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Quick-freeze, Deep-etch Study of Monkey Lamina Cribrosa

Keitetsu Abe, Masashi Furuta and Shigeo Tsukahara
Department of Ophthalmology, Yamanashi Medical College

Abstract

Quick-freeze, deep-etch method was used to study
the ultrastructure of normal monkey optic nerve
lamina ecribrosa. Glial cell somata were located
beside collagen fibril bundles in the lamina cribrosa.
Glial intermediate filaments, which were the main
cytoskeletal proteins of 10~12 nm in diameter, were
loosely packed in the somata and were tightly stack-
ed in the processes. The glial plasma membrane
directly abutted onto the myelin sheath of the optic
nerve axon. The main component of the extracel-
lular matrix (ECM) in the lamina cribrosa was inter-
stitial collagen fibers of 30~60nm in diameter,
which were bridged by processes 5 nm in diameter
and 20~30 nm in length and by 5 nm wide mesh-like

structures. Small vessels running in the laminar
beams were totally surrounded by basement mem-
branes, laminar ECM, and glial cell components and
thus were separated from optic nerve axons. The
basement membrane which surrounded the laminar
ECM was a fine fibrillar structure of 5 nm in diame-
ter and also had numerous fibrils anchoring it to
plasma membranes of vascular pericytes and glial
cells. (J Jpn Ophthalmol Soc 99 : 889—894, 1995)

Key words: Lamina cribrosa, Glial cell, Extracel-
lular matrix, Quick-freeze and deep-
etch, Monkey

il

I i

FEHESZ, BABOFEA =X L RBHT 2700
EREER L LT, RS- 74—y F IR
WTENE Y ~ OFHRRERRGE O A S, SRk
il OO L AR RS PO BT B AR A, SRR BRI M
= by 2 AOHMREY, BN OMmE 2 &

HMIEEE I >VWTHREL TE T, i, ELEY
b, Tv bk EOBEREICES, BRMRSSEYETE b
DERRIC L ST WBE Z En s, KEBRENEOEY €
7 ELTHHEE R, BREOKREIC W TIEEREY
RO R AR O BRG] Fr 0 1708 2 T - BE M T 5
EREICHEUOATELYS, Larl, @FOBETEMSE
(FESH) @EYIA X, £ OFRIC R 2 b2EHEE, B

ARIEER S - 409-38  (LELR TR EEEREE IR T 1110
(FRR 743 H 16 HZAY, FH 744 B 6 HRTZHE)
Reprint requests to: Keitetsu Abe, M.D.

INBLERERFIRB AR B 2

Department of Ophthalmology, Yamanashi Medical College. 1110 Shimo-

kato, Tamaho-cho, Nakakoma-gun, Yamanashi-ken 409-38, Japan
(Received March 16, 1995 and accepted in revised form April 6, 1995)



890

REOEBERZMAAZLICED, HEOBEEEI»E DR
hHBEET LI EbIEREINTWE, —H, BEEE-
T4 =7y FrIETH, HEBEB{BEELIR, &
HICEELLY 7)) AEE2EREHTCHET 2720, T0O
i L L CGEE OE#EY R X D HiohwEiEE ST
LAV E TREICHT L, L b =ZRITTHICEET 3
ZEMBTEY, Ih CTHEEEYSE, B, MERGED
RS IC KX R EERE L TE T A1 40,
PO ENEOREMTEO I, 03ME
e TH Ty Fr7EERWT, IEEY L HEREEH
RIROMS #BWELOT, ZZeHET 5.

