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—Immunohistochemical Studies: Report 4.
Pseudoexfoliation Glaucoma—
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Abstract

The aim of this study was to determine the loca-
tion of elastin in the pseudoexfoliative material
(PSX) in trabecular tissue of pseudoexfoliation (PE)
glaucoma and to estimate the influence of porcine
pancreatic elastase-1 (PPE) on elastin in PSX.
Trabecular tissue obtained from trabeculectomy
specimens of PE glaucoma were used. The tissues
were embedded in Lowicryl K4M and sectioned for
electron microscopy. First, the sections were sub-
jected to protein A-gold immunohistochemical
staining to determine the location of elastin in the
tissues. Second, the sections were exposed to PPE,
befere immunostaining, to evaluate the change of
immunolocalization of the gold particles in the tis-

sue. The results were as follows. The gold particles
indicating the presence of elastin were located in
the PSX as well as in elastic fibers. The density of
gold particles in PSX was reduced by PPE. These
results show that elastin is located in PSX in
trabecular tissue of PE glaucoma, and that PPE
dissolves the elastin in PSX. (J Jpn Ophthalmol Soc
98 : 527—532, 1994)

Key words: Pseudoexfoliation glaucoma, Pseudo-
exfoliative material, Protein A-gold,
Elastin, Porcine pancreatic elastase-1

FURIEERSE - 390 REEMRAHEI—1—1
CER S 11 A9 B, FR 692 A9 BHGETSH)
Reprint requests to: Takuo Hoya, M.D.
3-1-1 Asahi Matsumoto-shi, Nagano-ken 390, Japan

EMAFEFSRAFEE RE 43

Department of Ophthalmology, Shinshu University School of Medicine.

(Received November 9, 1993 and accepted in revised form February 9, 1994)



528

I #

K ELRETH, BB AL S eSO EDE L
TED LB KBEBER L R AEAED, B
KA RN L i h, BEBYWE (PSX) 25
BHEEEROMAELEKREEENBAOREREE LS
HOSNENTH DD, FOERBIZOWTIERETRHET
H5B, Db, EFEBEFHORRIEACTLA,
PSX O#HMIEEEMB b X h 5 & &b, REFNT
RIZE » T, PSX i3 EBORT BT A L8
Lol hoob b, Fll, BEHABROBRERITHS
HEERAEe A+ 2 5 R L PSX 11, BMEELE
CEBECHEL THEELTVWETY L L i, BHRH
DS THHBMBHMESD, 74 79 ) v, =5 X F
v 7 iaf FPEAY, EFriyF 9% E0EG
DA PSX ICHAET B & LR &, PSX MM
BT AMRAE, BRI EARY B X UK
DFERNGEEFRE ERDB D, 2F h L BHRIEE O
—oDE A T THBH I EIREIRTLB,

Frc4h, MEHMCETAEELHERERTHS
MR ET A LR HMbhTWB =7 AF VI,
7K SR BEH: A P B R o SR AE R 35 1T 5 PSX icfF
ETAEMEY, TeiAdvA-SEYRCRELRE
FAVEEH LIt BT, =727 v R RERY o7 2
=522 —%-1(PPE) N PSX D=5 2+ v & 45T
BB SN TORERENOEMICL VB LD
T EHET S,

II X8 JH &

1. EFEAREEEER

BT EMEREEN G EOFEREER DM TH D
73, 67~87 D Bk b A REM AR EE 11 61 12 IR 5
AR BT TE b e 3X4d mm DAY S
RN 2 E A L 7o, ST, WIBR 2Bt 4 %
NG RAATATE FI% FAE2—LTATE L/
0.1M V vEREH I (pH 7.4) DRAW T 4 °C T 24 K5
B L7z,

HEBETEH, 0.1 MV vEEE®E (pH7.4/0.1M ¥
v /0.15MBE LT + ) v ADREBRTHGH, =%
7 —ARFITHAKL, rEZ VA K4AM S EHEL K,

A LT-RE AL 2 2 b — 4 (Ultratome 111,
LKB, Sweden)#® f\~T, EX 0.1 gm OHYH #F
BL, THEAEB L=y X7 )y PR,

