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Purpose: We examined histopathologically the anterior ocular segment including the cornea and
lens of an eye which had been enucleated in a patient with Peters’ anomaly because of untreatable
corneal perforation. Special effort was made to differentiate the corneal stromal and endothelial
cells, and the stromal extracellular matrix.

Methods: Light microscopy, with hematoxylin and eosin staining, and transmission electron
microscopy were employed.

Results: Corneal endothelial cells and Descemet’s membrane were not detected in the central cornea,
where there were immature cells with a fibroblastic configuration. The inner surface of the peripheral
cornea was covered with cells containing pigment granules in the cytoplasm. Cell density in
the central corneal stroma was relatively high. The diameter of the stromal collagen fibrils was not
uniform. A mature collagen fibril-free area was also seen in the central corneal stroma.

Conclusions: Differentiation of neural crest-derived cells in corneal stroma and endothelium might
have been perturbed in the cornea of this patient with Peters’ anomaly, inducing the defect in
the corneal endothelium and the qualitative and quantitative abnormalities of the extracellular
matrix. Jpn J Ophthalmol 2003;47:327–331 � 2003 Japanese Ophthalmological Society
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Introduction
Peters’ anomaly is characterized by defects in the cor-

neal endothelium and Descemet’s membrane associated
with central corneal opacity, and adhesion between the
cornea and the anterior surface of the crystalline lens or
iris.1–4 Kupfer et al described the ultrastructural ab-
normalities in the corneal endothelium and Descemet’s
membrane in the cornea with Peters’ anomaly.3 About
50% of the cases with this anomaly are reportedly associ-
ated with goniodysgenesis with or without development
of congenital glaucoma.3,4 Most of the cases develop
bilaterally.

During normal embryonic development, periocular
neural crest cells migrate into the area between the surface
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ectoderm and lens vesicule, and then differentiate into
corneal endothelial cells and keratocytes. They also con-
struct the extracellular matrix (ECM) of the corneal
stroma and Descemet’s membrane. Perturbed migration
and differentiation of embryonic periocular neural crest
cells are reportedly the most likely of the possible causes
of Peters’ anomaly.5–7 This ocular anomaly may be associ-
ated with systemic anomalies presumably caused by
dysfunction of neural crest cells during embryonic devel-
opment, supporting the hypothesis that neural crest cell
dysfunction may cause Peters’ anomaly. The systemic
anomalies include congenital cardiovascular disease, cleft
palate and craniofacial anomalies.6,7

In the present study, we examined the anterior ocular
segment including cornea and lens of a globe, using light
and transmission electron microscopy, which had been
enucleated in a patient with Peters’ anomaly because of
untreatable corneal perforation. A special focus was put
on the differentiation of corneal stromal and endothelial
cells and the architecture of the stromal ECM.
0021-5155/03/$–see front matter
doi:10.1016/S0021-5155(03)00072-8
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Case report
The patient was born on July 1st, 1996 as the youngest

triplet after a 32-week pregnancy. Her body weight at birth
was 1143 grams. Immediately after birth, opacity was
seen in the center of both corneas. Her parents came with
the patient 2 days after birth to consult us. At the first
consultation, we found stromal opacity with neovasculari-
zation in the center of both corneas (Figure 1A). The
diameters of both corneas were 7 mm × 7 mm. There was
no abnormal finding in the conjunctiva and eyelids. Al-
though the corneal opacity made it impossible to observe
the intraocular structures directly, a B mode echographic
examination showed a structural abnormality in the ante-
rior chamber which was connected to both cornea and
lens, and the absence of any structural abnormality in the
vitreous cavity, retina and optic nerve. We diagnosed
the patient’s condition as Peters’ anomaly. Intraocular
pressure measured by Tonopen XL (Mentor, Norwell,
MA, USA) was 16 mm Hg in the right eye and 18 mm
Hg in the left eye. The patient had congenital heart
disease involving defects in the septa of the atrium and
the ventricle and also hydrocephalus associated with a
defect in the corpus callosum. The other two triplets had
no ocular or systemic disorders. Two months later, we
found that the center of the right cornea had become thin
with an enlargement of the corneal diameter without
an increase in the intraocular pressure. The globe was
enucleated on October 1, 1996, 12 hours after central
corneal perforation had occurred.

