial layer (black arrow) lines the inner surface. Vessels (white arrows) are present in the space, and no necrotic
or ischemic changes are visible at the surrounding brain tissue. The histologic features are compatible with those
of perivascular spaces around the anterior commissure in Fig. 15B. Small spaces(arrow heads) are also present
adjacent to the optic tract. B : Coronal section at the anterior commissure (AC) and the lower basal ganglia with
multiple perivascular spaces. Haematoxylin and eosin stain. X 40. Adjacent to the anterior commissure, there are
muitiple perivascular spaces, which include vessels and are lined by pial fayer (arrows). No necrotic or ischemic
changes are visible in the surrounding brain tissue.
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Fig. 16 Histologic materials from a 86-year-old female without CNS lesion. A : A picture showing 3 lines, which
correspond to the slice locations of Fig.16B, C and D. B to D : Kluver and Barrera technique x 25. Continuous thin
sections of penetrating vesse! (arrows) from the perforation point at the subarachnoid space (B} to the largest peri-
vascular space adjacent to the optic tract (C and D). Its maximum height is 0.5 mm. These show the perforation
point medial to the optic tract and perivascular space along the optic tract communicates the adjacent subarach-
noid space. (Abbreviation) OT: optic tract, CP: cerebral peduncle.

Right Left

Outlet to subarachnoid < -
space B Edema-like
change along

optic tract

Space along opticf P
tract " -

‘Blockage of outlet
", by tumor

Optic tract —7" .
Mammillary body_-:‘ -

I

Tumor

Fig. 17 Original scheme showing a possibly new mechanism for the edema-like change along
the optic tract in pituitary region tumors. The normal anatomy is shown on the right side and a pi-
tuitary region tumor on the left side. On the right side, the perivascular space along the optic tract
is shown to communicate with the adjacent subarachnoid space through a thin channel, located
at the medial to the optic tract. On the left side, a tumor in the pituitary region blocks the outlet
{channel) from the perivascular space along the optic tract to the subarachnoid space, mechani-
cally, due to inflammation or adhesive processes. Thus, interstitial fluid retention occurs in the
perivascular spaces, which distends along the optic tract (dotted area).
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Fig. 18 Presyrinx state in a patient with Chi-
ari malformation (from reference 10). Sagittal
T1 weighted image (500/14/3) Cord expansion
and parenchymal hypointensity are present in {3
the upper cervical cord. Sagittal T2 weighted :
image (3000/105/3) Marked upper cervical
cord T2 prolongation. This was presumed to
trelated to ongoing or increased obstruction
to CSF flow. This MR images show that sub-
arachnoid CSF flow disturbance may cause
intraparenchymal edema-like change in the

upper spinal cord.
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imaging, and amobarbital studies

Case report and review of the literature
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+ Dissociated language functions are largely invalidated by standard techniques such as the amobarbital test and cor-
tical stimulation. Language studies in which magnetoencephalography (MEG) and functional magnetic resonance
(fMR) imaging are used to record data while the patient performs lexicosemantic tasks have enabled researchers to per-
form independent brain mapping for temporal and frontal language functions (MEG is used for temporal and fMR
imaging for frontal functions). In this case report, the authors describe a right-handed patient in whom a right-sided in-
sular glioma was diagnosed. The patient had a right-lateralized receptive language area, but expressive language func-
tion was identified in the left hemisphere on fMR imaging— and MEG-based mapping. Examinations were performed
in 20 right-handed patients with low-grade gliomas (control group) for careful comparison with and interpretation of
this patient’s results. In these tests, all patients were asked to generate verbs related to acoustically presented nouns
(verb generation) for fMR imaging, and to categorize as abstract or concrete a set of visually presented words consist-
ing of three Japanese letters for fMR imaging and MEG.

The most prominent display of fMR imaging activation by the verb-generation task was observed in the left infe-
rior and middle frontal gyri in all participants, including the patient presented here. Estimated dipoles identified with
the abstract/concrete categorization task were concentrated in the superior temporal and supramarginal gyri in the left
hemisphere in all control patients. In this patient, however, the right superior temporal region demonstrated signifi-
cantly stronger activations on MEG and fMR imaging with the abstract/concrete categorization task. Suspected disso-
ciation of the language functions was successfully mapped with these two imaging modalities and was validated by
the modified amobarbital test and the postoperative neurological status. The authors describe detailed functional pro-
files obtained in this patient and review the cases of four previously described patients in whom dissociated language
functions were found.

KEY WORDS ° amobarbitaltest < functional magnetic resonance imaging °

magnetoencephalography ° language mapping <° language function

in the field of neurology for more than a century. A
classic mode of language organization based on le-
sional studies proposes a frontal expressive area, named for
Broca, for planning and executing speech and writing, and
a posterior receptive area, named for Wernicke, for analysis
and identification of linguistic sensory stimuli. This basic

B RAIN asymimetries have been of considerable interest

Abbreviations used in this paper: BVRT = Benton Visual Reten-
tion Test; fMR = functional magnetic resonance; ICA = internal ca-
rotid artery; IQ = intelligence quotient; MEG = magnetoencepha-
lography; WAB = Western Aphasia Battery; WAIS-R = Wechsler
Adult Intelligence Scale-Revised. -
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scheme of language function has been generally accepted,
with the assumption that both of the classic language func-
tions exist only in the dominant hemisphere.

The amobarbital test is currently used to determine lan-
guage dominance, but requires catheterization of the carotid
arteries and successive anesthetization of each hemisphere
by unilateral injections of sodium amobarbital. Data from
previous studies have indicated that among right-handed
participants, 4% have speech dominance generally in the
right hemisphere, and in 90% it is found in the left hemi-
sphere.® Several studies in which this technique was used
have shown an increased incidence of atypical language
dominance patterns in patients with injury in the left hemi-
sphere. These patterns have been interpreted in terms of
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Dissociated language functions on functional brain mapping

interhemispheral language transfer and cerebral plastici-
ty.5? The amobarbital test, however, measures only the rel-
ative distribution of language across the two hemispheres
and is not usually repeatable. More specific information and
careful interpretation between hemispheres are practically
and scientifically important factors for understanding the
language networks.