2. TORAFURIERE

=5 AF VREREERY L BERKOFETT -
fo. BT R 27 ) » FE0.00M + U AEEEE
Wi (pH 7.5)/0.05% + 7 A + v X-100/4MF 7 » 7
1 v (Gmg/mDBERICERT 1RHREL, FHERD
FiaEELic, 2o, 0.05M bV = EEkEE R (pH

i

BiR&E 98% 6%

7.5)/0.05% F 5 4 b v X100/ MFE7 A~ 7 2 v (5
mg/ml) BEAET 100 fEic MR LIz, vy FHie b XH
Ik @ =3 2 v MfF (Elastin Products Co., St. Louis,
MO, USAIZZRT4BMEEL:, 0.06M Y 2
MefEEi (pH 7.5)/0.05% + 5 1 + v X-100 THEH
0.05M + v AIEEREEW (pH 7.5)/0.06% b+ 71 b v
X-100/4MmiE 7~ 7 v (5mg/mD BEWE T 30 ek
L7 a5 1 v A-& (Amersham Int. plc. Amer-
sham, UK) BikicEECc2EMREL:. BE, 0.05
M bV AfEEEEEEWE (pH 7.5)/0.05% + 7 1 + » X-100
TG, BEYHRYERRY 7 v, 2= v BAREL,
ETHEMECBELL,

3. TSRA—EiH{LEER

7 a2z 2 % —%-1(PPE) (=—441, D% 0.05
M + v = EEEREE R (pH 7.5) oL, 1mg/ml OF
FHAER LA, CoFRBRCBHEDRF 28 r ) »
F# 37C T 2 RHIBE L7z, £ofk, fihoind =7 A
F v RERE L, BRE FEMEE CEE L, 7, 0.05
M + v A EEEEW (pH 7.5) 12, 37CT2RMHREL
e bR E L,

Im #& ®

l. TS AF U REREBRR

HHERERA O TR COHYERENIC=7 A+ v DR
R RTERNTFOERIED LK 1), T ikMRE
THERCEETEEOMERM L SICERL T,
ZBWwHE PSX) chehFolErAon (K1,
2), FOEBIACBEHECELTRDLR, £8F0
EFEE Y, EHHEoTh I Yol Th -, F 1,
FofiofaftmER e FoltE XRd 5his
hale,

2. TS RA—EiEILFRR

Tali=35 2 2 —+¥-1(PPE) #{ff 2215k TI,
TRT ORIV, A0SR TFOERIAL
A LI (F3)., #72, PSX 13, FofgisicE
bR bhichotchd, SHTOERIRZEALRDL
hish»7 (K3),

v % #

AW RS D, AR EEEREAE O FHEEHEA
CHEETAEBYE (PSX) HIT, =7 AF VDOFEY
TTE&NFOEENRED LI, =7 AF VL PSX O
B GO—2THbH EHHBAL 1,

PSX o512\ TE, LA 5% { OFELHTT
bhTE7, Ringvold™, 7 : /Baotick b, PSX
wita s — ¥ v LR LCREAEANFEET A &
##45 L 7z, Dvorak-Theobald”, Harnish®, Horven'®,
Davanger'?, Baba®3, fi{LFEHHEICL D, 22 %
BHrr 3BEAOHFEY#HEL, Th2XPSX 0EHE



PR 646 H10H

TEBE= 7 AF —E-1 D ABGHEEEBA =7 A F v ICRIETHE  E4R - RE 529

1 3R (EF) cBERYE (PSX) 0T 527 RERER.

EF % Tik<, PSX it =5 2+ vORELFTEHTFOEBF AH NS,

H2 PSXDISRFrHRERERL
1 LA, =327 vORELXTRTENTOERLRDOND,

TERERTHBH L ¥RLE, ¥, 7iafFED
B I oW ToMELEL, BIIPVE, 7 i v A FiRMEE
PSX i1, & b 1ol x DEH SRR CENED D 5K
L2 BEHDCIEEAREGEVEEL, 7ivd FR

MeE PSX RI3ERA—0BMETHSE Z L WE L. Rin-
gvold 5221%, PSX iz v = —fhicBT, #475¢
v T &SKBEREAZRL, 7 v M FIUETRER
G TH B L h D, “amyloid-like substance” T %



530

AR&E 98% 6%

M3 724BrI2s2—+t-14{EA s ¢12#MERKE (EF) & PSX.
M1lTtabhlGlToERLzEALZDbR:,

5k RSN TR L o, Maretoja 52213, PSX 1%
2 v I —REBUERIEERT LD, 7Tird FTH
5Z k%M L7, Davanger 529%, f&LFEMNIC
PSX &7 s ra FOBLMERERL T2, —7,
Streeten 5'®, Dark 5291, #(LFRE L O BAIES
Lok »s, PSX E7 i af FOBREEXHE L.

