






Lectin binding to lattice corneas
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Figure 6 Lattice dystrophy conea stained with con A. This
shows similarfeatures toFig4, with preservation ofstaining of
the nuclear envelope but a more marked loss ofcytoplasmic
granular staining. A band ofstaining is clearly visible
superficial to the epithelial basement membrane (arrow).
(x420.)

where the lectin staining was absent. These
unstained zones corresponded to hyalinised
patches seen on haematoxylin and eosin staining.
The overlying epithelium showed inconstant
lectin labelling, which was variably normal,
increased, or absent. If staining was absent there
was a total loss of lectin binding, including the
binding of con A to the nuclear envelope.

All twelve corneas with lattice corneal dys-
trophy showed a similar lectin binding pattern.
They gave morphological evidence of superficial
stromal scarring - that is, disruption of the
collagenous architecture - which produced the
same staining patterns as observed in the group
of scarred corneas, including focal MPA stainin
when scarring was prominent. The amyloid of
the lattice lines stained with the lectins con A,
PSA, LCA, e-PHA, and WGA (Table 1). This
staining was generally weak and diffuse (Figs 3
and 4). All the dystrophic samples had extensive
extracellular staining of the corneal stroma,
which was most dense anteriorly and centrally,
including and extending beyond the areas of
scarring and amyloid deposition (Figs 3, 4, and
5A, B). Similar extracellular stainig was variably
seen between the basal epithelial cells and their
basement membrane and between the basement
membrane and Bowman's mem'brane (where the
latter was preserved). In some instances this
staining was of thickly deposited masses of
extracellular material (Figs 3, 4, 6); such a
pattern was never seen in corneal buttons with
scarring alone.
The epithelial plasma membranes of lattice

dystrophy corneas showed a generalised loss of
staining as compared with normal corneas
(which stained with con A, PSA, LCA, e-PHA,
and WGA). There was, however, preservation of

staining of cytoplasmic granules (albeit reduced)
(Figs 3 and 4) and the nuclear envelope staining
with con A (Figs 3 and 6) (Table 1). This
contrasted with the complete loss of staining of
all cellular components seen in the disorganised
epithelium of some corneas with scarring alone.
The anterior corneal surface, Descemet's
membrane, and the endothelium all had the
same staining characteristics as normal cornea.
Keratocytes were difficult to identify because of
the dense stromal staining.

It was notable that, in lattice dystrophy
corneas, the loss of staining of architecturally
normal epithelium was accompanied by an
accumulation of stainable material within the
subiacent regions of corneal stroma and immedi-
ately above and below the epithelial basement
membrane. This stainable material extended
well beyond any anterior stromal scarring and
associated overlying epithelial disorganisation,
which was variably seen in these specimens.
None of the corneas studied (normal, scarred,

or lattice dystrophy) showed staining with the
lectins PAA, SBA, AHA, VVA, BSA, LTA,
UEA, DBA, and HPA.

Discussion
Corneaswith lattice corneal dystrophy frequently
show at least incipient scarring, hence the
necessity to make comparisons with corneas
scarred from other causes as well as normal
corneas. The features which were peculiar to
dystrophic corneas and which could not be
attributed to scarring were: (1) extensive reduc-
tion, or total loss, or staining of epithelial cell
plasma membranes, without marked loss of
staining oftheir contents; (2) coextensive increase
in staining of the superficial corneal stroma with,
in some cases, the appearance of amorphous,
stained deposits above and beneath the epithelial
basement membrane; and (3) deposition of focal
amyloid deposits within the corneal stroma.
Stromal scarring, however, though associated
with similar lectin staining (apart from also
staining with MPA), had a different distribution
and no clear association with epithelial change.
The corneal epithelium superficial to scarring
sometimes showed a highly focal loss of staining
associated with architectural disruption. This
involved all intracellular structures and may
represent a focal loss of permeability to macro-
molecular reagents.

Lectins are proteins or glycoproteins, usually
of plant origin, which have., the property of
binding to specific subsets of oligosaccharides
(short sugar chains, which if N-linked contain
about 12 to 24 monosaccharide units). Oligo-
saccharides are the saccharide component of
'classical' glycoproteins, glycolipids, and are
present on core proteins of proteoglycans. Oligo-
saccharides destined for the cell plasma mem-
brane and extracellular matrix components are
variously synthesised within the endoplasmic
reticulum and then Golgi apparatus of the cell."
They are broadly divided into two groups based
on the chemical structure of the protein/sugar
linkage region. These are the N-linked and 0-
linked varieties. The N-linked oligosaccharides
can then be further defined by their typical types
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ofbranching structure (bi- and triantennary, and
bisected and non-bisected) and by their outer
monosaccharide sequences (the inner mono-

saccharide sequences being relatively constant).
From the known binding characteristics of the

panel oflectins used in this study, some tentative
conclusions as to oligosaccharides expressed can

be derived, as follows. PSA and LCA bind
strongly to non-bisected, bi- or triantennary,
complex, N-linked oligosaccharides. They also
bind more weakly to high mannose and inter-
mediate, non bisected, N-linked oligosaccha-
rides.'2"'5 Con A binds to high mannose,
intermediate, and small biantennary, complex
N-linked oligosaccharides whether bisected or
not.'3""" WGA has more varied binding
capabilities, since it can interact strongly with di-
N-acetyl chitobiosyl sequences, some N-acetyl
lactosamine sequences and, more weakly, with
some sialyl residues.2"23
1-PHA binds selectively to tri- and tetra-

