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INTRODUCTION

It is clinically observed that ocular manifestations may frequently be present in the 
various rheumatic disorders, such as recurrent scleritis in adult rheumatoid arthritis 
and iridocyclitis in juvenile rheumatoid arthritis and ankylosing spondylitis. Because 
of this participation of ocular tissues in rheumatic multisystem diseases, it has been 
postulated that certain components in the fundamental chemical composition of the 
tissues of the eye, the joints and other organs are similar, and that this similarity 
predisposes towards simultaneous reactions. Data from the literature reveals 
interesting conclusions regarding important qualitative similarities in amino acid and 
carbohydrate composition of the various connective tissue types (Spiro, 1970; 
Kefalides, 1970; Dische, 1970; Gallop, Blumenfeld and Seifer, 1973). Nowadays, it is 
generally accepted that immune mechanisms participate in the pathogenesis of 
rheumatic multisystem disorders. It has been suggested that antigenic components of 
articular cartilage could play a significant role in the immunopathogenesis of 
rheumatoid arthritis (Herman, Wiltse and Dennis, 1973; Van der Korst, 1974). In 
this respect the potential antigenic character of a glycoprotein, derived from articular 
cartilage, was mentioned (Di Ferrante, Donnely and Sajdera, 1972). Robert and 
coworkers and Timpl and coworkers have previously pointed out the antigenicity of 
stuctural glycoproteins. These substances are thought to be essential components of 
connective tissues (Timpl, Wolff and Weiser, 1969) where they appear to be 
associated with collagen and specifically determine the antigenic character of it 
(Robert, Darell and Robert, 1970).

On the basis of the ocular complications of rheumatic multisystem disorders as 
described above, we reasoned that an antigenic relationship might exist between 
structural glycoproteins (SGP-s) from ocular and articular connective tissues. In this 
way, the occurrence of scleritis in rheumatoid arthritis could be an expression of an 
immunological reaction to these SGP-s. The association of rheumatic diseases with 
iridocyclitis, in which the inflammatory process is localized in the vascular wall of the 
uveal tract (vascular basement membranes) could, theoretically be based on common 
antigenic components in SGP-s from basement membranes and articular connective 
tissues.
Therefore, an investigation into the existence of antigenic relationships between SGP-s 
derived from sclera (SSGP), comeal stroma (CSGP) and lens capsule (LSGP, as 
representative of basement membrane structures) with connective tissue structures in 
joints and other systems, seemed to us an important contribution to knowledge 
concerning the pathogenesis of immune processes in rheumatic multisystem 
disorders.
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AIMS OF THE PRESENT INVESTIGATIONS

1. Isolation of SGP-s from ocular connective tissues in as pure a form as was 
appropriate for the immunochemical and immunohistochemical investigations.

2. Immunochemical characterization of the major ocular SGP-s, e.g. from corneal 
and scleral stroma and from lens capsule.

3. Immunohistochemical localisation of the immunogenic determinants of these 
SGP-s in ocular and other connective tissues.

4. A study of the species-specificity of the ocular SGP-s, in order to further 
differentiate the antigenic components of each SGP.

5. A contribution to the understanding of some immunopathological processes in 
connective tissue.
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The high degree of tissue specificity in the composition of the acid mycopoly- 
saccharide and glycoprotein fraction in the ground substance can at least partly 
account for the polymorphism of the matrix collagen in various forms of connective 
tissue (Dische, 1970).

Basement membrane structures

Basement membranes constitute a special type of connective tissue. They border the 
collagenous tissue and are formed by the endothelial and/or epithelial cells, which 
are situated on the other side of these structures. Basement membranes proper are 
acellular while they appear to be homogenous and amorphous at low magnifications. 
Electron microscopy shows that plasma membranes are adjacent to one side of the 
basal lamina, while collagenous or elastic microfibrils are attached to the other side. 
In the basal lamina a light and a dense layer can be distinguished, each 400-500 A 
thick.
Lens capsule, of which the SGP was studied (chapter III-V), is a basement 
membrane-like structure. Chemically, the basement membrane is characterized by a 
high content of hydroxylysine (about 25 or more residues per 1000, see also Table II).

Unlike other mammalian collagens it contains cysteine. It contains from 10-12% 
carbohydrate which exists mainly as a disaccharide, glycosylgalactose and to a small 
extent as galactose, linked glycosidically to hydroxylysine. The same type of 
carbohydrate units have been identified in other mammalian collagens but the total 
amount of hexose is about 20 times less.
From many studies (Spiro, 1970; Kefalides, 1970) it appears that there is 
considerable similarity in terms of amino acid and carbohydrate composition among 
basement membranes from various tissues and species. The solubility characteristics 
of the various basement membranes, on the other hand, are quite different. In lens 
capsule all the collagen is acid soluble. The insoluble remainder consists of non- 
collagen polypeptides (structural glycoproteins, see next paragraph) rich in 
hexosamine, galactose, mannose, fucose and sialic acid.

Acid structural glycoproteins

Data from the literature
Recently, acid structural glycoproteins (SGP-s) have been isolated from several types 
of connective tissues (Timpl, Wolff and Weiser, 1969; Robert, Robert and Robert, 
1970; Broekhuyse, 1972). They could be solubilized from the insoluble matrix by 
treatment with hot trichloroacetic acid and extraction of the insoluble residue with 
8M urea, 6M guanidine hydrochloride, 2% sodium dodecyl sulphate or 0.1M NaOH, 
leaving behind a residue of elastin, if present (a flow scheme is shown in Chapter II). 
Subsequently collagenase has been used instead of trichloroacetic acid in order to 
remove the polymeric collagen (Wolff, Fuchswans, Weiser, Furthmayer and Timpl, 
1971; Robert and Robert, 1974). The isolated SGP-s exhibit a limited organ and 
tissue specificity, which may be due to the heterogenicity of their carbohydrate chains 
(Robert and Robert, 1974):
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1) The carbohydrate units obtained by pronase digestion have molecular weights 
between 2000 and 4000.

2) The ratio between the sugar components in these units varies from tissue to tissue.
3) The amino acid composition, on the other hand, is similar.

Up till now no SGP has been split up into different antigens. The SGP-s appear to be 
associated with collagen but nevertheless exhibit some characteristic differences from 
this protein. They are rich in mannose and contain some hydroxylysine, while 
hydroxyproline is practically absent. Iso-electric precipitation occurs in a weakly acid 
medium (Robert and Robert, 1967).
SGP-s exhibit a strong antigenicity as well as properties of transplantation antigens. 
Rabbits immunized with bovine comeal structural glycoproteins reject a bovine 
corneal graft. Antigenic relationships are present between SGP-s from heart valve or 
aorta with streptococcus A polysaccharide and streptococcus A cell membrane 
(Robert. Darrell and Robert, 1970) and the species specificity has been studied 
(Robert, Oudea, Zweibaum, Parlebas and Robert, 1965; chapter V). In rabbits, 
typical sclerotic lesions of the aorta develop if they are immunized for prolonged 
periods with SGP of aorta or with elastin. Some human sera contain antibodies to 
structural glycoproteins as well as to elastin (Robert and Robert, 1974).

Data from these investigations
Using the methods cited above, Broekhuyse (1972) and Van der Eerden and 
Broekhuyse (Chapter III) prepared structural glycoproteins (SGP) from comeal 
stroma (CSGP), sclera (SSGP) and lens capsule (LSGP). The results of the 
investigations concerning the localisation and the immunochemical properties of 
these proteins, together with discussion of the literature are given in chapters III-VI. 
Materials and methods will be described in chapter II. A chemical characterization is 
given below (Broekhuyse and Van der Eerden, unpublished results).

1) SGP-s are in the first place defined by the procedures used for their isolation. They 
represent the urea-soluble fraction of the trichloroacetic acid-insoluble part of the 
polymeric connective tissue. In buffer solutions they tend to aggregate, which 
hampers many biochemical investigations. Fresh solutions may be stored frozen 
without degradation. The stability of SGP solutions is greatly improved by the 
presence of 1M (or stronger) urea or guanidine. HC1, or low concentrations of 
detergents. These substances, however, inhibit antigen-antibody reactions to a 
large extent.

2) The amino acid compositions of CSGP, SSGP and LSGP are shown in Table II. It 
appears that CSGP and SSGP have a very similar amino acid composition. These 
SGP-s contain only traces of hydroxyproline, an amino acid which is characteristic 
of collagen from which the SGP-s are extracted. This points to a good separation 
of SGP-s from collagen. Moreover, the presence of hydroxylysine, cysteine and a 
relatively low content of glycine distinguishes these proteins from collagen. The 
compositions of SSGP and CSGP are similar to those found by Robert, Robert 
and Robert (1970) for their CSGP preparation (Table II).
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T ablell

The amino acid composition of bovine ocular structural glycoproteins 
The values are given as residues /  1000

Amino CSGP SSGP CSGP2 Collagen3 LSGP Lens capsule 
(Kefalides)^

Hydroxyproline l l l l 0 91 21 100
Asparatic acid 102 104 102 48 74 55
Threonine 50 55 51 15 54 29
Serine 69 69 59 34 83 42
Glutamic acid 116 112 113 74 104 93
Proline 59 66 57 124 72 68
Glycine 86 86 105 335 121 275
Alanine 72 67 70 107 72 43
Valine 70 60 86 22 52 30
Methionine 15 18 11 5 21 8
Isoleucine 45 44 47 12 33 29
Leucine 100 90 97 27 70 58
Tyrosine 29 33 17 4 29 10
Phenylalanine 41 38 38 13 36 32
Half-cystine 13 23 15 0 34 28
Hydroxylysine 10 10 11 7 15 35
Lysine 50 49 44 25 27 13
Histidine 17 21 16 5 33 10
Arginine 64 55 60 50 61 43

1 Direct spectrophotometric analysis (see Chapter II)
2 Robert, Robert and Robert (1970)
3 Calf skin collagen (Nordwig, Rogall and Hayduk, 1970)
4 Kefalides (1970)

3) The amino acid composition of LSGP differs somewhat from CSGP/SSGP, higher 
values for serine and glycine and lower values for some other amino acids being 
apparent (Table II). The main difference between LSGP and total lens capsule is 
the much higher content of glycine and hydroxyproline in lens capsule, due to the 
presence of a collagen-like protein (see below). LSGP as such has not previously 
been isolated.

4) In table III the carbohydrate composition of the bovine SGP-s is shown. The 
content of hexoses and hexosamines is rather similar for the three preparations. 
Uronic acid, an important constituent of mucopolysaccharides, is absent. This 
points to a good separation of the SGP-s from these proteoglycans. The protein 
content of the stromal SGP-s was about 80% according to a Lowry-type of protein 
determination. With the biuret reaction a value of about 87% was found. This 
value is equal to that found by Robert and Robert (1967). They found similar 
values for hexoses (6.7% for CSGP) and for hexosamines (2.16% for CSGP). 
Their observation that corneal stroma has a much higher SGP content than sclera 
was confirmed as well (Table III).
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Table III

Some characteristics of bovine ocular structural glycoproteins

Componenta CSGP SSGP LSGP

Hexoses'5 3.9 6.1 7.3
Hexosaminesb 2.0 2.6 2.2
Uronic acidb. c 0 0 0
Protein^i c 81 80 91
Isoelectric precipitation 4.5 4.5 4.7 and 5.5

point
Recovery from originale 4.5 0.4 1.1

a SGP, structural glycoprotein; C, comea; S, sclera; L, lens capsule 
b Values are given as percentage of the dry weight of the isolated SGP 
c Uronic acid is present in the original connective tissue 
d Protein was measured according to a Lowry-type of procedure (see Chapter II) 
e Recovery is given as percentage of the wet weight of the tissue.

5) Gel filtration in 4M urea on Sephadex G100 yielded only one protein peak for each 
SGP.

6) Gel filtration of the SGP-s on Sephadex G200 with 0.01 M phosphate buffer (pH 
7.4) in the presence of 0.02% Tween yielded one protein peak. A very small 
additional peak exhibited no antigenic activity with the antisera prepared against 
the original SGP. The protein from the SGP-peak produced, with anti-SGP 
antiserum, a precipitin pattem  comparable to that from the original SGP in both 
the double diffusion test (Fig. 1). Ion-exchange chromatography could not be used 
due to heavy losses of SGP-s.

X

(3 D  s . 
»

( ï  3 %
S j

Fig. la. Immunodiffusion of anti-CSGP antiserum (1) versus CSGP (5, left pattem) and CSGP-peak 
(5, right pattem).
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Fig. lb . Immunodiffusion of anti-LSGP antiserum (5) versus LSGP (2, left pattem) and LSGP-peak 
(2, right pattern).

7) Preliminary studies with anti-CSGP, anti-SSGP and anti-LSGP antisera from 
rabbits suggested a clear specificity of the first two antisera for stromal collagen 
and of anti-LSGP antiserum for basement membranes (Chapter III and IV). 
Preliminary immunoelectrophoresis in agar suggested that the SGP-s consisted of 
one antigenic component (fig. 2). On immunodiffusion, however, CSGP and 
SSGP also produced several vëry weak additional precipitin arcs, while LSGP 
produced three clear arcs. Antisera against the individual LSGP arcs produced 
similar pattern and immunofluorescence results as the original anti-LSGP 
(Chapter III).
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1

f
Fig. 2. Immunoelectrophoresis of CSGP versus anti-CSGP antisemm (a) and of LSGP versus 

anti-LSGP ANTISERUM (b).

8) "Immunoelectrophoresis” with concanavalin A (Con A) and phytohaemagglutinin 
(PHA) (purified) substituted for anti-SGP antisera was performed by Dr. A. 
Rothe in the laboratory of Prof. G. Uhlenbruck(Köln) (Fig. 3). Each SGP yielded 
one precipitin arc. It was further found that:
SSGP reacts with PHA, Con A, and lectins from Abrus precatorius and Helix 
aspersa
LSGP reacts with PHA, Con A 
CSGP reacts with Con A

'1  CSGP 

2  PHA 

_ £  LSGP 

PHA 

S' SSGP
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CSGP 

Con A 

LSGP 

Con A 

SSGP

Fig. 3. Immunoelectrophoresis of SGP-s from ocular tissues versus concanavaline A (Con A) and 
phytohaemagglutinene (PHA).