Harnish 529%, PSX (i#1 BM 1 PG fiifkic &It 3 %
2, HiType 15X 0% Type Il = 5 — ¥ vHifkicii &
BLisWZ E0h, PSX CBEEE v 7427 H vt
HETAH I ERTL, ¥i, 5L SEETFHEMSICX
EEB#EE S THB T =V, 7478%2Fv, IVE
aF -5y, ~AF VBRIV Fe 17 UL
TerFA s ) AvigERPSXCHEET A LML
h2ee, PSX BEEROEGRICETHRENLELR
5 ERTETHHE S S\ 02,

Streeten B 1%, REMEMLFENC PSX &+ v/ HD
SEEEHPELE A R L, PSX 29 v /N oo MR e B
LI-BEAYESURETHB L1, ¥, %25
vRHE & OB 2R L, Takei %3, B THRME
¥, PSX k5 v/ R OMRER TR EE T L%
ML 7=, Garner B3N, PSX &+ v/ R T AT E N
FrvvErr—A~= o) VICRABEOREHEYE
TR EMD, ThBIRAF 2T RS ERR R
THBHZ &KL, PSX 1%, BERMED MARME B L
B THH LR LI, ¥, Streeten 5901,
PSX Wi MRMERIEEO ¥ H T5 Z L& ME L1,
Li b, BHEBEORTTHE 74 7V )W, =5 R

FvW 7T iad FPEAY, ErrixsF v PSX

CHAET B Z bR SRR IER L, PSX (35
BT AR BHRORTE S I OERICL »T5 &
RBZEhs3D0THLHEEMEEXRE L, Roh 5%,
Streeten 5'9%,, BMIfEE E PSX & MR
Bl L THET S L2 lE L, BWHERIEE 0—o0 £
AT TCHBERTRLI,

AFECHERA Ly Fie b KBka =7 25V
M, BEOREOTH B LR L d T, REFHIE
BHAEL, KREERICEWT, =7 AF VOFEY
RTENTOEBEIABMRM L PSX o Zc@Bo b h,
fiofEAHBEICXBZ DR -7 Eb, PSX A
= AFVYIEETAHZ LEBALNTHY, Li 50
MELXL/HTHLDOTH-Te, Fh, =7 AFVHMRIE
A% & >PPE®#{FAIS €5 L1tk b, WHHES X
UPSX O&B FOWBENIREAERDBRIL M- Z
EbFhEEMTTS,

WSO MR, FTOMRBLAEIZESLDO
FHALLTORE RS, Tohie=5AF v&2ah
AATWE AEM=FAF V(e RAF V)L,
MR EAECES L TRICETIL &Y, 26
PHHRL, TOBRELTCAREE=SAF v L7, W
HEHEAPTER T2 2 B hTWAE®, L LT £0=
525 v L GHELE « D % 4 7 OBMFM, TEH
Ml ds X MR MR EAERLTWB Z EAD
T B9 ¥4 Yun 693, & AR
AFed FEMLCERETAS L, =725 viflaRA



Al 64 6 A108

IS Z L EREL, ABRMEMR =T 2+ &
R & D ERRLT5, LichisT, HMERME
W=7 AFvOERBERICR HCh0RERLRL, FOiE
Rl T=5 25 v S LREEWETH 2 PSX ¥ ELE

LTWBZ EFHERS,

BT, HEEEARHERHECRA TS PR RETE L=
FAFUNELEIIhEDE L b, FREBEKIEAEAE
BTHREREBNC= AFvoMBBEI LTS
b, =3 A5 vREKRHEIEACES L Tw5T
EEATERINT WD, —7, BKLEEEGAE
THEAT A FUAAY AL, EEBEKIEAGHE LT
£ 3590, AEMCEREHEHSHE L 1R
HftAEMEEAE L ZE 2 b TWB L b, Ao,
PSXARB =525+ v AN B4« BEANRHFETSE
EDPRESINTEDY, ThLORFOEREROBEL L
BETEW, LrL, AHEEENS, PSXich =7
RFVYDBFETAZLIELITH D, ThIAEKEH
BHEXCESE LW SRR TSELbRS, T,
PPE#fEHERBZ LI 5T, TD=F AF VD
EhaZ EL¥IBLA, XoT, BAKGEELEEAEC
BWT, 3L, PSXAD =5 2+ v ERKHEREA
S LTWwWB D ThhiE, PPECL Y =F RFvEsp
BTHZ itk ->T, BABRHBERNEA T2 2 L53F
HEhs,

ME#zsahich, MfFE, HEMZE - 2 B, #H)8
SEE, o b AREE—-ESIFERSEEE LB EE EH
Wit LT,

2 778

1) Dvorak-Theovald G: Pseudo-exfoliation of the
lens capsule-Relation to “true” exfoliation of the
lens capsule as reported in the literature and role
in the production of glaucoma capsulocaticulare.
Am ] Ophthalmol 37 : 1—12, 1954.