I % B /&

RIBSFACRE SHECETOoLWHE IV
(Macacus fuscatus) (A% 6.4~11.5kg) 36 iR%H
Wiz, HEEr Y 3 (77 7 —1®) 50 mg/kg DRFEIC
L 2L GRS, BERONY PAVES —LF R
L(Z¥TH—0N0®) BEEL, 1LIEROEIICEER
A THME 2% /87 74 VAT AT E F CEFRREE
UHREK 2 FEH, 2 PCidrpikiE B ERER £ L7z, fEh
LIRS MR ERD 2L, 2% NZ 7+ VATV
Fe FINTHEEIK L, 512, 30 2MIBEE L7, 20k,
HEA0.1% ) EBEERKE THEEL,0.5% ¥R = i
30 MR L, &6 FY EEEETR CHiRE, G
L7z, 2alEifsiz FK 400 (HEE ) 2Hv, #J2%
AT 2E], 10% A% /2 —NIET 1 EkEE, KEEE
T-190°CIc i s - SR CEfNCESE T 5 2 LI
EDBE L, R, BERERNTHEEFRBOXRE = F
WA A ATHEM L, TIEP < HEHBEIMERE FD5S A
(x4 2—) WAL, 4x10"Torr L FTOEZEEHET
T—9°CECEES LRE& Y, 10~ 47+ —7Tv
F o7 BTH 2 i & D BINTE CHIBINS £ R L Tw
JeAkSr R RESE R, Ty F 2 7 OHT LB % R
SRS 2 OB THERAESE, 351,
H—Rr2EBFSE VT ABEERER LT, BEHEG
EEEE» SRR AW L, KREHERE IR LR
RIEHMEL, VIV ABRESEEL, VY ABEE T 2L
YN VEFHEE R E Y v FIiZiiy, ERAET
SEMEE (HA7 H-500, 75kV) TEEL.

I &5 *

VAR R B RAR O PR B A oD MR AR 1 B AU I
R OTEIC S SAEL (K1 A), MRk % ki
BIEGHE SR T Tz, %72, BRRIES Tl aikeR
M D ek 13 < MBRERE A ICHER L TWw T (]
B), #fRIES X 5 0 OhORITH T Tz, MR
HHEE, #OHIFEE % N L TR ORI © EEE, #
it Twiz (M10), ZommEBiao 32 ileEE
i 10~12nm BZOFERET7 4 A bokd, 2

HIR=EE 99% 8%

1 REEETHIAROSE B,

A R OMIRI S (g @ MBI O),
IR (ax) & ZAUCHET U TE 2 BRGHER (5RED)
T2 LD CHIEL TWwa, B ERRIRERET. thikE
a0 2oy (g) EHREOMEBREZERRE (ax) ORI
O DL LI ICHIL T, C ! ERIREES. shitE
M (g) ORI (LH)) &, AHEEIE (ax) OBEEIC
EH#E, #LTWw3,



TR 748 AL0H

LA AR BT O B A - BT it 891

S M A AT TR LR B L Tw B 28 (2
A), FEERMICET TV 3 255 TIREICESI L Tw
7z (K2B), ZOHREE7 42 A2 M, #HEBEIEAO
Za—B7 47 A MIHRTT 4 7 A VAL EES
T 28845 (cross-bridge) O#izbFrTh-7 (¥
ZC).

BRI 2 TE BN 9 5 B tRAR I 5 f e o e 3¢
%*ﬁﬂ?é;uzm%Lfm M, T DRBIFEERE %
ALTEETZE, 0~60nmEOXVEEIZ—47 >
@%ﬁ%@i&%&&b FO1IER1EOME2 S —4
YN IEE) 5 nm BONE BEEHIEEL, £7-, ME 2
72— HEOBCIEFE U <5 nm EoM» 2 fEERO
EmLREL e (F3).

X2 SEEmE & RaRemRo BRES,
A L FEEREHIAEN OGS, M ERES O S
E7 47 A b oEbE, BUCEETIL TWwa, B @ i
Bzt iy o B nE, TR 7 A MR
MRS Ic S, BT, AW TH2ESNICH
FIL T, C: M3 N OBRHREE, SEmERO
BREOTHDI =2 —074FAY NI 74T A2
MizfirnsEEsfA L Twa, A, B, CIRRA—&=E.