The recently developed fMR imaging modality has been
used to identify the dominant hemisphere for language
functions. Most fMR imaging studies of language location
have shown frontal activation in the inferior and middle
frontal gyri during performance of various tasks, such as
verb (word) generation and word categorization.’s??7 Al-
though several authors have attempted to detect the recep-
tive language function with fMR imaging by using listening
or sentence comprehension tasks, only a few pixels reveal-
ing activation have been observed in the temporoparietal
region.®>52 Therefore, empirical evidence has shown that
temporal activation is more difficult to detect than frontal
activation. In addition, a fundamental limitation of fMR im-
aging-based brain mapping involves the varying degrees of
regional hemodynamic responses in pathological brain con-
ditions.”* Therefore, the interpretation of MR imaging—
based localization for receptive language function remains
difficult and controversial.

The MEG modality reflects the intracellular flow of elec-
trical current in the brain and allows accurate localization of
the current’s dipole sources. Regarding language function,
Papanicolaou and colleagues'*® localized MEG deflections,
which peaked at approximately 400 msec after word presen-
tation (late responses), in the temporoparietal regions. These
investigators suggested that the late responses were strong-
Iy related to receptive language function. We have also re-
ported dense dipole clusters of the semantic late responses
in the superior temporal, supramarginal, and fusiform gyri
of the suspected dominant hemisphere.'*? Therefore, MEG
is a powerful diagnostic tool for identifying language dom-
inance and the Wernicke area.

Given these findings, we have used MR imaging and

TABLE 1

MEG modalities to visualize the expressive and receptive
language functions independently and to identify the domi-
nant hemisphere. In this case report, we describe a right-
handed patient who had a right-sided insular glioma and a
confirmed right-lateralized receptive language area, but in
whom dissociated expressive function was found in the left
hemisphere. The suspected dissociation of language func-
tions was clearly mapped with fMR imaging and MEG, and
was validated by the amobarbital test and the patient’s post-
operative neurological status. We describe detailed neuro-
logical and radiological findings characterizing the unusual
functional organization in this patient, comparing these with
the fMR imaging-MEG templates obtained in 20 control
patients who underwent imaging in our institution. We al-
so discuss the data acquired in four previously reported
patients with dissociated language functions on fMR imag-
ing—based brain mapping.

Case Report

History. This 29-year-old, right-handed man experienced
amnesia for several minutes in November 2003. He has suf-
fered from depression for 10 years and has been unemploy-
ed, despite the absence of neurological deficits. Computer-
ized tomography scanning of the brain performed 11 years
earlier had revealed no abnormality. The patient has been
treated with several of the most commonly used tranquiliz-
ers in the outpatient clinic of our Department of Psychiatry.
Neuropsychological examinations, including the WAIS-R
and the BVRT, which were performed in April 1992, dem-
onstrated no language deficit or memory disturbance, and
the patient had a full-scale IQ of 86 (Table 1).

Neuroimaging, Neuropsychological Evaluation, and Sur-
gical Planning. In November 2003, T;-weighted MR imag-
es revealed a hypointense mass in the right insular cortex
involving the surrounding white matter. The lesion was
homogeneously hyperintense on T,-weighted MR images
and was not enhanced by addition of Gd—diethylenetriamine
pentaacetic acid (Fig. 1A). These findings suggested that a

Sequential results of neuropsychological examinations in a patient with dissociated language function*

Date of Evaluation & Score

o 11/2/2002 3/3/2003
Test . Item 4/1/1992 (preop) (postop)
WAIS-R verbal IQ 95 98 - %0
information 9 10 9
digit span 8 o 9 8
vocabulary 10 12 8
arithmetic 6 ¢ 6. 6
comprehension 12 12 8
similarities 10 9 10
performance IQ 76 75 74
picture completion 8 7 8
picture arrangement 11 8 8
block design 6 8 5
object assembly 7 9 8
digit symbol 3 3 3
_ . full-scale IQ 186 87 82
.BVRT . no. of errors (normal mean, 5) 2 5 7
" WMT memory quotient 93 foo101 T 105
" WAB ‘ aphasia quotient NT 986 - - 928

* NT = not tested; WMT = Wechsler memory test.
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FiG. 1. A: Axial T,-weighted MR images obtained in a 29-year-old man, demonstraung a nght insular tumor.  B: Brain
activation measured using fMR imaging during the verb-genération task. The images display all activated areas with a
Z-score of more than 2.2, which are mainly located in the inferior and middle frontal gyri. C: Activation on {MR images
during the abstract/concrete categorization task, demonstrating right-sided dominance in the superior temporal region
(arrows). The dissociated language function is observed in the left frontal and right temporal regions.

low-grade astrocytoma might have developed slowly over
the past 11 years. The Edinburgh Handedness Inventory
score was 114, indicating strong right-handed dominance.
Preoperative neuropsychologlcal examinations, .including
the WAB, in addition to the WAIS-R and BVRT detected
no kmguage deficit,or memory disturbance (Table 1). Per-
formance 1Q, verbal 1Q, and memory function were un-
changed from the- previous examinations. C0n51dermg the
tumor’s location, the symptoms, and the patient’s handed-
ness, we planned to perform a radical resection.

Because we have previously reported elsewhere that
postsurgical language deficits can be predicted based on re-
sults of MEG studies,”? and have evaluated more than 70
patients by using both MEG and fMR imaging to identify
the language dominance, this patient underwent functional
brain mapping as’ usual To obtain the standard language
template for MEG? and fMR imaging-based brain map-
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ping, we selected 20 control patients with low-grade glio-
mas (four tumors in the left frontal or right temporal lobe,
and six in the left temporal or right frontal lobe). Eight glio-
mas involved the right and six involved the left insular re-
gion on T,-weighted images. All patients in the control
group had left-hemisphere language dominance, which was
confirmed with the amobarbital test.

