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Extracellular Matrix of the Optic Nerve Lamina Cribrosa
in Monkey Eyes with Experimentally Induced Glaucoma

Takeo Fukuchi
Department of Ophthalmology, Niigata University School of Medicine

Abstract
The changes of immunoreactivity and immunolocarization of the extracellular matrices (ECM),
collagen type I through VI, laminin, fibronectin and alpha-elastin, of optic nerve lamina cribrosa in
argon laser induced glaucoma in monkey eyes were examined using a immunohistochemical method,
botin-streptavidin system. The results were consistent with the previous findings that in the experi-
mental glaucoma eyes, diffuse immunoreactivity of collagen type I, III, V, VI, fibronectin were
detected in the thickened and irregular laminar beams, while linear staining for collagen type IV and
laminin were seen around the laminar beams and vascular walls were densely, thickly and irregularly,
and futhermore immunoreactivity for alpha-elastin was reduced markedly in the glial columns and
moderately in the lamina cribrosa. In the lamina cribrosa with optic disc cupping in laser-induced
monkey glaucoma, the immunoreactivity for alpha-elastin was changed most greatly, and no qualitive
differences were detected in comparison with normal fellow eyes for the other ECM components.

(Acta Soc Ophtholmol Jpn 95 : 303—310, 1991)
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I #% 5

Optic nerve lamina cribrosa"’? (XIRER A~ 8] 52 5 61
MERRSME A BRI 1, EoEEEMERLTED, R
FERIC k- THET 5 FBAEE R RS o FE, #
Birl - TEERBHLZRELLTWAZEAHES R
T B e = ook SHEER S, BECLS
s LT EmcER L Tv AL E A LR S
= L A6, lamina cribrosa O #5 & ML B B BFAE A
FbhhT &%, To—fs L THRMAELED ) 7
ViR EERENCHE LTRSS T bR
590 Zofhokhich-THEMAF) v 2 A
(LAF ECM &85 o+ 5 Rpeidbesy 7 7' e —
FHER STV 5, ECM M #kiE offr, Miao
RS O, Ml L - B~ Lk T
BEEA D, ShofHcs - CFRCEELERT
Lo ENABEN, AFEETFTEE2EDTL
A9~10_ k- lamina cribrosa (2B L <, ECM (ZRFE
wnt L CEERS T A TH D E L b, BMER
HrmoEXFORYPLHEHF LTV IATLEETS
%, - T ECM 0flfkE, £ERORW, w7 Lz X
BHFMEAL, FE9Elis £ lamina cribrosa OB
Bk, BSEERUHEREDEEE PR T 29l Xk o 3 lEE
EnELLRS,

B ¥ ©o & = A, lamina cribrosa ® ECM 2B
S EALER) 7 7 » — 5 X E I collagen 7x £ D
structural protein & laminin, fibronectin 7¢ £ @
glycoprotein 1Bd L THIFE & 1T 01272, IEH A
R~ E RS ) B KRG O A, RfETs
ErziF bz EhTw5b, s SEBRICIER AR,
EEREROCH-ToHfi-RELBELRELL. 50
LR argon laser [ A BRI A 4 A 1T RER A
HE A {ESL L, AP I S b B 2L M 22 4 U 7 lamina
cribrosa 12 3513 % ECM D % RIGHE, RERTEMIC
FD L5 I EARET-EMCOWTHEF L, ]
LRIz > TATA2AEMEMIC & 75 HAEFLER
ZHBOTALCBT A TRI2E LB AT
bhT i, of%ilamina cribrosa @ i
collagen x5 & +% ECM sl & izt B LBt
RTHD.