Histological examination of the
enucleated globe

The enucleated globe was fixed with 2.0% glutaralde-
hyde in 0.1 M phosphate buffer. After hemisectioning,
one half was processed for paraffin embedding and the
other was postfixed with 1.0% osmium tetroxide for 90
minutes for Epon embedding. Paraffin sections were
stained with hematoxylin and eosin (HE) and observed
under light microscopy. After dehydration through a
graded ethanol series, the specimen was embedded in
Quetol 812 (Nisshin EM, Tokyo). Sections were stained
with toluidine blue and observed under light microscopy.
Ultrathin sections were observed under transmission
electron microscopy after electron staining with uranyl
acetate and lead citrate.

Results
Binocular microscopy of the enucleated globe showed

thinner central corneal stroma with a spontaneous per-
foration (Figure 1A). Hemi-sectioning of the globe visual-
ized the presence of the adhesion between the corneal
endothelial face and the protruding anterior pole of
the crystalline lens, and the thin iris tissue adherence to the
corneal endothelial surface, all characteristic of Peters’
anomaly (Figure 1B). No abnormal structure was seen
in the vitreous cavity (not illustrated).

Light microscopy of the HE-stained section revealed
defects in the corneal endothelium and Descemet’s mem-
brane at the center of the cornea (Figure 2A). The inner
surface of the central and mid-peripheral cornea was cov-
ered with cells of fibroblastic configuration or cells with
the cytoplasmic pigment granules of iris tissue, respec-
tively (Figures 2B and 2C). The distance between the
neighboring corneal stromal cells seemed shorter with a
presumably decreased amount of the ECM (Figure 2B).
Neovascularization and infiltration of the inflammatory
cells were also occasionally seen in the affected corneal
stroma, presumably induced by epithelial defect-related
Figure 1. (A) Photograph of the right cornea 2 months after the first consultation shows corneal neovascularization (arrowheads)
with a central opacity (black arrow). (B) The right globe has abnormal iridolenticular adhesion (white arrow) with nuclear cataract.
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Figure 2. (A) Light microscopy of the HE-stained section re-
veals the thin central cornea. (B) The inner surface of the central
cornea lacks the endothelium and Descemet’s membrane and
is covered with the cells of fibroblastic configuration (black
arrow). (C) The inner surface of the peripheral cornea is covered
with the cells with cytoplasmic pigment granules (white arrow).
These pigmented cells are thought to be iris tissue which has
adhered to the inner corneal face. The distance between the
neighboring corneal stromal cells seems shorter with a presum-
ably decreased amount of the ECM. AC: anterior chamber.
Bar � 500 µm (A); 5 µm (B, C).

inflammation (not illustrated). On the other hand, the inner
surface of the most peripheral cornea was found to be
covered with a line of endothelium and Descemet’s mem-
brane (Figure 3). In this area a thin anterior chamber was
seen without the adhesion between the inner corneal face
and iris tissue (Figure 3).

Ultrastructural observations revealed defects of the cor-
neal endothelium and Descemet’s membrane in the cen-
tral region of the cornea, and confirmed that the inner
surface of the central cornea was covered with fibroblastic
cells similar to corneal stromal cells (Figures 4A and
4B). Similar to the findings by light microscopy, the
density of the stromal cells seemed greater with a presum-
ably decreased amount of ECM. There was also a collagen
fibril-free area in the stroma (Figures 4A and 4B). The
diameters of the stromal collagen fibrils were not uniform
(Figure 4C). The anterior lens surface was not covered
with lens capsules. Lens epithelial cells were found to
form a multilayer, being mixed with lenticular fibers
(Figure 5).

Discussion
In the present study, light and electron microscopy

showed an increased density of corneal stromal cells and
Figure 3. The anterior chamber angle of the globe with Peters’
anomaly. Descemet’s membrane and a line of the corneal endo-
thelium are observed in the peripheral region of the cornea,
where the anterior chamber is retained. A few inflammatory
cells, presumed leukocytes, are seen behind the iris (I).
Co: corneal stroma. Bar � 100 µm.

defects in the corneal endothelium and Descemet’s mem-
brane in the central area of the cornea, typical of Peters’
anomaly. Increased density might indicate the decreased
accumulation of ECM. Moreover, the diameters of the
stromal collagen fibrils were not uniform. Matrix degrad-
ing enzyme secreted by corneal cells and/or inflammatory
cells which might remodel the stromal ECM in the
infiltration of inflammatory cells, presumably induced by
corneal perforation, was detected in the corneal stroma
of this case. However, there is also a possibility that the
abnormal collagen fibrils might be primarily present in
the corneal stroma of this case of Peters’ anomaly.
Although an abnormal ECM composition, such an in-
crement of the fibronectin in the corneas of cases of
Peters’ anomaly, has been reported by Lee et al, they did
not indicate whether the ultrastructural collagen fibrino-
genesis in the corneal stroma was disturbed or not.8