Protocols for MR Imaging. Anatomical MR and fMR im-
aging were performed during the same session with a 1.5-
tesla whole-body MR unit equipped with echoplanar capa-
bilities and.a standard whole-head transmitter—receiver coil
(Vision; Siemens, Erlangen, Germany). During the experi-
ments, foam cushions were used to immobilize the patient’s
head.

Language Tasks Used for MR Imaging. All language tasks
that required responses ‘were performed covertly. The fMR
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images were acquired with a T,-weighted echoplanar i imag-
ing sequence (TE 62 msec; TR 114 msec; flip angle 90°;
slice thickness 4 mm; slice gap 2 mm; field of view 260
mm; matrix 64 X 128; 14 slices). Each fMR imaging ses-
sion consisted of three dummy scan volumes, three activa-
tion periods, and four baseline (rest) periods. During each
period, five echoplanar imaging volumes were collected,
yielding a total of 38 imaging volumes. The fMR imaging
data for language-related semantic responses were acquired
as follows. All participants were examined using two dif-
ferent lexicosemantic language paradigms: 1) verb genera-
tion after acoustic presentation of nouns; and 2) abstract/
concrete categorization of words after their presentation for
reading. All words for semantic tasks were selected from
common Japanese words listed in the electronic dictionary
of the National Institute for Japanese Language.

Verb-Generation Task. For the verb-generation task, com-
mon concrete nouns were presented aurally. The auditory
stimuli (duration range 400-600 msec) were produced by
a native Japanese speaker with a flat intonation and were
digitized, with a sampling rate of 44,000 Hz. Backward
playback of the sound files was used to eliminate the pri-
mary auditory activation for the rest period with exactly the
same interstimulus intervals (1600~2400 msec) as the ac-
tive condition. The auditory stimuli were delivered binau-
rally through two 5-m-long plastic tubes terminating at a set
of headphones. The sound intensity was an apprommately

95-decibel sound pressure level at the participant’s ear. In- . -
dividuals were instructed to generate silently a verb related L

to each noun presented during the active periods.

Abstract/Concrete Categorization Task. Visual stlmuh‘

were presented on a liquid crystal display monitor, and a

mirror positioned above the head coil allowed the patients o

to see the stimuli. During the abstract/concrete categoriza-
tion task, words consisting of three kana letters (Japanese
phonetic symbols) were presented with a 300-msec expo-
sure time and an interstimulus interval ranging from 1800 to

2200 msec. Participants were instructed to categorize fthe R
presented word covertly as abstract or concrete, During the

control period, they passively viewed random dots, which
were created by destructuring kana letters and were con-
trolled to have the same brightness as the kana words to
eliminate primary visual responses. Before undergoing im-
aging studies, all participants had practiced briefly, and two
MR imaging examinations were performed for each task fo
confirm the consistency of results.

After data acquisition, a motion detection program
(MEDx; Medical Numerics, Sterling, VA) discarded fMR
sessions containing motion artifacts of more than 25% of
the pixel size. After applying a gaussian spatial filter (7 mm
in half width), functional activation maps were calculated
by estimating Z-scores between the rest and activation pe-
riods with Dr. View software (Asahi Kasei, Tokyo, Japan).
Clusters consisting of more than 10 pixels with 2 Z-score of
higher than 2.2 were accepted as indicating real activation.
The result of each MR session was coregistered to three-
dimensional T;-weighted MR images of each participant’s
head, maximizing the mutual information of the data sets
with the Affine transformation.**

Protocol for Lexicosemantic MEG. The MEG signals
were recorded with a 204-channel biomagnetometer (Vec-
tor View; Neuromag, Helsinki, Finland) in a magnetically

IR
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- objects that were pictorially presented);

shielded room. We repeatedly acquired two data sets with
each task to confirm stability and the MEG responses on
two different days (10 and 7 days before the operation). One
hundred fifty words were presented visually with a 300-
msec exposure time, with interstimulus intervals ranging
from 2800 to 3200 msec during MEG recordings. Each
word consisted of three kana letters and was grammatically
a noun. All patients were asked to categorize the presented
word as abstract or concrete, pushing a button with the in-
dex finger for an abstract word or with the middle finger for
a concrete one (kana-reading task). To identify the lexico-
semantic responses specific to the kana-reading task, we
presented 150 pairs of Arabic letters and asked patients to
decide whether each pair had the same letters or differ-
ent ones (figure-discrimination task). All patients participat-
ed in brief practice sessions before the measurement. Fach
epoch consisted of a 500-msec prestimulus baseline and a
1500-msec analysis period following stimulus delivery. The
averaged magnetic signals were digitally filtered between
0.1 and 30 Hz. Significant MEG deflections were visually
identified on the basis of the root mean squared fields of
more than 10 sensors in the frontotemporal or temporooc-
cipital regions. Locations and moments of equivalent cur-

‘rent dipoles were calculated every 2 msec from 250 to 600

msec after the stimulus onsets by using the single equivalent
dipole model. Only dipoles with a correlation value of more
than 0.90 were accepted and were superimposed onto three-

.. dimensjonal T,-weighted MR images by identifying ana-

tomical fiduciary landmarks. To confirm the calculated re-
sulis, thé - same MEG time sections were analyzed with one

of the current density maps; this is caﬂed the multiple cur-

rent estlmate %

*Protocol for the Amobarbxtal Test AH patients received in-
Jectlons of amoba.rbltal (100 mg in a 10% solution) through
the ICA. Language testihg was performed during the initial

period of maximal amobarbital action;” ‘which was indjcated

by contralateral brachial plegia. The, following tasks were
included: Task %, spontaneous countmg (patlents started

‘counting just before amiobarbital injection and were told to

continue counting until the investigator presented the next
task); Task 11, letter reading (patients were then told to read
aloud seven words consisting of three or four kana letters);
Task III, naming (patients were asked to name aloud five
Task 1V, auditory
comprehension (patients were asked to perform three sim-
ple tasks such as blinking their eyes, opening their mouth,
and raising their unparalyzed arm); and Task ¥, pointing to -
objects (a table with pictures of four objects was presented,
and patients were told to select one picture by pointing—
“where is the rabbit,” “point to the cat,” and so on). Per-
formance in Tasks I and III was considered to reflect the
patient’s expressive linguistic capacities, whereas Tasks I,
1V, and V were used to screen receptive language functions.