I EBRHE&

EEZIZ A = 2 1+ (cynomolgus monkey) 3 H
YW, KRy e —LRE L, HEBCERN

HiR&EE 9% 4%

ICARPIRERR A (0 L A IR A LEBE L 7, ROFim/e &
B L TR T A S, EREMER T argon laser
DR ABEIE AT X - CTIFR L 7o, WS &M spot
size 100um, time 0.10sec, power 600~800mW T,
BHREERETCLRICE - TR L, REXLE
BLitWBaRoha L, RELA® —B&
fEICIRFEBIE & Topeon # B[R R ALMAIRE » 4 71
LAPE, BELEVELL, FRETAENRELE
H#254H, 32H, 5» (3 A0RERAZH
liciLT) AfED <Y b S22 -4 (1lmg/
kg) BER Uy 2 7 — A (9mg/kg) B & H &M%
Lz i EercBRLERLE, ZORAT
HRAEBRO T~ TOEMEILIICK E CEVEANR
ffam & 3B e e,

BAOIER S ECER O CEL, RERFEHE 0.1M
phosphate buffered saline (PBS) T##L, 1.0
mm DAL THEME LGN, X SRR SRR
SO 2 A ) 0 H LS E ORI A, kR E
EOEEELMCT T ATy 7 BEAEMIKANO. C
T. compound ( & &1z TISSUE-TEK #.) & hn 2 72 1%,
WHEEFECB LA Y v 2 v hTREREURL
#-. Microtome-Cryostat (INTERNATIONAL
EQUIPMENT #) D EH % —20CICREL TH &, 1o
FEHICE X 6 ~8um OHFETH L fER LT, YAds
B 90.01% poly-L-lysin (Sigma #, US.AD %
BAELIATAFZ 7 AR, AFAFFT
Ay —AIcAR, BHL-T0CoOBER? ) —¥ —
PR LT,

RSP R e 2 B3R i %8 U STRAVIGEN  Im-
munohistology Kit (BioGenex Laboratories #£) (=
I % Biotin-Streptavidin (B-SA) system T{J -7z, —
0COE 7+ b v T5 FHEE, BELLR, 0.01
M PBS im Tt Lz, UTOUBBETRTERTO
BENTTV, ERELEHROHESR0.0IM PBS T
548, 3ET 2Tk, TTHEKESLFF L~
¥ 7 m .y v roidic 3 %H,0,T5 1, IFFER
kS 7 rod v 7O 5 %normal goat
serum “C3047 LR L 7z,

— ¥4tk & LTt rabbit anti (bovine) collagen
typel (1 :200), rabbitanti (bovine) collagen type
11 (1 :400), rabbitanti (bovine) collagen type III
(1 : 800), rabbit anti(bovine)collagen type IV( 1 :
1000), rabbit anti (human) collagen type V (1 :
600), rabbit anti(mouse)laminin( 1 : 1500), rabbit



P 34 4 108 HEBRBHEROMBN <+ v » 7 2 - Bl 205
i ! ! oo HE (MEE)
SERRX REX Lhb aa kB (CKRRE)
91 | i Vi b—¥ R
: ! + BB Hm
| = ,
| |
' -
30 1 | !
I I
| |
| Ao i
20 - 5 i |
| : |
| |
10 4 | !
[ i
l i CERS A
L L T T
o 1 2 3 | o 1 3 | o 1 2 3 4 5
Case 1 : Case 2 I Case 3
| |

1 H=zA44r 3 EGIORESR (BIR: v—¥ - WBEAKR, R E%=

v+ e —aAfR)

anti{mouse)fibronectin( 1 : 1200) (L. I ADVENCE
£, ®H), rabbit antiChuman)collagen type VI( 1 :

1000) (Chemicon #t;, U.S.A.), rabbit antiChuman)
a-elastin ( 1 : 5000 (Elastin Product #, US.A.) ®
polyclonal antibody # Fu 72, Ll Eo—@iiEsr
NL0MERIE E /T, WTFho—gk#ifkicouwTd
HRAER GAEER) ok & LREHFLER (EF
vk r—nfR) PR LrERCRAELL. Zhb
O P& D B O B E X L% AL Ouchterlony 3T
T - 7. negative control & L T(X3E#E34 normal rab-
bit serum % F\ 7z,

DS T ik FLfE (biotinylated goat anti-rabbit
immunoglobulin), &3 (streptavidin labeled
peroxidase) # £ hZH40FHRIC S 1, B
DAB (diaminobentidin) % L < (X AEC (3-amino-9-
ethylcarbazole) T17\, —fiD W) F Tl b % ~
=t rF Y TR, YIFR 2V A2 v
b (Biomeda ff:, US.A.) THA LicH, YfuHss
Bz LT,

