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Changes in number of oligodendrocytes in human temporal lobe epilepsy:

histological and immunohistochemical studies
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12, TAPAWRREBIZBIIAFYITFY FayAg
I DIFELHAFERIIOVWTIRIT L A LR
HEINTWLVONBIRTH S, &2 THRIIZE
TEA) ITTFY Fad A FOTA»AFERE
B 2HMHEFNERTHAS TS0, fl
BHIECTA M A (temporal lobe epilepsy: TLE)
BEOBEEMEEHEICBIZ2F YT TR
oA b OB OV TRIFHBRALFE G 217
ITEEAME L7

MR ETGE

MR HEEECADATHEHEEE 224
H20REH (TLERE : B 136, W78 T4
WFEAE W14 ~59%, “FI938 = 135 © MR I3~
474, 20+ 144F) OMNBEZEY) AR & M
W& L, Eb5ilInternational League Against
Epilepsy (ILAE) O Wi L #2Y Chg B2 Y 12
B LAE (hippocampal sclerosis @ HS) &2
Wr X 72961 (HSHE @ FANIRFE#31.4 + 9.3
FEIEAEHS.2 £ 805% ; MR 23.3£984F) L il
BRFALAE 7 L & W S 721160 (no-HSHE : F
Wi R AE 43,2 £ 1355 5 FSIE A #27.1 £ 16.15% ;
R W 16,3 £1694F) 12401 720 Hemou e
& L CHIBESECTA2* A (frontal lobe epilepsy :
FLE) B&561 (FLER : B 15, Zotkafl;
FTREAE 518 ~405%, F3929.0+ 1005 ; FIE
FER1~221%, FI913.0+845% » MR K025~
384, 161+ 1524F) o i B 52 U) BR ALK %

vz, 7 BHE R 5 ICFCD type IR dual
pathology 3 & Fdouble pathology D Blix &
NTwzw (Tab. DY,

BEARVERL RV =) VR - 8T 7 4 v alL
WA Y R GumE) % fE# L, HE4: fu &
Kliver-Barrerae i 0 13 2 s sk b 52 12 L
720 JHW 4R RPUKIE 7 3 FHloligodendrocyte
transcription factor 278 1) 7 1@ — J L $T K
(Olig2, dilution 1 : 150, IBL, Gunma, Japan) &
< 7 A§lneuronal nuclear antigen® / 7 04—+
VL 1K (NeuN, clone A60, dilution 1:200,
Chemicon, Temecula, CA, USA) TH 5, HIE
AARAL 213 BB SR IE et 2 & (Leica BOND
MAX, Leica Biosystems, Tokyo, Japan) % v
TR <~ — B #%: (BOND Polymer Refine
Detection, Leica Biosystems, Tokyo, Japan) 2
X DA 7w, RS W 1333 diaminobenzidine
tetrahydrochloride (DAB) TW# kL, ~<
M) TR G R AT o 72 PUEHIRTGALER
IZEDTA#% & # (BOND Epitope Retrieval
Solution 2 (pH9.0), Leica Biosystems, Tokyo,
Japan) % i\ TOlig2% 9% M ik Ak 2 T 13205
f, NeuNfeE ik ba: CTi1045 [ o ALz
L0 o72,

TEREFTHI © Olig24 3 SO B M B oD BFA 1
MESCA4E AMIMEERE R S L < I3AmsHEE O Y
(BE - HEBER D 5500umbl a3 E
% (deep white matter : DWM)) T4 - 72,

Tab. 1 Population characteristics based on pathological diagnosis

Groups based on pathological diagnosis (number of cases)

TLE (20) HS" (9)

HS (4)
FCD type Illa (5)

No-HS (11)

FCD type I (2)
FCD type lllb,c,d (4)
Gliosis only (5)

FLE (5)

FCD type I (2)
FCD type Illc,d (2)
mMCD (1)

FCD, focal cortical dysplasia; FLE, frontal lobe epilepsy; HS, hippocampal

sclerosis; TLE, temporal lobe epilepsy

91 HS cases include ILAE type 1 (n=8) and type 3 (n=1)
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R TIXCAAD LTl A FT %2, MIBEZE - 7
FHBEDWM TIZEME L 7 W3~ T 2 Sh 2 BaM
#% (Nikon ECLIPSE E1000M) 2% L7z F
Y% V#H X (Nikon DSRil) ZHWT, %
WL v 22085 T L (0.26mm?), £ H{RIC
BUF B Olig2k VM £ & BavE s g % 5H L
720 )12 Adobe Photoshop CC% v THiLitk
BLA Y —o RICHIREEHIHOZEHAL 1 ¥ —
e sE L, W T B9 COlig2ks 1k M e % ok
(S100% B100% R255 GO B0), k&l i % B
(S100% B0% RO GO BO) T®Y bliF/ze 2D
B, A A RERCS 2 I & PR o STV e
falx e o RBF % HE kgL LT
MR S A L 720 o TR EGHIE L
A XY —OA%TIFFE{fE LTRFEL, Zhz
Image-Pro Plus version 7.0 software (Media
Cybernetics, Silver Spring, MD, USA) Tl
FRAT U720 135 N7 MRATRE R & BRE VR Tl
i (7Aba$A b, FYTFYFutA
b, 3rzuZ) T EEL) BISED 50lig2k
PR E O E G (%0lig2), HALffEH7zh o
Olig2ks YEM ML %% (Olig2/mm?) B X UFH 7 1
Fid7z o&r) 7 %MK (Total G/mm®)
ML, oo FYEE ZIEG OB AL
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L 720 {BECA4TIZOlg2/ mm*D A& L 72,
NeuNsa Mk b 27 Tl 230 V- o BT
# (single heterotopic neuron : SHN) A%
BEL LR ZLEE WL~ 1065 THsg L
(1078mm?), HLATTERL Y 72 D o FLF7 1 Rl
Fa¥ (SHN/mm®) % & L7225,