Data Obtained in Control Patients

Findings on fMR Images. The regions activated by the
verb-generation task were restricted mostly to the left hemi-
sphere. The activated regions involved the inferior frontal
gyrus and the middle frontal gyrus, the lateral precentral
gyrus, the supramarginal gyrus, and the supplementary mo-
tor area. Although several activations were found on the
right side, in the right middle frontal and lateral precentral
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gyrus, they did not reach cluster significance (maximum
values of Z-score < 2.2 or less than 10 pixels; data not
shown). Although activations with the abstract/concrete cat-
egorization task tended to be lateralized to the left hemi-
sphere, the bilateral frontal regions including the middle
frontal and lateral precentral gyrus were involved. In addi-
tion, sporadically activated areas were found in the left su-
perior temporal and the left fusiform gyri in seven of the 20
control patients.

The MEG Profiles and Dipole Locations. Figure 2 demon-
strates results of imaging in a control patient. All patients
were able to perform both tasks during data acquisitions.
The values that follow are expressed as the means * stan-
dard deviations. The mean reaction time and the rate of suc-
cessful task performance in control patients were approxi-
mately 850.3 = 32.4 msec and 94.2 = 5.3%, respectively.
In all control patients, the late deflections peaking at 400
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FiG. 2. A: Root mean squared profiles of lexicosemantic responses on both sides in the frontotemporal and temporooc-
cipital regions on MEG studies obtained in a control patient. The left frontotemporal responses, peaking at 450 msec, are
markedly larger in amplitude than the ones on the right. B: Neuroimages used in source localization of the late fron-
totemporal deflections, revealing predominant dipole clusters in the left superior temporal region. There are 107 dipoles in
the left and 32 in the right hemisphere. FT = frontotemporal; ms = msec; TO = temporooccipital.

msec were predominantly observed in the left rather than
the right frontotemporal region (Fig. 2A). Bilateral tem-
porooccipital regions demonstrated relatively early sharp
deflections at approximately 250 msec with no hemispheral
dominance in amplitude. As shown in Fig. 2B, the estimat-
ed dipoles of the frontotemporal regions were concentrated
in the left superior temporal, middle temporal, and supra-
marginal gyri (the mean number of dipoles was 122.4 +
24.2), whereas the right hemisphere showed far fewer
dipoles (52.4 * 14.2). In contrast, there were no significant
hemispheral differences in the dipole concentration in the
temporooccipital regions. Because the figure-discrimination
task evoked only early deflections (within 300 msec) in both
hemispheres with few late responses, on the basis of these
results and previous reports, we speculate that late responses
in the left hemisphere are strongly related to the lexico-
semantic processes in letter perception.™'2* In all control

J. Neurosurg. / Volume 104 / April, 2006
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Fi. 3. A: Root mean squared profiles of lexicosemantic responses on both side in the frontotemporal and temporooc-
cipital regions on MEG studies obtained in our patient. The right frontotemporal responses, peaking at 450 msec, are sig-
nificantly larger in amplitude than the ones on the left. B: Neuroimages used in source localization of the late fron-
totemporal deflections, revealing predominant dipole clusters in the right superior and mfenor temporal regions. There are

48 dipoles in the left and 202 in the nght hemisphere.

patients, the activation profiles of fMR imaging and MEG
studies clearly indicated left-sided dominance of the frontal
expressive and temporal receptive language functions.

Data Obtained in Our Patient

Findings on fMR Images. The verb-generation task acti-
vated locations in our patient that were very similar to those
in control patients. The left hemisphere had obvious activa-

J. Neurosurg. / Volume 104 / April, 2006

tions in the inferior frontal, middle frontal, precentral, and
supramarginal gyri, indicating that our patient had left-sided

‘dominance of motor-language functions (Fig. 1B). In con-

trast, the abstract/concrete categorization task predominant-
ly induced right-dominant activation in the temporal region,
including the superior temporal and fusiform gyri (Fig. 1C).

_Based on these findings, we suggest that the language func-

tions were separately distributed over both hemispheres.
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TABLE 2
Results of the amobarbital test*

Side of Test & Findings

" ltem T Lt Injection Rt Injection
paresis rt hemi (4 mins) 1t hemi (4 mins, 30 secs)
counting stopped (3 mins, 30 secs)  continued

letter-reading T1% (S of 7) 14% (1 of 7)
naming 40% (2 of 5) 1060% (5 of 5)
auditory 80% (4 of 5) 20% (1 of 5)
comprehension
pointing to objects  100% (4 of 4) 25% (1 of 4)
general impression  impaired overt nam- severe sensory aphasia
ing w/ severe dys- w/ mild dysarthria

arthria but little
sensory aphasia

* Hemi = hemiparesis.

The expressive and receptive language functions were dis-
sociated in the left frontal and right temporal lobes, respec-
tively.

