A" o)A SE A A 3159 A 2& 2005
Korean ] Electron Microscopy 25(3), 165~ 176{2005)

2FAAAE) Aol W ¥ koA £
EEEE L e

+AE* AR oldg, W E
AL EE TR L B
Heddn gdde g

Studies on Molecular Plasticity of Bergmann Glia following
Purkinje Cell Degeneration

Chul Jong Yoon*, Sa Sun Cho', Ha Kyu Lee and Min Chul Park
Department of Life Sciences, Catholic University of Korea
Wepartrment of Anatomy, College of Medicine, Seoul Mational University
(Recaived September 5, 2005; Accepted September 20, 2003)

ABSTRACT

3tudies on molecular plasticity of Bermann glia (BG) after harmaline induced Purkinje cell (FC)
degeneration in the rat cerebellum. The intimate stmetural relationship between BG and PC, evidenced by the
sheathing of the PC dendrites by veil lile process from the BG has been suggestive of the cloze functional
relationship between these two cell types, However, little is known about metabolic couplings between these
cells. Thiz study dezigned to investigate molecular plasticity of BG in the rat cerebellum in which PCs were
cherically ablated by harmaline treatment. Immunohistochermical examination reveals that harmaline indueed
PC degeneration causes a marlced glial reaction in the cerebellum with activated BG and microglia aligned in
paragagittal stripes within the vermis. In these strips, activated BG were associated with upregulaion of
metallotheionein, while GLAST and was down regulated, as compared with nearby intact area where both BG
ate in contact with PCs. The data from thiz study demonstrate that BG can change their phenotypic expression
when BG looge their contact with PCs. It is conceivable that activated BG may upregulate stmictural proteing,
metallothionein expression to use for their proliferation and hypertrophy: metallothionein expression to cope
with oxidative stresz induced by PC degeneration and microglial activation. On the contrary, BG may down
regulated expression of GLAST becanse sustained loga of contact with PCe would eliminate the necessity for
the cellular machinery imvolved glutamate metabolism. In conchsion, BG might respond man to death of PCa
by undergoing a change in metabolic state. It seems possible that signaling molecules released from PCs
regilates the phenotype expression of BG. Also ultrastmactures in the organelles of normal PC and BG are
distingnizhed by mitochondrial appearance, and distributed wesicles atthe synaptic area in the oytoplasm.
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FFUAAL ARG WAk FHH
A9 FE SlnE FAed oEY ALT 4z
BAS B4 olek Tt AR 3
77 $99 e wee ke =
NAAEE FaAee AR

#HZ 2APEe] d uhet ok
= ooRFE 3R A EE 2] WEd ot
ot 22| Fgel ok FAde] WebR 2 41t (Cui et
al,, 2001), F9] 45 z2uAd 22 o5 S84
T gy WOt AFAclmAlEr "Hr|Ads e
Holdt F2H B4 o AAAL-obm x| A
zHAE il dFENLE AT o £ T,
My UE Axubrel Fokd 4xEH (vermis)Z
TFHEH stz Pele aN B4 AEH e A4
4 T2 ol rolRidh a8y dee A 4
ZEAL AZFezr 723 I 452 AFgEe=
W A2 AE B AP EEe] glom sl H2
ZZEAAZA d82 J wjdE: S 23174
FEo|w] F7F upEEel BAEL 4] A ER
TFAE ] sieh Axde AAAEs ARt =
o AZxA7 Mz dAfE olF2 sle T2 sled
W avbetwA| Zebe Al ofmM| 22| i FRE 54
oA W HetmHEEA A5 ke A= F
T 2 glon o] AAcmAxs HxAe 239
AAA =z A28 FHE Bepn gid |72 o
v o 2 whAbbo 2 el of B HolmA x4 A
eI 2] BF Fouvt HlEsr7l B 5l
ow 7o FFEECE F, UAR T A
ol s Tl el AoE Y FHA g
(Sotelo et al, 1997). 4x 8] W ATtelmMd xe F3d-
NANEHS) pearge] 225 918 Az
Feo|of, W Agbel wM] T2 Bergmann (1857)¢f £]5}]
o A7 Ag Al ¢ Golgi (1883), Cajal
(1911) 5+ 2sle] Feffo] A2rl gejzly zgakil
A zete] A s AR = iR 7] Al

