Ultrastructure of the Blood- Brain Barrier in
Human Gliomas : a Freeze-Fracture Study

B&5:jpn

HhRE

~FHH: 2017-10-04
*F—7—NK (Ja):
*—7— K (En):
YRR

X—IJL7 FL R:
FiT/:

http://hdl.handle.net/2297/8257




SRRFETEEFEME HI1005E $£25 221235 (1991) 221

B B O IME R B O T2 RE - BIT ST
—BRAEEINT L 7)) Ak B o R —

LRRFEFEHBIRESBZHE (EF I THESRR)
£ ¥ E
(PR3 & 1 A28HZNM)

t M REREO MBREMOSMBEORRERIET 40y, BEOBEYIAIIM , HEEwN
V) AEERWTIHOMERBEOBENE & AFOEEMOEMMNEDHEL*EEMIZEEL 2.
RERINT L 77 A RBAHEEOMEET 2 — BB TS 20T, BEOEABEY O SHEE DK
MEBEFSEEOBRBICEOLO THELLFETH2. ERMNEHEBEONKAKEIZIZL TN L
BHEEEL LTRo o, THOLENK THEFRL TREETEL, BEH» 5>0KBEDHER
HNIMEL TEBEBRL CH 2GR0 oz, UL, MEBHED— THEE LS OBz
BEOLENLHAVERES N MENEHBEERIZIZRAAANEHIIEE (PH,protoplasmic
face) TAFOMEM, MIESE (EME, extracellular face) THEOKIE L L THE LY. 2QERII
BEZ 60-80nm ThH-7:. RAAZNEOFIHEE IERM, B (low grade group) 8 & FEM
Bt (high grade group) D#HEIBIED 3 HM CHAMBEEZ Xk h o7z MBIV 7V 4O PETHE®D
MM, EETHBOBRE: L THESH, ZOEREIBELZ 80-130nm THY, EENFES> TEL, #
ERLTCHAT 2EAND S 2 L sRARAANIEER S Nz, 15800 5 FlOMEEBE CEEmE:
NEDOFEEDRD S, ZOEBEONFITHMEBE, LRTEMREEBE, EREErEBRER U
BFETH-7:. ZONBREEMTEEDoNT, MBENEFICHEE2 2 TEELEZOV LD
Zzohil:.

Key words glioma, blood-brain barrier, freeze-fracture replica, fenestra-
tion, pinocytosis

M#EAREFY (blood-brain barrier; BBB) 0 2 EE%#
IRELE U T RGBT I 0D P A2 Sl A Pl o B8 o B S
(tight junction) #E ¥ 3 Z &, N K@Kz /5
(fenestration) 37y Z &, BRAHA & /MK (pinocyto-
sis) B3P g 2 b, EEIL I EEBRMNELET S 2k,
Mm% AR (perivascular space) i w2 k72 ¥
NEFSNTBY, MEKBEMAE KR Evuhb Ty
PHEB T T O MBI CEL OBEEN 2 ELes s 2
LTWB EHEXI N TR, ¥EDWE T Z 01
EAERBEOHBYIAOEREECLIEETHS
T, BEEOBEZLVERCbL > TBEL, £/
MRI e SIRTTHREE ® £ 5 2 2 IS IDERN IR %

RECZEHETLII A ST, BAZBESLETH-
7o HREBEOMEIZLHAEHNER B2 UL A
N2ET2H0E, BETVBHE, HDVLIEREND
ZRAEMETH2ET260™0nb2. 272, HREE
BOME DRAAA/NITTEL TS T2 LDY
CEBELELOZVWETHEHO" MDY, ERO—H
EAHTOLAL, MEBEOMED NG, HE#FERIC
HRORETH2HMEBECZREBECL RSN
BEVIWEND L BINEBETII RN
HBHEE L ODLOTREBEDSAELEESA T LAY
B2 3R BEOBEENE @ OFREH M,
REEEMW L 7V AR EBOTI D EVERE —EC8

Abbreviations: BBB, blood-brain barrier; CT, computed tomography; MRI, magnetic
resonance imaging; E[H, extracellular face; P, protoplasmic face



