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Fig. 1. Electron micrographs of the iris stroma of eyes with pseudoexfoliation (PEX) syndrome. (A) Anterior border layer. A
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PEX aggregate, that is surrounded by fibroblast and melanocyte cell processes, projects into the anterior chamber (AC)
(original magnification X4430). (B) A vessel completely surrounded by abnormal extracellular material including PEX fibers
(original magnification x3400). (C) A single fibroblast-like cell (Fb) revealing membrane excavations (arrows) with PEX fibers
in the iris stroma (original magnification X6490). (D) A melanocyte (Me) with surface indentations (arrows) containing PEX
fibers (original magnification X 13730). En, vascular endothelial cell.
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Fig. 2. Electron micrographs of the sphincter muscle (Sph) in PEX eyes without glaucoma. (A) Degenerated muscle cells with
irregular nuclei and swollen mitochondria (m) (original magnification X 16800). (B) Sphincter muscle celis from another area of
the same case with remarkable intracellular vacuoles (v) (original magnification X 13340).
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High power magnification of membrane invaginations (arrows) including PEX fibers.

Fig.3. Electron micrographs of the sphincter muscle (Sph) of a PEX eye without glaucoma.
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(A) Aggregations of PEX fibers at

the interface between stroma and sphincter muscle tissue, revealing clear associat'ion with muscle cells (original magnification
% 5500). (B) A muscle cell with membrane invaginations (arrows) including PEX fibers (original magnification %13330). (C)

(D) The basement membrane (arrows)

interrupted ‘and multilaminated at the part of cell membrane excavation (original magnification % 33500).
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Fig.4. Electron micrographs of the posterior pigment epithelium in the iris of PEX eyes. (A) The epithelial portion of the
degenerated anterior pigment epithelial cells (APE), and interrupted dilator muscle portions (Dil) (original magnification x 2000).
(B) The epithelial portion showing various degenerative changes, such as irregular electron density, intracellular vacuoles and
cell debris (original magnification %2940). PPE, posterior pigment epithelium.
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Fig.5. Electron micrographs of the anterior iris epithelium and dilator muscle of PEX eye without glaucoma. (A) PEX material

accumulated in association with dilator muscle cells (Dil) (original magnification x9180). (B) High power magnification of
muscle cells showing membrane excavations associated PEX fibers (arrows) (original magnification %x32000). APE, anterior
pigment epithelium.

Fig.6. Light micrograph of the iris from a PEX eye
without glaucoma. Deposits of PEX materials are
observed at the posterior surface of the pigment epithelium
(PE). The pigment epithelium reveals vacuoles. The
characteristic serrated appearance (arrows) is presented
(original magnification x110) (1 um, semithin cross
section, toluidine blue). PE, pigment epithelium; Sph,
sphincter muscle.
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Fig. 7. Electron micrographs of the posterior pigment epithelium of the iris of PEX eyes with and without glaucoma. (A) The
apical cell membrane of the posterior pigment epithelium with membrane excavations (arrows) in association with PEX fibers
(original magnification x2940). (B) Complete degeneration and dropout of an individual posterior pigment epithelial cell covered
by a thick PEX fiber layer (original magnification %X 2900). (C) Degenerative basal cell portions and ruptured cell membranes of
the posterior pigment epithelium, resulting liberation of cytoplasmic debris including melanin granules (arrows) into the posterior
chamber (original magnification X2960). (D) PEX fibers in the enlarged intercellular space between anterior and posterior
pigment epithelia. The apical cell membrane of the posterior pigment epithelium shows membrane excavations (arrows)
associated with PEX fibers (original magnification X 2790). APE, anterior pigment epithelium; PPE, posterior pigment
epithelium.
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Fig.8. Schematic drawing of the iris in PEX syndrome
summarizing the ultrastructural changes and tissues
involved. Each of the boxed areas in the general diagram
at top of the figure indicates localization of PEX material
production (asterisk) as depicted in the detailed diagrams
below. (A) Accumulations of PEX fibers among fibroblas-
ts and melanocytes in the anterior border layer. (B)
Association of PEX material with fibroblasts and melanoc-
ytes in the stroma. (C) Accumulation of PEX material in
the periphery of iris vessels in association with endothelial
cells (En) and pericytes (Pe). (D) Association of PEX
fibers with sphincter muscle cells both at the interface
between stroma and muscle tissue and among the muscle
cells. (E) Accumulation of PEX fibers on the basal
surface of the posterior pigment epithelium, in the
enlarged intercellular space between anterior and posterior
epithelia created by cell degeneration, and in the dilator
muscle portion. ABL, anterior border layer, Sph, sphincter
muscle; V, vessel; APE, anterior pigment epithelium ;
PPE, posterior pigment epithelium ; PC, posterior chamb-
er, Lu, vessel lumen.
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Abstract

Pseudoexfoliation (PEX) syndrome is frequently accompanied by ocular symptoms such as poor mydriasis, atrophy of
the iris pigment epithelium with anterior chamber melanin dispersion, stromal atrophy and vascular changes in the iris. The
histopathological causes for these ocular symptoms due to iris lesion in PEX syndrome were investigated by transmission
electron microscopy in iris specimens from 33 eyes of 32 pateints with PEX syndrome with and without glaucoma. PEX
fibers were consistently observed in association with fibroblasts and melanocytes in the iris stroma, endothelial cells and
pericytes of vessels, both anterior and posterior pigment epithelial cells, and muscle cells of sphincter and dilator muscles.
These cells of various types uniformly showed surface excavations in the cell membrane with PEX fibers, indicating local
PEX production. The anterior and posterior pigment epithelia revealed unspecific cell degeneration, such as irregular
cytoplasmic density, intra- and intercellular vacuoles, fragmented cytoplasmic membrane, leading to dispersion of
cytoplasmic debris and melanin granule into the posterior chamber. In addition to PEX production, muscle cells also showed
remarkable degenerative and atrophic changes, e.g. irregular cell density, swollen mitochondria, cell debris and intracellular
vacuoles. Cell elements of vascular walls were sometimes displaced partly or entirely with abnormal extracellular matrix
containing PEX fibers, and the basement membrane of the vascular endothelium was interrupted. Degenerative changes of
the iris stroma and pigment epithelia would cause clinically observed atrophy of the iris pigment epithelium and the iris
stroma, and melanin dispersion into the anterior chamber. Atrophy of muscle cells could lead to poor mydriasis. Vascular
abnormalities could result in tissue hypoxia, and consequently in tissue degeneration sometimes accompanied by abnormal
extracellular matrix production. The present study thus provides histopathological explanations for the clinical manifestation
of iris lesion in PEX syndrome.
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