These different reactivities point to differences between the carbohydrate chains of 
these SGP-s and show a difference between CSGP and SSGP which no other 
method in our further studies revealed and which concerns the structure of the 
carbohydrate chain(s). The specificity of Abrus precatorius and Helix aspersa is 
directed against terminal /5-linked D-galactose and N-acetyl-D-galactosamine, 
respectively *). The specificity of Con A is directed against a-D-mannosyl and 
a-D-glycosyl groups and those of PHA against N-acetyl-D-galactosamine.

These properties of the SGP-s demonstrate that they are chemically and immunolo- 
gically defined entities, which are very difficult to split up into subfractions for more 
detailed investigations. For these reason no further attempts have been made to 
separate more components from our preparations at this stage of the investigations. 
A detailed immunochemical characterization was undertaken later on and will be 
described in chapter V. As was described above, lens capsule contains three antigenic 
components. One is represented by the acid soluble collagen (Kefalides, 1970; 
Chapter V), a component which is solubilized by trichloroacetic acid in the present 
study. The other two are glycoproteins (Kefalides, 1970). On the basis of our scheme, 
the LSGP preparation must contain one or both of the two "Kefalides glycoproteins” .

*) G. Uhlenbruck, personal communication and G. Uhlenbruck and A. Weis (197" 
Z. Immun.-Forsch. 145, 356.
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Localization of Immimogenic 
Determinants of Structural Glycoproteins from Lens Capsule, 
Corneal Stroma and Sclera in Connective Tissues of the Eye

Am Immunofluorescence and Immunoelectrophoretic Study
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University of Nijmegen, Nijmegen

Abstract. From the ocular connective tissues, relatively 
pure structural glycoproteins (SGP) are extractable by 
means of 8 m  urea after trichloroacetic acid treatment. The 
SGP from corneal stroma (CSGP) and from sclera (SSGP) 
show considerable immunochemical similarities and are 
not related to SGP from anterior lens capsule (LSGP). An 
antiserum directed against the total connective tissue frac- 
tion of corneal stroma, sclera or lens capsule shows the 
same immunofluorescent and immunochemical charac- 
teristics as an antiserum against SGP isolated from the 
corresponding connective tissue. These SGP seem to be 
the dominant structural antigens of theinvestigated ocular 
connective tissues

In the immunofluorescent test, anti-CSGP and anti-SSGP antisera stain mainly col- 
lagenous and reticular connective tissue of the eye. The anti-CSGP, moreover, shows a 
weak relationship with the basement membrane structures. Besides the vascular and other 
basement membranes, the anti-LSGP stains reticular tissue as well, however, collagenous 
tissue does not react with this antiserum. Starting from the immunochemical and immuno
fluorescence characteristics, one can conclude that the two morphologically distinct con
nective tissues, lens capsule on the one hand, and scleral stroma on the other, also contain 
différent types of SGP, respectively LSGP and SSGP or CSGP.

Key Words
S tru c tu ra l  g ly c o p ro te in s
Cornea
Sclera
Lens capsule 
Antigenic relationships 
Immunoelectrophoresis 
Immunofluorescence 
Reticular fibers 
Collagenous connective tissue 
Basement membranes

1 W e  g ra te fu lly  a c k n o w le d g e  th e  a d v ic e  o f  D r .  P.H.K. Y a p . M iss  E .F .  J . T o l h u iz e n , 
M rs . M .H .W o u t e r s e  a n d  M r. H . J .W in k e n s  r e n d e re d  c a p a b le  te c h n iq u a l  a ss is ta n ce .

35



Introduction

Many eye disorders which occur in combination with collagen diseases 
are nowadays considered to be autoimmunological inflammatory processes, 
i.e. uveitis with ankylosing spondylitis and scleritis with rheumatoid arthritis. 
Thus, an investigation of the existence of antigenic relationships between 
connective tissues of the eye and other organs seems to be of essential im- 
portance for the understanding of the immunopathology of these diseases. 
Common antigenic components have been demonstrated in the soluble 
protein fractions from lens and cornea epithelium and from cornea epithelium 
and cornea stroma [V an  A lp h e n  and R o b in e t te , 1961]. A n  antigenic rela- 
tionship between glomerulus tissue, lens capsule, membrane underlying 
ciliary epithelium and basement membrane of the conjunctiva epithelium has 
been demonstrated in rats by R o b e r ts  [1957]. A n  investigation by P e r k in s  
[1963] pointed to an antigenic relationship between joint capsule, vesicular 
gland and uvea tissue in guinea pigs. P h ilip se n  and B r o e k h u y se  [1972/73] 
found a series o f immunological relationships between structural glyco- 
protein from cornea stroma (CGP) and various ocular structures. The SGP 
are essential components of connective tissue [T im pl et al., 1969]. They are 
bound to collagen and seem to determine specifically the antigenic character 
of it [R o b e r t  et al., 1970],

In this publication, the results of an investigation on the antigenic relation
ships which exist between the structural glycoproteins of the lens capsule 
(LSGP), sclera (SSGP) and cornea stroma (CSGP) and the connective tissue 
structures of the eye are described. The antigenic relationships between these 
SGP and connective tissue structures o f other organs are described in an 
accompanying article [Va n  der  E erden  and Broekhuyse , 1973].

Materials and Methods

The conjugate employed was supplied by Nordic Pharmaceuticals and Diagnostics 
(Tilburg, The Netherlands): goat anti-rabbit IgG/fluorescein isothiocyanate (GAR/FITC). 
Normal rabbit serum was obtained from New Zealand rabbits.

Ocular tissues were prepared from fresh calf eyes kept on ice during their transport to 
the laboratory immediately after enucleation. Large numbers of lenses were obtained by 
cutting the cornea into two halves after which the lens was pressed out of the bulbus. Corneas 
and scleras for preparation of proteins were isolated by known dissection methods. CSGP, 
SSGP and LSGP were prepared from calf ocular tissues as described elsewhere [Br o e k 
h u y se  and V a n  d e r  E e r d e n , to be published; B r o e k h u y s e , 1972]. Antisera were prepared 
by injecting New Zealand rabbits with an emulsion of 1 ml (10 mg) protein solution in
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1 ml complete Freund’s adjuvant (Difco), using foot pad immunization. A booster was 
given after 4 weeks, and 1 week later, the animals were bied and the antiserum was 
isolated.

For the preparation of sections from ocular tissues, a circular incision in the bulbus was 
made behind the ciliary body and the anterior segment was detached by cutting away the 
vitreous body and the zonule. From this segment of the eye a tissue section was prepared 
which contained a small piece of cornea, ciliary body and a fragment of the sclera with con- 
junctiva and Tenon’s capsule. Optie nerve and optie disc, ocular muscle and part of the 
sclera with choroid and retina were prepared from the posterior segment. All tissues were 
frozen using liquid nitrogen and were stored at -70  °C. Sections of 8 fim were cut at -22 °C 
and were stained by the method of Feltkamp [1966], In order to avoid a large amount 
of nonspecific staining in the immunofluorescent technique, the tissue sections had to be 
stored at least one day at -70 °C in a closed space. Details of the staining technique and the 
controle experiments were described by Philipsen and Broekhuyse[1 972/73]. Additional 
details are described in table I.

The anti-CSGP, anti-SSGP and anti-LSGP antisera were adsorbed with the correspond- 
ing antigens as well as with immunoadsorbents prepared by coupling agarose to the various 
SGP, respectively CSGP, SSGP and LSGP. The cyanogen bromide coupling procedure 
of Axén and Ernback [1971] was applied in a modified form.

Sepharose 4B (2 g; Pharmacia) was washed 3 times with distilled water and transferred 
to a 20-ml counting vial. This vial was provided with a combined electrode of a pH-meter and 
a very small magnetic stirring bar. A cyanogen bromide (CNBr) solution (2.4 ml, 25 mg/ml 
water) was rapidly added and the suspension was maintained at apH of 10.5-10.8 for 6 min 
by dropwise addition of 0.5 n  NaOH. Afterwards it was rapidly filtered and washed with 
400 ml distilled water (4°C) and 400 ml 0.1 m NaHC03. The activated agarose was mixed 
with 3 ml (70 mg) SGP solution in 0.1 m NaHC03 in a small vial and mixed for 24 h under 
nitrogen by rotating the vial slowly. The product was washed with 200 ml of the following 
solutions at 4°C: 0.1 m  borate buffer, pH 8.5, 0.1 m  citrate buffer, pH 5.0, 0.05 m  citrate 
buffer, pH 5.0,0.05 m  citrate buffer, pH 1.1,0.05 m  citrate buffer, pH 5.0. The resulting prep
aration appeared to be stable at 4 °C.

For the adsorption of the antiserum, the agarose SGP complex was transferred to a 
small column provided with a coarse glass filter in 0.05 m  citrate buffer, pH 5.0. This buffer 
was pumped through the column with a speed of 4 ml/h for several hours. The effluent was 
monitored continuously at 280 nm, 0.5 ml of antiserum was applied and the elution was 
started with a 0.05 m citrate buffer, pH 5.0, until the first peak had collected adsorbent- 
treated anti-SGP. The antibodies were eluted with 0.05 m  citrate buffer, pH 2.0, and the 
adsorbent was washed with 0.05 m citrate buffer, pH 1.1, and 0.05 m citrate buffer, pH 5.0. 
The column was then ready for use again. The antibody fraction was dialyzed, lyophilized 
and redissolved in the same volume of fluid as the original antiserum. This solution and the 
adsorbent-treated anti-SGP fraction were analyzed by immunoelectrophoresis for complete 
separation and by immunofluorescence.

The immunofluorescence results were interpreted within lh or after storage of the stained 
sections at -25 °C for several hours up to one day, using a Wild fluorescence microscope 
M 20 with halogen lamp, FITC interference filter and dark-field illumination. The red 
colour of the pigment was eliminated with two blue-green filters (BG 23). Occasionally, this 
combination was replaced by an HBO 200 mercury lamp with light-field condensor. The
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degree of specific fluorescence was coded as follows: 0 = no visible fluorescence, + = 
fluorescence just visible, + + = fluorescence details clearly visible and + + + = in
tensive fluorescence, illuminating the immediate vicinity.

Immunoelectrophoresis and immunodiffusion were performed according to H ir s c h - 
fe l d  f1960] using theLKB equipment. Agar as well as agarose were used, the latter gel allow- 
ing the formation of pattem without precipitation artefacts in the vicinity of the antigen well 
when SSGP and LSGP were analyzed.

Results

ïmmunochemistry
On immunodiffusion in agarose, anti-CSGP gives a thick precipitation line 

and some extremely weak lines with CSGP as well as with SSGP (fig. la). The 
same holds true for anti-SSGP. A reaction of identity occurs (fig. la). Anti- 
LSGP gives three lines with LSGP, in spite of the purity o f the starting product 
(lens capsule) (fig. lb). If antisera were prepared against the individual preci
pitation bands, isolated from the agarose plates, these sera appeared to react 
immunochemically identical [to be published]. Anti-LSGP does not react 
with CSGP and SSGP (fig. la). None of the three anti-SGP antisera reacts with 
bovine serum. Some very weak reactions are obtained between anti-CSGP or 
anti-SSGP and the water-soluble protein fraction from the corresponding 
tissues [Philipsen  and Broekhuyse , 1972/73]. These reactions do not interfere 
with the much stronger specific immunofluorescence reactions.

I /

/ (4

la
Fig.1. a, b Immunodiffusion. c Immunoelectrophoresis of ocular SGP versus the 

corresponding antisera in agarose. 1 = SSGP; 2 = CSGP; 3 = anti-SSGP; 4 = SSGP;
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Like SSGP, CSGP gives on immunoelectrophoresis a group of lines with 
the same mobility but with a different diffusion distance (fig. 1c). The CSGP 
group has the same mobility as the SSGP group.

Immunofluorescence
In table I, the experiments are described, which led to optimal immuno

fluorescence reactions. The results of these experiments differ little from those 
of PfflUPSEN and Broekhuyse [1972]. Due to the much greater sensitivity and 
specificity of the illumination technique used (see Materials and Methods) 
more histological, more fiuorescence gradations, and more specific reactions 
could be seen. Reliable conclusions ware obtained by continuously taking 
into account the weak green staining occurring with normal rabbit serum. 
Totai adsorption of an anü-SGP with its corresponding antigen appeared to 
be only possible by using a specific immunoadsorbent (agarose-SSGP, etc.). 
With anti-SGP adsorbent in this fashion, however, the weak green staining, 
characteristic of all rabbit sera remained present. This staining level was used 
as zero-level (table I). Antisera against the structural glycoprotein from lens 
capsule (anti-LSGP), from sclera (anti-SSGP) and from cornea (anti-CSGP) 
were tested successively on tissue sections of the eye. The results are shown in 
tables II and III.

Antigenic Determinants o f  LSGP
The epithelium of cornea and conjunctiva shows a diffuse aspecific dull 

green colour. The basement membranes of the cornea and conjunctiva epi
thelium fluoresce very strongly (+  +  + ). Bowman’s membrane does not stain

1

7

12 lc

5 = LSGP; 6 = anti-LSGP; 7 = anti-CSGP; 8 = bovine serum; 9 = anti-bovine serum 
antiserum.
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Table I. Experiments fqr obtaining optimal specific immunofluorescence

Incubation Staining Result
1 Anti-SGP1 (various dilutions) GAR/FITC2 1:10 anti-SGP 1:16 gives the 

best result.
On 1:1,500 negative

2 Anti-SGP (sections washed in PBS 
before fixation)

GAR/FITC 1:10 no alteration with respect 
to 1

3 Normal rabbit serum (1:16) GAR/FITC 1:10 very weak, dull green 
staining of cornea 
epithelium, keratocytes, 
vessel walls and basement 
membranes (0)

4 None GAR/FITC 1:10 no staining
5 Anti-SGP (1:16) adsorbed with SGP GAR/FITC 1:10 Strong decrease in 

fluorescence to almost 
negative (0)

6 Anti-SGP (1:16) adsorbed with
agarose SGP immuno-adsorbent GAR/FITC 1:10 reaction negative (0)

7 Anti-SGP (1:16) followed by
GAR/IgG3 (30 min) GAR/FITC 1:10 reaction almost negative 

(0/+)
8 Anti-SGP (1:16) at 4 °C GAR/FITC

(4°C)
1:10 no difFerence to 1

1 SGP = Structural glycoproteins from lens capsule (LSGP), cornea stroma (CSGP) 
or sclera (SSGP).

2 GAR/FITC = Fluorescein-conjugated antiglobulins (from goat) rabbit heterologous 
pooled normal IgG heavy and light chains.

