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Extracellular Matrix of the Optic Nerve Lamina
Cribrosa in the Normal Monkey Eyes
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Abstract

The presence and distribution of collagen type I through VI, laminin, fibronectin and alpha-
elastin were demonstrated in the normal monkey optic nerve lamina cribrosa, using a immunohisto-
chemical method, the biotin-streptavidin (B-SA) system. Interstitial collagens, collagen type I and III,
were detected diffusely within laminar beams continuously with surrounding sclera. The adventitia
around the central artery and vein, and pial septa were also stained with collagen type I and III.
Collagen type IV and laminin, which were basement mambrane materials, were localized linearly
along the margin of the laminal beams, pial septa and adventitia. They were also stained in all
vascular walls. Collagen type V, VI and fibronectin were similar with collagen type I and III, but their
linear staining was more intense onto the margin of the laminar beams and the pial septa. Rich
immunoreactivity for alpha-elastin was found in the glial columns and the laminal beams. The
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presence and distribution of the structural protein components of the ECM of the monkey optic nerve
lamina cribrosa was the same as that previously reported in human. (Acta Soc Ophthalmol Jpn 94 :

1024—1030, 1990)

Key words: Normal monkey eye, Optic nerve lamina cribrosa, Extracellular matrix, Immunohisto-

chemistry, Collagen
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WA, MR = Vw2 AV (extracellular
matrix : LIF ECM &) AEHEATW2, i
ARAMEEICB L T & A, MDY, SiEMmAD, Hp
BEFLIR D 2OAD BRSO 5 A, ¥ AR L OB
LEPHREESATED, Hxt ARORBEMETE
DA BELSVWTHRE L, 20 5 B lamina
cribrosa @ ECM M H9 fe B2 1H ¢ <, ECM
DFIC MRS OHERE L\ S HBRE L OB b BN E
PR MRS & OBRAER EhTuv 5,

48], F.3%!X monkey eve @ lamina cribrosa = %s
H % ECM, #F1Zcollagen type I~VI, laminin,
fibronectin, a-elastin © 7575, R{EABEHIEEA H
WTREAMLFEMCRE L, ChBmEiLEo
BECHET 2 HEME0 0 E2TH D, primate @
EHRBAKEE, EROUHREEHBLSZET 5
ECM O Z{LSLERLYBR T HBOEH =2 vt r—n
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I EERIIE

WL A = 7 f ¥4 (cynomorgous monkey) 3
H 3, BAIE (Japanese monkey) 2 5H 2 7 H\-
7z, 4 material OFHT LB T AERIRH TH
%5, RER¥EHE, 0.1M phosphate buffered saline
(PBS)THE# L, BRi%1.0mm DI 18 ahE A I,
EHERRLHMBEALEL O LA H L SEIDOE
BiIcHWVz, HBOABEEOZ EECHZT 7 AF
7MW @M AhOCT. compound (& % i
TISSUE-TEK COO %z 7-t%, WEERCB LA
YRy g v TRRMESEE L, Microtome-
Criostat (INTERNATIONAL EQUIPMENT #) @
BEA%*—20CIRELTREE, b cEX6~8
am OFFEG R 2EE L, I 3H 6510 50.01%
poly-L-lysin (Sigma #, USA)#®BHLizAF 1 F
FIARERIMIIC, AT F 772y —RIZAR,
FBHL-TOCOBER 7 V — —hCRF L1,

BER UMY X B3R 12 # | STRAVIGEN  Im-
munohistlogy Kit (BioGenex Laboratories #, U.S.
A X % Biotin-Streptavidin (B-SA) system T4T -
fo, —20Co& 7 € b v T 5 SREE, RE L
0.01M PBS ic T L7z, TFoMB T ~TER
TOBENTTL, FELEHROTEIL0.01M PBS
TS5 M, 3EF2T 7, FTFARKE <L A+ & —
¥DFaydyv 7 OHic 3 %H,0,T5 5, EER
G0 7red v Oz 5 %normal goat
serum T30 EALE L 7,

—~{fifk & L Tik rabbit anti (bovine) collagen
typeI (1 ©200), rabbit anti (bovine) collagen type
II (1 ©400), rabbit anti (bovine) collagen type III
(1 :800), rabbit anti(hbovine)collagen type IV( 1 :
1000), rabbit anti’ Chuman) collagen type V (1 :
600), rabbit antilmouse)laminin( 1 : 1500), rabbit
antilmouse)fibronectin( 1 : 1200) (LA ADVENCE
#t, ®x1), rabbit antiChuman)collagen type VI( 1 :
10000 (LA _E Cemicon ¢f, U.S.A.), rabbit antiChuman)
a-elastin (1 : 500) (Elastin Product #, US.A) @
polyclonal antibody % w7z, Z b0 HifEo kR
DT E W Z h Ouchterlony #:CfT - 7z,

