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Abstract
Aims-The study was carried out to
search for labelling similar to that of
intraocular exfoliation material in the
conjunctiva by light microscopy using
lectin and immunohistochemistry.
Methods-Ten formalin fixed and paraffin
embedded conjunctival biopsy specimens
both from patients with and without
exfoliation syndrome were studied with a

panel of 11 lectins and with three mono-

clonal antibodies to the HNK-1 carbo-
hydrate epitope, all of which react with
intraocular exfoliation material.
Results-The lectin binding profile was

essentially the same in specimens from
patients with and without exfoliation
syndrome. The superficial epithelium
reacted similarly with Phaseolus vulgaris
(PHA-E), Caragana arborescens (CAA),
Helix pomatia (HPA), concanavalin A
(ConA), and wheat germ (WGA) agglu-
tinins. Binding was also detected with
peanut (PNA) and Bauhinia purpurea
(BPA) agglutinins, particularly in
patients with exfoliation. The basement
membrane generally reacted with Ricinus
communis (RCA-I), PHA-E, Vicia villosa
(VVA), ConA, and Lens culinaris (LCA)
agglutinins. The stroma was weakly
labelled with RCA-I, PHA-E, ConA, and
LCA. Lectin binding to the vascular endo-
thelium was moderate with RCA-I,
PHA-E, CAA, ConA, LCA, and WGA.
Inconsistent labelling was also detected
with PNA, BPA, and Erythrina cristagalli
agglutinin (ECA). The subendothelial
region reacted weakly but consistently
with PHA-E, ConA, and LCA, and incon-
sistently with PNA. Pretreatment with
neuraminidase did not change that
pattern. Antibodies to the HNK-1 epitope
reacted only with myelinated stromal
nerve branches.
Conclusion-No evidence of abnormal
deposits in any specimen was found. The
carbohydrate composition of intraocular
exfoliation material may differ from that
of exfoliation-like fibres often detected in
the conjunctiva by electron microscopy.
(BrJ7 Ophthalmol 1995; 79: 467-472)

Exfoliation syndrome has traditionally been
considered an intraocular disorder. 1 Several
electron microscopic studies have, however,
reported exfoliation-like fibres around blood
vessels and in the stroma of the conjunctiva in

patients with exfoliation syndrome.2-8
Additionally such fibres have been noted in
other extraocular structures, including skin,
heart, lung, liver, kidney, and meninges.9-12
The identification of extrabulbar exfoliation-
like fibres has been based on morphology, and
variation in their structure has been
detected.7-9

Lectin and immunohistochemical studies
have shown that, in addition to basement
membrane components,'3 14 intraocular
exfoliation material reacts consistently with
several lectins recognising various sugar
residues and with antibodies to the HNK-1
carbohydrate epitope containing a 3-sulpho-
glucuronic acid residue. 15-18 To screen for
these glycoconjugates in the conjunctiva of
patients with and without exfoliation syn-
drome, a panel of lectins and three antibodies
to the HNK-1 epitope were used that all bind
to exfoliation material.15-19 Since conventional
light microscopic studies have failed to detect
exfoliation deposits in the conjunctiva,
evidence of labelling similar to intraocular
exfoliation material was searched for using
lectin and immunohistochemistry as additional
tools. Such methods would be more easy and
rapid to apply for screening multiple biopsies
from large study populations than electron
microscopy.

Material and methods

HISTOLOGICAL SPECIMENS
Conjunctival biopsy specimens of approxi-
mately 2X 4 mm in size were taken from the
upper limbal region during cataract surgery.
The study was approved by the local ethics
committee. Ten patients (eight women and
two men, age range 60-87 years, mean age 76
years) had typical exfoliation material in the
anterior segment of the eye by preoperative
slit-lamp examination. Three of them had
capsular glaucoma, one had ocular hyper-
tension, one had been treated previously
because of acute angle closure glaucoma, and
five had exfoliation syndrome only. Addi-
tionally, similar biopsies from 10 patients
(eight women and two men, age range 52 to 90
years, mean age 77 years) without any clinical
evidence of exfoliation material in either eye
were chosen for controls. Exfoliation material
in five enucleated or autopsy eyes with capsular
glaucoma, and goblet cells of the conjunctival
specimens were stained as positive controls
for binding of lectins and antibodies to the
HNK-1 epitope in the present study.16'8 20