3 GAR/IgG = Antiglobulins (7S) anti-heterologous pooled normal heavy and light 
chains.

(fig. 2). Among the non-staining stroma lamellae, the keratocytes fluoresce ( + ). 
Descemet’s membrane fluoresces strongly (+  + ), the staining cell membranes 
of the endothelium ( +  +  +  ) accentuate the limitation of Desmet’s membrane 
(fig. 5). The character of this fluorescence continues through the trabeculum 
giving the impression that Descemet’s membrane as well as the endothelium 
bifurcates in the trabeculum. The degree of fluorescence in the trabeculum 
gradually decreases towards the periphery ( + + /  + ). The endothelial lining 
of Schlemm’s canal stains bright green ( + +  ). Among the non-staining sclera 
lamellae, very thin green fibres are visible ( + ) (fig. 13). Only a fine network of 
fibres fluoresces (+  + )  in the stroma of the conjunctiva and Tenon’s capsule. 
The strong fluorescence of the blood vessel walls in the conjunctival stroma is 
striking (+  +  + ) (fig. 2).



Table II. Immunofluorescence reactions of the eye tissues with anti-SGP antisera

Eye structures Staining intensity1
anti- anti- anti-
LSGP SSGP CSGP

Basement membrane cornea epithelium + + + 0 + +
Bowman’s membrane 0 0 0
Comeal stroma2 0 + + + +
Descemet’s membrane3 + + 0 0
Basement membrane conjunctiva epithelium + + + 0 + +
Conjunctiva stroma: collagenous tissue 0 + + + +
Scleral stroma 0 + + + +
Trabecular meshwork + + / + + + /+ + + /+
Perimysium m. sphincter pupillae + + + + + +
M. dilator pupillae + + + + + + +
Basement membrane iris posterior epithelium + + 4- 0 + +
Perimysium ciliary muscles + + + +
Basement membrane unpigmented ciliary epithelium + + + 0 + +
Basement membrane pigmented ciliary epithelium -f + + 0 0
Bruch’s membrane + + + 0 0
Lens capsule + + + 0 +
Optie nerve: Mantle of astrocytes + + + 0 0

Pial septa 0 + + + +
Ocular muscles: Perimysium + + + + + +

Epimysium 0 + + + +
1 Coding: see Materials and Methods.
2 With anti-LSGP: keratocytes +.
3 With anti-CSGP: endothelial lining of Descemet’s membrane + + .

Table III. Immunofluorescence reactions of blood vessel walls with anti-SGP antisera

Blood vessel walls Staining intensity1
anti-
LSGP

anti-
SSGP

anti-
CSGP

Capillaries + + + + + + +
Venules + + + + + + +
Arterioles: Intima/media + + + + +

Adventia 0 + + + +
Arteries: Intima + + + + +

Internal elastic lamina + + + + + +
Media2 + + + + + +
Adventitia 0 + + + +
Perivascular connective tissue 0 + + + +

1 Coding: see Materials and Methods.
2 Only circularly running elastic fibres fluoresce.
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The vascular basement membranes of the capillaries and venules in the 
iris fluoresce very strongly (+  +  + ) (fig.9). The basement membrane-like 
substance of the endothelium and smooth muscle cell layer of the arterioles 
also stain strongly (+  + + ). Only the perimysium of the ciliary muscle and 
sphincter muscle (fig. 13, 14) stain bright green (+  + ). From the pigment 
layer of the iris fibres extend into fasciculi (dilator epithelium) which show a 
strong fluorescence (+  + + ). The basement membrane of the pigmented iris 
epithelium reacts very strongly (+  + + ). In the non-staining stroma of the 
iris and ciliary body, only a fine network of fibres fluoresces ( + + ) (fig. 9); the 
density of this netwoik increases around the vessels. In the stroma of the villi, 
the capillaries fluoresce strongly (+  +  + ). The inner limiting membrane of 
the unpigmented ciliary epithelium and its villi stains very strongly (+  +  + ) 
(fig. 11). This basement membrane [H o g a n  et al., 1971] shows a multilayered 
structure in the pars plicata and becomes thinner near the iris root. The 
basement membrane-like strip under the pigmented ciliary epithelium and its 
villi [H o g a n  et al., 1971] also stains as a multilayered structure (+  +  + ).

The retina shows some autofluorescence. The vessels show identical 
fluorescence characteristics as described for the iris vessels. The whole of 
Bruch’s membrane gives a strongly positive reaction (+  +  + ), the underlying 
chorio capillaris and chorioidea show fluorescing vessel walls ( + + + )  (fig. 15, 
16). The lens capsule shows a clear green colour (+  + + ) and the zonula 

fibres stain markedly (+  + ). No fluorescence is observed in aqueous and 
vitreous humor. The non-staining nerve bundles of the optie nerve are sur- 
rounded by a clear fluorescent mantle of astrocytes (+  +  + ). The pial septum, 
in which the strongly fluorescing central retinal vessels run, shows no reaction. 
The perimysium of the bundles of the eye muscle shows a clear fluorescence 
( + + ). The muscle tissue itself and epimysium are negative.

Antigenic Determinants o f  SSGP
Only around the nuclear membranes of the epithelial cells of the cornea and 

the conjunctiva, a slight, but specific staining occurs ( + ). The basement 
membranes of both epithelia are negative. Bowman’s membrane also fails to 
stain. The compactly arranged stromal lamellae of the cornea stain very 
clearly ( +  +  ) (fig. 3), and these interweave between the scleral lamellae. Desce- 
met’s membrane and the endothelium are both negative (fig. 7). The fluores
cence of the stromal lamellae near Descemet’s membrane continues into the 
trabeculum, so that the impression is that these stromal lamellae split up in 
the trabeculum. In the trabeculum, the fluorescence gradually decreases 
( + + /  + ). The irregularly arranged sclera lamellae show a clear fluorescence
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3,4

Fig. 2. Limbus corneae. A-LSGP 1:16. The pigment granules in conjunctival epithelium 
are visible by autofluorescence. x 120.

Fig. 3. Corneal stroma and epithelium. A-SSGP 1:16. A slight perinuclear fluorescence 
is visible around the nuclei of the corneal epithelium; no stainingofBowman’smembrane. 
x 120.

Fig. 4. Limbus corneae. A-CSGP 1:16. The pigment granules in conjunctival epithelium 
are visible by autofluorescence. x 120.

Fig.5. Corneal stroma and Descemet’s membrane. A-LSGP 1:16. Keratocytes show a 
light fluorescence. Descemet’s membrane is visible by a marked fluorescence. x 240.

Fig. 6. Corneal stroma and Descemet’s membrane. A-CSGP 1:16. Marked staining of 
stromal lamellae, negative reaction of Descemet’s membrane. x 120.

Fig. 7. Corneal stroma and Descemet’s membrane. A-SSGP 1:16. x 120.

( + + )  (fig. 12). We have the impression that the fluorescence specifically 
originates in the edges of the lamellae. Conjunctival stroma and Tenon’s 
capsule stain a strong diffuse green (+  + ), so that the reaction of the blood 
vessel walls is here hardly apparent.

The iris shows a strong fluorescence in the deeper stroma layers, originating 
from the more dense collagen tissue, the lining of the muscle bundles of the 
sphincter muscle and reactive myoepithelial cells. In the stroma, a network of
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Fig.8. Iris. A-CSGP 1:16. Iridal stroma shows a slight diffuse fluorescence; small 
blood vessels and fibres fluoresce stronger. x 120.

Fig.9. Iris. A-LSGP 1:16. In iridal stroma, only vessels and fibres fluoresce. Descemet’s 
membrane is visible in top right (compare with fig. 8). x 120.

Fig. 10. Ciliary body. A-SSGP 1:16. Stroma under pigmented epithelium shows marked 
fluorescence; no staining of basement membrane of neuro-epithelium. x 120.

Fig. 11. Ciliary body. A-LSGP 1:16. Basement membrane-like substance under pig
mented epithelium and basement membrane of neuro-epithelium shows strong fluorescence 
(compare with fig. 10). x 120.

fibres fluoresces (+  + ), the density of the fibres increases around the vessels. 
Perivascularly, the diffuse staining of the stroma also increases somewhat ( + ). 
The walls of the capillaries, arterioles and venules in the iris and ciliary body 
are characterized by a weaker fluorescence than that obtained with anti-LSGP 
antiserum. The intima and media of the arterioles stain weakly ( + ), the ad- 
ventitia fluoresces rather stronger (+  + )  and shows a fibrous structure. The 
walls of the capillaries and venules react positively (+  + ). The stroma of the 
ciliary body, bordering the ciliary epithelium and stroma from the villi stain 
a diffuse green (+  + ) (fig. 10). This staining rapidly decreases near the centre
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Fig. 12. Sclera. A-SSGP 1:16. x 240.
Fig. 13. Sclera and ciliary body. A-LSGP 1:16. No fluorescence of scleral lamellae (left 

side (compare with fig. 12). Perimysium of ciliary muscle is clearly visible. Under the fluores
cent blood vessel, the staining perineurium of ciliary nerve is visible. x 120.

Fig. 14. Sphincter muscle pupillae. A-LSGP 1:16 stains the perimysium of the muscle. 
x 240.

Fig. 15. Retina. A-LSGP 1:16. Autofluorescence of different layers and pigmented 
epithelium. Retinal vessels and Bruch’s membrane show a strong fluorescence. x 120.

Fig. 16. Sclera and chorioidea. A-LSGP 1:16. No fluorescence of scleral lamellae; 
walls of blood vessels in chorioidea and choriocapillaries show a strong fluorescence. x 240.

of the ciliary body ( + ) and is almost negative near the iris root. The basement 
membranes of the pigmented iris and o f the unpigmented ciliary epithelium 
do not stain (fig. 10).

The retinal vessels show the same fluorescence characteristics as described 
for the iris vessels. The vessel walls of the choriocapillaris and chorioidea stain 
moderately ( +  ). The lens capsule, the epithelial cells and the zonulafibres show 
no fluorescence. In aqueous and vitreous humor, there are no fluorescing sub- 
stances.
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Antigenic Determinants o f CSGP
An extensive description of the antigenic determinants o f CSGP (formerly 

called KGAG) in the ocular tissues was given by Philipsen and Broekhuyse 
[1972]. Our results correspond with theirs except for some details. The fluores- 
cence results obtained with this antiserum differ in some respect from the re
sults with anti-SSGP antiserum. The most important difference concerns the 
staining of the basement membranes. The epithelial basement membranes show 
a clear fluorescence which is, however, less intense (+  +  ) than with anti-LSGP: 
Descemet’s membrane is negative, only the endothelial lining weakly fluo- 
resces and continuous into the trabeculum (fig. 6). The lens capsule fluoresces 
only slightly ( + ). The epithelium of the cornea and conjunctiva stains diffuse 
green (+  ) (fig. 4), without displaying a perinuclear increase in the fluorescence 
as with anti-SSGP. The vessel walls show identical fluorescence characteristics 
to those seen with anti-SSGP, even though we have sometimes had the im- 
pression that the capillaries in the iris in particular stain little more vividly 
(fig. 8). The intense staining of the blood vessel walls obtained with anti-LSGP, 
however, does not occur with this antiserum (table III). In disagreement with 
the findings of Philipsen and Broekhuyse [1972/73], we find that the sclera 
does fluoresce ( + + ) and is even identical to the reaction with anti-SSGP anti
serum (fig. 12).

Discussion

Immunochemistry
The results shown in figure 1 indicate that CSGP, SSGP and LSGP con- 

sist of different types of molecular structures. In CSGP and SSGP one finds 
more components with an equal mobility. The difference in diffusion speed 
within each group is probably caused by the fact that SGP are inclined to form 
oligomeres, while, due to the treatment with hot trichloracetic acid, fragments 
of the SGP could develop. Timpl et al. [1969] and Robert et al. [1970] described 
the same phenomena for the SGP from various tissues. They, too, found that 
the finer precipitates were derived from the same protein. From these data it 
appears that the three antisera are appropriate for immunohistological 
examination because of their specificity. On immunoelectrophoresis in agar, 
SGP agar complexes develop near the application site. The coloured lines 
look like immuno precipitates, but they are not formed in agarose. They 
probably develop due to the natural tendency of the SGP to react with poly- 
saccharide sulphate groups, which are present in the proteoglycans. One can 
also find these groups in the agaropectin present in agar, but not in the neutral
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polysaccharide agarose. On immünization with stromal matrix isolated from 
cornea or sclera stroma an antiserum is obtained, which gives the same results 
with the described Standard immunochemical and immunohistological 
techniques. Thus, there are no new antigenic determinants liberated, due to 
the extraction techniques and probably none of the original determinants 
present are destroyed either. The hot trichloracetic acid will indeed have 
caused a certain hydrolysis of carbohydrate chains and peptides, but this 
tendency to form aggregates did not décrease, and the method has not pro- 
duced any inconvenient contamination.

Immunofluorescence
R oberts [1957] showed, by using the direct fluorescent antibody technique 

[Coons, 1956], that an antiserum to whole rat glomeruli, produced in rabbits, 
bears relationships to different ocular tissues o f the rat. The lens capsule, the 
basement membrane o f corneal and conjunctival epithelium and the vascular 
basement membrane of small blood vessels of the retina, optie nerve and con- 
junctiva particularly, reacted with the antiserum to the whole rat glomeruli. 
There was no mention of other antigenic relationship in ocular tissues. To 
study these findings in a more specific way, we tested an antiserum (anti- 
LSGP) directed against a purified protein fraction isolated from a basement 
membrane (lens capsule) and the immunofluorescence results show a certain 
resemblance to those of R oberts [1957]. Anti-LSGP reacted with basement 
membrane structures and reticular flbres in ocular tissues, but not with 
collagenous connective tissue (sclera, corneal stroma) (table II). Using an 
antiserum against the complete lens capsule, the immunofluorescence reac- 
tions were completely identical to those with anti-LSGP. These findings 
illustrate the thesis of R obert et al. [1970] that the acid SGP of connective 
tissue, in particular, are responsible for their antigenicity. This will be dis- 
cussed in the accompanying article [Va n  d er  E e r d e n  and B roekhuyse , 
1973].