sty (Rakic, 1971; Chan-Palay & Palay, 1972). &
R L R CEEEERRIE e e
o Z3HNAAEA gl T =8 Wdelw
A=z7t el 2k AzAz88 slex 2 27171
438 345 S0z sapiEoz Behbly
AV e 2% AAEo] 2N R 274
718 BEAR gldel e FES (Altmann et al,
1972; Reichenbach et al., 1993), ¥ Zntol @A £2] A
284 T2 Wiz ALTE FHe o
Wzl 9] GFAP (glial fibriallary acidic protein)7} S¢151
o (Ribotta et al,, 2004) HolmAd £2] dFo e 715
oo (Bignami & Dahl, 1973) 7|53 944 = 4
otmME 2t g2 F5H ] sldel ¥ (Cameron
& Rakic, 1991), WobelmAd zeld AT B2
AAAGEA] padlalz GLAST (glutamate
aspartate transporter)5-¢] WaiA4 $1of (Chaudhry et al,
1995; Watase et al., 1998), &=3F GLASTE® FRuHAA
AzA H2RE FFHIE $42 A0 o
Al Z2EAAA LY FFole 2o 9L Fv
Aoz Geldlch b W2elmAEE 23
FAEE b BeA AAEE B ohuyE =
Tz AEdt A 7w gatt 4%
el FeAHe Aoz Halt A2 ¥ 2ok
29 Fae AATAT el Aoto] #22owA
25 Seshd TeHUAA ] SxpEe] A2
w72 9 A5 o B £FPAE 9enid
B Fe] ¢leh(Cui et al, 2001), &3 25 o
ThetmA Eel 2uaAAEsl M2 e A9
Al (metabolic coupling)E F7| 8 Baw)aley 21
1517 FedFE udict & @7 Havelm
Az 23R0AAzY EEAE FIH] 42
AFE AN AYe AAEnEA vHlTzg A
=4 BAR dejAl =299 (Harmaline) T 2. 13t
2PUUAA LR FolHoz Al FE2
(Oheam & Molliver, 1993)2 <43}« T W a2qte}
TASAA BEE RoT YA 1R A
auase S dddatd dye 3o B
A Al Hshadc
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1. H4EME 3 A=A

AYFEL AlF 250300 A= #7 =HA
(Sprague—Dawley) & FU3Fe] 12428 78] 3=
gt Hel P B8 AFEA FFE F 2 AP A
L3tdd, B Tl O'Hearnd Molliver (1993)
ubge wheh S22 (Sigma | E) 25 mglkg S 39U
el Z2 ARk B2F Rz FUstaa o9, 4F
Foldl WE £FH AHE #22D 79 F 52
Sl B3, vie, Beke) ol AT Logiort 24
Azb el Fele A 2AF o TR sterile salineS
27k 2 #9% dzed 72 5 999 o9t
e zae sladd] =i Bl Zalem BE
= Fote] FoiE FFo] AAA 4=2F Az gl
2 o 5 lddd e Fe] Hefd FBLS GEF
U AlFFet F 44, 64, 84, 119, 154, 3144 F=
HAY A F

2 97 ¢

1) MAHOIAY ZEMNE

AFEFE-S pentobarbital sodiume = vF3 = F
Hg Arhotel 4FE wE A7 AL Fohod
AR FIIR I BRGOE AL TR
$ 19 B 20 A5E T 42T F 5
3t 4% Sty 2add|sie|= wAR ] SAzE Al 4°C
AR B DA S 01M e
buffered saline, pH 7 4) 2 2. 33 S0 23} 714
Z 00,2 1A17F 3ot yAss 24 o AL
Es] 222 9= & Toluidine blued 4L E5led