467



Hietanen, Uusitalo, Tarkkanen, Kivell

Table 1 Characteristics of the 11 lectins used*

Reactivity with
Lectin (abbreviation) Nominal carbohydrate specificityt Inhibitort exfoliation materia4

Arachis hypogaea (PNA) DGal (p1l-*3) DGalNAc>a/clDGal DGal Strong
Bauhinia purpurea alba (BPA) a/4DGalNAc>a/[3DGal DGal Strong
Canavalia ensiformis (ConA) a-D-Man>a-D-Glc a-Met-D-Man Strong
Caragana arborescens (CAA) OL/jDGa1NAc DGaINAc Weak
Erythrina cristagalli (ECA) DGal (,131-4) DGlcNAc>aDGalNAc DGa1NAc Weak
Helix pomatia (HPA) DGaINAc (al-+3) DGalNAc>DGalNAc DGalNAc Moderate
Lens culinaris (LCA) a-D-Man>Ot-D-Glc a-Met-D-Man Strong
Phaseolus vulganis (PHA-E) DGal (,1-4) DGlcNAc (,1-82) DMan Fetuin Strong
Ricinus communis (RCA-I) PDGal>aDGal>>aDGalNAc Lactose Strong
Tnticum vulgans (WGA) (,B-D-GlcNAc)n/NeuNAc DGaINAc Strong
Vicia villosa (VVA) cxDGaINAc>aDGal DGalNAc Weak

*Modified from Goldstein and Poretz.'6
tGal=galactose, Man=mannose, GalNAc=N-acetylgalactosamine, GlcNAc=N-acetylglucosamine, Met=methyl derivative of
sugar.
*Hietanen and Tarkkanen 6; Hietanen et al. 18

All specimens were immediately fixed in for-
malin for 2 days and embedded in paraffin.
Sections (5 ,um thick) were cut from the
specimens and mounted on chromium-gelatin
treated glass slides to ensure tissue adherence
(0 05 g potassium chromium (III) sulphate
dodecahydrate and 0 5 g gelatin in 100 ml
distilled water). Routine staining was with
haematoxylin and eosin.

LECTIN HISTOCHEMISTRY
Sections were stained by lectin histochemistry
using a commercial version (Vectastain ABC
Elite Kit, Vector Laboratories, Burlingame,
CA, USA) of the avidin-biotinylated peroxi-
dase complex (ABC) method.21-23 Duplicate
series were treated either with pepsin to
enhance the availability of lectin binding sites
in formalin fixed and paraffin embedded
material,24 or with neuraminidase to expose
penultimate carbohydrate residues blocked by
sialic acid.25 Additionally, parallel control
sections with corresponding hapten sugar
inhibitors were stained (Table 1). The exact
staining procedure has been explained in detail
previously. 18

Agglutinins (Table 1)26 from Arachis
hypogaea (peanut agglutinin, PNA, lot 18F-
40511), Bauhinia purpurea alba (BPA, lot
27F-4021), Canavalia ensiformis (ConA,
concanavalin A, lot 49F-8030), Caragana
arborescens (CAA, lot 21H-9550), Erythnina

cristagalli (ECA, lot 56F-4018), Helix pomatia
(HPA, lot 102H-38861), Lens culinais (LCA,
lot 61H-3903), Phaseolus vulgaris (erythro-
agglutinin, PHA-E, type III-B, lot 77F-4012),
Ricinus communis (agglutinin I, RCA-120, lot
20H-405 1), Tniticum vulgaris (WGA, wheat
germ agglutinin, lot 11 1H-4016), and Vicia
villosa (VVA, lot 49F-8025) conjugated to
biotin were commercially obtained from Sigma
(St Louis, MO, USA) diluted with phosphate
buffered saline (PBS) to a protein concentra-
tion of 500 ,ugfml, and stored at -20°C until
needed.