The anti-CSGP antiserum shows in addition to the fluorescence charac- 
teristics of anti-SSGP, reactions with basement membranes structures, though 
less intensively than with anti-LSGP. Although a precipitation line does not 
occur between this antiserum and LSGP, we must, therefore, conclude that 
there exists a weak immunological relationship between CSGP and basement 
membranes. It is remarkable that Descemet’s membrane and the basement 
membrane-like structure under pigmented ciliary epithelium are the only 
basement membrane structures that do not show any reaction with anti-CSGP, 
except for the moderately staining endothelial lining on Descemet’s membrane.
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By using the direct Coons technique [Coons, 1956], R o b e rt et al. [1970] 
showed by means o f a similar antiserum a specific reaction with the corneal 
stroma in calf and horse, with lamellar structure in calf tendon and skin and 
with basement membranes of capillaries and small arteries. Their work 
revealed a limited organ and species specificity of SGP. We have confirmed 
their findings, except those concerning the species specificity which is under 
examination. In contrast to  these authors, we used the more sensitive sand- 
which technique [Coons, 1956], which rendered more details visible. This 
method was also used by Philipsen and B roekhuyse [1972/73] for their 
immunohistological study of ocular tissues. An additional improvement on 
their technique consisted of the replacement of the mercury lamp by a halogen 
lamp with an interfere filter and dark-field illumination. Comparison o f the 
sections under both microscopie methods showed a large gain and resolution 
capacity of the fluorescence picture, through which more detailed observation 
was possible. The great advantage of this system is demonstrated in the visibil- 
ity of the fluorescence of the sclera with anti-CSGP and anti-SSGP. W ith the 
first mentioned design, the sclera shows a great deal of autofluorescence 
[Philipsen and B roekhuyse, 1972/73] in which only very fine fibres between 
the lamellae were weakly stained.

In view of the largely corresponding immunochemical and the immuno
histological reactions of anti-CSGP and anti-SSGP, and the difFering results 
obtained with anti-LSGP, we conclude that two major types of SGP are 
present: lens capsule SGP and corneo-scleral stroma SGP. They represent in 
fact the two immunochemical distinct entities detected in the ocular con
nective tissues: the basement membrane type and the collagenous (stromal) 
type. These two major types of antigenic structures appear to be widely 
distributed in the body as will be shown in the accompanying article [Van d e r 
E erden  and Broekhuyse, 1973].
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Abstract. Antisera against the structural 
glycoproteins isolated from bovine lens 
capsule (anti-LSGP), sclera (anti-SSGP) 
and comeal stroma (anti-CSGP) have been 
tested on tissues of joint, spleen, pancreas, 
skin, tendon, heart valve, kidney and carti
lage by means of the indirect immunofluo
rescence technique.

Anti-LSGP stains basement membranes and reticular structures in all tissues. Anti- 
CSGP and anti-SSGP stain all collagenous and reticular connective tissues and, moreover, 
the vascular basement membranes of small blood vessels although less intensive than with 
anti-LSGP. The anti-SGP antisera show a very limited organ specificity and their reaction 
patterns with both ocular and non-ocular structures in mammalian tissues are similar.

It is suggested that the detected antigenic relationships between lens capsule, vascular 
basement membranes of small blood vessels, synovial tissue and cartilage and the rela- 
tionship between scleral stroma, fibrous joint capsule, synovial tissue and cartilage are 
important for the understanding of the immunopathology of the connective tissues.

Introduction

For the understanding of the immunopathology of ocular inflammatory 
processes which occur in combination with collagen diseases, an investigation 
of the existence of antigenic relationships between connective tissues of the 
eye and other organs seems to be essential.

There have been several reports in the literature of antigenic components
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in common in the soluble protein fractions of different ocular tissues [R ao 
et al., 1955; V an  A lp h e n  and R o b in e tte , 1961], Little work has been done on 
antigenic relationships between ocular connective tissues and other organs 
[R oberts , 1957; P erk in s , 1963], Starting from the structural glycoproteins 
isolated from bovine lens capsule, corneal and scleral stroma, antigenic rela
tionships have been detected between different ocular structures [R o b e rt et al., 
1970; P hilip sen  and B roekhuyse, 1972; V an  d e r  E e rd e n  and B roekhuyse, 
1973]. In this publication, the results are described of an investigation into 
the antigenic relationships between the mentioned structural glycoproteins 
and connective tissue structures of other organs. The technique of indirect 
immunofluorescence has been employed.

Materials and Methods

Various calf tissues were freshly obtained from the slaughter-house and transported on 
ice to the laboratory. Materials and methods, including experiments leading to optimal 
immunofluorescence, have been described in an accompanying article [V a n  d e r  E e r d e n  
and B r o e k h u y s e , 1973], The degree of specific fluorescence was coded as follows: 0 = no 
visible fluorescence; + = fluorescence just visible; + + = fluorescence details clearly 
visible; + + + = intensive fluorescence, illuminating the immediate vicinity.

Results

Antisera prepared in rabbits against the acid structural glycoproteins, iso
lated from lens capsule (anti-LSGP), from sclera (anti-SSGP) and from 
corneal stroma (anti-CSGP) have been tested successively on different tissue 
sections of the calf. The results are compiled in tables I and II.

Antigenic Determinants o f LSGP
The epithelium of the skin stains a non-specific diffuse green, the cell walls 

and nuclei are negative. The basement membrane of epithelium, hair follicles, 
sebaceous and sweat glands fluoresce very strongly (+  + +). In the cutis, a 
fine network of fibres stains (+  +). The collagenous connective tissue is 
negative (fig. 1).

The capsular basement membrane of the renal corpuscle shows a clear 
fluorescence of the visceral and parietal borders (+  + + ). The glomerular 
basement membrane of the tubular cells also fluoresce strongly ( + + + ; fig. 7).

The inner surface of the fibrous synovial membrane of the joint capsule
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(knee) shows a clear fluorescence ( + + ; fig.4). In the subsynovial connective 
tissue, only parallel running fibres stain (+  +). The fibrous capsule of the 
joint is completely negative.

The immediate surrounding of the chondrocyte in cartilage (rib) fluoresces 
very strongly (+  + +). The intercellular substance of the outer layer of the 
cartilage stains strongly (+  + ; fig. 3).

In the pericardium, only a fine network of fibres fluoresces ( + ), the meso- 
thelial lining is visible as a line which fluoresces a little stronger (+  +). The 
heart muscle tissue is negative, the connective tissue lining the muscle bundles 
shows a clear fluorescence ( + + ), like in the ocular muscle.

Table I. Immunofluorescence reactions of various non-ocular tissues with anti-SGP
antisera

Tissues Staining intensity1
anti-LSGP anti-SSGP anti-CSGP

Skin
Basement membrane + + + 0 + +
Collagenous connective tissue 0 + + + +

Kidney
Bowman’s capsule + + + + + + +
Glomerulus-tubular cell basement membrane + + + + + + +

Joint capsule
Synovial membrane + + + + + +
Fibrous capsule' 0 + + + +

Cartilage
Immediate surrounding of the chondrocytes + + + + + + + + +
Outer layer of cartilage + + + + + +

Pericardium2
Mesothelium + + 0 0
Fibroelastic connective tissue + + +

Heart valve2
Thin and thick endocardium + + +
Dense tissue plate + + +

Pancreas
Reticular tissue + + + + + +

Spleen
Reticular tissue + + + + + +

1 Coding: see materials and methods.
2 With anti-LSGP, in these tissues only a fine fibrous meshwork stains. With anti-SSGP 

and anti-CSGP, these tissues stain diffuse green, although the fine fibrous meshwork 
remains visible.
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The thick and thin endocardium of the aorta valve show a very fine mesh 
network of fluorescence ( + ). Fibres in the ‘dense tissue plate’ also show a 
weak fluorescence.

The reticular tissue in the pancreas, which surrounds the acini and the 
islets of Langerhans, shows a strong green staining (+  +). The pancreatic 
acini and islets of Langerhans themselves do not stain.

The framework of the red pulp in the spleen, consisting of a meshwork of 
reticular fibres, stains plainly (+  +). The outside layer of the spleen capsule 
does not stain, the blood vessels running in this show a strong fluorescence 
(+  + +). The mesothelial lining stains clearly (+  +). The inner layer of the 
capsule shows a clear fluorescence of the smooth muscle tissue.

Antigenic Determinants o f SSGP and CSGP
The most striking fluorescence in the skin is that of thick bundles of 

collagen tissue in the cutis (+  +). The basement membrane of epithelium, 
hair follicles, sebaceous and sweat glands are negative (fig. 2).

The synovial membrane of the joint capsule shows the same fluorescence 
as with anti-LSGP (+  + ). The subsynovial connective tissue ( + + ) and 
fibrous capsule (+  + ) show a diffuse green staining. The reticular fibres in the 
spleen stain clearly ( + + ), the smooth muscle tissue in the spleen capsule 
shows, in contrast with the results with anti-LSGP, a bright green col our. The 
outside connective tissue layer fluoresces plainly ( + + ). The mesothelial lining 
does not stain.

Table II. Immunofluorescence reactions of blood vessel walls with anti-SGP antisera

Blood vessel walls Staining intensity1 
anti-LSGP anti-SSGP anti-CSGP

Capillaries + + + + + + +
Venules + + + + + + +
Arterioles

Intima/media + + + + +
Adventitia 0 + + + +

Arteries
Intima + + + + H"
Intemal elastic lamina + + + + + +
Media2 + + + + + +
Adventitia 0 + + + +
Perivascular connective tissue 0 + + + +
1 Coding: see materials and methods.
2 Only circularly running fibres fluoresce.
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The pericardium, the heart valve, heart muscle and aorta show a specific 
diffuse fluorescence (+ ). The basement membrane of the glomerulus and 
Bowman’s capsule fluoresce a little less strongly (+  + ) than with anti-LSGP. 
The pancreas and the cartilage show no clear differences in fluorescence from

Fig. I. Skin. Anti-LSGP 1:16. Slight diffuse fluorescence of epithelium. Marked stain
ing of basement membrane, blood vessels and fibres in dermis. x 120.

Fig. 2. Skin. Anti-SSGP 1:16. Marked fluorescence of collagenous tissue in dermis. 
No staining of basement membrane (compare with fig. 4). x 120.

Fig. 3. Cartilage (rib). Anti-LSGP 1:16. Immediate fluorescent surrounding of chondro- 
cyte is visible; outer layer of cartilage also shows a marked staining. x 120.

Fig.4. Synovial membrane. Anti-LSGP 1:16. Fluorescent structures ace visible. x 120.
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Fig.5. Artery. Anti-CSGP 1:16. Tunica intima and internal elastic lamina, fibres in 
media show a marked fluorescence. Perivascular tissue also stains. x 210.

Fig.6. Artery. Anti-LSGP 1:16. Tunica intima and internal elastic lamina stain heavily, 
fibres in media react positive. Perivascular tissue is negative. x 210.

Fig.7. Glomerulus. Anti-LSGP 1:16. Marked fluorescence of glomerular basement 
membrane. Note the visceral and parietal fluorescent lining of Bowman’s capsule, x 240.
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that obtained with the anti-LSGP antiserum. The great blood vessels show a 
slight fluorescence of the lamina elastica interna ( + ); in the media, the 
circularly running fibres fluoresce (+  +). The adventitia stain diffuse green 
( + + ; fig. 5). The tunica intima and internal elastic lamina show a more 
vivid staining (+  + + ) with anti-LSGP (fig. 6).

The fluorescence results obtained with anti-CSGP differ from the results 
with anti-SSGP as far as it concerns the weak staining of the basement mem
branes by anti-CSGP [Van d e r  E erden  and Broekhuyse, 1973].

Discussion
Immunochemistry
The limited tissue specificity of the structural glycoproteins, which we have 

described, was also reported by R o b ert et al. [1970]. Moreover, they found 
a limited species specificity regarding corneal SGP. The investigation which 
we have carried out into the reactivity of human tissue in respect of the anti- 
bovine-SGP antisera also shows that there exists little species specificity [Van 
d e r  E erden  and Broekhuyse, to be published]. The results of the present 
study may, therefore, be interpreted as though it concerned human tissues. 
Also the heterologous relationships described by K efalides [1970] support 
this thesis.