The MEG Profiles and Dipole Locations. The rate of suc-
cessful task performance and the reaction time of the patient
were within the control range. Figure 3A demonstrates the
entire MEG view obtained in our patient, including the

kana-reading task and the root mean squared fields in the.;"
bilateral frontotemporal and temporooccipital regions.Late =

deflections peaking at approximately 450 msec were more
often observed in the right than in the contralateral frorito-
temporal region. There was no marked difference regarding
side in the late responses in the temporooccipital regions.
Estimated dipoles of the left frontotemporal Tesponses were
concentrated in the posterior part of the right supenorgiem-
poral and middle temporal gyri (138 dipoles), which {ere
adjacent to the posterior border of the tumor (Fig. SB) In

addition, another dipole cluster (64 dipoles) in the temporo- + -

ocmpztal region was localized in the right fusiform gyrus.
The total dipole number in the left hemisphere (48 dipoles)
did not reach even a quarter of that in the right hemlsphere
suggesting right-sided dominance of the reading process
in this patient. The multiple current estimate analysis and
the single equivalent dipole model demonstrated high cur-
rent density spots in the postetior part of the right superior
temporal and fusiform gyri. The figure-discrimination task
evoked few late responses in either hemisphere. The second
MEG performed on the 7th day before the operation yield-
ed simular findings (r1ght-s1ded dominance) in the temporo-~
parietal regions.

A striking finding on the fMR i imaging and MEG studies
was that language functions in this patient might be dis-
sociated over both hemispheres. We intended, therefore, to
validate the neurological profiles with the amobarbital test
before surgery.

The Amobarbital Test. The amobarbital test revealed left
hemispheral dominance in all control patients, because the
left ICA injection immediately disturbed all the motor and
receptive-language functions.

Our patient stopped counting and failed to name objects
(40%) after left ICA injection, whereas letter-reading
(71%), auditory comprehension (80%), and pointing objects
tasks (100%) were well preserved. In contrast, after right
ICA injection, letter-reading (14%), auditory comprehen—
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sion (20%), and pointing objects tasks (25%) were marked-
ly suppressed, although the patient continued to count cor-
rectly without speech blockade (naming; 100%) but with
slight hesitation. Detailed analysis of the results of the amo-
barbital test indicated interhemispheral dissociations of the
expressive and receptive language functions (Table 2).

Operation. Although we obtained informed consent for
radical resection of the tumor, the patient refused to under-
go the awake surgical procedure. We therefore planned to
perform tumor resection guided by the preoperative func-
tional mapping. After integration of the lexicosemantic
MEG dipoles into the neuronavigation system,'° the insular
cortex was exposed by a frontotemporal craniotomy. The
tumor and involved brain tissue in the right anterior tempo-
ra] and insular regions were removed in a gross-total fash-
ion. We carefully spared suspected functional areas in the
temporal lobe, where the MEG dipoles and the spots ac-
tivated on MR imaging were observed (Fig. 4). The his-
topathological diagnosis of this lesion was World Health
Organization Grade I diffuse astrocytoma.

Postoperative Course. The patient awoke with slight, tran-
sient sensory aphasia after surgery. Although spontaneous
speech and naming capacities were intact, mild sensory
aphasia and dyslexia remained. Neuropsychological exam-
inations conducted 4 months postsurgery disclosed slight

‘impairment of vocabulary and comprehensmn which re-
sulted in deterioration of the patient’s verbal IQ scores on
" the WAIS-R and the WAB tests (Table 1).

Discussion

The primary finding in this study was that the language
dominance can-be identified by combining different imag-
ing methods. The use of MR imaging with the verb-gener-
ation task detected the activation.of ‘the middle frontal and

~ inferior frontal gyri, whereds MEG performed in conjunc-

tion with the kana-reading task localized the dipole clusters
of the late responses in the superior temporal regions, such
as the superior temporal and supramarginal gyri. These
findings may mean that fMR imaging and MEG studies vi-
sualize independent centers for the expressive and receptive
language functions in addition to indicating the language
dominance. Particularly in our patient, fMR imaging and
MEG studies demonstrated dissociated language functions
over both hemispheres. The left frontal and right temporal
regions took the expressive and receptive language roles,
respectively. This unusual profile was consistently observed
on repeated examinations and was finally validated by the
results of the amobarbital test. After tumor resection, the pa-
tient experienced transient sensory aphasia for 1 week. Be-
cause the surgical procedure in the right frontotemporal re-
gion caused mild language deficits, the presence of aphasia
supports the plausibility of the unusual functional profiles in
this patient.

Kurthen, et al.,* first suggested the possibility of dissoci-
ated language functions when they used the amobarbital test
to evaluate more than 100 patients with epilepsy. They
reported on four patients with this disease who might have
had independent frontal and temporal language centers in
each hemisphere, and concluded that early-onset epilepsy
might cause unusual representation of language functions.
They did, however, find it difficult to distinguish the frontal
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Fi6. 4. A: Two-dimensional axial MR image demonstrating that the posterior border of resection is close to the dipole
accumulation in the superior temporal region. B: Three-dimensionally reconstructed intracranial data obtained in our pa-
tient, clearly showing that a tip of the navigation probe (dark gray elongated oval) indicates the anterior border of lexico-

semantic dipole clusters (arrow).

and temporal functions clearly because of the limited eval-
uation time associated with the amobarbital action and the
level of patient cooperation. Noninvasive functional im-
aging techniques have recently become available to assess
higher brain functions, and fMR imaging is becoming an
alternative to the amobarbital test.>?22 There have been
few reports, however, of validations of the fMR imaging—
activated areas by cortical stimulation.??* 1t is still im-
portant to interpret MR imaging results carefully by con-
sidering the results of the amobarbital test, electrocortical
stimulation, and other functional imaging methods. Since
the introduction of clinical fMR imaging, only four case re-
ports have been published in which dissociated language
functions were suggested (Table 3).281921

Holodny, et al.,? and Baciu and colleagues? demonstrat-
ed translocation of the Broca area in isolation from tem-
poral language function in patients with low-grade frontal
glioma. Petrovich, et al.,*” and Ries and coworkers? recent-
ly demonstrated that the temporal language function was
translocated to the right hemisphere in patients with left
temporal tumors. In their reports on fMR imaging, howev-
er, these investigators did not fully detail and confirm the
anusual profiles with the amobarbital test. Using electro-
cortical stimulation, Baciu, et al., and Petrovich, et al., have
observed no suppression of language function in frontal or
temporal lobes containing tumors, findings that have caused
them to stress the possibility of a functional dissociation.