III A5 *

HRHERE AR (WTH#AERLTS) ckvTh
IEHEE (BE#) & MEkZ, FFEERE normal rabbit serum
wat 5 (F2¢) BF, collagen type II it
LHREZCThoMMc @D bhish-7z, 104
[E1f2% L 7o PR IR 12 3 0 & AR IR BR8] 2 T 4R 2
FFEMGEM A RD R T, wTholacEL Ty,

RE EoEkZE, MMOREILY 2E L THICRED
#fcH ECM D B LI FEARRNTIIFE—TH - e,

1. collagen type I, III ([X 2a, b)

lamina cribrosa (I sclera & i L2500 7o [ & =
LT\ fz#s, collagen type I, III (% lamina cribrosa
IO A g ngEs b huic, lamina cribrosa 134
e LTIRIEELETANEL L, BRBEYEB VT
feofizvFhiAFEoRETRE I L, WTho
BHRERICS T A2 X - T lamina cribrosa &
ERMT I I DCREIRL - TV BDHED
bhiz,

2. collagen type IV, laminin ({3a, b, ¢, d)

collagen type IV, laminin iz x4 % %4 (% laminar
beam OfF - M L E 2 bh AT B-THEDLR
fo. EEBITUE laminar beam ORFE A ¥ b [E#E
ShicHisiEdbite, i beam DL HH &L B
RoOREREFRICHE L TXL irregular & 725 T
\~7z, —77, lamina cribrosa ®# 5 #fii% beam A 38
ICEELTwTkh, beam ZH b &< Bfa b Tk
¢ irregular &7 - Ty iz,

3. collagen type V, VI, fibronectin ([ 4a, b,
c)

FEARIGAL < £ — 1% sclera, laminar beam, pial
septa s LI FE AMICERSH BB & & T, laminar
beam *° pial septa D& L » AT, FLMELE
A b BT L b R gH - In L OBMATED bR
fo. BAEEERIZ 3517 5 2L collagen type I, 111 & (A
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BrEBmICHRIc X - CRAaNEGERD Y, —F
B L #- lamina cribrosa 1233 h OV AbEic it
233 417z, fibronectin T collagen type V, VI X
D O Atk DRt EE B[R AEED BT,

4, a-elastin ([ 5b)

glial column 1278 - e HEAEL AET LT,
laminar beam ~®#ufs § SEE F LT/, lamina
cribrosa BEB TR R LB D -1,
Ffe F OB 2 — LIEFE TR A EFRAY band
HhTd s 0ics LTEMER D% IC laminar beam A
it band o Bt R R, BT LA OSSN T,

IV %

ECM oG IEAE <, 1) RS 2MBET 5 col-
lagen & elastin, 2) laminin, fibronectin 7z & @
glycoprotein, 3) \ @5 EREHHE L L TEDLA
% proteoglycan i 471 b h.B¥~10, 2@ 5 b optic
nerve lamina cribrosa @ ECM =B+ % Sz (b
2HRTRETNFERNRELRET S LELOND
collagen 7z ¥ @ structural protein NEEER, 20
- laminin, fibronectin 7z & @ glycoprotein (224> T

HEE&GE 9% 4%

®2 a [collagen type I, DAB, *fHHf (+), X
67] lamina cribrosa (LC) ZZE B ~EH#L,
Fhuc—F L T collagen type I ~DHEIZVEA
M b hts, (PS . pial septa), b [collagen
type I, DAB, &fHf(—), x100]collagen type
M icx LTk type 1[AERIC sclera & UF lamina
cribrosa (LC) U AtEicdBad bz, lamina
cribrosa ® beam |ZAEE L, BAEAAE L, Bk
B = ¢ b hieh < fo o Fo B AGED b
#7=( 1), clcontrol, DAB, *f g (—), X100]
JEFE 3 normal rabbit serum =% L Tikv-Fho