Ll Eo—@gfifkd 3 $ 900MIEIG X 272, nega-
tive control & L TIFEEE normal rabbit serum %
Wic, 23Ttk (biotinylated goat anti-
rabbit immunogloblin), £ 3 & # (streptavidin
labeled peroxidase) & L # NA0 GBI IG & €1, &
143 DAB(diaminobentidin) % L < % AEC(3-amino-
9-ethylcarbazole) T{T\, —#o K Cikxtibfas
~zbFV) s TEIL-T, YHEZ ) 2AZ2AL=Y
v+ (Biomeda #:, U.S.A) THAL#, XFHEHE
mTHELL,

IIT #5 R

£ L T collagen type 1 & I1I, KO collagen
type V, VI, fibronectin, X %< collagen type IV &
laminin O TEh T h AV ICEU L R aE 2Rl
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T\ fz., —7, collagen type LIz 5 HHEZ-Th
OEMch BE S Wit 7. %7 negative control
& LT H\ 72325 nomal rabbit serum %3 5 By
Bh@Es bRt ot (40, IR X - T lamina

1 a [collagen type I, DAB, x50], b [collagen type III, DAB, *100] . lamina cribrosa :FH#E®
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cribrosa D IERBICEEZ TGRS b i st SEIOFR
DHWTH B ECM 0o 5fi & v 5 Hf itk wih
LE—TH b EFERED R -7, FREARE
Eh=2 4 ATRBAEAFROKE X L5 A THl

sclera B UM /50 pial septa #FE LTI h, WTFhbUFAMCHE IR TS (a), lamina cribrosa
1% sclera W5 HINCOERIC U ABICRAE I ATV, MERPE TRV RIERROBRE TR

Bah, W< onHRTED (b). (OF)

2 a[collagen type IV, DAB, x50], b [collagen
tyep IV, DAB, x100], ¢ [laminin, DAB, % 100],
lamina cribrosa @ beam ®#% (A), pial septa @
# (&) B> THRIRICREBE IR T3 (3, b0,
scleraZ D L DR HEORBRIBH LW
(a), oA T laminar beam DFIZIR - THA
EhTHWHORL B THS (b, c), glial col-
umn, laminar beam, pial septa (Z(LIME iz 5
L#E 2 bhb ring RoRESAHECES RS (O
A (b, e).
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ERLORKED o700, B ZRED bhishoto,

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

M (33T sclera TUVE AMEIC e X, FhicHl
#t L T lamina cribrosa @ beam 7% [aE#E O HEEE T U E
AtEICIE I NI, FAZ b pial septa L0
BxI D %< adventitia ¢ & & FE#E L T\ 7o, Lk
TR ConME L E 2 b A RENEET S 1A
B O E MM LB Lokt oREI 2B bh
Isihsic, -

2. collagen type IV (X 2a, b), laminin (& 2¢)

% & % lamina cribrosa ® beam % ® % T
BERADLRT, beam OFICIH-TEFREE D E<
5B Re@Bobh, ZORMITpial septa &
nerve fiber bundle DEHFIZEED b B Rk Yt L

3 a[collagen type VI, DAB, x50], b [collagen type VI, DAB, x100], c [collagen type

B L T\ 7o, E e sclera & DBTIRCIRE S 2 pia
mater & nerve fiber bundle @5 Fuz 386 & i1 5 #itk
DRefs, RORIH L Jacoby 08 RGO RE L E
#t LT\ 7z, adventitia ZE QR & S #HF L Tu7e,
% 7z laminar beam, pial septa, adventitia, sclera 7c
Lzt ring RO DFD b M ok 5 4efa &
# % bihtz, %7- adventitia P TILHH A~ band oD
Her B b,

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

sclera, £ hiZ##E+ % lamina cribrosa, pial septa,
adventitia, dura mater, arachnoid, pia mater 7z & ®
W@ MBS SHEA D AR E SR,
Lohbidvwihd lamina cribrosa @ beam &<
pial septa, adventitia & nerve fiber bundle + Ol F