Although fMR imaging-based brain mapping was used
in all of these studies to investigate dissociation, in other re-
ports researchers have found that even the various language
tasks that are part of this modality produced little tempo-
roparietal activation.'’®% Rutten, et al.,®* focused on the
correspondence between MR imaging and intraoperative
electrocortical stimulation in the temporoparietal region.
They applied several language tasks, such as picture nam-
ing, verbal fluency, and sentence comprehension, and con-
cluded that much less activation appeared on fMR imaging
in the temporoparietal than in the frontal area, but the phys-
iological reason for this difference remains unknown. Be-
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cause little neuronal activity is detected in the Wernicke ar-
eas on MR imaging-based mapping, a more reliable meth-
od is required. One option that is highly complementary to

MR imaging is MEG. Simos and colleagues® have report-

ed that the dipole localization of the lexicosemantic MEG
in the temporoparietal region was reliable and showed ex-
cellent correlation with intraoperative cortical mapping. We
believe that the combination of fMR imaging and MEG en-
ables reliable identification of the expressive and receptive
language functions.

In many previous reports, investigators have described
either the shift or development of expressive and receptive
language functions together in the expected nondominant
right hemisphere.* Assuming that the dissociated language

“centers in our patient might reflect actual functional distri-

butions, we must carefully consider the subcortical connec-
tions between the centers. Expressive and receptive lan-
guage areas are usually connected by a large white-matter
tract called the arcuate fasciculus. An arrangement in which
the two language centers are in opposite hemispheres makes
litile physiological sense because it would involve a much
more circuitous path of interaction between the centers. Re-
cently developed diffusion tensor imaging might be used
io clarify white-matter connections, such as the corpus cal-
losum and the corticospinal tract. This technique, howev-
er, still has insufficient spatial resolution for small axonal
bundles, including the anterior and posterior commissures.
Although detailed physiological connections are still un-
clear, the technical development of diffusion tensor imaging
might help resolve these issues in the near future.

Conclusions

Bilateral language dominance, which was generally de-
iermined with the amobarbital test, may involve dissociated
frontal and temporal language functions. A slow-growing
brain tumor or early-onset epilepsy might induce this un-
usual functional distribution. In our patient there remains
speculation that the growth of the brain tumor prevented the
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involved area from functioning properly and led to transfer
of the expressive language function to the contralateral
(left) side. On the other hand, this unusual functional organ-
ization may have been congenital. The reason for the disso-
ciation, however, cannot be definitively determined. Based
on our findings in this case, we would like to stress that the
combination of fMR imaging and MEG studies can be used
to identify functional characteristics in individual patients,

Postop Course
improved
no change
improved
mild sensory aphasia

improved
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Literature review of reports of dissociated language function*

It temporoparietal (astrocytoma)

Tumor Location
1t insular (astrocytoma)
1t frontal (ganglioglioma)

1t temporal (subependymoma)
1t insular (astrocytoma)

Patient .
not done.

Duration (yrs)

mild rt hemi, dysarthria (7)

epilepsy, apraxia (26)

none

Symptoms &

transient amnesia (~11)

epilepsy (10)
handedness; ND

Age (yrs),
Sex; Hand
M;

M;

M;

13, F; ambi

29, M; rt

* Ambi = ambidextrous; hand
1 The amobarbital test failed to show dominance.
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Abstract Podoplanin (aggrus) is a mucin-like trans-
membrane sialoglycoprotein that is expressed on lym-
phatic endothelial cells. Podoplanin is putatively involved
in cancer cell migration, invasion, metastasis, and malig-
nant progression and may be involved in platelet aggre-
gation. Previously, we showed upregulated expression of
podoplanin in central nervous system (CNS) germino-
mas, but not in non-germinomatous germ cell tumors,
except for parts of immature teratomas in limited num-
bers. However, little information exists about its role in
CNS astrocytic tumors. In this study, 188 astrocytic
tumors (30 diffuse astrocytomas, 43 anaplastic astrocyto-
mas, and 115 glioblastomas) were investigated using
immunohistochemistry with an anti-podoplanin antibody,
YM-1.1In 11 of 43 anaplastic astrocytomas (25.6%) and in
54 of 115 glioblastomas (47.0%), podoplanin was expressed
on the surface of anaplastic astrocytoma cells and glio-
blastoma cells, especially around necrotic areas and
proliferating endothelial cells. However, the surrounding
brain parenchyma was not stained by YM-1. On the
other hand, podoplanin expression was not observed in
diffuise astrocytoma (0/30: 0%). Furthermore, we investi-
gated the expression of podoplanin using quantitative
real-time PCR and Western blot analysis in 54 frozen
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astrocytic tumors (6 diffuse astrocytomas, 14 anaplastic
astrocytomas, and 34 glioblastomas). Podoplanin mRNA
and protein expression were markedly higher in glioblas-
tomas than in anaplastic astrocytomas. These data sug-
gest that podoplanin expression might be associated with
malignancy of astrocytic tumors.
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Intreduction

Astrocytic tumors are the most common tumors of the
central nervous system (CNS) and are categorized into
diffuse astrocytomas (World Health Organization
(WHO) Grade II), anaplastic astrocytomas {AA; WHO
Grade 1) and glioblastomas (GBM; WHG Grade IV)
{11} Among them, GBMs are the most frequent and
most malignant type of astrocytic tumor. Despite
advances in surgical techniques, radiation therapy, and
adjuvant chemotherapy, their prognosis remains poor:
the median survival time for patients with GBMs is only
1 year [2]. Glioblastoma may occur de novo or may
result from progression of low-grade astrocytomas [4].
Molecular mechanisms of tumorigenesis and malignant
progression are associated with the inactivation of tumor
suppressor genes such as p53-Rb pathway or the overex-
pression of oncogenes such as epidermal growth factor
receptor [10]. However, the mechanisms of tumorigenesis
and progression of astrocytic tumors have not been
resolved. Identification of genes that are expressed differ-
entially in high-grade astrocytomas, low-grade tumors,
or normal brain tissues is important to elucidate the
molecular mechanisms of tumorigenesis and to develop
novel therapeutic strategies.