IMMUNOHISTOCHEMICAL STAINING
Sections were immunostained using a com-

mercial version of the ABC method (Vecta-
stain ABC Elite Kit for Mouse IgG, Vector
Laboratories, Burlingame, CA, USA), as

already described in detail.27 The primary IgM
mouse monoclonal antibodies (MAbs) to the
HNK-1 epitope used were NC-I (CD57, IgM,
lot 2204-01-02, Centraal laboratorium van de
bloedtransfusiedienst, Amsterdam; 1:25 dilu-
tion),28 HNK-1 (Leu-7, IgM, lot 30015,
Becton Dickinson, San Jose, CA, USA; 1:40
dilution),29 and VC1.1 (IgM, lot 071H4828,
Sigma, St Louis, MO, USA; 1:16000 dilu-
tion). 0

An unrelated IgM MAb CK BI to cyto-
keratin 14 (lot 10OH4800, Sigma, 1:300
dilution)3' was used as a negative control.

Table 2 Binding of lectins and MAbs to the HNK-1 epitope to the conjunctiva ofpatients with and without exfoliation
syndrome

Conjunctiva Conjunctival blood vessels

Basement Goblet Subendothelial
Reagent Epithelium membrane Stroma cells Endothelium region

PNA 3/1 - -t 5/4t 3/1 3/1
BPA 9/2t - - 9/9 6/9 -
RCA-I - 9/10 9/10 4/7 9/8 -
ECA - - 2/1 - 2/5 -
PHA-E 9/10 7/9 9/10 - 9/10 10/10
CAA 9/10 - 3/4 0/3 9/10 3/2
VVA - 7/7 7/9 - 2/3 -
HPA 4/4t - - 8/8 2/2 -
ConA 10/10 10/10 10/9 - 10/10 10/9
LCA - 10/9 10/10 - 9/10 10/10
WGA 3/3* - 2/2 2/3* 3/3 2/2
NC-1 - - 10/10§ - - -
HNK-1 - - 10/10S - - -
VCll - - 10/10S - - -

*Number of positive specimens out of 10 in patients with/without exfoliation, -=no reaction in any specimen studied. Owing to
lack ofmaterial the number of specimens studied with PNA and WGA were 8 and 6, respectively.
tEnhanced by neuraminidase treatment.
*Reduced by neuraminidase treatment.
§Only myelinated stromal nerve branches were reactive.
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eacts strongly with intraocular exfoliation material (ex) (A; lectin staining; XS00), which is also labelled
-1 on the detached, non-pigmented ciliary epithelium (npe) (B; immunoperoxidase staining; X500).

Omission of the secondary antibody or the
ABC complex caused loss of immunoreaction.

Results
Lectin binding to the conjunctiva and its
immunoreactivity for the HNK-1 carbo-
hydrate epitope are summarised in Table 2.
With few exceptions no differences at all were
noted in the lectin binding profile of specimens
with exfoliation compared with the controls
showing no exfoliation. The binding of all
lectins was abolished or greatly reduced after
preincubation with their appropriate hapten
sugar inhibitors. Intraocular exfoliation
material reacted with lectins (Fig 1A) and anti-
bodies to the HNK-1 carbohydrate epitope
(Fig 1B) used in the present study.

LECTIN HISTOCHEMISTRY
The superficial conjunctival epithelium reacted
consistently with Phaseolus vulgaris (PHA-E)
(Fig 2A, B), Caragana arborescens (CAA), Helix
pomatia (HPA), concanavalin A (ConA) (Fig
2C, D), and wheat germ (WGA) agglutinin in
patients with and without exfoliation. Positive
labelling was also detected with peanut (PNA)
and Bauhinia purpurea (BPA) agglutinin, partic-
ularly in patients with exfoliation (Table 2). The
binding of PNA, CAA, and WGA to the
superficial epithelium was generally strong. The
binding of PHA-E (Fig 2A, B) and ConA
(Fig 2C, D) was moderate, and that of HPA
weak. Pretreatment with neuraminidase clearly
enhanced the binding of BPA and HPA, and
decreased that ofWGA.
The basement membrane of the epithelium

reacted consistently with Ricinus communis
(RCA-I), PHA-E (Fig 2A, B), Vicia villosa
(VVA), ConA (Fig 2D), and Lens culinaris
(LCA) agglutinins both in patients with and
without exfoliation. The binding intensity was
generally moderate. Pretreatment with neura-
minidase had no influence on the lectin bind-
ing to the basement membrane.
The goblet cells reacted consistently with