V,DAB, x

100], d [fibronectin, DAB, x100], sclera i:08¥ AdEICHefa X h % h & #kE L lamina cribrosa, pial
septa b U F AMICHBEEhTV5 (a), L#L collagen type I, 11l & H~ laminar beam @& (A),

pial septa Dfk (A) IZiB- 7R IR L DEFH S h Tk b optic nerve fiber bundle & DERAHECH
% (a,bc,d), MELEZLRDPE L VBB LS, b e, d) (ORN). fibronectin (F) T

I hUE A oREIRGERSED bR (d).
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i ESHB I RE I I et ELLRD
ring thoo#efad X bEs<, - T collagen type, I, 111
& collagen type IV, laminin @ iij 3% 23 {E & L 72 -4
#—v T XhictF 2 bht, 1oL fibronectin
WwHEE L, collagen type V, VI THik o #efhns L b i3
BCeh i,

4, a-elastin ([ 4a, b)

a-elastin 1233 % e glial column 7> % lamina
cribrosa (= 3#ifi L T optic nerve fiber bundle % 1]
% EN Al 204 band HKiCFE b, pial septa I S
& F O IEA LTz, sclera % adventitia 7z &1 b
[Fl#% 1= band fk o Heh 23388 B iz, screla, pial septa
(kb L laminal beam, glial column, adventitia T
OREAL IR - T,

v # ¥

MBS =+ Y v 2 A (ECM) (XA (RO i Il A
etk x REASTOEEHT, MBOBEE - Bk -
Tkt 2 B Lo S 25 & £ bz, #il
OEFFBE AR LB 5L R EBY 52 5

HiE#3E 94 115

4 a [a-elastin, DAB, x50], b [a-elastin,
DAB, x100]. glial column & laminar beam (%
optic nerve fiber bundle Z Y] 5 T2
band HoR e wE IR LR (@ b) ().
sclera, pial septa 1= % #2358 H 5 A5, lamina
cribrosa % 0 glial column i2#5\~T X b 58 < Hefh
@B LA (a, b). ¢ [control, DAB, x50] 3k
3 normal rabbit serum =% L T2 WFhoif
Mic b HFCRBEBRED bhh o7, (WThb
SC; screal, LC ; lamina cribrosa, PS ; pial septa,
GC; glial column)

LD L X TVB, o EAE O ECM 2B
L TiEAE R E & o E A EHET, T
4 lamina cribrosa #3tEH ST 51020 F o H
i3 lamina cribrosa RUSED & F + ¥ F AP LT
U B ECM 28 HRER 2b ~ 18 A 5 18 1 5 AR A0 OR & B Y
i, FrESEEmicERELTwA Z E4vb lamina  cri-
brosa iz 3515 ECM @4 « 4570 « BE /e £ ol
£, MR LR E R, BMRETobo0RECKHTS
YOGS L 2, M1, MkEEIIERILTY
HAEEMAHE SR ANBTH S,

4 (1w AlR© ECM @ lamina cribrosa iz 3517}
LA ROV THEZE L2, SEREERRIC
115 ECM, %51z collagen % #fi# & 4 5 structural
protein B4 e & D34, BEECDW TR, Bk
FLEAOHE B L ORREARLE X <HELULTED,
BAEC L A RMERECHETIEREHLLTLE
LiEAVWbhTW3, SE0BMLECM w5 #ElA
7 BIEER o lamina cribrosa O A fRFE LR
CEERTAZ LS, ERERGHERCEG
%5 ECM 0 Z{t# i+ sBOEE =2 v b a—n b
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5ZETHAD,