Podoplanin was reported to be expressed in lymphatic
endothelium and in tumor-associated lymphangiogenesis;
also, podoplanin deficiency resulted in congenital lym-

- phedema and impaired lymphatic vascular patterning

[16]. Furthermore, expression of podoplanin has been
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shown to be upregulated in skin squamous cell carcinoma
[12], lung squamous cell carcinoma [9], malignant meso-
thelioma [14], Kaposi’s sarcoma, angiosarcoma [l],
hemangioblastoma [15], testicular seminoma [7, 8], and
dysgerminoma [17].

We have recently shown that podoplanin is overex-
pressed in CNS germinomas, but not in non-germinoma-
tous germ cell tumors, except in a limited number of
immature teratomas with partial positive reactivity [13].
In adult non-neoplastic CNS, podoplanin was evident in
the subependymal areas, the leptomeninges, choroid
plexus, ependyma, and Purkinje cells [15, 17]. However,
podoplanin expression in CNS astrocytic tumors has not
been studied intensively. In this study, we investigated
podoplanin expression in 188 astrocytic tumors.

Materials and methods
Tissue samples

Tumor specimens were obtained during surgery from
eight patients with diffuse astrocytomas, 14 patients with
anaplastic astrocytomas, and 34 patients with glioblasto-
mas. Informed consent had been obtained previously
from patients or their guardians. The tumor specimens
were routinely fixed in 10% buffered formalin for 18-20 h
at room temperature and processed to paraffin. Sections
{5 um thick) were cut and attached to poly-L-lysine-
coated glass slides. Hematoxylin-eosin was used for rou-
tine staining. Tissue microarrays of 132 astrocytic
tumors (22 diffuse astrocytomas, 29 anaplastic astrocyto-
mas, and 81 glioblastomas) were purchased from Cybrdi,
Inc. (Frederick, MD). The histology of these tissue sam-
ples was confirmed by experienced neuropathologists.

Immunohistochemical analysis

Specimens were deparaffinized, rehydrated, and incubated
first with YM-1 (1/100 diluted; Medical Biological Labo-
ratories Co., Ltd, Nagoya, Japan) at room temperature
for 1h, then with biotin-conjugated secondary anti-rat
1gG antibody (DakoCytomation, Glostrup, Denmark)
for 1 h, and finally with peroxidase-conjugated biotin—
streptavidin complex (Vectastain ABC Kit; Vector Lab-
oratories, Inc.,, Burlingame, CA) for 1 h. Color was devel-
oped using 3,3-diaminobenzidine tetrahydrochloride
tablet sets (DakoCytomation) for 3 min. Podoplanin
expression was assessed semi-quantitatively from the
percentage of tumor cells with cytoplasmic/membrane
staining: 0, no staining; +, <10%; ++, 10-50%; and
+t++, > 50%.

Western blot analysis
Tissues were solubilized with lysis buffer (25 mM Tris

(pH 7.4), 50 mM Na(l, 0.5% Na deoxycholate, 2% noni-
det P-40, 02% SDS, 1mM phenylmethylsulfonyl

fluoride, and 50 mg/ml aprotinin). They were then elec-
trophoresed under reducing conditions on 10-20% poly-
acrylamide gels (Daiichi Pure Chemicals Co., Ltd, Tokyo,
Japan). The separated proteins were transferred to a
nitrocellulose membrane. After blocking with 4% skim
milk in PBS, the membrane was incubated with YM-1
(1/500 diluted) or anti-B-actin antibody (1 pg/ml; Sigma
Chemical Co., St. Louis, MO), and then with peroxidase-
conjugated secondary antibodies (1/1,000 diluted; Amer-
sham Pharmacia Biotech UK Ltd, Buckinghamshire,
UK). The proteins were subsequently developed for 3 min
using ECL reagents (Amersham Pharmacia Biotech)
using X-Omat AR film (Eastman Kodak Co.).

Quantitative real-time PCR

Total RNAs were prepared from frozen sections that
have been obtained from astrocytic tumor patients,
employing an RNeasy mini prep kit (Qiagen, Inc.,
Hilden, Germany). The initial cDNA strand was synthe-
sized using SuperScript 11 transcriptase (Invitrogen Co.,
Carlsbad, CA) by priming nine random oligomers and
an oligo-dT primer according to the manufacturer’s
instructions. We performed PCR using oligonucleotides:
human podoplanin sense (5'-GGAAGGTGTCAGCT
CTGCTC-3') and human podoplanin antisense (5'-CG
CCTTCCAAACCTGTAGTC-3"). Real-time PCR was
carried out using the QuantiTect SYBR Green PCR
(Qiagen, Inc.). The PCR conditions were 95°C for 15 min
(1 cycle), followed by 40 cycles of 94°C for 15 s, 53°C for
20 s, 72°C for 10 s. Subsequently, a melting curve program
was applied with continuous fluorescence measurement.
A standard curve for podoplanin templates was gener-
ated through serial dilution of PCR products (1x10%-
1x10% copies/pl). The expression level of podoplanin was
normalized by total RNA weights. The statistical signifi
cance of podoplanin mRNA expression in astrocytic
tumor tissues was determined using paired ¢ tests.