2) Ringvold A: Electron microscopy of the
trabecular meshwork in eyes with exfoliation
syndrome (Pseudoexfoliation of the lens capsule).
Virchow Arch Abt A Path Anat 353: 110—127,
1971.

3) Harnish JP: Exfoliation material in different
sections of the eye. Albrecht v Graefes Arch Klin
Exp Ophthalmol 203 : 181—190, 1977.

4) Richardson TM, Epstein DL: Exfoliation
glaucoma-A quantitative perfusion and ultra-
structural study. Ophthalmol 88 : 968—980, 1981.

5) Lutjen-Drecoll E, Tamm E: Differences in the

amount of ‘plaque-material’ in the outflow system

of the eyes with chronic simple and exfoliation
glaucoma. In: Krieglstein GK (Ed): Glaucoma

Update III. Springer-Verlag, Berlin, 17—22, 1987.

Ringvord A: Exfoliation syndrome im-

munological aspects. Acta Ophthalmol 66(Supple

184) : 35—43, 1988,

B

6

7

8)

9

100

11)

12)

13)

14)

15)

16)

17

18)

19)

20)

21

22)

TEE=T AL -1 D ABMEEABHA = AF VvIcRETHE  FH48- BY 531

Streeten BW, Dark AJ, Wallace RN, Li ZY,
Hoepner JA : Pseudoexfoliative fibrillopathy in
the skin of patients with ocular pseudoexfoliation.
Am J Ophthalmol 110 : 490—499, 1990.
Schrehardt UM, Koeca MR, Naumann GOH,
Volkholz H: Pseudoexfoliation syndrome
—Ocular manifestation of a systemic disordor ?
Arch Ophthalmol 110 : 1752—1756, 1992.
Streeten BW, Li ZY, Wallace RN, Eagle RC,
Keshgegian AA: Pseudoexfoliative fibrillopathy
in visceral organs of a patient with pseudoex-
foliation syndrome. Arch Ophthalmol 110: 1757
—1762, 1992.

Streeten BW, Gibson SA, Dark AJ: Pseudoex-
foliative material contains an elastic
microfibrillar-associated glycoprotein. Trans Am
Ophthalmol Soc 84 : 304—320, 1986.

Li ZY, Streeten BW, Wallace RN, Gibson SA :
Immunolocalization of fibrillin on pseudoex-
foliative material and the ocular zonules. Invest
Ophthalmol Vis Sci (Supple) 32 : 1987.

Li ZY, Streeten BW, Wallace RN : Association
of elastin with pseudoexfoliative material: An
immunoelectron microscopic study. Curr Eve Res
7:1163—1172, 1988.

Li ZY, Streeten BW, Yohai N: Amyloid P
protein in pseudoexfoliative fibrillopathy. Curr
Eye Res 8: 217—227, 1989.

Li ZY, Streeten BW, Wallace RN : Vitronectin
localizes to pseudoexfoliative fibers in ocular and
conjunctival sites by immunoelectron microscopy.
Invest Ophthalmol Vis Sci (Supple) 777 : 1991.
Streeten BW, Bockman L, Ritch R, Prince AM,
Dark AJ: Pseudoexfoliative fibrillopathy in the
conjunctiva-A relation to elastic fibers and elas-
tosis. Ophthalmol 94 : 1439—1449, 1987,

REEHE . 7 2 elastase-l ® A A& A
elastin I i T E— G EABLENTE  $F1
#Ww—, HEE£3E 97:1011—1027, 1993.

Ringvold A : A preliminary report on the amino
acid composition of the pseudoexfoliation mate-
rial (PE material). Exp Eye Res 15: 37—42, 1973.
Horven I: Exfoliation syndrome. A histological
and histochemical study. Acta Ophthalmol 44 : 790
—800, 1966.

Davanger M: On the molecular composition
and physico-chemical properties of the pseudo-
exfoliation material. Acta Ophthalmol 55: 621
—633, 1977.

Baba H: Histochemical and polarization optical
investigation for glycosaminoglycans in exfolia-
tion syndrome. Graefes Arch Clin Exp Ophthal-
mol 221 : 106—109, 1983.

W= HEEAMELLTOT7 e Flbht
i1Z Pseudo-Exfoliation(PE) #Bi#f, HRFE 70:951
—954, 1976.

Ringvold A, Husby G: Pseudo-exfoliation mate-
rial—An amyloid like substance. Exp Eye Res 17 :



532

23)

24)

25)

26)

27)

28)

29)

300

3D

32)

33

289-—299, 1973.