{phosphate

2% BeA 28t RE 222 il
ARG L A _4—242}'&1 w7 (H-400, Hitachi)
oz sty

2) HAZ=TEIsrAM

24 9% 59T L99ULL 22T B T
29 ¥ A4 AEHm 2L % et
o= AR SAE HE 4T A DA
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0.1 M slibsbeseld (phosphate buffered saline, pH 7.4)2
Z 3% e 10, 20, 30% sucrose &8 (Tunsei,
Japan}e A2 AFAFS =T & 23L& OCT
compound (Miles, USA)e| =Enfjslw 32tz g
WzbA|Z1 isopentane (2, 3-methyl butane)s]] ¥2 &
5 Mg ol F 3ZEEFEY] (Reichert Cryoout
model 2000, Austria)Z 40 pum F72 dLEHL 7
zZ¥ste] F32 A A (storing solution)e] E9%]l%E 24-
well platec] 'Po] W2 HEG AL A A7t
A e pRRE AAPAE AaRe] it
Ze wpgoz ddzABTgYE AdRaT B4
22 FE G AL free—floating ¥ 2 2 Aldistgdw =

AT st el AR A 23E w4
Z A FEbe] 0.05M 2lAkeEER (phosphate buf-
fered saline, PBES) 2 = 1023F 33 A F5 &=
Hal vhE AA] Hel 1% H0,(in PBS) 442
2 1583 AMejstdeh o 2T e 1082
b 33 A Estgo daEhA = rabbit anti-GLAST
{Chemicon)Z& 1:1000, rabbit anti—calbindin D-28K
(Sigma)Z& 1: 2000, mousze anti-metallothioneing 1:
200 (Zimed) 2 2. 742h A ste] 4°Cel|A] 484]7F 215
AMFIH BEEA . AAkgS o= 1023F 33 AlF
% 3 obgAE Aeda 142 AR o
Z2 qdadgdgd ez 1023 33 AF F ABC
(avidin—biotin—peroxidase complex)-&H = 14]7F2 Bk
A3 FUT QugEae 1084 35 A8 3
diaminobenzidine tetrahydrochloride (DAB, 20 mg/40
ml PBES)E 7|22 ste] A7 222 ik
A ARG 3 AR geholzd] 29 2400 b
Qeds AzAFt o F T4Hel oz I
%4 9 Tddez FHY % 39Az 29T 9
AnA ez A

NES

8 ol EFTHM

220 AA e Mootz s B B
A7) S5 WAzt Asg slazs
o Z7te) AAFAE ol 4% o|FRFLAL A|Bet
9k o) W 4R 2 A AAclzA 2 29
92 A% T #T T 5 Qe A0l Agzez &
ge] ax2d ¥4 FHez B F =4
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Guinsa pig anti—-GLAST/rabbit anti-calbindin D-28K,
mouge anti-metallothionein/rabbit anti-calbindin D-
2WKE FF TIF THPAT 4CA 40 i3
AlEL £ FwF 343 Cyst3 labelled streptavidin (1
800, Armersham)/Cy™2 labelled goat anti—rabbit IgG (1
: 100, Amersham), Cy™3 labslled goat anti-mouss IgG
(1:500)/Cy™2 labelled goat anti-rabbit IgG (1 : 100),
Cy™3 labelled goat anti—mouse IgG (1 500)/Cy™2
labelled goat anti-rabbitIgG (1 100+ ZF=f 14|37
vEAIF o4 ZF wAl S vhE Rl ki
(PH7.4) 22 1083t 3344 AlFspgct shdaAnts
o] Bt 2A2 B4 AL AAH v, FHT &
A 2413 (GEL mount, Biomeda) 2. 245l

4) Ho|HpHE gl #d

dazaserdto) B 242 Wo)dd 439
g7 7|2} (ProgRes Cl4, Olympus)E o]-&£51«]
2009 §2 A4 FIHAG | 2RLHFY o] B
F2Z2 FEAHU) A (ConfoCor2, Carl Zeizs) 2 o4&
whed 4000 E-4 A o] Fe]P) A (dual image)Z FHESEF
sk

5) BoimA S ANl BEY

AR %5% 2302

Table I, Immunoreactivities of calbindin D-23K during Purkinje
cell degeneration induced by harm aline treafment.