RHF MG © ZEHIRE R (%0lig2, Olig2/
mm®, Total G/mm®) OFEMIILEICBIFLHE
FEMOEE —TCRCIE S BT & Z OB DL E IR
(Scheffed J5i) 12X D ATv, p<0.05% A &%
HyE L7 ECAUZBITF A0lg2/mmix
HSO A WA & Y 2BE IS 50T, A B EBUE E iR
TBIZX DITW, p<0BZHEEDH Y &L K
W T, DWMIZ B T 5%0lig2, Olig2/mm?
Total G/mm’*® % ¥t HH & ODWMOSHN/
mm’, QFEHYE, B L OOTWMEER & O
REHLZ D W TG L 726

BR

W OSERI b FRERFTE OB R I3 R <
Rz ThBY, FRHMICHL 2 RERIIEON
Lotz WHHEOA ) IFY Futf Mi
O FAMICE K RZ D06 LRIt EEGD
HioWah»sd ) (Fig 1), HRETIEE QI

Fig. 1 Representative olig2-immunohistochemical findings in temporal deep white matter from patients

with temporal lobe epilepsy

(A) Temporal deep white matter from a 46-year-old male patient with pathological diagnosis of no
hippocampal sclerosis, demonstrating perivascular accumulation of olig2-positive cells (arrows).

(B) Temporal deep white matter from a 14-year-old male patient with pathological diagnosis of
hippocampal sclerosis ILAE type I, showing perivascular clustering (arrows) along with diffuse
increase in number of olig2-immunoreactive cells. Note satellite oligodendrocytes (arrowhead) next

to a heterotopic neuron.

Polymer labeling method, counterstained with hematoxylin. Bars = 100um.
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Tab. 2 Morphometric data in cerebral deep white matter

Data in DWM HS (9)" No-HS (8)  FLE

% Olig2 86.9+25 89.8+1.3" 85.2+25
Olig2/mm? 1977246 2048294 17811422
Total G/mm? 22731265 2280319 20911499

DWM, deep white matter; FLE, frontal lobe epilepsy; HS, hippocampal sclerosis
9 HS cases include ILAE type 1 (n=8) and type 3 (n=1)

ANOVA followed by Scheffe’s test
(*p< 0.05)

1L PR & ST P ek M R PR 4R 3 L T
72 A+ ) TF 2 Fuad A MIhE—7%
HOEEHL, Za<xF > OB EiiE
LNT, BHBELRO LN L7,

MEEECTADPABREZED S L, HEFEDWMD
FRR P A EETH - 720131761 (HSH9
B, no-HSHESHI) 725 72, FLERE Tix5614: 41
THIBEEDWMO ML= BT 230 BB 72 5 720
DWM®%O0lig2iZno-HSEE (89.8+1.3%) 7SHS
#E (869+25%) LFLERE (852+25%) 2Lt
LTAHEIZE» > 72 (p<0.05), Olig2/mm?*&
Total G/mmAZ oW TIid Z B THEHFA A &
ZIIAD SN o7 (Tab. 2).

M CAADOMBREIBE DS HETH - 7201
1161 (HS#SHI, no-HSHE:6H) <, HSESHEI
9 HABNIHAKRSMICHS ILAE type I, 1501
type HITH Y, WFROREFIZE VT HCAL
TITHFMIL O L \vikd &7 ) 4 —
AR BN #EHBECALDOlg2/mm’iE
no-HS#E (172+72/mm?®) 2t L CHSEE (113
+£68/mm’) THHRVEIRNH - 728, it
WA EZIED SN R o7 (p=0197),

DWM® & & 3H H & SHN/mm?*& @ [ |2
2w T iE, HSH L FLE# T%Olig2 ¥ SHN/
mm*& ORIZFEWE O S5 (R*=0.329
B X 00244), no-HSEETIZIEDOMBA R SR
72 (R*=0424), HSE T 3Total G/mm*&
SHN/mm?: O M IZFHWIEDOMHE R R S5 h
(R*=0.301), Mb2BETIZHMIZ Ao 720 3%k
& 3 O0lig2/mm*& SHN/mm?*& o [ 12 M B 2
H o7z (Fig. 2)o B L OBEIZONWT
1, HSEETIZ%O0lig2 & M & o MIz§g v
BAoOMBEZR SN (R*=0298), No-HSH: &