AR AR N O I8 1 FR B N 2 E > T v
B 0BEGHEBTIRD SN AT VWS, ZORDIEX
S FREBHIRERR 75 THL D BdndL, MR R ST
STl (4A). ZOMmE PR Q8RR RIS
(K 4B), MENLMIEE ZOMNEICHED 7 —7 >0
BE LN M) v 2 AR s,

FAERERI I IZMIast ~ b Y v 7 A TH B ERRIRE
FHRHEPS B E ICEE L T A, MBIk, M R
fanm & BEERE2MLTELTWS, 2 ORER#S
i& 5~10 nm FEOMRHEREE » 5K D, BT 2 il
B 3B A L, fiflad~ U v 7 A\l iz ER R
B E RS 2B > Twi (5),



892

HiREEE 99% 85

s

4 FegmiiiiRong.
A M B EARHE (SED) MICOZE L, iRihEE R
(ax) & ORI B (2 B ELTWwA,
B : 18 #E B N L E R B o A (v o IR A
fE) . I P — R o IE P A (e) DM@ L,
ZO4MEl B = ) v 7 AFESBRD BN TS,
sk = b Y w2 ABIZHlD W E RSSO FE,
e (), B8 > —4 > (C) Baehd, 22
Ty F v FEESE <, =Y v 7 A5
TRECAVEE2S -7 LafRHshTuin,

IV &

RN REFERE R O 12 0 I VIRDSILA S h,
HE LRI BT X 2 TR VR AR ER IR O 4t~
MY w27 AR O L L i, Vv OERIREN
BRTOZhLoRKFSOEMZ>BTHELNTE
FzO-91nD s LRt S, ERRBGIEAE = b U v 7 ARE

B3 RAEEIARRRRRAE,
BRI A, Hoc#firuRBERORCHEE D7 -7 poRY, %Ol REEROMEY) (R
) baohs,

SOBMIBREEEICO VLTI, FLIBFshTIk
mol, BEHOBENLEY MR TEBLICHREL 72
£Hiz, SRIAVWEARER - T4 —T v F kiR
2D k5 RIS OB RS O I M c @R T
WAz, IERFAEMREEREICOWT, ORI
HEEEEL Tal,

3, HMEEERRICED 2 BE LBz o w
T3, EHERENTH 2HERE 10~12 nm OHREE
74 ZAYEBELEY EARBRICHBICED Sz,
HELLOEUE LW DT 4 7 A Y MEEIR, B



WL B B IRAR oD B AR I - FTEfth 893

X5 RIGEEHAROEERMHEE.

HERK CKWEHD) dflswlBERofEE =0, B (g) OMIFE HvEE) b - THEHOM
MrsEEsH L Twas, fillast= by 7 24EIc b ERRCHEROEZEEZH L T D, HEBRICUTHE L TH

Hao—7 it (C) bsohs,

EhELEY MIRZy MOELERETHoN, TLT,
7 4 7 A ¥+ OBCHEE DS ARST T D & MR A
WU T W 2 EGRATE L, HREBHITzE o %
R TE 2ERELAN > TWwa EHFZL o6l &
51z, BRI T IR 1 7 OMIFEE & A L T
RAMER D B x, MELBEEES oM~ b

Dow 7 AT, TR R RERENTZ TR, P
HPAFICH L THIRET 2 RBEEZELZLTWB LI
BEbihr,

R AR B SR I, i 'LE Y b E R
W2, BE3N~60nm OAkWEEa 74 >DEE, 2L
Wb il EROK S A SR, ZOKRCEE
a7 —4 MR, IhETOWRE S 1 E L E
aF—FrnbBREshTwa EBbhil:, 2hsDk
W 27— AR 1, o T —4 29 L [ERR
WCEROBWEBHELEL Tz, I OEELHHVHE
HROBESEAGEE IS —Fr2HEVICHES3E, 7
D= RICHIREE 12 & D RAREERIRAR O Tk s c S
L, #ELERAREEEROBHELTwE 0L EDb
iz, ERRIRBIERRMER I, TR, M#aZ5—7 D
AT RIS VR, VIRl S —45 >, o747
DA ORISR T A9 x5z, b b O,
b b2V O MR ERIR I 35 1 5 BEEHME LR
WaeT, 7us4270)h o033 —4 AR &
FFBE5CHHLTwiEVnIHRELD D, SEED
TRV 2 7 — 7 R O ZERE O W BIR O O
FiEkdy, VE, VIBIoS—4%>, o747 ) h 00
RS THB EHRlah., —F, EFBIUHLOH
HREERRC 27— YU AF o NBEICE
EL T D93, QNIRRT ORMREERK BT 2