222 E

E33ILili>T, NEMREOM#EFOFRE LK
ARG NS & U/NBOIIREE % E &I ELBORE
L7

&b & UHE

1. WEBES L UTHEROBENKRRER

FHIZ L D S 01580 R BIE O BEHE %
WERE L2 (EL). Eilzkncix, BE%23.7% kv
Uy TEEL, ~ThFy Ut Y (HE) R %
L7z boxRY, MEEMSECCHEEL . HEE
WEGEI WHO OS8IzHy, EEE I B XU %
Bl NBICIVEEEEE L. BHshEE
MO —BITE B IZ2.5% VY =V T LT ERNTAY
°CT 2 B LEMBEIE 21TV, AR VAL RE
EELEOL, TRy, 7ILT4 M TEELT.
A UHEBY, TSR FATICTEYLT, b
WA ST L—REL, KEERMSICTHREERERL
R, FAYEYRFATERACTEYL, VI =—
ALERACTERA L. - HIaEESE 7
YA OFEEE 3mm AL, 2.5% VY —LT N
FERIZTEELLZDS, N4 77 b—4iIi2T 50
amOESIZHETL, BFo—-HE LIV TN —
cHEL, HEBRCOEOHFET S I L 2EL D,
KETERBHIEAE X LT, 10% 7Y ¥ Y » 210534,

Table 1. Summary of clinical data
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) . Tumors CT findings
Case Age Sex Diagnosis Hlsgt_{c_)égglcal Location Size Edema CE
cmXcm 0~3) (0~2)
1 56 F  Glioblastoma \'f L-trigone 2.5%X3 3 2
2 24 M  Glioblastoma v L-trigone 1x1 1 2
3 53 M  Glioblastoma v R-TO 5% 6 3 2
4 54 M Glioblastoma v R-TP 4.5%X5 2 2
5 65 M Glioblastoma v R-F 2%X3 3 2
6 45 F Glioblastoma \'8 L-F 5%5 3 2
7 70 F Glioblastoma N L-F 6X6 3 2
8 48 M  Glioblastoma v R-F 4% 4 2 2
9 48 M  Astrocytoma I L-P 4.5%4.5 1 2
10 31 F  Astrocytoma il C. callosum 1.5%X1.5 1 2
11 49 F  Oligodendroglioma I R-F 6x6 1 -
12 42 F Oligodendroglioma I R-F 5.5%X4.5 2 -
13 23 M  Fibrillary astrocytoma 1 Brainstem 2X3 1 -
14 5 F  Pilocytic astrocytoma 1 L-optic nerve 4.5%3 0 2
15 14 M Subependymal giant cell Lilat. ventricle 2x2 0 2

Sex F, Female; M, Male, Location L, Left; R, Right; F, Frontal; T, Temporal; P, Parietal; O, Occipital;
C, Corpus; lat, lateral. Edema 0, none; 1, slight; 2, moderate; 3, severe. CE, contrast enhancement 0, none;

1, slight; 2, moderate; -, not examined.
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Table 2. Summary of data from freeze-fracture replicas

Pinocytotic pits*  Fenestrations** Tight junctions Total area examined
Case (/um?) (/pem?) Number of strands (um?)
High grade group
1 19.8+12.2 5.0 2~3 496
2 17.5+16.8 - 4~9 349
3 4.3%3.6 1.4 — 490
4 14.0+9.7 — 3~8 183
5 4.1x4.0 — 10~12 202
6 8.7+8.8 — 5~12 265
7 9.3%£5.5 - 3~7 220
8 6.9+5.2 — 4~30 235
9 13.3+12.3 — 2~14 298
10 5.3+2.4 — - 664
Low grade group
1 11.0%6.3 - 10~30 237
12 11.0+4.8 - 5~30 166
13 6.6+7.6 0.3 1~10 564
14 3.6+2.0 1.0 4~10 545
15 9.4%9.5 1.6 3~6 264
Normal brain -
10.6x7.9 — 20~30 430
8.4+3.4 — - 150
7.9%+4.9 — 4~5 375
9.5+7.7 — 7~30 300
* The mean=standard deviation of the density. **Density from total examined area. —, no fenestration

or tight junction was found.
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Fig.la. An electron micrograph of an ultrathin section showing capillary
endothelial cells of the normal brain. Thin and continuous endothelial cells
and a surface infolding (arrowhead) are seen. Arrow shows the junctional
apparatus between the cell membranes. X1100 Inset; Detail of the junctional
apparatus pointed by the arrow. X27500 L, lumen.

Fig.1b. An electron micrograph of an ultrathin section showing an endothelial
cells of glioblastoma. The cell surface is irregular and partially thin.
Fenestrations are occasionally seen (arrows). Thin and irregular basement
membrane (BM) is surrounding the endothelial cell. L, lumen. x13200.
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Fig.2a. An electron micrograph showing the replica of normal capillary
endothelial cells. Tight junctions (T]) are seen as a series of interconnected
ridges on the P-face (P) and as a series of grooves on the E-face (E). The
number of strands are around eight in this case. Pinocytotic pits (PP) are
seen. X 30000.