Days after harmaline treatment

Marker
Control 4D 6D ED 11D 15D 31D

Calbindin D-28K.  +++ - - - - - -

Table II. Phenotypes of Beromann glia during Purkinje cell
degeneration induced by harmaline treatment.

Days after harmaline treatment

Bergman cell
marker Control 3D 35D 7D 10D 14D 31D
GLAST 4+ A+ H+ o+ +

Metallothionein + 44+ 4+ + - - -

ZE=s dA4e e A E=Y v
(++), 743t o 2
(+++H2= 552 A3 M= vzt Table I}
Table II+f] Aefsiydct. o|2 5t e G G5
ZF A7PER o]l FAdA 2 2RER 37
Ae Az wmsiedd

4 =

-

. WAHRIZH oM TE

I

e x CIFS EAE PEFIELE
(granule cells)7} #FEF2d (Fig. 1a) o|v F2 A=
Sz 492 9uae AAUSA yo Aoz B

Yenl vjsgmelole AUG o)A (oristac) 7} 5]
e oe HadtmAEs vt g2 %
4 o 2eht 2EHNRAEe F =T
t ArE e 74 Axsd vz T 9 4
selads) 471 A1 ARLEA R Ace 3
Agie(Fig. 1b). w3 = Azds A=t S
2 de 3 dv Aee g2 odREA ¢

shewl AmE 23T RS Aol wolm FRY
el ARG Fig o) £ 23 29}
Aadelzlztels gy + B A3
Az A4 $u4 Hgo] B4 (Fig. 49).

2. HPAES

1} GLAST
?ﬁf’:} HAzFH 4n] 2AEA GLASTS &
A& FF F S gledd (Fig 2a) 322 F
5*‘% o] A ¥ RaE = A AR
vhs 2ot (Fig 2b), Alzbe] ZAstge] uwhet
GLASTZ} GAE=] o} W] 2ope ®l Fabe] HA}
FARHA R o] FEAHGS o) F2 A4 7Y
A A 3E] (Fig. 2¢) 10d23F 14244 FH3
A T 93 (Fig. 24, 2¢), 319 e] =2 T T
HA| gksbet (Fig. 2f).

2} Calbindin D-28K
A ez 228 o

od
=

o
kGl

JR b AR

albindin D-28K
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Fg. 1. Electron micrographs of a Purkinje cell (PC) swrrounding cranule cellz (Fig. la) and Bergmann cell (EG) (Fig. 1b).
Mitochondria in B3 and grammle cell are the higher electron density and cristae than them of PC(Fiz. la-d). Also many
aynaptic vesicles (asterisld) are shown at inside area of BG between junctions of BG and PC (Fig. 1d). Scale bars are 3 pm.
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2c B

de 15

2b
2d 11d
2f 31d

Fig, 2. GLAST immunoreactivity in the cerebellum of control (Fig, 2a) and harmaline treated rats (Fig. 2b: 5 days, Fig. 2¢: 7 days,

Fig. 2d: 10 days, Fiz. 2e: 14 days, and Fizg. 2f: 31 days).

oG9 Adgy 23 AzAd AN E0|EE B
g 5 4 A4 A2 S 2SS %
YAE2 AAA ZRPNANZEC] T 22 o
73 slgon & Be ANEES 2AFoz W
o ke A¢ #2 ¢ 5 215 (Fig 3, 30). el
HERE T A e LA A%
o ZBRAASE 2U9E 2L ¢ 4+ s
(Fig, 3b). © Ao Bh=