Abnormal keratan sulfate proteoglycan (KSPG) protein
expression is a possible cause of the lack of uniformity
in the collagen fibrils. Chakravarti et al and we have
independently ablated the gene encoding lumican, one of
the corneal keratan sulfate proteoglycan proteins, and
revealed that the loss of lumican results in the presence
of abnormal collagen fibrils with a corneal opacity.9,10

On the other hand, the abnormality of the heparan
sulfate/dermatan sulfate PG in the cornea may not lead
to the abnormality of the collagen fibril because the loss
of decorin does not induce the lack of uniformity of
corneal stromal collagen fibrils in mice.11 The expression
pattern of KSPG proteins in the cornea with Peters’
anomaly should be investigated. There is also a possi-
bility that abnormal cytokine regulation of the neural
crest-derived cells is present, inducing the lack of
uniformity of stromal collagen fibrils. We have reported
that the expression of KSPG proteins is abnormal in the
cornea of the embryos of transforming growth factor â2
(TGFâ2)-null mice which have globe anomalies similar
to those seen in human cases of Peters’ anomaly, while the
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Figure 4. (A) Ultrastructural findings of the posterior part of the central cornea. Fibroblast-like cells (K) are surrounded by
extracellular matrix with (star) or without (asterisks) collagen fibrils. The inner surface of the cornea is covered with cells (E) with
a fibroblastic configuration. (B) A high magnification picture shows that the cells lining the inner surface of the central cornea
exhibit fibroblastic configuration (E). (C) The diameters of collagen fibrils in the stroma are not uniform. AC: anterior chamber.
Bar � 2 µm (A); 1 µm (B, C).
globes of TGFâ1- or TGFâ3-deficient mouse embryos
are normal.12 It remains to be investigated whether
periocular neural crest cells in Peters’ anomaly may be
responsible for TGFâ2 signaling. We have confirmed
that the expression of keratocan, one of the corneal
KSPG proteins,13 is decreased as compared to that of lum-
ican in keratocytes of a TGFâ2-null mouse embryo.12

Keratocan is believed to be an important protein for
corneal integrity because mutation of the gene encoding
this protein, KERA, leads to an abnormally shaped
cornea.13

Histological observations by both light and electron
microscopy showed the presence of fibroblastic cells
lining the inner surface of the cornea where there was no
Descemet’s membrane, whereas the peripheral cornea had
an obvious Descemet’s membrane and endothelium. Loss
of differentiated endothelium might induce adhesion
between the inner corneal face and iris tissue, considering
that the inner surface of the peripheral cornea with Des-
cemet’s membrane and endothelium does not adhere to
iris tissue, retaining the anterior chamber space. This
indicates the perturbed differentiation of neural crest-
derived cells into the corneal endothelium in the central
region of the cornea. Endothelial differentiation in human
eyes may also be regulated by TGFâ2 because delayed
differentiation of the corneal endothelial cells is also
Figure 5. The crystalline lens of the globe of Peters’ anomaly.
(A) A low magnification photograph of the anterior surface of
the lens. The central anterior part of the crystalline lens lacks the
lens capsule. The rectangular area indicates the end of the anterior
capsule. (B) Lens epithelial cells beneath the normally formed
peripheral lens capsule. The cell lies in a monolayer showing
an epithelial configuration. (C) Higher magnification of the
boxed area in frame A shows multilayered elongated lens cells.
Hematoxylin and eosin staining, Bar � 1 mm (A); 10 µm (B, C).
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seen in TGFâ2-deficient mouse embryonic eyes. On the
other hand, genes responsible for the anomalies in the
anterior chamber of the human eye have been reported.
Although the exact mechanism of the abnormal ocular
development in the absence of TGFâ2 remains unknown,
further study is needed to clarify the possible signaling
crosstalks between TGFβ2-derived signals and genes
related to anterior segment anomalies of the eye.

In the present study, the central cornea became perfora-
ted during the follow-up intervals although perforation
of the cornea is relatively rare in Peters’ anomaly. Gonio-
dysgenesis might reduce the drainage of the aqueous
humor, and induce the extension of the globe to buffer
the increased intraocular pressure. Extension of the cen-
tral thin corneal stroma and the corneal epithelial damage
secondary to the loss of function of the corneal endo-
thelium might have caused the perforation of the central
cornea in this case.
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