PNA, BPA (Fig 2E, F), HPA, and WGA in
patients with and without exfoliation.
Inconsistent labelling was detected with
RCA-I and CAA, particularly in patients with-
out exfoliation (Table 2). Generally the
binding of CAA andWGA was strong and that

of PNA, BPA, and RCA-I moderate (Fig 2E,
F), but reactivity with HPA was weak.
Pretreatment with neuraminidase decreased
the binding of PNA and WGA to the goblet
cells.
The stromal cells of the conjunctiva were

consistently labelled with RCA-I, PHA-E
(Fig 2A, B), ConA, and LCA similarly in
patients with and without exfoliation. The
reaction was generally weak. Erythrina crista-
calli agglutinin (ECA), CAA, VVA, and WGA
also showed weak binding to the stroma in
some specimens (Table 2). Pretreatment with
neuraminidase did not alter the lectin binding
pattern.
The endothelium of blood vessels showed

consistent, mostly moderate reaction with
RCA-I, PHA-E (Fig 2A, B), CAA, ConA
(Fig 2C, D), LCA, and WGA in patients with
and without exfoliation. Weak, inconsistent
labelling was detected with PNA, BPA, and
ECA. VVA and HPA showed also weak bind-
ing in some specimens (Table 2). The sub-
endothelial region of blood vessels, on the
other hand, reacted weakly but consistently
with PHA-E, ConA, and LCA, and inconsis-
tently with PNA in patients with and without
exfoliation (Table 2). CAA and WGA reacted
also weakly with this region in some speci-
mens. Pretreatment with neuraminidase had
no distinct effect upon the lectin binding to
these structures.

IMMUNOHISTOCHEMISTRY
Only the myelinated stromal nerve branches in
the conjunctiva were reactive with MAbs
NC-1, HNK-1, or VCl.l to the HNK-1
epitope (Fig 2G, H). The pattern and intensity
of immunoreaction were identical in the con-
junctiva of patients with and without exfolia-
tion syndrome. There was no evidence of
abnormal immunopositive deposits in any
specimen. No reaction was detected with the
control IgM antibody in any sections.

Discussion
Electron microscopic studies based on
morphological criteria have detected fibrillar
material resembling intraocular exfoliation
fibres around blood vessels and scattered in the
stroma of the bulbar and palpebral conjunctiva
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Figure 2 Labelling of the
human conjunctiva with
PHA-E, ConA, BPA
(A-F; lectin staining) and
antibodies to the HNK-1
epitope (G, H;
immunoperoxidase
staining). Both in a patient
with exfoliation syndrome
(A; X500) and in a
patient showing no
exfoliation (B; X5OO), the
epithelium (arrowhead)
and the region of its
basement membrane
(double arrowhead) react
moderately with PHA-E.
The endothelial cells of the
blood vessels (arrow) are
strongly, and the stromal
elements (str) weakly
labelled. Conjunctiva from
a patient with (C; X500)
and without (D; XSOO)
exfoliation syndrome show
moderate binding ofConA
both to the epithelium
(arrowhead) and to the
endothelium of the blood
vessels (arrow). Very weak
reaction is detected within
the stroma (str). BPA
binds moderately to the
goblet cells (arrow) of a
patient with (E; X250)
and without (F; X250)
exfoliation syndrome. The
epithelium (arrowhead),
its basement membrane, the
stroma (str) and the
endothelium of the blood
vessels (double arrow-
head) show no reaction. In
the conjunctiva of a patient
with exfoliation, only the
myelinated stromal nerve
branches (arrowhead) are
reactive with MfAbs NC-i
(G; X500) and VC1.i1
(H; XSOO). Note
unstained blood vessels
(arrow).
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of patients with and even of those without
clinical exfoliation syndrome.2-8 The occur-
rence of these fibres has varied from 21 O/ to
100% in patients with clinical exfoliation
syndrome,3-8 and was 35% in patients with
suspected exfoliation syndrome, based on signs
such as loss and dispersion of pigment from the
iris pigment epithelium in the absence of overt
exfoliation material on the lens capsule of
either eye.6 However, variations in the degree
of sharpness, width, staining properties,

amount of granules, and number of adherent
fibrils on the surface of these fibres have been
the rule when compared with classic exfolia-
tion fibres along the anterior chamnber.7 8 ThiS
indicates a need for additional methods to
determine the exact composition and identity
of these deposits, such as the lectin histo-
chemical and immunohistochemical approach
adopted in the present study. These methods
have, however, certain limitations, since both
lectins and MAbs may also recognise closely
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related molecular configurations, and thus the
results should be interpreted with caution.
Furthermore, they may be less sensitive than
electron microscopy to detect small deposits.