ZHNETOFE V2L 5 T adult human 38 X OF
mature primate D EERIC BT 5t~ r 0 o 2
A¥51Z collagen type I~1IV, laminin, a-elastin 7c &
D oA, JREEANZIEHE LA STy 5, Hernandez
LB ARM™M20, Morrison b ORI 0HLE, X
LIZSEDBBEH- R Lo LALHRE LT, ME
=5 -4 TH5 collagen type 1, III i laminar
beam & M:i¥41 % lamina cribrosa @ {# + @ beam 1=
fFEEL, EEBOBKES TH 5 laminin, heparan
sulfate proteoglycan, collagen type IV ( laminar
beam Dk, RUOMEICHF-CHEETEZE, 1o
lamina cribrosa 1ZiX elastin V& EICHEET 5 = &,
collagen type II (2B MEEFLIASIZXFEEL T /oL
ZEREDBWEERRSTET V3, 451 Hernandez
K it collagen type IV, laminin 7¢ & @ 3EEERERE 55 43
B REARAE 2 BG5S s, B8 oo L1 loose 7t
BRI AR L, =t elastin & & % (i oy
M52 EE L2 TWw5, 5T, lamina cribrosa (%
AN EEEE % 5 2 % collagen type [, 111 7z £ D F
T HHEMOMRE &MY E 2 5 collagen type IV,
laminin 7e &2 X » THR S hic KEBEHOE, =<5
IZ astrocyte 7o & T Eh -l oo B HIio
Higbh o UMl Ehi B EMcrs £ 52
LT E %, %7 laminar beam & OF glial column i
a-elastin PEEFICHAIhTOR I h T ToHRy &
T, - TIEWED lamina cribrosa #&¥riH
R IR E O B bic b BB EIST 5 = & 237THE
LEBEBETHLLEELLRDB I LATED, S
Z OWFFE T X collagen type, V, type VI iz T & #&
& L7243, lamina cribrosa T3 # £ 4 laminar
beam £ D $ DI T F AT X, 7 beam D
BLME & BbhsHMiciE-gRohEaniEZs s
1, €T collagen type I, type Il & collagen type
IV, laminin ® = 2>D 2 2 — v MRS L4 —v T
B X e, Z Ak Morrison &, Goldbaum & @Ff B
LBERBETH S, —7, lamina cribrosa iz it
fibronectin (XFFE L 7 dvofz & W 3 HEDL 5 5 A
£ [E O F T ik fibronectin 12 % 3 % H: 112 collagen
type V, type VIIZHMIL T4 b, laminar beam %
pial septa IZ/X UV AHEIZFES B, %7z beam D
*° pial septa O FHLME R &% 2 ShaHrc
L ORI AR B A RL T T,

lamina cribrosa @ ECM \=BY L € 4 [EIF -~ 72 5 5

EFRA 510 5 SRR MBS~ ) o 2 2 O RIFRSLER S - 8 1029

B L Tk a-elastin O Y BEIC D - 7o 5 2 g
G, o MERE &% % b sclara, dura mater,
pia mater, pial septa, adventitia 7z & & o BB RE AL
7 Lo RS B d 5 2, Hernandez! Yk lamina
cribrosa iZ{Z collagen type IV 2\ & i EET 2 =
Livbosclera 7o & &R o o R MR R o BEE S
THBEIESHS LT W5BH, Zhitcollagen type
WVoHFERMICET 2MROBY EELLRS,
lamina cribrosa @ beam (ZIAH % & $r kS & HE O
[EihETH - T, glialcell AEDELE H Hx i
WMENIC T OBER R L FEEBR L FoT W
L0 0 astrocyte DML 7 ) 7R L 0p
X RARFER £ PSR B RO R A TER L T
WHMEEZ bhTED, ZOHREEIC collagen type
IV 35 X OF laminin 2776 L T\ B, T E A8k
Bchbi 7 & O BEREAEAR & ABRIC I & & b iciicRA
LTERhRERAKO -2 THBLEELLA
617!17!28)-

FRLEOFKRL D, REFE® lamina cribrosa
7 ECM, %12 collagen % L+ % structural pro-
tein T LV HBAT, & FIREHELEE, ik
DEICLL S BMRELIDD OO, HEET LR
REDGA  RER EBEN S TREXRD AL
Mot foTRBIZECM L3 ETh ABRE X<
LTk, RROGHEROB <71 & LTH
WeEZ bhic,

LR LESEIOBMEBIRIE S 6 ~8um O ik ) K % ¥
BV SATEBELILLDTH S, f->THAMTEA
Ay, A2 laminar beam OBICERICIEE LTy
HDh, FoMBEORAICELTH Z oo mE s
glial column, laminar beam, pial septa, adventitia I=
RELTEY, MHHETHE LR 2 — 2
o ring ROPETHD L5 2 EhBYE L A2,
BEEAKERBOADYF CRTNTomE 2 #ET
ErbTidie, FLOFDLOBGHERE Shic
D EDOFT ROFEREME: &\ 5 STk & SITRE A
B % 2 T\ 5, lamina cribrosa WRRE#H OGP TH X
DM THMSEEY LTk b, BRGAREE~X
H 2,7 +Tlamina cribrosa it h 771 v T3
5, foTIhll LoBE R REEFEEE L & ok
2L -T, & DS s ER Ao S0 REHN
BEIMCT B ENRELEE : ShBEEFRCTH S,
S Hizs] VT type VII LIEED collagen <= glyco-
protein, proteoglycan 7& & &> ECM B 43 @ 4575 « Ja) £,
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