Fig.2b. An electron micrograph showing the replica of endothelial cells of

astrocytoma grade IIl Tight junctions (T]) similar to those of normal brain
are seen. Strands are around five to twelve here. Pinocytotic pits (arrowhea-
ds) are scattered both in the P-face (P) and the E-face (E). x10800.
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Fig.2c. An electron micrograph showing the replica of an endothelial cell of
glioblastoma. Irregular and discontinuous tight junctions are seen. X37500.
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Fig.3. An electron micrograph showing the replica of endothelial cells of a
glioblastoma. Numerous pinocytotic pits on the P-face are distributed in the
hexagonal lattice (small arrows) or linear array (large arrow). Their
diameters are about 60-80nm. X 27000.

Fig. 4. Cross-fractured cytoplasm of the endothelial cell of a glioblastoma.
Pinocytotic pits (PP) protruding into the cytoplasm are seen. Pinocytotic
vesicles (PV) are also seen. X 43200.
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Table 3. Density of pinocytosis in normal brain
and gliomas

Mean=+S.D.

Group ) N
Normal 9.7%6.5 113
Low grade 7.9+7.7 131
Nigh grade 10.2£11.3 147

No statistically significant differences among groups
by one-way analysis of variance.
N: Number of 5um?-areas counted.

50

B normal brain
low grade group 2
B8 nhigh grade group

(%)

Frequency

<5 <10 <15 <20 <25 <30 <35 <40 <45 <50 <55 <60
Density of pinocytosis (/um 2)

Fig.5. Correlation between the distribution
density of pinocytotic pits and the percentage
of frequency. ° p<0.01 by Mann-Whitney test
between the normal brain and the low grade
group.
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Table 4. Density of pinocytosis in rats

Mean=+S.D.

N
Group (/m?)
1) Immediate immersion 13.1+11.0 21
2) Immersion after 3 hours 21.4%6.4" 16
3) Perfusion 13.8+5.5% 32

abp<0.01 by one-way analysis of variance followed
by Scheffe)s multiple comparison; *between group 1
and 2, Pbetween group 2 and 3. N: Number of 5u
m2-areas counted.
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Fig.6a. An electron micrograph showing the replica of endothelial cells of an
optic glioma. Fenestrations are seen in clusters. L, lumen. X15000.

gy

Fig. 6b. A higher magnification of the upper right corner of Fig.6a. Fenestrat-

ions at the border of the P- (P) and the E-face (E) where the cytoplasm (C)
becomes thinner and two membranes are attached together (arrows). X 36000.
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An electron micrograph showing the replica of an endothelial cell of a glioblastoma.
Fenestrations (FN) are seen in clusters. X10800.

Fig. 7b. A higher magnification of the rectangle in Fig.7a, showing fenestrations.
circular elevations on the E-face. Their diameters are about 80-130nm. X 54000.

They show
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Ultrastructure of the Blood-Brain Barrier in Human Gliomas: a Freeze-Fracture Study
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Abstract

The tumor vessels of 15 human gliomas and the capillary endothelial cells of normal brain tissues
were electron-microscopically examined, with a freeze-fracture replica in addition to the conventional
ultrathin sections, in order to investigate the morphological changes of the blood-brain barrier in
human gliomas. The freeze-fracture method was useful for examining the distribution of the
intramembranous structures and to observe the intercellular Jjunctions, because it has the ability to
observe a wider area. Tight junctions were found to be characteristic structures of the network, con-
sisting of, from several to more than thirty strands, composed of continuous intramembranous parti-
cles, in the interendothelial portions in both the normal brain and gliomas. Discontinuous strands of
tight junctions were found in a part of the tumor vessels in some glioblastomas. Pinocytotic pits were
observed as circular depressions on the P-face and as circular elevations on the E-face, and their
diameters were about 60~80 nm. The density of the pinocytotic pits was almost the same in the nor-
mal brains, the low grade group and the high grade group of gliomas. Endothelial fenestrations were
found as circular depressions in the P-face and as circular elevations in the E-face, and their diameters
were about 80~ 130 nm. Fenestrations were distinguished from pinocytotic pits by their larger diam-
eters, shallow and flat floors and characteristic destribution of clusters. Fenestrations were not found
in normal capillary endothelial cells but were found in 5 out of 15 gliomas, and their histological
diagnoses were optic glioma, subependymal giant cell astrocytoma, fibrillary astrocytoma and
glioblastomas. It is suggested that endothelial fenestrations and the discontinuity of endothelial tight
junctions seem to be the most important factors in the morphological breakdown of the blood-brain
barrier in human gliomas.