FLE# T3 MBI 1 7 % - 720 No-HSEE T i
Olig2/mm?® & Total G/mm’ 3 HSFE s i1 [ &
IEOMBE%ZRLE (R*=052786 & 1°0567), HS
F:Tld Total G/mm?ASFERiiI R & 55 IE D HIEE
% L72%% (R*=0225), Olig2/mm*& % 11
& OMICHBIZR SN h o 72 FLERETIX
Total G/mm*2SFEIHIRH & 9 B DB Z R L
(R*=0.227), Olig2/mm?® & F5 i & o I+
MizRohih o7 (Fig 3). PR L
DOV TiE, FLEBE T%Olig2s Ty
L IEOMBZR L (R*=0519), flio28T
WA %A 5 720 No-HSH#E Ti30lig2/mm® &
Total G/mm*DTlj# A FMTREAE G & IEOHIBE %
7L (R*=06063 X 160598), fit 2%k T i3 AH
i3 d o7 (Fig. 4).

HS#E L no-HSEHEOWTFNORET L #EHECA4D
Olig2/mm®*& I & D FICAHBIZ R S h 7z
» o 72 H% (Fig. 5), HSEE T 13 # HCA4D
Olig2/mm®* & FATHFAE WS & D B2 B DM AR
BHH5N (R*=0506), no-HSE:TIZFHVIEDH B
RO 5Nz (R*=0268) (Fig. 6)o

ZE

NEHEH DO ZR & 72 5 T AD AR ZE O
% AL A LAE 2 KB B S, g <
HY, WML IMER, REEHR
25, JRIL - AMEPEIRZEAS IR SICH . D7
o, WHEZHCITRMRE T A bad S b
SO L, AV TFY Fad A b
ORREFIEHIEIEIZ L A BT TW RV O
BRTH 2, E#HA) ITFY Fad4 My
— R ACOLg2R R 2 A L, FIE T IS AUHE o [
FUTFY FaHtA e LT5~6MD0lg2kE
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Fig. 2 Correlations of %0lig2, Olig2/mm* and Total G/mm?® with number of heterotopic neurons in deep

white matter

There are weak negative correlations between %OligZ2 in white matter and number of heterotopic
neurons in HS and FLE groups (A, E), whereas there is a weak positive correlation in no-HS group

(©).

A and B, HS group; C and D, no-HS group; E and F, FLE group
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Fig. 3 Correlations of %0lig2, Olig2/mm* and Total G/mm® with clinical duration
There is a weak negative correlation between %0lig2 in white matter and clinical duration only in
HS group (A). Both Olig2/mm?® and Total G/mm?® in no-HS group positively correlate with clinical
duration (D), keeping a constant %Olig2 in white matter (C).
A and B, HS group; C and D, no-HS group; E and F, FLE group
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Fig. 4 Correlations of %0lig2, Olig2/mm® and Total G/mm?® with age at operation
Both Olig2/mm® and Total G/mm® in no-HS group positively correlate with age at operation (D),
keeping a constant %0Olig2 in white matter (C). %Olig2 in FLE group (E) also positively correlates
with age at operation due to undetermined reason.
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Fig. 5 Correlations between number of Olig2-positive cells in CA4 with clinical duration and age at

operation

Numbers of Olig2-positive cells in CA4 do not correlate with clinical duration in both HS and no-HS
groups (A, B); however, it negatively and positively correlates with age at operation in HS (C) and

no-HS (D) groups, respectively.
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Summary

Changes in number of oligodendrocytes in human temporal lobe epilepsy:
histological and immunohistochemical studies

Hajime Miyata, Ai Sugie, Junko Kawamura, Tomokatsu Hori

To elucidate the pathological significance of oligodendroglial hyperplasia in temporal lobe
epilepsy (TLE), olig2-immunohistochemical study was performed on resection specimen from
20 patients with TLE with/without hippocampal sclerosis (9 HS/11 no-HS), along with
specimen from 5 patients with frontal lobe epilepsy (FLE). Mean values of number of olig2-
positive cells (Olig2/mm?) and total glial cells (Total G/mm?) in deep white matter (DWM) as
well as proportion of olig2-positive cells among total glial cells (%0lig2) were compared among
HS, no-HS and FLE groups (ANOVA and Scheffe's test). Mean Olig2/mm* in CA4 was also
compared between HS and no-HS groups (#test).

While there was no significant difference in mean Olig2/mm?* in DWM among three groups
and Olig2/mm? didn't correlate with number of heterotopic neurons in all groups, Olig2/mm? in
DWM positively correlated with both clinical duration and age at operation in no-HS group, and
mean %Olig2 was higher in no-HS than other groups (p<0.05). Mean Olig2/mm? in CA4 didn't
differ between HS and no-HS groups; however, it inversely and positively correlated with age
at operation in HS and no-HS groups, respectively.

These results indicate two distinct effects of clinical duration and/or age at operation on
Olig2/mm?® between TLE with and without HS.
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