T T AF Y OBREENEL PG EH TS, &
WG « TA— 72y F o TETHL I AF Y OBER
A B, SHEEBZ I AF Y REETE h-o
2. TOEFERELT, BEER - T4 —7T v F 7k
Tlx, A0 X TOEMH TRELHECH 1SS
NI TIE%E <, EBICEETZ 20 FHROHIN T
O—EFTHB I BB 0id, SEIERLEZV T A
Ficido AFrBEEhhh-oTEELELI SR
. WFhieL 3, REER T4 7o FrIEL
IR A G bENE, Fh 5 OFEE S AREC
nhEBbirs,

R AR AN O S O 4 &, 1 NEEED & mE
WM, BEGER A St~ ) v 7 AR50
o, 2561, O/ cHBMasiEL, #
PIEHE L MBI T 2 L WIS E L STl 20
LEBIzELVEY b EEBETH - 1208, SlElid 2 OES
DxyFr 7B LENELZ bbb, T
v bOBEEYD L S M Mg~ ) v 7 AJE
DM T Z — 7 RRHED 53 A% 5 0D AT S0 BRRAR 0 1l
B WESOMEAT )y 7 ABEORKRTER
ot Lipl, AVRELEY M, M E
fast~ + Uy 7 AEOd T L EEROBIEREEY O FE
BELADON, ThoMEEOMOM, AT¥ktcE
BLTWwa LD EEbil,

AR ER R N OB RARMER 2 12 U o & ¥ 2 #fast <
Uy 203, HERCL - THEBlEBEToRT
W3, Hk kb ORHFREEFRROEERIZIVE D 5 —
Fr, Z7AT0RIFr, Z2iovhoReT b
o TV AL, 2 ORMIEE 2 D v TIEFE 242 A
iy, S[E, AEER - T4 -7y FrIEEHLT



894

HEROWMEEVHO NI T2 LTS, £h
&, ATy b ORHRBEREIL Z v b O ERIBH
' & BRI, EEE 5~10 nm OHEREEEY H & HEK
EhTHE D, HEEDSHREBHIEOMAdER S X Ul
fast< 1t )y 7 AAICZZHOEB/HEH U Twe, 20O
EEBEOES L, MEBMaLfEst~r Vv 22D
BESREESERT E LI, FEEBHEMEERRIC B
75N REBEERO—2oThE L b EbN:,
&E, BESIE, ELVEY FEPTRL, YATHA
HESE « 74 — 71w F > 7 THREREERRR O M
EHRELENMITEE I LERLE. S, RKEEAVL
SFEERAR N IR O fEdT 23 RN O R B IR I RAI D b O
IS (W
FRXDEFIIE I BAERBEEESRSC B THERL
Tz, AW A RIEV R (—Mbi%E C 04671069) D
%237,

X @&

) mAIZE, FEEE, Lindsey JD, Weinreb RN :
Deep-etching #: 12 & 2 V& w b R 7L 55 5
s OBZ, HERSsE 97: 370—377, 1993.

2) Furuta M, Lindsey JD, Weinreb RN: The
cytoskeletal ultrastructure of guinea pig optic
nerve at the lamina cribrosa. ] Glaucoma 1: 117—
124, 1992.

3) Furuta M, Lindsey JD, Weinreb RN : Ultra-
structure of glial cells and extracellular matrix in
the guinea pig lamina cribrosa. ] Glaucoma 2 : 303
—312, 1993,

4) Furuta M, Lindsey JD, Weinreb RN : Micro-
vascular associated extracellular matrix in the
lamina cribrosa of the guinea pig. In: Weinreb
RN, et al (Eds) : Biology of The Ocular Microcir-
culation. Excerpta Medica, 119—128, 1992.

5) Quigley HA, Addicks EM : Chronic experimen-
tal glaucoma in primates: II. Effect of extended
intraocular pressure elevation on optic nerve head
and axonal transport. Invest Ophthalmol Vis Sci
19: 137—152, 1980.

6) Quigley HA, Brown A, Dorman-Pease ME:
Alterations in elastin of the optic nerve head in
human and experimental glaucoma. Br J Ophthal-
mol 75: 552—557, 1991.