The immunological characteristics which have been found here for the 
various connective tissue types such as basement membranes and stroma 
tissues, can also be related to differences in molecular architecture. The fibres 
of the basement membranes are finer than those of the collagen tissues, show 
a different characteristic periodicity on electron microscopy and possess a 
relatively high hydroxylysine content. On extraction, one finds 3 protein 
components. In this regard, our results agree with those of K efalides [1970] 
although we carried out the isolation in a different way. The antiserum against 
LSGP showed immunodiffusion and immunofluorescence characteristics 
identical with the antiserum obtained after injection with a homogenate of the 
total lens capsule. The antigenic determinants of the lens capsule are thus all 
present in LSGP, and the question is whether LSGP is an ‘extract’ or just a 
solubilized lens capsule. The fact that LSGP gives 3 separate protein fractions 
is more in agreement with the model for the molecuiar build-up of the base
ment membrane of K efalides (3 ‘subunits’) than with that of Spiro [1970], 
which subsumes all characteristics under one macromolecular structure. The 
character of the LSGP is now being subjected to a closer investigation in 
our laboratory.
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Immunofluorescence
C ru ic k s h a n k  and H i l l  [1953] showed, by using the direct fluorescent 

antibody technique [Coons, 1956], that an antiserum to whole rat glomeruli, 
produced in rabbits, reacted not only with the glomeruli but also with the 
basement membranes and reticular tissue elsewhere in the body of the rat. 
R o b e rts  [1957] showed by the same technique that rat glomeruli also bear 
relationships to the ocular tissues of the rat. Our results confirm and complete 
these findings. Anti-LSGP antiserum reacts with all basement membranes, 
vascular basement membranes and reticular fibres in fibrous connective tis
sues, but not with collagenous connective tissue (table III). These results are 
especially important because they have been obtained with the help of an 
antiserum (anti-LSGP) which was prepared against a purified protein fraction, 
isolated from a basement membrane structure which was not contaminated 
by other connective tissue components. This antiserum then is distinct from 
the many kinds of antisera which were used in early immunological connective 
tissue studies. These studies were often made complicated because absorption

Table III. Immunofluorescence reactions with anti-SGP antisera on connective tissue
structures

Connective tissue structures Staining intensity1 
anti-LSGP anti-SSGP anti-CSGP

Basement membranes 
Skin, cornea, conjunctival epithelium + + + 0 + +
Lens capsule + + + 0 +
Descemet’s membrane + + 0 0
Glomerular basement membrane + + + + + + +
Basement membrane of small blood vessels + + + + + + +

Reticular fibres in fibrous connective tissue 
Perimysium -1- + + + + +
Perineurium + + + + + +
Pancreas + + + + + +
Spleen + + + + + +

Collagenous tissues in 
Dense fibrous regular connective tissue 
(such as in corneal stroma, scleral stroma, 
tendon, etc.) 0 + + + +
Dense fibrous irregular connective tissue 
(such as in dermis, conjunctival stroma, 
epimysium, pial septa in optie nerve, etc.) 0 + + + +

1 Coding: see materials and methods.
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had to be carried out in order to obtain a more specific anti-basement anti- 
serum. Possibly, P ie rce  et al. [1964] found, for this reason, that antisera 
against a basement membrane, antigenically identical with Reichert’s base
ment membrane, only reacted with epithelial basement membranes and not 
with other connective tissue components. The immunofluorescence reactions 
were, when using an anti serum against the complete lens capsule, completely 
identical to those with anti-LSGP. Although C ru ic k sh a n k  and H i l l  [1953] 
started from a homogenate of glomerulus tissue as antigen, the antigenicity 
appeared to originate from the glomerular basement membrane and the 
immunofluorescence reactions were identical to our results obtained with 
anti-total lens-capsule antiserum and anti-LSGP. These relationships be
tween the basement membranes can also be found reflected in the great 
resemblance in their chemical composition observed by Spiro  [1970] and 
K e fa lid e s  [1970]. Their findings illustrate the thesis of R o b e r t  et al. [1970] 
that the acid structural glycoproteins, in particular, are responsible for the 
antigenicity of the connective tissues. This too is suggested by the fact that 
antisera, obtained by injection of homogenized and washed cornea and sclera 
stroma, react identically in our test to anti-C SG P and anti-SSGP, respectively.

That the connective tissues contain also hidden determinants was shown 
by an uncovering of these determinants by means of the controlled use of 
proteolytic enzymes [R o b e rt et al., 1970] through which the reaction of the 
SGP in respect of the antibodies increased. In vivo, this could occur in diseases 
like rheumatoid arthritis, rheumatic heart disease, and atheromatous plaques. 
Indeed, antibody deposits in the connective tissue concerned have been 
demonstrated and may occur also in ocular tissues.

The anti-SSGP used by us shows a clear reaction with collagen in dense 
fibrous irregular and regular connective tissues, e.g., corneal and scleral 
stroma [V an d e r  E e rd e n  and B roekhuyse, 1973] and tendon. The reticular 
fibres in connective tissue also show a clear reaction which is comparable to 
the results with anti-LSGP (table III). It is remarkable that the glomerular 
basement membrane and the vascular basement membrane of small blood 
vessels show a clear fluorescence, in contradistinction to the other basement 
membranes which do not stain (table III). A separate antigenic relationship 
between the membranes mentioned is also suggested by the experiments of 
K r a k o w e r  and G reenspon  [1964]. Also the findings of R o th b a rd  and 
W a tso n  [1967] who obtained an immunofluorescence reaction in the glo
merular basement membrane of human kidneys with anti-human collagen 
anti-serum show that these basement membranes are immunologically dis- 
tinct from other basement membrane structures.
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With regard to the study of the non-ocular tissues, the immunofluores- 
cence results of anti-CSGP differ in one respect from the results with anti- 
SSGP. This difference concerns the staining of the basement membranes 
(table III) which was also discussed in the accompanying article [V an der 
Eerden and Broekhuyse, 1973]. The majority, however, of the reactions of 
both antisera appear to be similar which demonstrates once more their close 
immunological relationship.

The fibrous synovial membrane, the capsule of the chondrocyte and the 
outer layer of cartilage (rib) react with anti-LSGP as well as with anti-SSGP 
and anti-CSGP. That there exists an antigenic relationship between cartilages 
and basement membranes has already been shown by means of an antiserum 
to chondromucoprotein from pig laryngeal cartilages. This antiserum reacted 
with basement membranes of various organs of several species according to 
immunofluorescence criteria [Loewi, 1967]. An immunogenic relationship 
between the synovial membrane and reticuline has already been shown by an 
anti-human synovium serum [Scott, 1959].

Starting from the immunochemical and immunofluorescence character- 
istics, one can conclude that the two morphologically distinct connective 
tissue structures, lens capsule on the one hand and scleral and corneal stroma 
on the other, also contain clearly different types of SGP’s, respectively LSGP 
and CSGP plus SSGP. The class of the SGP’s originally characterized by 
Robert et al. [1970] and Timpl et al. [1969] was never before subdivided by 
means of immunochemical methods. Yet, this seems to give, at the moment, 
the only appropriate classification since there is not a good biochemical 
technique available yet for isolation of the SGP’s without disturbanee due 
to chemical modifications. No tissue-specific chemical structure which could 
from the basis for a further division has yet been found. K e fa lid es  [1970] 
and Spiro [1970] did, indeed, isolate protein fractions resembling SGP’s and 
showed that a certain classification is possible. The isolation techniques of 
these authors, however, differ from each other and also differ from those of 
Robert et al. [1970] and Timpl et al. [1969] so that comparison is not very 
possible. Therefore, the immunological classification of the SGP’s becomes 
the more valuable and,' moreover, provides data that can throw some light 
on phenomena indicated by several authors in the field of connective tissue 
pathology and transplantation immunology [Philipsen and Broekhuyse, 
1972; Robert et al., 1970; Payreau, 1968]. In view o f  the dominant antigenic 
character of the acid SGP’s, it seems probable that the antigenic relationship 
between SSGP-CSGP, collagen and reticular tissue can be a guiding prin- 
ciple in the further study o f the collagen diseases. The same holds true for the

62



relationship between SGP of lens capsule, basement membrane structures and 
reticular tissue. Possibly, the relationship found between sclera, fibrous joint 
capsule, synovial membrane and cartilage plays a role in the development of 
scleritis in rheumatoid arthritis. The occurrence of iridocyclitis in ankylosing 
spondylitis could be based on the antigenic relationship between basement 
membranes (iris), cartilage and synovial membrane. We want to point out 
emphatically that the results of this investigati.on are, indeed, no proof for 
the importance of the SGP’s in immunopathogenesis of collagenous diseases, 
but that the vital point is to show auto-antibodies against SGP’s in patients 
suffering from these diseases.
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Abstract.
By means of antisera directed against structural glycoproteins (SGP) from sclera (SSGP) 
and lens capsule (LSGP) from calf, pig, rabbit, guinea pig and man, the species specificity of 
these SGP was investigated.

The immunofluorescent reactions obtained by means of anti-LSGP and anti-SSGP 
antisera were always characteristically distinct, but in these tests theiy showed little 
species specificity.

By means of immunodiiïusion it was demonstrated tha t LSGP and SSGP always contain 
three immunochemically distinct components. One component (a-SGP) reacts species 
specifically whereas the other components (j8 and y) show little or no species specificity.

Antisera against LSGP and SSGP react in immunofluorescence and immunodiffusion 
tests much more strongly than (but identically to) antisera against total lens capsule and the 
insoluble part of the sclera. Basement membranes and stroma collagens appear to have a 
limited degree of species specificity. This specificity can be attributed to the ot-SGP- 
component.

1. Introduction

The role of immunological processes in connective tissue diseases h a s  been in the focus 
of interest for quite a long time. Immunological studies point to the importance of the 
structural glycoproteins as connective tissue antigens (Robert, Darell and Robert 
1970; Yan der Eerden and Broekhuyse, 1973a,b). Relatively pure structural glyco
proteins (SGP-s) are extractable from ocular connective tissues by means of 8  M -u re a  
after trichloroacetic acid treatment. The structural glycoproteins are essential com
ponents of connective tissue. They are associated with collagen and seem to specifically 
determine the antigenic character of it (Robert et al., 1970; Van der Eerden and 
Broekhuyse, 1973a,b). I t  appears from immunofluorescence studies that LSGP from 
lens capsule has immunogenic determinants which also occur in numerous other 
basement membranes and in reticular tissue while SSGP and CSGP from sclera and 
comea have determinants in common with many other collagenous and reticular 
tissues. (Van der Eerden and Broekhuyse, 1973a,b; Philipsen and Broekhuyse, 
1972-73). So the organ specificity of this SGP is either very limited or non-existent.

In order to obtain more data about the species specificity of ocular structural 
glycoproteins we tested antisera against SGP from various species, and prepared in 
various recipients, by means of indirect immunofluorescence and immunodiffusion 
techniques.

2. Materials and Methods
The following techniques have been described previously: immunodiffusion, immuno- 

electrophoresis, indirect immunofluorescent staining, foot-pad immunization (Broekhuyse, 
1972; Van der Eerden and Broekhuyse, 1973a,b). In order to visualize weak immuno
diffusion patterns, antigen and antiserum wells were repeatedly filled after absorption of
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the fluid by the agarose. Immunizations with glycoproteins and with buffer-extracted, 
homogenized lens capsule and scleral tissue (20-45 mg dry weight) were carried out with 
and without complete Freund’s adjuvant (Difco). Complete Freund’s adjuvant was also 
used separately as an antigen in order to obtain a control antiserum. Immunofluorescent 
staining was performed on frozen sections and, in some cases, on routine paraffin-embedded 
sections from various species which were first deparaffinated and rehydrated. Titre 
determinations were performed by indirect immunofluorescent staining of frozen sections 
by means of serial dilutions of antisera. The last positive dilution was recorded as the 
titre. Tissue sections are termed homologous or heterologous respectively if they were 
obtained from the same or another species as the immunizing antigen employed.

3. Results

Immunofluorescence

The various antisera against the structural glycoprotein of lens capsule (LSGP) and 
sclera (SSGP) generally show the same fluorescent characteristics as we have de
scribed previously for anti-bovine ocular SGP prepared in rabbits and tested on calf 
tissue sections (Van der Eerden and Broekhuyse, 1973a) (Table I). Antisera prepared 
in different species against various LSGPs and tested on tissue sections from hetero
logous species stain epithelial basement membranes, vascular basement membranes 
and reticular tissues, whereas anti-SSGP antisera stain mainly collagenous and

T a b le  I

Species and tissue specificity of SGPs studies by immunofluorescence

Antiserum Tissues Species Immunofluorescence results |*i

A-BoLSGP/Ra Eye, skin, aorta, 
heart valve, 
muscle, kidney, 
spleen, pancreas, 
cartilage

Bovine (1) Specific fluorescence of basement membrane 
structures and reticular tissues, no fluores- 
cence of collagenous tissues (Van der Eerden 
and Broekhuyse, 1973a,b).

(2) Staining is most intensive in sections from
A-PiLSGP/Ra Eye Pig species X if anti-XLSGP or anti-XTLC is
A-BoLSGP/Gp Eye used. TJsing the other species only slight
A-RaLSGP/Gp Eye differences in staining intensity are found.
A-HuTLC/Ra Eye Guinea pig (3) Basement membrane structures show a very
A-GpTLC/Ra Eye weak, sometimes doubtful, staining by
A-BoLSGP/Ch Eye Human antisera prepared in the homologous species.

A-BoSSGP/Ra Eye, skin, aorta, 
heart valve, 
muscle, kidney, 
spleen, pancreas, 
cartilage

Horse (1) Specific fluorescence of collagenous and 
reticular tissues, vascular basement mem
branes stain a little weaker than with anti- 
LSGP (Van der Eerden and Broekhuyse, 
1973a,b).

A-HuTSc/Ra Eye Rabbit (2) Staining is most intensive in sections from
A-PiSSGP/Ra Eye species X if anti-XSSGP is used. Between
A-BoSSGP/Gp Eye Cat the remaining species only slight differences
A-RaSSGP/Gp Eye in staining intensity were found.
A-BoSSGP/Ch Eye Mouse (3) Collagenous tissues show no remarkable 

staining by antisera prepared in the homo
logous species.

Abbrevialions: Bo, bovine; Gp, guinea pig; Pi, pig; Ra, rabbit; Hu, human; TLC, total lens capsule 
(buffer extracted, homogenized); TSc, total sclera (buffer and trichloroaeetic acid extracted, homo
genized); anti-BoSSGP/Ra, antiserum against bovine SSGP, prepared in rabbit; anti-HuTSc/Gp, anti
serum against human TSc, prepared in guinea pig, etc.

* Tissue sections of all indicated speeies were studied.
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Fre. 1. (a) Lens capsule from calf. A-RaLSGP/Gp (1: 16). A marked fluorescence is visible in contrast 
to A-SSGP [compare (b)J (X 300).

Fto. 1. (b) Lens capsule from calf. A-RaSSGP/Gp (1: 16). No fluorescence is observed (X300).
Fig. 2. (a) Blood vessel in iris root from pig. A-HuTSc/Gp (1: 16). Weak fluorescence of intima and 

media, the adventitia shows a marked staining ( x 300).
F i g .  2 .  (b) Blood vessel in iris root from pig. A-BoLSGP/Gp (1:16). Immunofluorescence of intima 

and media ( x 300).
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Fig. 3. (a) Optie nerve from calf. A-PiLSGP/Ra (1:16). A strong fluorescent mantle around the nerve 
bundle is visible. No reaction of pial septum, the blood vessels in the pial septum show a marked fluores
cence ( x 300).