Jepden 64 el o Fastych AL A4

H A= calbindin D-28Ke] G985 s2abilAMd L
Apeldl A Al Fhoz ofeht EapEa 2guRal
AN EZ Apeldd] 2 A2 o (bands)E 3 & 5 5l
9ict (Fig. 3d). 2292250 Mgg calbindin
D-28Ke| Aol == ghob o 2ok wl Fh2 %
22dY Fo %159 A 271 "rrj‘}ﬁ} Fie B
932 (Fig 3¢, 3g) o|F 314 A ZeT o4 22
el o 4 HAS(Fig 3h).
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a Contral  3b B
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Fig. 3. Calbindin D-28K immunoreactivity in the cerebelhun of control (Fig, 3a and Fig. 3¢) and hanmaline -treated rats survived
for 6 days (Fig. 3d), & daya (Fig. 3b, Fig. 3e): 10 daya (Fig. 3f), 13 dayz (Fig. 3g) and 31 days (Fig. 3h) after treatment.
Neuronal cell bodies and dendrites are uniformly stained in control (Fig, 3a, Fig, 3¢). After harm aline treatment, several thin
unstained radial bands (arows) can be seen in the molecular layer (M) and Purkinje cell (P) layer (Fig. 3b). As shown at
higher magnification (Fiz. 3d-g), the pale bands result from losz of calbindin D-28K in amall clusters of Purkinje cell
bodiss and their ascending dendrites, These bands appearad to be infrequent by one month after treatment (Fig, 3h).

3} Metallothionein MT e gl 2do] = oot MTHE4 ¥k Ba2
Az A MTe degaae 3 o 5 229 59 & 4dddy] FE 23EA S
191 ch (Fig. 4a). ¥ #2903 T2 @59 o JA3 wav)A3A =z gavkge] delyt
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4a Control
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4c ti Yooy 6d
de 11d
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Fig, 4. Metallothionein inmunocreactivity in the cerebellum of control (Fig, 4a) and harmaline freated ratz (Fig, 4b: 3 days, Fig. 4¢3

days, Fig, 4d: 7 days, Fig. 4e: 10 days, Fig, 4f 14 days).

I (Fig, 4b), 5472 H3p ALE0 2 HAvghe
™ (Fig. 4¢) 82 A 2H2f 2718 233 A=

A 7R GAankge] FHAF I (Fig. 4d). 109
Zele G4 MT @] o] 2hadste] A E=7
A ml oAl JEAE o o Feie Wy g

Heo] #EFA] ket (Fig. de, 4f).
2. OlsHgE ALY
2 R 1049

bindin D-28K%] <]&4

A4 GLAST2E cal-
Aubg AET Zsh GLAST
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[ Rl iy

Fg. 5. Double immunofluorescence staining with GLAST/calbindin D-28K (Fig. 3a-c¢) and metallothionein/calbindin D -28K (Fig.

d-f) harmaline —freated.

ol Balol calbindin D-28K 9488 4= H2 I
S hske B opleh e AL meez »
o} GLAST 92 wavkelmA| x| Z22]3 calbindin
D-26K 942 2FUAAATAA 47 Yol de
At 4 55 (Fig. Si-c), B¢ opF 23eh
HZEZ 24 calbindin D-28K 9] Yohitr] <
2 Boy H2n o4 dned 2R
223 ¥H9S FI9 4 + slaich =2 =2
Fol T 7Y AslfLe] e MTH calbindin D-28K 2]
I3RNE T 2IIAAEY 245 WD
ofmA EAA TR AbE dheEEEe] FAE
FERYTE. MTS] B8e 2PRAAALA 208
He waxbetmAlze] AL €4+ Heler
calbindin D-26K 942 QAE$s) AR L
A #F 4 glodcHFig Sd-1).