Wb EEOREHEID LD T2,

LC

Fanithbho2d 59, BiSIckETIinbo
Ry oaf, RTED-e, @ik, R4k min™
Ik aE ki ERET S h, Fx b AR, ERERIC
331+ % ECM, i collagen type [~ VI, a-elastin,
laminin, fibronectin ® %/ « MAEIC 2 W THE L
7219 SE LRI CERBAR A FR L, RE LA
I b B FLEENG M A A Uik ic s T ED X S
#r ECM 0 ZE (LA E Tuwahic2u TR LA, A
RN EER T ECM 0 ZE (b fi~ 7ok & 2Bic v <
S BB BN £ THE SRS ECM 0Zfb
BFOEELE LD, BMOETICH-> TELRRE
Hal b Tikiew, SEOMRRMEE 2 be—
AELTHED ZhE B LEIELACRE LR
O ot S FLBEIRM O ET L Richabhie—
WIB(LTH D LRERTHE LM TR, FLHM
SRFL TGN DR FTIC B 5 MR A HL 0 & S RBI O
Bleh & bz b eV HERT, BMEREONHMLL
DHBYELDL FTLEREDIDIOEELLND,
chEcoe b BRERICET 2 ECM 0 Z1{kicBl
FHWEE LT, %7 Tengroth H2VidHMEFIRD
collagen # A LRI 5 #T LARMBEIR TRIERIR &
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3 alcollagen type IV, DAB, *ftt#eta(+), x67)collagen type IV I LT HIE# IR & R lamina

cribrosa (LC) @ beam ##iCi3 5 X 5 @Ko Ba s Bo bhi, BEESCERORELTIC I - 15
iz (L) #*&h, #1: prelaminar region #iT(X nerve fiber DFFAET % ¥4I collagen type IV x4
%#liA\ > deposit #3388 572 (W), bllaminin, DAB, % H¥ A (+), X 133)3#54 12 lamina cribrosa
K Uf pial septa DFICH - THEKORELHBICE D H R D (W), ¢ (collagen type IV, DAB, ifHi
(=), X100] HFEEERTx beam ORIBEH I E b collagen type IV IS5 5 bk o Hefls 2385 ¢ 2aoils
Lig>Tufz (L), (PS | pial septa), d (laminin, DAB, xfH# (—), X200) laminin ic# 35 &
f(2 collagen type IV & [f]—~ T -7, lamina cribrosa © 3 TX laminar beam 23E % b, #5ci
EEL Tz, WEhoBAr© R oRA A< irregular 1078 > Tuvie (W),

ez L, FEMIC collagen @ concentration 758 ¢, #

DB ED BB = L &% LI, —F, Hernan-

dez BN IHEEMMALFER 5 C cribriform plate ©
compression i & 5 ECM O %8, collagen type IV
o X BE < irregular e EEBE O, elastic fiber »
¥ & K4, collagen type VI 11 laminar core 1= 45§
LEEBICESHFELTVSZ L2845 L, Floyd
BENIHRI D M EE D —fRi1C35\ T prelaminar  por-
tion ~® laminin DEFEBD - L WME L Tv-5, =
M L 4Bl & Rk 7 R R BRI R 35 13 5 2 ki
2Tk Morrison 2N X 58 & 435 5 0 24T,

severe 7g & BEHR iZ #5\ T2 laminar beam @ % X
GRS L IERER & AR DO R T collagen type 1, 111,

elastin 23%ff X }1, astrocyte iZff 5 beam %Ki h %
SEEBEIIEL o Tuin s MELT VLB,
SEOBEOHRE, “hEToBNERCHT 24
T & BRIy A RRAGREMERIZ 5T b ECM %5
SO, AL O ENRSCE L TEhERER
FAMEIE R & ORICHT L <A T SRR
dohilgh oz, e LMEERHE=5 -+ v b
Stypel, IIl, V, ~1 7Y »w Fas5—5viifTh
% type VI, fibronectin (£iE/E L 7= lamina cribrosa
K O pial septa i U ¥ AtEic B bh, —HEER o
7 =7 v TH5type IV, ¥ laminin (X lamina cri-
brosa . UF pial septa %M b #: < Hefa B < fr -
TWfe, ZAEH LT a-elastin (ZIEHEER T L < §efn
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5 allE#=v b= —alR e-elasting DAB, ®EHE(—), x100), b(KEEMRHMFELR, «-elastin, DAB,