Fig. 3. (b) Optie nerve from calf. A-PiSSGP/Ra (1: 16). Pial septum between nerve bundles fluoresces 
( X 300).

Fig. 4. Pancreas from calf. A-BoSSGP/Ra (1: 16). Fluorescence of reticular tissue around acini and 
islets of Langerhans ( X 300).
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reticular tissues including vascular basement membranes, although less intensively 
than with anti-LSGP antisera (Figs 1-4). Tissue specificity was the dominating 
feature. Staining of pigment granules could not be detected, although it could be
shown by other methods that SSGP and these granules are immunologically related 
(Broekhuyse and Van der Eerden, 197.4).

ÏATSLE II

Titres of anti-SSGP and anti-LSGP antisera

Antigen/immunized
species

Antigen injected* 
(total amount in mg) Ra

Serum titre against different species f 
Pi Bo Hu Gp

BoSSGP/Ra 30 0 1500 2000 1250 1000
PiSSGP/Ra 35 0 1250 750 1000 500
HuTSc/Ra 50 0 250 500 500 250
BoSSGP/Ch 40 200 200 300 200 250
BoSSGP/Gp 20 2750 2000 3000 2000 0
RaSSGP/Gp 25 3000 2000 2500 2000 0

BoLSGP/Ra 30 32 3000 4000 1500 3000
BoTLC/Ra 30 0 1250 2000 500 1000
PiLSGP/Ra 20 32 3000 2000 1000 500
PiTLC/Ra 50 1000
HuTLC/Ra 40 32 750 1000 1000 1000
GpTLC/Ra 40 32 750 1500 500 1500
BoLSGP/Ch 30 500 500 750 500 500
BoTLC/Ch 40 1000
BoLSGP/Gp 20 1250 2500 3000 1500 32
RaLSGP/Gp 40 3000 3000 3000 2000 32

* High amounts of protein indicate repeated injections and prolonged immunization (2-5 injections). 
t  Reciprooal value of the maxima] dilution which just stains positive (average of 2-3 animals).
Abbreviations, see Table I.

The most intensive staining occurs when the antiserum against the SGP of a 
particular species is tested on tissue sections of the (homologous) donor species, for 
instance, anti-BoLSGP on bovine sections (Table I). Differences in intensity of 
immunofluorescence in tissue sections from the homologous species depend, as is to 
be expected, on the titre of the antiserum under investigation (Table II). I t  appears 
that when testing antisera on tissues from heterologous species (that is, species not 
used for immunization), certain anti-SGP antisera stain various connective tissue 
structures of some species less intensely; for instance, anti-BoSSGP prepared in 
guinea pigs and chickens stain vascular basement membranes in human and horse sec
tions relatively weakly. With anti-HuTSc/Ra, the vascular basement membranes and 
collagenous tissues in caJf and horse also stain weakly.

I t i s  very difficult to judge the immunofluorescence of antisera prepared i n  rabbits 
and guinea pigs tested on tissues from the corresponding species because of the occur- 
rence of interfering fluorescence due to reactions of the anti-RalgG or anti-GpIgG 
conjugate, respectively, with extracellular IgG (Allansmith, Whitney, McClellan and 
Newman, 1973). On the basis of extensive C o n tro ls  we think, however, that anti-LSGP 
antisera evoke a slight fluorescence of the basement membrane structures of the 
immunized species.

71



Immunofluorescent results with antisera against TLC and TSc are identical to the 
results with anti-LSGP and anti-SSGP, respectively (Yan der Berden and Broekhuyse, 
1973a).

Fig. 5. Comeal stroma and epithelium from calf (x  300).
(a) A-BoSSGP/Ra (1: 16). Staining of stromal lamellae, no staining of Bowman’s membrane and 

epithelial basement membrane. A slight perinuclear fluorescence is visible around the nuclei of the 
corneal epithelium.

(b) A-BoSSGP/Ra (1: 16) on paraffin embedded section. Intensive aspecific staining.
(c) A-BoLSGP/Ra (1: 16). Strong staining of epithelial basement membrane is visible, stromal 

lamellae are negative.
(d) A-BoLSGP/Ra (1: 16) on embedded paraffin section. Specific staining of basement membrane is 

absent.

Antisera prepared with and without adjuvant show the same immunofluorescent 
characteristics. Anti-Freund’s adjuvant antiserum was completely negative. Our 
experience with immunofluorescent tests on deparafBnated sections was poor as a 
result of intensive aspecific staining of epithelium and stromal tissues [Fig. 5(b) and (d)]. 
In conclusion, the presence of immunologically related determinants in the SGPs of the 
investigated species reveals little or no species specificity as measured by immuno
fluorescence. However, this technique does reveal the connective tissue specificity of 
the various anti-SGP antisera and this property is evoked equally by the native 
connective tissue structures.
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Titre of anti-SGP-antisera
The titres of the various antisera against LSGP and SSGP as determined by means 

of the indirect immunofluorescence technique ar© reported in Table II. The titre was 
taken as that value in the series of dilutions where specific fluorescence just occurred 
in tissue sections from homologous (donor) and heterologous species.

The results may be listed as foliows:
(a) BoSGPs and, to a somewhat lesser degree, PiSGPs lead to a good antibody 

response in the rabbit.
The guinea pig appears to be able to build up high antibody titres against both 

BoSGPs and RaSGPs.
Antisera prepared in chicken against BoSGPs show only.low titres after a relatively 

strong immunization procedure.
(b) The titres of antisera prepared against TLC and TSc are lower than against 

LSGP or SSGP, respectively. Hence, the extraction procedures raise the antigenicity.
(e) The titres of antisera determined in tissue sections from heterologous species 

(antigen not used for immunization) are in general lower than when determined in 
homologous tissue sections.

These titre differences in species cross reactions can be explained by the partial 
species specific reactivity.

(d) As already mentioned in Immunofluorescence, A-LSGP/X antisera tested on 
tissue sections from species X give weak positive reactions (titre 32), unlike anti- 
SSGP antisera which show no antibody activity.

Immunodiffusion tests
Table I II  lists the number of immunodiffusion lines between the various SGP and 

anti-SGP antisera from numerous experiments. The weaker antisera were here applied 
up to five times in order to visualize all components. Only the weaker antisera 
prepared in the chicken (Table III) showed no precipitating activity. Anti-SGP 
antisera generally show two precipitin lines (ƒ? and y) with heterologous SGP (SGP 
from species not used for immunization). If anti-SGP antisera are tested versus 
homologous SGP (SGP from species, used for immunization), an additional precipitin 
line appears (a).

T a b l e  III

Quantification of 'precipitation lines in immunodiffusion tests

Anti-LSGP
antisera* BoLSGP PiLSGP RaLSGP

Anti-SSGP
antisera BoSSGP PiSSGP RaSSGP

A-BoLSGP/Ra 3 2 0 A-BoSSGP/Ra 3 2 1
A-PiLSGP/Ra 2 3 2 A-PiSSGP/Ra 2 3 0
A-HuTLC/Ra 2 2 2 A-HuTSc/Ra 1 1 0
A-GpTLC/Ra 2 2 2
A-BoLSGP/Gp 3 2 1 A-BoSSGP/Gp 3(5)f 2 1
A-RaLSGP/Gp 2 2 3 A-RaSSGP/Gp 2 2 3
A-BoLSGP/Ch 0 0 0 A-BoSSGP/Ch 0 0 0

* Abbreviations, see Table I. 
t  Two dual precipitation lines (Fig. 0).
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From Figs 6 and 7 it appears that this immunodiffusion line concerns a species 
specific protein whereas the other lines, which show reactions of identity or partial 
identity [Fig. 6(a)] are the expression of non-species specific determinants. Immuno
diffusion line «, corresponding with the species specific determinant of SGP, gives in 
these experiments stronger precipitations with SSGP than with LSGP. The reactions 
between A-LSGP/Ra and A-TLC/Ra with RaLSGP and A-BoSSGP/Ra with 
RaSSGP are remarkable, in view of the fact that antiserum and antigen originate 
from the same species.

am®)
(bS) (£ )

A .A -B o S S G P / G p
Ca)

A :A-Bo SSGP / Ra 
Cb)

©
© - ® 
© ©■ v0  @ ®

A=A-Pi SSGP/Ra 
CO

A .A -R a  SSGP/Gp 
Cd)

F ig . 6 . Reactions of A-SSGP antisera (in central wells) prepared in rabbit (Ra) or guinea pig (Gp) with 
SSGP from pig (Pi), rabbit (Ra) and bovine (Bo) sclera (peripheral wells). In all patterns three main 
components can be observed.

The speeies specific a-SSGP line is found near the well of the antigen against which the antiserum is 
direeted. The /}- and y-components are precipitated from the SSGP from all species and their precipitin 
lines fuse completely indicating reactions of identity. Hence, /?- and y-SSGP exhibit no species specificity. 
In Fig. 6(a) and (c) at least two /3 and two y eomponents are observed. One of the /3s in Fig. 6(a) exhibits 
reactions of partial identity with BoSSGP and PiSSGP, indicating that an additional species specific 
determinant may be present in this fraction. Dotted lines indicate reactions observed only in a single 
experiment.

4. Discussion
The important role played by structural glycoproteins in the expression of the 

antigenicity of the various connective tissue types is now well known and their 
preparation is rather complicated (Robert et al., 1970; Wolff, Fuchswans, Weiser, 
Furthmayer and Timple, 1971; Broekhuyse, 1972; Van der Eerden and Broekhuyse, 
1973a). Although the isolation procedure for the SGPs uses hot trichloroacetic acid 
and (denaturing) 8 M -u rea , the isolated proteins do have a' reproducible composition 
which depends only slightly on the type of tissue extracted or on the animal species. 
That these proteins represent a clearly distinguishable group among the connective 
tissue components is also apparent from the fact that labelled precursors are strongly 
incorporated in these SGPs and not in the collagen itself (Robert et al., 1970). On 
extraction with trichloroacetic acid and 8 M -u re a  no collagen is mixed with the SGP 
fraction and elastin remains insoluble and can be removed. The procedure produces 
a heterogeneity in molecular size through slight hydrolysis of the SGP. Moreover,
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aqueous solutions tend to form aggregates, which may precede partial precipitation. 
This tendency to aggregate also manifests itself with respect to erythrocytes so that 
the passive hemagglutination reactions are impossible without chemical pretreatment 
of the cells (Broekhuyse, unpublished results). Treatment with such reagents makes 
the test difficult to carry out in this case. Therefore in this study the immuno
fluorescence reaction was taken as a titre determination. Titres of about the same 
value as those reported by Robert et al. (1970) by means of hemagglutination tests 
were found.

A=A-Pi LSGP/Ra 
(a)

A .A -B o  LSGP/Ra 
Cb>

A.A-Ra LSGP/Gp 
(c>

A=A-HuTLC/Ra
Cd)

Fig. 7. Reactions of A-LSGP and A-HuTLC antisera (in the central w ellB ) prepared in rabbit (Ra) or 
guinea pig (Gp) with LSGP from rabbit (Ra), pig (Pi) and bovine (Bo) lens capsule (in the peripheral 
wells). In Fig. 7(a), (b)- and (c) three components ean be observed, a-LSGP being the species specific 
one. The a positions are similar to those of a-SSGP (Fig. 6), the intensity is however relatively weak in 
the oase of BoLSGP and PiLSGP and usually stronger between A-RaLSGP/Gp and RaLSGP. /3- and 
y-LSGP lines from different species fuse completely indicating a lack of species specificity of these 
fraotions. Bo-y-LSGP, however, may contain a species specific determinant whioh could be concluded 
from the split precipitin are formed by A-BoLSGP/Ra diffused versus BoLSGP and PiLSGP [Fig. 7(b)]. 
With A-HuTLC/Ra [Fig. 7(d)], only jS- and y-LSGP are precipitated, becanse HuLSGP (containing the 
specific a-component) was not applied.

In both procedures the total reactivity of the antiserum is measured; in the 
immunofluorescence technique, the intensity of the reaction is indicated by the total 
fluorescence and in the hemagglutination technique the total agglutinating capacity is 
measured. For this reason it is impossible to detect species specificity unless the titre 
for the species specific antigen strongly dominates the titres for non-species specific 
antigens in the mixture.

Immunodiffusion can effect a separation of the non-specific and species specific 
antigens as can be seen in Figs 6 and 7. Because of the tendency to couple to agar it is 
necessary to use agarose for this analysis (Van der Eerden and Broekhuyse, 1973a). 
So far it is not quite certain whether both non-species specific components (/? and y) 
are artefacts. In  view of the criteria of purity described above and also as indicated 
from the work of Robert et al. (1970) it is probable that only an artificial heterogeneity 
exists in that a part of the SGP-molecules is fragmented in the region of the carbo- 
hydrate chain. The opportunity to form new determinants may thus exist in principle
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but is small. During immunodiflusion molecules with identical determinants are 
concentrated in one precipitation line because the precipitate forms a specific barrier.

In  view of the small number of hnes it is obvious that the immunochemical hetero- 
geneity of the SGP is very limited. That the extraction procedure destroys no deter
minants, or only very few, is apparent from the fact that antisera against buffer-washed 
connective tissue, from cornea, sclera and lens capsule give the same hnes with 
CSGP, SSGP and LSGP as the corresponding anti-SGP antisera. The immuno
fluorescence pictures obtained with antisera against the native and extracted antigens 
are accordingly similar. They reflect in an identical way the specificity for SGPs from 
stroma collagen or basement membranes, respectively. (Van der Eerden and 
Broekhuyse, 1973a,b). Por this reason the investigation of human SGP from sclera 
and lens capsule could be carried out with anti-HuTSc and anti-HuTLC, i.e. antisera 
against buffer and trichloroacetic acid extracted, homogenized total sclera (TSc) and 
total lens capsule (TLC) (Table II). For the original procedure insufficiënt human 
material was available. The fact that lower titres were obtained with TLC and TSc 
than with LSGP or SSGP agrees with the findings of Robert et al. (1970), viz. that 
the extraction procedures raise the antigenicity. I t  is not clear why antisera against 
LSGP and TLC tested in sections from immunized species reach a titre of 32, whereas 
rabbit antisera against SSGP and TSc in rabbit sections possess a zero titre. Probably 
the discrepancy is inherent in the immunofluorescence staining because according to 
Fig. 6(b) the immunodiffusion test gives a reaction between A-BoSSGP/Ra and 
RaSSGP.