7) Morrison JC, Dorman-Pease ME, Dunkerberger
GR, Quigley HA : Optic nerve head extracelluar
matrix in primary optic atrophy and experimental
glaucoma. Arch Ophthalmol 108: 1020—1024,
1990.

8) RibfEAR, ROBE—, [ &S, BREE, SNk,
BARBR |V ERR AR ORI B
% Sulfated Proteoglycan iIc2W T, Hiz6 LWR
Bl 9:653—656, 1992.

9) Houser J: Quick-freeze, deep-etch preparation
of samples for 3-D electron microscopy. Trends
Biochem Sci 6 : 64—68, 1981.

10) Shiomura Y, Hirokawa N: The molecular
structure of microtubule-associated protein 1A
(MAP1A) i vivo and in wvitro. An immuno-
electron microscopy and quick-freeze, deep-etch

-y

11)

12)

13)

14)

15)

18)

19)

20)

21)

22)

26)

2

HIR&EE 99% 8

i

study. J Nurosci 7: 1461—1469, 1987.

Hirokawa N, Shimomura Y, Okabe S: Tau
proteins : The molecular structure and mode of
binding on microtubules. J Cell Biol 107 : 1449—
1459, 1988.

Hirokawa N, Pfister KK, Yorifuji H, Wagner
MC, Brady ST, Bloom GS: Submolecular
domains of bovine brain kinesin identified by
electron microscopy and monoclonal antibody
decoration. Cell 56 : 867—878, 1989.

Morrison JC, Jerdan JA, L’Hernault NL, Quig-
ley HA: The extracellular matrix composition
of the monkey optic nerve head. Invest Ophthal-
mol Vis Sci 29: 1141—1150, 1988.

Morrison JC, L’'Hernault NL, Jerdan JA, Quig-
ley HA : Ultrastructual location of extracellular
matrix components in the optic nerve head. Arch
Ophthalmol 107 : 123—129, 1989.

TEHDERER © IE VRIS B 1 A AR,
St Yy 7 A0SR ER S, HIRS®
94 : 1024—1030, 1990.

EHhfRER © L EERER AR IC 5 1 2 IR,
st~ r U v 7 A RERE RS, HIREEE
95 : 303—310, 1991.

Quigley HA, Dorman PME, Brown AE: Quan-
titative study of collagen and elastin of the optic
nerve head and sclera in human and experimental
monkey glaucoma. Curr Eye Res 10: 877—888,
1991.

Gotow T, Hashimoto PH: Deep-etch structure
of astrocytes at the superficial glial limitans, with
special emphasis on the internal and external
organization of their plasma membranes. J] Neu-
rocytol 17 : 399—413, 1988.

Yamabayashi S, Ohno S, Aguilar RN, Furuyva T,
Hosoda M, Tsukahara S: Ultrastructural
studies of collagen fibers of the cornea and sclera
by quick-freezing and deep-etching method.
Ophthalmic Res 23 : 320—329, 1991.

ROBB—, 12 {RER, MTEREH, SEMM, BEER
HETO T4 ) A OamERE Bs5 LWIR
Bl 9:1561—1564, 1992.

ROBB—, 2B, BEER | E¥ AR R
B 2 B 1 B Sulfated-proteoglycan @ 4346 & I
HE, HEE£3E 95: 311317, 1991

EHh{EER, IROBE—, |7 iS5G, Sl BB R
VIR AR ERR 1 8 1 2 Sulfated Proteogly-
can, HR%Z 42:1780—1784, 1991.

Hernandes MR, Luo XX, Igoe F, Neufeld AH :
Extracellular matrix of the human lamina cri-
brosa. Am J Ophthalmol 104 : 567—576, 1987.
Hernandes MR, Andrzejewska WM, Neufeld
AH : Changes in the extracellular matrix of the
human optic nerve head in primary open-angle
glaucoma. Am J Ophthalmol 109 : 180—188, 1990.
Hernandes MR : Ultrastructual immunocyto-
chemical analysis of elastin in the human lamina
cribosa. Invest Ophthalmol Vis Sci 33: 2891—
2903, 1992.

Goldbaum MH, Jeng S, Logemann R, Weinreb
RN: The extracellular matrix of the human
optic nerve. Arch Ophthalmol 107: 1225—1231,
1989.