Intraocular exfoliation material reacts
intensely with peanut (PNA), Bauhinia pur-
purea (BPA), Ricinus communis (RCA-I),
Phaseolus vulganis (PHA-E), and Lens culinaris
(LCA) agglutinins, as well as with con-
canavalin A (ConA).15-17 This indicates
the presence of o-mannosyl, 3-galactosyl,
N-acetyl-D-glucosaminyl and N-acetyl-D-
galactosaminyl residues in glycoconjugates of
exfoliation material.16 18 More inconsistent
binding has been detected with various other
lectins. In addition, intraocular exfoliation
material has been shown to react consistently
with antibodies to the cell adhesion related
HNK-1 carbohydrate epitope17 19 containing a
3-sulphoglucuronic acid residue (Fig 1B).32
Using a panel of lectins generally reactive

with exfoliation material in identically
processed specimens, no abnormal lectin bind-
ing that could be attributed to exfoliation
material was detected in the conjunctiva. The
binding of WGA, PNA, RCA-I, and ConA to
the goblet cells of patients both with and with-
out exfoliation syndrome was identical to the
results of a previous study.20 Gal (p 1 ->3)
GalNAc-reactive lectins PNA and BPA
labelled the conjunctival epithelium more
often in patients with exfoliation when com-
pared with those without it, but the signifi-
cance of this finding is uncertain. The stroma
was not labelled at all with PNA or BPA
which rather specifically react with exfoliation
material in identically processed ocular speci-
mens.15 16 18 Likewise, RCA-I, PHA-E, ConA,
and LCA showed only weak reaction without
abnormal deposits in the conjunctiva of
patients with exfoliation syndrome. Neither
were any such deposits detected by antibodies
to the HNK-1 epitope.17

In addition to labelling exfoliation deposits,
antibodies to the HNK-1 epitope show
granular immunoreaction in the subendo-
thelial region of a subset of iris blood vessels
in eyes with exfoliation.17 Similarly, lectin
binding to the subendothelial region of the iris
blood vessels often resembles that of exfolia-
tion material, although the reaction is unevenly
distributed and sometimes present in control
eyes without obvious classic exfoliation
deposits.33 In the present study, weak but con-
sistent binding to the subendothelial region of
the conjunctival blood vessels was obtained
with PHA-E, ConA, and LCA, and inconsis-
tent binding with PNA, but no differences
were noted between specimens from patients
with and without exfoliation. Significantly, no
labelling for the HNK-1 epitope was detected
in the subendothelial region either.

Although exfoliation material, if present,
may be unevenly distributed in the conjunc-
tiva, at least some lectin or antibody binding
similar to that of exfoliation material would
have been expected, since the specimens were
cut through. Extraocular exfoliation-like
deposits have been shown to share various
basement membrane components, such as

heparan sulphate, chondroitin sulphate,
laminin, entactin, nidogen, fibronectin,
amyloid P, and elastin with intraocular exfolia-
tion material.14 The present findings suggest,
however, that intraocular exfoliation material
may differ in its carbohydrate composition
from the exfoliation-like fibres often detected
in the conjunctiva by electron microscopy.
Taken together the fact that extraocular
exfoliation-like fibres are seen in patients with-
out overt intraocular exfoliation deposits, one
might postulate that some additional, as yet
unidentified, glycoconjugates are necessary to
form the classic intraocular deposits of exfolia-
tion along the anterior chamber.17 The pos-
sibility also remains that the fibrillopathy
detected in extraocular sites is a different,
although often parallel, pathogenetic process
from intraocular exfoliation syndrome.
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