The antisera prepared in the rabbit appeared to be capable of a (very weak) 
precipitation reaction with j8- and y-RaLSGP and y-RaSSGP [Figs 6(b) and 7(b)]. 
The reactions may occur as a result of the allo-antibodies formed. Robert et al. (1968) 
also investigated the species specificity of a number of SGPs. Horse, rabbit and bovine 
CSGP showed only a slight species specificity in the passive hemagglutination test. 
In vivo experiments produced more distinct results. Rabbits pre-immunized with 
BoCSGP showed an accelerated rejection of a bovine corneal heterograft whereas 
allografts were accepted. The fact that rabbits pre-immunized with RaCSGP did 
possess antibodies against bovine CSGP so that a bovine corneal graft was rejected 
was remarkable. Although CSGP shows little species specificity in vitro, a specificity 
in vivo with respect to the transplanted tissue was evoked (Robert et al., 1970). This 
kind of in vivo experiments may be of great importance for further investigation of 
species and organ specificity.

In  our experiments CSGP and SSGP appeared to be immunochemically indis- 
tinguishable although originating from tissues with important differences in structure. 
Cornea, unlike sclera contains neither elastin (Robert et al, 1968) nor blood vessels. In 
the extraction procedure elastin remains insoluble and for this reason it does not con- 
taminate the SSGP in the 8M-ureum. Moreover, chemical analyses show strong 
similarities between CSGP and SSGP (Broekhuyse, unpublished results). The con- 
siderable immunochemical and analytical differences between SSGP/CSGP and LSGP 
point to two immunochemically distinguishable groups of connective tissues: the 
stroma collagenous type (e.g. from sclera and cornea) and the basement membrane 
type (Van der Eerden and Broekhuyse, 1973a).

The present demonstration of the cross reactions between the LSGPs and TLCs of 
various species is complementary to the findings of Loewi (1967) and Steblay and 
Rudofsky (1968) which reveal the immunologie relationship between heterologous 
basement membranes from different organs. The chemical analyses of Kefalides (1970)
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point to the great similarities in terms of amino acid and carbohydrate composition 
among basement membranes from various tissues and species. In spite of these 
similarities and the absence of species specificity among the basement membranes 
which has been demonstrated by various investigators, it appears from the present 
study that there certainly is a species-specific component in the form of a-LSGP. 
Consequently it is probable that also in glomerulus membrane and other basement 
membrane types a species-specific component is present.

Chemical studies on purified structural glycoproteins from different connective 
tissues and species indicate that they also have a similar but not identical amino acid 
and carbohydrate composition (Robert et al., 1970; Moczar et al., 1967). Conceming 
these connective tissues (cornea, stroma, skin) the remark made about the basement 
membranes may be repeated: in the present study a species-specific component for 
sclera has been demonstrated in the form of oc-SSGP. I t  is probable that the im- 
munologically identical CSGP will also contain such a component. This a-CSGP can 
be held responsible for the graft rejections found with comeal heterografts in animals 
pre-immunized with CSGP (Robert et al., 1970; Philipsen and Broekhuyse, 1972-73).
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Abstract.
Antisera against highly purified pigment granules, isolated from bovine uveal tissue have 
been tested by immunofluorescence and immunochemical techniques on ocular and non- 
ocular tissue of different species.

There exists an immunological relationship between uveal pigment and stromal collagen.
The immunofluorescent reactions were similar to the results obtained with antisera directed 
against ocular structural glycoproteins from sclera (SSGP) and comeal stroma (CSGP). 
Immunodiffusion experiments demonstrate the presence of two common antigenic deter
minants in uveal pigment and stromal collagen- SSGP and CSGP . There exists also an 
immunological relationship between uveal pigment and certain soluble proteins of comeo- 
scleral stroma.

I t  is suggested tha t these antigenic relationships are of importance for the understanding
of diseases in whioh antibodies against pigment have been found (sympathetic ophthalmia 
and the Vogt-Koyanagi-Harada syndrome) and that this rela tionship must be kept in mind 
in studying the pathogenesis of collagenous diseases.

1. Introduction

The antigenic role of uveal pigment has been subject of studies for a long time 
(Elscbnig, 1910; Woods and Little, 1933; Friedenwald, 1934; McPherson and Woods, 
1948; G-oreczky and Németh, 1967). Pigment auto-aggression seems to play an 
important role in the uveo-meningo-encephalitic syndrome (Kahan, Sztanojevits, 
Szabados, Yass and Szabó, 1964). I t  is, however, uncertain whether these types of 
disease are directly caused by specific antibodies against uveal pigment or that they 
are secondarily evoked by antibodies directed against antigens, which are immuno- 
logically related to pigment. For this reason, an investigation into the immunogenic 
determinants of pigment seems of importance for the understanding of the immuno- 
pathology of ocular diseases.

We will describe here the immunogenic relationships, which we have demonstrated 
between uveal pigment granules and other ocular and non-ocular tissue structures.

2. Materials and Methods

Uveas were prepared from fresh calf eyes and were homogenized in a mortar with 
minimal additions of water. The homogenate was diluted to a thick suspension and filtered 
through gauze. The retained material was treated repeatedly in a similar way until it 
showed a greyish appearance. The filtrates containing pigment granules, dissolved proteins 
and connective tissue fibres were filtered through selected fritted glass filters, which just 
allowed the passage of granules. The pigment suspension was sedimented at 2500 xg  for 
10 min and washed with water until the supernatant remained clear. The sediment was 
ultrasonieally cleaned in water at low energy (35 W, 0-5 min) and centrifuged. This was 
repeated until the pigment suspension remained protein free. This procedure was followed 
by microscopical examination in order to prevent destruction by too intensive sonication.

The purified uveal pigment granules (UP) were injected into New Zealand rabbits. 
Twenty-five mg in 1 ml physiological salt solution was mixed with 1 ml complete Freund’s
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adjuvant. In each foot-pad 0-1 ml mixture was injected and the remaining substanoe was 
injected subcutaneously near lymph nodes in a'rm-pits and groins. Blood was tested after 
4 weeks by immunodiffusion versus SSGP (scleral structural glycoprotein) and by immuno
fluorescence (Van der Eerden and Broekhuyse, 1974), If in the latter technique a titre 
of at least 500 was reached and if during immunodiffusion clear precipitin lines were 
obtained, the animals were bied and the antiserum (anti-UP) isolated. If the titre was too 
low, the animals were boosted with pigment suspension. The technique of indirect 
immunofluorescence was described previously. Optimal fluorescence results were usually 
obtained by dilution of the anti-UP 1:16 and the goat-anti-rabbit-IgG/FITC (Nordic 
Pharmaceuticals and Diagnostics, Tilburg, The Netherlands) 1: 10 (Van der Eerden and 
Broekhuyse, 1973a). In order to observe the fluorescence of pigment granules in this 
technique it was necessary to work with incident light (Ploem-illuminator, Leitz). In the 
latter case anti-UP 1: 2 was used. The preparation of SGPs and other techniques was 
described previously (Broekhuyse, 1972).

T a b le  I
Titres of antisera usedfor investigation

Anti-BoUP* Anti-BoSSGP Anti-BoCSGP

Titref 500 2000 2000

* Abbreviations: Bo, bovine; TJP, uveal pigment; S, sclera; C, cornea; SGP, structural glycoprotein. 
|  Obtained by immunofluorescence.

T a b l e  II

Immunofluorescence reactions of anti-UP, anti-CSGP and anti-SSGP antisera

Connective tissue structures A-UPt
Staining intensity* 

A-CSGPf A-SSGPf

Pigment granules in -melanocytes of 
epithelium and stroma +  +  + O O

Basement membranes:
skin, cornea, conjunctival epithelium +  + +  + O
lens capsule + + 0
Descemet’s membrane O O 0
basement membrane of small bloodvessels +  + + + + +
glomerular basement membrane ■+■ + + + + +

Reticular fibres in fibrous connective tissue: 
perimysium, perineurium, pancreas, spleen +  + +  + + +

Collagenous tissue in:
Dense fibrous regular connective tissue 

(in corneal stroma, scleral stroma, 
tendon, etc.) +  + +  + +  +

Dense fibrous ir-regular connective tissue
(in dermis, conjunctival stroma, epimysium, 
pial septa in optie nerve, etc.) 

Perichondrium +  + + + + +
Immediate surrounding of chondrocytes +  +  + + + + + + +

*  In ten s ity  o f  specific sta in in g: O, n o  v isib le  sta in in g; + ,  sta in in g  ju st observable; - f - f ,  sta in in g  o f  
d eta ils  c learly; +  +  +  > in ten siv e  fluorescence. 

f  A-UP, 1 : 2 ;  A-CSGP and A-SSGP 1 :  16.
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Immunofluorescence
The titres obtained by immunizations with UP, comeal and scleral structural 

glycoproteins are given in Table I. Anti-TJP reaches a lower titre than anti-CSGP and 
anti-SSGP in similar immunization procedures. Anti-UP evokes a clear iiamuno- 
fluorescence of the pigment granules in situ in melanocytes of hmbal (comeai)

3. Results

F ig . 1. Immunofluorescent staining reactions of the ciliary body (frozen sections). (a) Anti-UP 
antiserum staina collagenous tissue as well as pigment granules ( x 635). (b) Anti-SSGP antiserum gives 
bright staining of stromal tissue and no reaction with pigment granules ( x 635).
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F ig . 2 . Immunodiffusion reactions of anti-SSGP, anti-CSGP and anti-UP versus SSGP, CSGP, SaSo (soluble proteins from corneal stroma), ScSo (sol- 
uble proteins from sclera) and LSGP. (a) 1 =  Anti-UP; 2 =  Anti-SSGP; 3 =  Anti-CSGP; 4 =  SSGP; 5 =  LSGP.

(b) 1 =  Anti-UP; 2 =  Anti-SSGP; 3 =  Anti-CSGP; 4 =  ScSo; 5 =  SaSo; 6 =  CSGP.



epithelium in calf sections, in subconjun'ctiva tissue, sclera, pigmented epithelium of 
iris, ciliary body, retina, uvea and dermis (Fig. 1). Besides these structures, col- 
lagenous and reticular tissues and vascular basement membranes were also stained. 
Weak reaction was found with epithelial basement membranes. Comparison with the 
characteristics of anti-CSGP and anti-SSGP reveals striking resemblance (Table II). 
However, besides these cross-reactions, the staining of the granules reaches a higher 
specificity (Fig. 2). Anti-UP produces a relative clear immunofluorescence of the 
granules, whereas anti-SSGP staining is hardly observed in similar conditions.

Immunochemistry

In Fig. 3 the reactions of anti-UP, anti-CSGP and anti-SSGP are demonstrated with 
various soluble and solubilized proteins from comea and sclera. Two precipitin lines 
(a heavy and a very faint one) are obtained with the SGPs, while the soluble proteins 
also appear to contain a strongly cross-reacting component. This latter protein 
probably is the same which reacts with anti-CSGP and anti-SSGP and which was 
demonstrated previously (Philipsen and Broekhuyse, 1972-73). No reactions were 
observed between anti-UP and bovine serum or the structural glycoprotein from lens 
capsule (LSGP; Van der Eerden and Broekhuyse, 1974). A reaction of “partial 
identity” occurs if both anti-SSGP (or anti-CSGP) and anti-UP are diffused versus 
SSGP. These antisera do not react with LSGP.

Anti-UP reacted very weakly with three to five soluble proteins from sclera and 
corneal stroma during immunoelectrophoresis, the pattems being identical to those 
obtained by Philipsen and Broekhuyse (1972-73) with anti-CSGP.

4. Discussion
The similarities found between the immunofluorescence of anti-UP and anti-SSGP 

(anti-CSGP) demonstrate their immunochemical relationship. However, no con- 
clusions can be drawn about the number of related determinants, as immuno
fluorescence gives an overall picture of the combined reactions. For this reason 
specific determinants can be obscured. Nevertheless partial specificity was revealed 
by the staining reactions of the pigment granules. This feature was not observable 
with the dark field condensor (transmitted light) but only with incident light, because 
the granules allow no transmittance of light.

Because the antigen-antibody reaction is necessarily localized on the surface of the 
granules, nothing is known about the possible presence of other antigens inside. This 
is, however, not directly relevant for the immunopathology as it can be expected that 
in vivo primarily the surface antigens are involved. Anti-UP antibodies may also 
interfere with the biosynthesis of the granules by complexing with soluble precursors 
or proteins of the plasma membranes, followed by removal of the complexes by 
leucocytes and evoking a further immune response. The same holds for the bio- 
syntheses of CSGP and SSGP to which the granules appear to be related. Sclera and 
corneal stroma contain, moreover, various proteins which are immunolcgically related 
to UP (see Results). Consequently, phenomena previously ascribed to anti-pigment 
autoantibodies (Elschnig, 1910; McPherson and Woods, 1948; Kah n et al., 1964) 
need not necessarily to be induced by these immunoglobulins but may be evoked by 
antibodies against soluble or insoluble collagenous tissue components. These anti
bodies may be cytotoxic to pigment-containing cells, resulting in a further hyper- 
sensitization to pigment and enhanced lymphocytic transformation in patients with
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sympathetic ophthalmia and the Vogt-Koyanagi-Harada syndrome (Hammer, 1971). 
Indications that also other antigens may be involved in these diseases can be found 
in the work of Wong, Anderson and O’Brien (1971) and of Marak, Font, Johnson and 
Alepa (1971), in which it was demonstrated that various soluble protein from uvea 
plus retina or retinal pigment epithelium, retina and lens, respectively, are mitogenic 
in lymphocyte cultures from peripheral blood of patients with sympathetic ophthalmia.
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SUMMARY

Introduction. This thesis starts with an indication of the importance of the immuno- 
pathological involvement of the connective tissue proteins. In particular the acid 
structural glycoproteins, which are associated with collagen, need further 
investigation.