Results

Immunohistochemical staining for podoplanin
in malignant astrocytic tumors

The cellular distribution of podoplanin in astrocytic
tumors was examined immunohistochemically using
anti-podoplanin antibody, YM-1, which can strongly
recognize podoplanin [6, 13]. In this study, we used 56
surgical tissues (8 diffuse astrocytomas, 14 anaplastic
astrocytomas, and 34 glioblastomas). Podoplanin immu-
noreactivity was detected in 5 of 14 (35.7%) anaplastic
astrocytomas and in 18 of 34 (52.9%) glioblastomas;
staining was graded as +++ in 16 glioblastomas and as
++ in two glioblastoma cases. We also stained other
astrocytic tumors of tissue microarrays. Podoplanin was
detected in 6 of 29 (21%) anaplastic astrocytomas and in
36 of 81 (44%) glioblastomas. In all, 11 of 43 anaplastic



astrocytomas (25.6%) and 54 of 115 (47.0%) glioblasto-
mas were stained using YM-1 (3%, P<0.05; Table 1).
Representative staining for podoplanin in glioblastoma
samples is shown in Fig. 1. Immunostaining for podopla-
nin demonstrated predominantly cell surface patterns in
glioblastoma cells (Fig. 1). In anaplastic astrocytoma, the
tumor cell surface was stained using YM-1 (Fig. 1c, d). In
glioblastomas, podoplanin-positive tumor cells were
prominent around microvascular proliferations (Fig. le, )
and necrotic tissues (Fig. 1g). Proliferating endothelial
cells were negative for podoplanin (Fig. le, f). Podopla-
nin was detected strongly in the plasma membrane of
highly anaplastic multinucleated giant cells (Fig. 1h). In
non-neoplastic areas of the brain (Fig. 1a) and in diffuse
astrocytoma (Fig. 1b), podoplanin immunostaining was
absent.

Podoplanin expression in malignant astrocytic tumors
using Western blot analysis

To confirm immunochistochemical findings from astro-
cytic tumors, lysates of frozen tumor specimens from 54
patients (6 diffuse astrocytomas, 14 anaplastic astrocyto-
mas, and 34 glioblastomas) were analyzed using Western
blotting. As shown in Fig. 2, an antibody to podoplanin,
YM-1, detected about 36-kDa proteins in extracts of
malignant astrocytomas. Using YM-1, 6 of 14 anaplastic
astrocytomas (42.8%) and 22 of 34 glioblastomas (64.7%)
showed strong labeling (x%, P<0.05), while all diffuse
astrocytomas were negative. Podoplanin expression
detected by Western blot analysis was closely correlated
with the results of immunohistochemistry.

Differential expression of podoplanin mRNA in
astrocytic tumors

To quantify the expression of podoplanin mRNA in
human astrocytic tumors of different grades, we per-
formed quantitative real-time PCR analyses of astrocytic
tumors from 54 patients (6 diffuse astrocytomas, 14 ana-
plastic astrocytomas, and 34 glioblastomas). The relative
podoplanin mRNA expression levels of each tumor
grade are shown in Fig. 3. Average copies of podoplanin
mRNA/ug total RNA in diffuse astrocytomas (Grade
II), anaplastic astrocytomas (Grade III), and glioblasto-
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mas (Grade IV) were 21.7£30.6, 16.1£354, and 411.2+
511.7, respectively. Podoplanin transcript levels were sig-
nificantly higher in glioblastomas than those in diffuse
astrocytomas, anaplastic astrocytomas, or non-neoplas-
tic human brain tissues (P <0.01).

Discussion

Immunohistochemical, Western blot, and real-time PCR
analyses demonstrate that the expressions of podoplanin
mRNA and protein are correlated with the malignant
progression from anaplastic astrocytoma (Grade 1II) to
glioblastomas (Grade IV). Of particular interest, 47.0%
of highly invasive glioblastomas express podoplanin,
whereas 25.6% of anaplastic astrocytomas and 0% of the
less invasive diffuse astrocytomas (Grade II) express
podoplanin by immunohistochemical staining on surgi-
cally resected and microarray tissues (Table 1). On the
other hand, 6 of 14 anaplastic astrocytomas (42.8%) and
22 of 34 glioblastomas (64.7%) were strongly labeled by
Western blot analyses using YM-1 (Fig. 2). Of all 188
astrocytic tumors analyzed immunohistochemically, 132
cases were derived from tissue microarrays whose tissue
spots are small and, therefore, the percentage of podopl-
anin-positive tumors might have been underestimated.
Furthermore, YM-1 detected podoplanin strongly by
Western blot analysis, as described previously [6]. For
these reasons, podoplanin-positive ratios in immunohis-
tochemical analysis are inferred to be smaller than those
of Western blot analysis, although the expression of
podoplanin detected by immunohistochemistry was
closely correlated with that by Western blot or real-time
PCR analyses. The distribution of podoplanin-positive
tumor cells was prominent around necrotic tissue and
proliferating endothelial cells in glioblastomas (Fig. 1).
Normal brain tissue surrounding the tumor bed was neg-
ative for podoplanin. Therefore, podoplanin expression
was correlated with high tumor grades and aggressive
histological behavior.

The biological functions of podoplanin remain largely
unknown. In vascular endothelial cells, overexpression of
Tla/podoplanin induces elongated cell extensions and
considerably increases cell adhesion, migration, and tube

Table 1 Results of podoplanin
immunostaining in 188 patients
with astrocytic tumors

Tumor type No.of  Podoplanin immunostaining Positive
cases rate (%)
+++ ++ + -

Diffuse astrocytoma 30 0 0 0 30 0
Surgical resection samples 8 0 0 0 8 0
Tissue microarray 22 0 0 0 22 0

Anaplastic astrocytoma 43 6 3 2 32 25.6
Surgical resection samples 14 3 1 1 9 357
Tissue microarray 29 3 2 1 23 20.7

Glioblastoma 1t5 39 10 5 61 47
Surgical resection samples 34 16 2 0 16 529
Tissue microarray 81 23 8 5 45 44
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Fig. 1 Immunohistochemical detection of podoplanin in astrocytic  glioblastoma (e, x200; f, x400). Podoplanin immunostaining of
tumors. No staining is apparent in a normal brain (a, x200) and in  glioblastoma cells at the necrotic area (N) (g, x200) and in the plas-
diffuse astrocytoma (b, x200). In anaplastic astrocytoma, the tumor ma membrane of highly anaplastic multinucleated giant cells
cell surface was stained positively (¢, x200; d, x400). Accentuated  (h, x400). Bar=10 pm

staining is visible around an area of microvascular proliferation in