Meretoja J, Takkanen A: Occurrence of
amyloid in eyes with pseudo-exfoliation. Ophthal-
mic Res 9: 80—91, 1977.

Davanger M, Pedersen O¢ : Pseudo-exfoliation
material on the anterior lens surface. Demonstra-
tion and examination of an interfibrillar ground
substance. Acta Ophthalmol 53 : 3—18, 1975.
Dark AJ, Streeten BW, Cornwall CC:
Pseudoexfoliative disease of the lens: A study in
electron microscopy and histochemistry. Br ]
Ophthalmol 61 : 462—472, 1977.

Harnish JP, Barrach HJ, Hassell JR, Sinha PK :
Identification of a basement membrane proteo-
glycan in exfoliation material. Albrecht wvon
Graefes Arch Klin Ophthalmol 215: 273—278,
1981.

Konstas AG, Marshal GE, Lee WR: Im-
munogold localisation of laminin in normal and
exfoliative iris. Br J Ophthalmol 74: 450—457,
1990.

Schlotzer-Schrehardt U, Dorfler S, Naumann
GOH : Immunohistochemical localization of
basement membrane components in pseudoex-
foliation material of the lens capsule. Curr Eye
Res 11 : 343—355, 1992.

Eagle RC, Font RL, Fine BS: The basement
membrane exfoliation syndrome. Arch Ophthal-
mol 97 : 511—515, 1979.

Shakib M, Ashton N, Blach R: Electron micro-
scopic study of pseudo-exfoliation of the lens
capsule. Invest Ophthalmol 4 : 154—161, 1965.
Dark AJ, Streeten BW : Pseudoexfoliation syn-
drome. In : Garner A, et al (Eds) : Pathobiology of
ocular disease. A dynamic approach. Marcel
Dekker, Inc, New York, 1303—1320, 1982.
Streeten BW, Gibson SA, Li ZY : Lectin binding
to pseudoexfoliative material and the ocular

.zonules. Invest Ophthalmol Vis Sci 27: 1516

—1521, 1986.

Streeten BW, Dark AJ, Barnes CW : Pseudoex-
foliative material and oxytalan fibers. Exp Eye
Res 38 : 523—531, 1984.

34)

35

36)

3D

38)

39

40)

41)

42)

43)

44)

45)

HIR&EE 98% 6%

Takei Y, Mizuno K: Electron-microscopic study
of pseudo-exfoliation of the lens capsule. Albrecht
v Graefes Arch Klin Exp Ophthalmol 205: 213
—220, 1978.

Garner A, Alexander RA: Pseudoexfoliative
disease : Histochemical evidence of an affinity
with zonular fibres. Br J Ophthalmol 68 : 574—580,
1984.

Roh YB, Ishibashi T, Ito N, Inomata H: Altera-
tion of microfibrils in the conjunctiva of patients
with exfoliation syndrome. Arch Ophthalmol 105 :
978—982, 1987.

Franzblau C, Faris B: Elastin. In: Hay ED
(Ed): Cell biology of the extracellular matrix.
Plenam Press, New York, 65—93, 1981.
Sandberg LB, Soskel NT, Leslie JG: Elastin
structure, biosynthesis, and relation to disease
states. N Eng J Med 304 : 566—579, 1981.
Fahrenbath WH, Sandberg LB, Cleary EG:
Ultrastructural studies on early elastogenesis.
Anat Rec 155 : 563—576, 1966.

Ross R: The smooth muscle cell II. Growth of
smooth muscle in culture and formation of elastic
fibers. J Cell Biol 50: 172—186, 1971.

Thyberg J, Hinek A, Nilsson J, Friberg U:
Electron microscopic and cytochemical studies of
rat aorta. Intracellular vesicles containing elastin-
and collagen-like material. Histochem J 11:1—17,
1979.

Schwartz E, Goldfischer S, Coltoff-Schiller B,
Blumenfeld QO : Extracellular matrix microfib-
rils are composed of core proteins coated with
fibronectin. J Histochem Cytochem 33 : 268—274,
1985.

Yun AJ, Murphy CG, Polansky JR, Newsome
DA, Alvarado JA : Proteins secreted by human
trabecular cells. Invest Ophthalmol Vis Sci 30:
2012—2022, 1989.

HIH=  ERBANEASAR L ERA. b
LWHERE 9: 1513—1522, 1992.

Pohjola S, Horsmanheimo A: Topically
applied corticosteroids in glaucoma capsulare.
Arch Ophthalmol 85: 150—153, 1971.