Chapter I describes the macromolecular architecture of collagenous tissues and 
basement membranes. The main structural elements of collagenous tissues are 
collagen, elastin, proteoglycans and structural glycoproteins. Each of these 
constituents has a characteristic chemical composition, and the structural 
glycoproteins represent a well defined, new class of structural proteins. The analytical 
data conceming protein, amino acid and sugar composition from the present 
investigation are compared with those from other studies. Important features of the 
structural glycoproteins appear to be: inclination to aggregation, the lack of 
hydroxyproline (a typical amino acid of collagen), the presence of hydroxylysine, 
hexoses, hexosamines and sialic acid, and also an acid isoelectric point and good 
solubility in concentrated urea solution after elimination of acid-soluble collagen.

Chapter II gives a description of the materials and methods used, which is 
supplementary to those given in Chapter III-VI.

Chapter III. From the ocular connective tissues, relatively pure structural 
glycoproteins (SGP) are extractable by means of 8 M urea after trichloroacetic acid 
treatment. The SGP from corneal stroma (CSGP) and from sclera (SSGP) show 
considerable immunochemical similarities and are not related to SGP from anterior 
lens capsule (LSGP). An antiserum directed against the total connective tissue 
fraction of corneal stroma, sclera of lens capsule shows the same immunofluorescent 
and immunochemical characteristics as an antiserum against SGP isolated from the 
corresponding connective tissue. These SGP-s seem to be the dominant structural 
antigens of the ocular connective tissues investigated.
In the immunofluorescent test, anti-CSGP and anti-SSGP antisera mainly stain 
collagenous and reticular connective tissue (tropocollagen) of the eye. The anti-CSGP 
shows a very weak relationship with the basement membrane structures as well. 
Besides vascular and other basement membranes, the anti-LSGP also stains reticular 
tissue. However, collagenous tissue does not react with this antiserum. Starting from 
the immunochemical and immunofluorescence characteristics, one can conclude that 
the two morphologically distinct connective tissues, lens capsule on the one hand ans 
scleral stroma on the other, also contain different types of SGP, respectively LSGP 
and SSGP or CSGP.

Chapter IV. Antisera against the structural glycoproteins isolated from bovine lens 
capsule (anti-LSGP), sclera (anti-SSGP) and corneal stroma (anti-CSGP), have been 
tested on tissues of joint, spleen, pancreas, skin, tendon, heart valve, kidney and 
cartilage by means of the indirect immunofluorescence technique.
Anti-LSGP stains basement membranes and reticular structures in all tissues. Anti-
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CSGP and anti-SSGP stain all collagenous and reticular structures in all tissues and, 
moreover, the vascular basement membranes of small blood vessels, although less 
intensively than with anti-LSGP. The anti-SGP antisera show a very limited organ 
specificity and their reaction patterns with both ocular and non-ocular structures in 
mammalian tissues are similar.
It is suggested that the detected antigenic relationships between lens capsule, 
vascular basement membranes of small blood vessels, synovial tissue and cartilage 
could play a role in the development of iridocyclitis in ankylosing spondylitis. The 
antigenic relationships between scleral stroma, fibrous joint capsule, synovial tissue 
and cartilage could explain the coincident occurrence of scleritis in rheumatoid 
arthritis.

Chapter V. By means of antisera directed against structural glycoproteins (SGP) from 
sclera (SSGP) and lens capsule (LSGP) from calf, pig, rabbit, guinea pig and man, 
the species specificity of these SGP-s was investigated.
The immunofluorescent reactions obtained by means of anti-LSGP and anti-SSGP 
antisera are always characteristically distinct, but in these tests they show üttle 
species specificity.
By means of immunodiffusion it is demonstrated that LSGP and SSGP always 
contain three immunochemically distinct components. One component (a-SGP) 
reacts species specifically whereas the other components (p> and y ) show little or no 
species specificity.
Antisera against LSGP and SSGP react much more strongly in immunofluorescence 
and immunodiffusion tests than (but identically to) antisera against total lens capsule 
and the insoluble part of the sclera. Basement membranes and stroma collagens 
appear to have a limited degree of species specificity. This specificity can be 
attributed to the a-SGP-component. The immunochemical integrity of the antigens 
used is discussed.

Chapter VI. Antisera against highly purified pigment granules, isolated from bovine 
uveal tissue, have been tested on ocular and non-ocular tissue from different species. 
There exists an immunological relationship between uveal pigment and stromal 
collagen. Similar immunofluorescent reactions are obtained if antipigment granules 
antiserum is used or antisera directed against ocular structural glycoproteins from 
Sclera (SSGP) and corneal stroma (CSGP). Immunodiffusion experiments 
demonstrate the presence of two common antigenic determinants, occuring in uveal 
pigment and in stromal collagen (-SSGP and -CSGP). There also exists an 
immunological relationship between uveal pigment and certain soluble proteins of 
corneo-scleral stroma.
It is suggested that these antigenic relationships are of importance for the under- 
standing of diseases in which antibodies against pigment have been found 
(sympathetic ophthalmia and the Vogt-Koyanagi-Harada syndrome) and that this 
relationship must be kept in mind when studying the pathogenesis of connective 
tissue diseases.
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SAMENVATTING

Inleiding. Deze dissertatie begint met een aanduiding van de belangrijke plaats, die 
de bindweefseleiwitten innemen in de immunopathologie van bindweefsels. In het 
bijzonder de zure structurele glycoproteinen, welke geassocieerd zijn met collageen, 
vragen om verder onderzoek.

Hoofdstuk I behandelt de macromoleculaire opbouw van collagene weefsels en 
basaalmembranen. De structurele hoofdbestandelen van collagene weefsels zijn 
collageen, elastine, proteoglycanen en structurele glycoproteinen. Elk van deze 
componenten heeft een karakteristieke chemische samenstelling, waarbij de met 
collageen geassocieerde structurele glycoproteinen een welomschreven, nieuw type 
structureel eiwit vertegenwoordigen. Eiwit-, aminozuur- en suikeranalyses worden 
vergeleken met die van andere onderzoekers. Belangrijke kenmerken van zure 
structurele glycoproteinen blijken te zijn: neiging tot aggregatie, het vrijwel 
ontbreken van hydroxyproline (een collageen aminozuur), de aanwezigheid van 
hydroxylysine, hexosen, hexosamines en sialine zuur, en voorts een isoelectrisch punt 
in het zure pH-gebied en hun oplosbaarheid in ureum nadat het zuur-oplosbare 
collageen verwijderd is.

Hoofdstuk II geeft een aanvulling op de in de latere hoofdstukken gebruikte 
materialen en methoden.

Hoofdstuk III. Uit bindweefsels van het oog zijn relatief zuivere structurele 
glycoproteinen (SGP) te extraheren met behulp van 8M ureum na trichloor-azijn- 
zuur-behandeling. De SGP’s van comeastroma (CSGP) en van sclera (SSGP) 
vertonen duidelijke immunochemische gelijkenissen en zijn niet verwant aan SGP van 
lenskapsel (LSGP). Een antiserum gericht tegen de totale bindweefselfractie van 
corneastroma, sclera of lenskapsel vertoont dezelfde immunofluo-rescentie 
kenmerken en immunochemische reacties als een antiserum tegen het SGP uit het 
betreffende weefsel. Deze SGP’s blijken de dominante structurele antigenen te zijn 
van de onderzochte bindweefsels van het oog. De immunofluorescentie testen laten 
zien dat anti-CSGP en anti-SSGP antisera hoofdzakelijk collageen en reticulair 
bindweefsel van het oog kleuren, anti-CSGP vertoont bovendien een zeer zwakke 
antigene relatie met basaalmembraanstructuren. Behalve een intensieve kleuring van 
basaalmembranen, inclusief vasculaire basaalmembranen, kleurt anti-LSGP 
eveneens reticulair bindweefsel, terwijl het collageen bindweefsel geen reactie met dit 
antiserum vertoont. Uitgaande van de immunochemische en immunofluorescentie 
kenmerken kan men besluiten dat de twee morfologisch te onderscheiden bindweef- 
selsoorten, lenskapsel enerzijds en sclera- en corneastroma anderzijds, ook 
verschillende typen SGP bevatten, resp. LSGP en SSGP of CSGP.

Hoofdstuk IV. Antisera gericht tegen structurele glycoproteinen, geïsoleerd uit 
lenskapsel, sclera en corneastroma van het kalf, werden getest op homoloog 
gewrichtskapsel, milt, alvleesklier, huid, pees, hartklep, nier en kraakbeen, met 
behulp van de indirecte immunofluorescentietechniek.
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Anti-LSGP antiserum kleurt in deze weefsels aanwezige basaalmembranen en 
reticuline vezels. Anti-CSGP en anti-SSGP antisera kleuren alle collagene en 
reticulaire bindweefsels van het dier. Anti-SSGP antisera vertonen met de gebruikte 
techniek een zeer beperkte orgaanspecificiteit en hun reactiepatronen met bind
weefsels van het oog en andere organen zijn praktisch identiek. Verondersteld wordt 
dat de gevonden antigene relatie tussen lenskapsel, vasculaire basaalmembranen, 
synovia en kraakbeen een rol zouden kunnen spelen bij het ontstaan van uveitiden bij 
sponylitis ankylopoetica. De antigene relatie tussen sclera stroma, fibreus gewrichts- 
kapsel, synovia en kraakbeen zou het gelijktijdig optreden van scleritis bij 
rheumatoide arthritis kunnen verklaren.

Hoofdstuk V. Door middel van antisera gericht tegen deze SGP van sclera en 
lenskapsel afkomstig van kalf, varken, konijn, cavia en mens, werd de soort- 
specificiteit van SGP onderzocht.
De immunofluorescentie-reacties verkregen met anti-LSGP en anti-SSGP antisera 
zijn steeds op karakteristieke wijze van elkaar te onderscheiden, maar deze testen 
tonen weinig soortspecificiteit.
Door middel van immunodiffusietesten werd aangetoond, dat LSGP en SSGP altijd 
drie immunochemisch te onderscheiden componenten bevatten. Een component 
( a  -SGP) reageert soort-specifiek, terwijl de andere componenten ( /3 en y )  weinig of 
geen soort-specificiteit vertonen.
Antisera opgewekt tegen LSGP’s en SSGP’s van diverse diersoorten bereiken relatief 
hoge titers, zoals blijkt uit immunofluorescentie en immunodiffusie testen. Zij 
reageren krachtiger dan (maar identiek aan) antisera gericht tegen totaal lenskapsel 
resp. het onoplosbare gedeelte van de sclera. Basaalmembranen en stroma collageen 
van de onderzochte diersoorten en de mens blijken een beperkte graad van soort
specificiteit te bezitten. Deze specificiteit blijkt te kunnen worden toegeschreven aan 
de or-SGP component. De immunochemische integriteit van de gebruikte antigenen 
wordt besproken.

Hoofdstuk VI. Antisera tegen sterk gezuiverde pigmentkorrels, geïsoleerd uit 
uveaweefsel van het kalf, werden getest op weefselcoupes van het oog en andere 
organen van diverse diersoorten.
Er bestaat een immunologische verwantschap tussen uveapigment en stroma- 
collageen. De immunofluorescentie reacties zijn geheel vergelijkbaar met de 
resultaten verkregen met antisera gericht tegen structurele glycoproteinen van sclera 
(SSGP) en corneastroma (CSGP). Immunodiffusie experimenten tonen de 
aanwezigheid aan van twee gemeenschappelijke antigene determinanten in stroma 
collageen (d.w.z. in SSGP en CSGP) en uveapigment. Er bestaat bovendien een 
immunologische relatie tussen uveapigment en enkele oplosbare eiwitten uit het 
stroma van cornea en sclera.
De veronderstelling wordt uitgesproken, dat deze antigene relaties belangrijk kunnen 
zijn voor een beter begrip van ziekten, waarin antilichamen tegen pigment zijn 
gevonden (sympathische ophthalmie en Vogt-Koyanagi-Harada syndroom) en dat 
met deze verwantschap rekening moet worden gehouden bij de bestudering van de 
pathogenese van collageenziekten.
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STELLINGEN

1. Een ischemische neuritis optica, bij patienten met een verhoogde bloedbe- 
zinkingssnelheid, moet worden behandeld als een arteriitis temporalis, totdat het 
tegendeel is bewezen.

2. Bij een seniele exsudatieve maculadegeneratie dient bij de geringste aanleiding 
fluorescentie-angiografie van het andere oog te geschieden.

3. Lactoferrine uit het traanvocht kan een belangrijke functie vervullen bij de 
preventie van oogontstekingen. (Broekhuyse, R.M. (1974). Invest. ophth. vol. 
13:7, 550. Masson, P. La Lactoferrine. Thesis, Brussel 1970.)

4. Alleen de a  -component van de structurele glycoproteinen uit lenskapsel, sclera 
en corneais soort-specifiek. (Dit proefschrift).

5. Bij het glaucoma simplex verdient de trabeculectomie momenteel de voorkeur.

6. Het beleid van een ziekenhuis draagt te zeer het karakter van een onbevredigend 
compromis tussen de eisen die de verschillende disciplines, verpleging, C.O.Z. en 
andere instanties stellen.

7. Kinderen met een juveniele rheumatoide arthritis dienen aan een periodiek 
oogheelkundig onderzoek, gericht op uveitis, te worden onderworpen.

8. Men dient zich erop te bezinnen of de opvang van bejaarden in bejaardencentra 
ook psycho-sociaal wel voldoende is.

9. Er zijn aanwijzigingen, dat het mechanisme van de locaal-anaesthesie van de 
cornea gezocht moet worden in een reversibele uitvlokking van een nog nader te 
definieren eiwit in de epitheelcellen.
(van der Eerden, A.A.J.J.: Over de werking van anti-histamine preparaten op de 
cornea. Thesis 1948.)

10. De heden ten dage bij de huisarts veel gehoorde klacht ”ik zie het niet meer 
zitten, dokter’,’ zal naar alle waarschijnlijkheid in de meeste gevallen eerder een 
indicatie vormen tot verwijzing naar een psychiater dan naar een oculist.

11. Het bewijs dat de gehele hersenfunctie van een comateuse patiënt onherstelbaar 
verloren is gegaan, kan uitsluitend geleverd worden door aan te tonen, dat de 
cerebrale bloedcirculatie definitief tot stilstand is gekomen.

J.J.M. van der Eerden Heerlen, 15 mei 1975