antennary, non-bisected oligosaccharides.'324
We failed to demonstrate any binding with
1-PHA (apart from faint staining of the anterior
corneal surface), but binding was observed with
PSAand LCA, thus implying that the saccharides
that bind PSA and LCA are probably bianten-
naryandnottriantennary. Asimilarphenomenon
has been found in mast cell granules.2526 e-PHA
has an obligate requirement for bisected bi- or
triantennary oligosaccharides2427 and therefore
binds to different structural subsets from PSA,
LCA, and 1-PHA. e-PHA has some overlap with
con A. None of the corneas examined had
evidence of highly branched N-linked saccha-
rides, except at the anterior corneal surface.
The lack of staining with the other lectins in

the panel implies that L-fucose, a-D-N-
acetylgalactosamine and the a and anomers of
D-galactose were generally absent as non-
reducing terminal sugars, either in N-linked or
0-linked saccharides. Because N-linked sac-
charides were demonstrably present, the impli-
cation is that they were probably terminally
sialylated. While there was no direct evidence for
the presence of 0-linked saccharides, their
occurrence could not be excluded.
The normal corneal epithelial plasma mem-

brane and cytoplasmic granules expressed at
least two subsets of N-linked oligosaccharides.
These were the non-bisected bi-antennary and
the bisected bi-/triantennary types. The pre-
dominance of oligosaccharide expression on the
basal epithelial cells has previously been demon-
strated in normal rat corneas.2' The keratocytes
and endothelial cells carried similar oligo-
saccharide subsets. The nuclear envelope and
cytoplasm of the epithelial cells specifically
expressed putative 'high mannose' saccharides.
The extracellular matrix of the normal corneal
stroma also expressed a-D-mannose particularly
in the form of bi-/triantennate N-linked com-
plexes. This may represent binding to proteo-
glycan core, collagen, or collagen-related
oligosaccharides.

Corneal stromal scars expressed non-bisected
biantennary and bisected bi-/triantennary
saccharides. They also stained with MPA which
has an affinity for a-D-galactose, and N-acetyl a-

D-galactosamine.2' Since there was no binding of
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SBA, WA, DBA, or HPA, it is unlikely that
MPA was interacting with a-N-acetyl->-galacto-
samine, while the lack of staining with BSA
argues againsta binding via a-D-galactose (though
we have observed a similar disparity in other
tissues). The precise mechanism of the staining
with MPA is therefore uncertain, though it is
possibly binding to a saccharide on collagen or an
associated glycoprotein of corneal scar tissue.

In the dystrophic corneas the lectins showed
reduced or absent binding to the epithelial cell
surfaces, thus implying defective synthesis or
loss of plasma membrane oligosaccharide. The
same lectins, and hence the same oligosaccharide
subsets, were expressed in deposits within the
subjacent stroma, suggesting, but not proving,
that the two phenomena might be related.
Panjwani et at' found a similar stromal binding
pattern with con A, WGA, and RCA-1 using
paraffin section, but did not comment on
epithelial lectin binding.
We suggest that glycoprotein is shed from the

epithelial cells and then passes through the
cornea to become sequestrated, predominantly
within the anterior corneal stroma. The glyco-
protein is retarded by the epithelial basement
membrane, which is known to act as a semi-
permeable filters" and Bowman's layer, resulting
in the accumulation of stainable material at these
anatomical interfaces. We further hypothesise
that the glycoprotein, or some fragment of it,
subsequently stimulates focal amyloidogenesis
(amyloid production essentially involves focal
nidation which once started is self perpetu-
ating).3' It is likely that this step involves the
handling of the glycoprotein by keratocytes with
subsequent injury to them, as intracytoplasmic
material has been demonstrated within kerato-
cytes adjacent to the amyloid deposits,25 and
degenerate keratocytes are reported in these
areas.2 Some part of the amyloid deposit could
derive from the keratocytes rather than the
epithelial glycoconjugate, since corneal scars of
various origins can occasionally contain
amyloid.32

This hypothesis accords with the clinical
characteristics oftype 1 lattice corneal dystrophy.
It begins in childhood, the first clinical sign
being subepithelial corneal opacities.33 There is
usually a history of recurrent corneal erosions at
this stage, suggesting an early defect at the level
of the corneal epithelial plasma membrane or
basement membrane. Later a diffuse anterior
stromal haze develops,33 which may represent
the diffusion of glycoprotein into the corneal
stroma and the extensive extracellular lectin
staining seen in lattice dystrophy corneas. All
these changes occur well before the classical
amyloid-containing stromal lattice lines appear,
suggesting that the deposition ofamyloid is not a
primary phenomenon. Amyloidogenesis within
the corneal stroma is an occasional response to a
variety of insults, including trichiasis, previous
trauma, keratoconus, and granular corneal
dystrophy.32 38 36 In lattice corneal dystrophy the
abnormal presence of a diffusible glycoprotein,
derived from the corneal epithelial plasma
membranes, may be another such insult, but one
which results in a particularly marked degree of
amyloid deposition.
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