] &

AxpEn| A v F2dA e 2eEAEA £ A

% Aug At 44 wie Aoz 44
§ A7 AxAY DAFEEE olFE TRE G
=9 22 oAFERelshe 2o A= Fol
$ wolx A2 o159 73 Aolsh WA Aol
b slgs Ak F 4 ¢ledd (Rakic, 1971; Peters et
oL, 1991), 5% v £2zelobe BAREs} ¥ o)
2RI R A Bo} 1B Awel & s
o 3145 FE3A et 3 2RERIAALE &
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HAIFle A es wadbelmA s WiEE B
9% szeRe ie voe 749 45 YR
=24 A4 Foitiw @ fyEiEy 5
=g xRl 2de Aoz dHAR gl
(Llinas & Volkind, 1973). <83t @42 st=w3 ¢
Ax] of &|BEY AAAZES FEYE 7}
A FleH o] 2240 Se]B-4¥Z (olivo—cerebellar
tract) 2. AEE = A A 53] 224550 22
SAAAE o3e ARAH FREHlol= F=
2 oS SO b SEEHE Y =3
whal A Eel e @3 L o] Fof Llinas et al.
(19730 o2& AAASES Ao 2BHAAA
24 AYHE HRAH Geht 2 FEHEAE
P T oHD 2oz Aed 23R
Bel} S8 2PRUAA A A 52
d &2 dA Ho Al=AbE 2Ycte Foz JdF
A gl (de Montigny & Lamarre, 1973; Choi, 1988;
Barbour st al, 1994), =3t o] FBE2d 4 4] o
Fret e Fea Al=EAbge] o Tel U
AL o2 FolA sl2wAe o 3k 2242
Bely 45 9 5F Blse|n AF0Ee] 4 He
o AsHor AFEI] wFeolgz 3t (L]
Wolkind, 1973), 2242 AN £ APde] 43
¥ FEH ez dofd Ax Sejrge A7
Alzete] G448 W= o3t Az AR F5E)
Hel =t dpalHw 2549 AAL] AMPAFEA
E BHHANFA o8 Tl A Nato] iz #
UEe] HEze BETE 25D oA AG 2
24 e Add B3l CattE Axfz F4a7l
o ol A= R (ER)Y AW
Catt = FAle] ¥EE ] A2 Cattp=e 74
FpAEe 1Y el R catt FAH ¥
obAH iAo ZEEobH b g2 bl R Ed
Be] 4= AT o] AELE Hill2 doFe A
22 dEA gt & A7 A 3AAA = A
A FHedA deojte ofmHlxFE MY AT
(O'Hearn & Moliver, 1997)ef|4] om] Ru%l Aoz
Az E&4AA delvte dubAal ‘?_% o]t
GLAST® ZFE |5 ffiZi o axtetwH =
2 Mxulef F=xeA LEE T (Chaudry et al., 1995;

e

2 e

inas &

Watage etal., 1998) B3] GLASTS| A A7) et
Az delma we W aakelwA iﬂ]fﬂ 25 ZEs
G AE7 Aegd v HelmA s 2e o

ZaHE w HavbelmA e e w5
olgf L WAL 2AAALY A Wt ¢
ofube Aoz deiA gleh H abelmAlE ] 29
| & H??F—* GLASTZ &3HRMlAM £44 2ul=e
g wantetmA 2R Fote At
d A el 2ale A3 AA
I STl ERYE 2 E}‘ﬂ
oA 23l AA A FHElE T
U}(Rcichcnbach et al, 1995; Chaudry et
Ast GLAST/} 3229 2o =
s ol zTHAAAEY 22
o e Sreoee el A o
L Ade YrEch 2EAAAEY B4 Baol
Qofupx] Qob 2 AAE A S B A¥
ax] 8] GLAST 2 ¢] A4FErg #7937 Zad
S dFume 2 97 UARe aes
Aot 2 MY e welEd 2 A7 2
ltmAze] 280 429 2AEH £3HIA
AZE Al F2 m mepow vsd 2
calbindn-28 ¥ gdAA4S glo Mol wz[sl=z
£3UNAA T S48 A0t 2 A A
Az o] Yol A dEsle Aoz
Aot 3 MTE oysteing Bfeo] =33 ghiid=
ofd, 7o T3 w2 YA A 7lwel sl
Aoz oFsa] glo} (Hussain et al., 1998; Penkowa et
al., 2000, 2001). MT: 43F (MT1-MT4)8] o}%
(subfamily)o] $108] o] % MT1~MT3gke] He] =
Asted MT1~MT2e F2 Hetmdz U G5
A oM etmA E A el T MT32 A1A8M z4 2
HF o} (Giralt et al., 2001; West et al,, 2004), MT2] 2
= ‘%—1& T &2 2 (glucocorticoids) Fof &]5}ed
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1 ril[o

= & mA oA EA A 2]
A Aot i
S| &3] FHPA S (Nakajima & Suzuki 1995;
,2004). & A5 FAAA wavolm
A=e] MTEER o] 713 42 B3] gkonf ¢
o} 2 MTe| J3t B4z Reol m3abalzAM xe

Beltramini et al.
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