AR&st 95% 45

B4 alcollagentype VI, DAB, fH#fe (—), X
67) collagen type VIizxi4 2%, collagen
type I, II1iz$E{LIL, lamina cribrosa (LC) TU
¥ A el X hfz, laminar beam B UF pial septa
@ edge THE I H DI (L), b Leol-
lagen type V, DAB, Xt #fa (=), X200]
adventitia (AD) & 0% % A #Eic # f5 £ h central
artery B OREHNHBETHS, ¢ [fibronectin,
DAB, ftc#efs (—), x200] fibronectin 23 %

Yoo b BIERED 12 —vTH BN, LHTEAME

DY <, %7 prelaminar region I3 B Il

Tt aRatBEcss (OM).

A (—), X100] e-elastin iz L T2 sclera % arachnoid membrane 22 1EH & B IR T
% oickt LT glial column(GOIZi - fo iz L E T L Tvie, ZoBA Tk lamina cribrosa(LC)
D¢ RBWMT g-elastin HEBLLEAML fr-Twi (L), (a @319, Fig 4 ER—)

X h 5 glial column T IEHEOETFTAFL <,
lamina cribrosa ® FFEBE-CEMA D LR, TOHE
HTEFLETFLT W, & hbokRIXelastic
fiber \wBI L Tl & —Micsv i3 b 245, ET LA
BEOFEBE LTI hETcoHEo e R, ERD

WTFhoffREbRE-HELTWS, ZhbD ECM
OB B IR ERBEAHIRIRIC I W TR MR OB
%, WM& & b o Tlamina cribrosa & T
retrolaminar portion TII\ d>d 5 fEE MK OBH A
H o T h EROBHE - BFRELAERCTbATY
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HEFER LR, FlihboOB it s HREE
L BHROLTH LD, BEFFIcHT5 glial cell
D ETHHBEL A TORIEDERTH 5 1A
BI7EAS, TED LT b 25 LT B EEME A E 2
bha, Lk, FLEMMOETIZHE > T lamina
cribrosa /ZAEE L, collagen 7c &' @ structural pro-
tein [XfEEF S ha o tgin L, BB/ T EnE s
5, Eicelastin O Fic LV BEAMET L, #SEW
CHMEAHOTHEEOE TS 2 Shig s,
EoTZDL ) RBMRIBETCHRESCHECEIHI
Mo o fo I HEZEAL 2 3R AT Y 2o 20L& 7o % TREME M
Zbh, BRMICIPEBNCLPBREKRTICL 5
cup @ reversibility I FHFEANBERCEL <, #ETL
KD TROTNTHLZ EAREIATVB, 4
EIOFRRIZOFELBEAELRD B0 b Lhigls,

7o LS EOFREEABAETIC & $ 7 5 Rk
OB Lo &R o ek e A - e
LT L b oThh, coliEostECM
DEREEC T 2EABICOVTERTE - L8 L
W, ECM & O « Mo BI iz o\ T col-
lagen DAL 720 Ta < £ OECH = Ca Dt
REDMOER L EMEFLTV5Z 2 mbhT
Wh, ZOSHBELTRRETALRGLE <,
lamina cribrosa @ ECM & [RH 253 2 H2p0is
LSBT oLTIE, X 5hic ECM B+ 5 &
HMR RO AERC ST A B Ry F Rl b
el EACE X 6 ~8um OBEEY A & R dE L
D THLDEMCH 2 BBCERAELRD D,
FREMERIRFETH L BRI L RANH
%, GEEES o ZEAL O B AR MATGS & DBIEIc o
WTRESEBRHEOTRETH S, FSEORKEICEE
L TEEIZ lamina cribrosa = 351+ % proteoglycan ®
S % D collagen T & L DM ENFER L X145
FFEGMH S BTV 5358 lamina cribrosa O RS |-
DEETCERTHOICEERFS v D4 DT
RO REAGCTRNDTFETH 5,
Wa#zsedic ) EEMBEREOMEE, Bkl
Ao LET, RSB L e, U S ot
LB ad REERAL Rol—%&4, LAE
BEOBMBALERE, H EBEEC OB b RSB
podl 175 i
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