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Introduction

The incidence of uveifis in Belgium may be estimated at about 10000 new
cages per year. Of these, 25% become chronic (Perking, 1961), in spite of
treatment with corticosteroids, and frequently present complications such as
ocular hypertony and cataract. The origin and the pathogenicity of most cases
of uveitis (65—70%) are unknown (Perkins, 1968; Witmer, 1968.

The aqueous humour (AH), which washes the anterior uvea, may be used
to study of factors involved in the etiopathogenicity of the uveitis. Analysis
of this fluid has been found useful for semeiotic as well as physiopathological
studies. For this reason, we decided to study the vartation of the protein con-
tent of the AH and to carry out several serological tests on this fluid. In this
monograph, our results will be related and discussed with regard to the data
of the literature.

Analysis of AH has seldom given useful results in cases of uveitis. Viruses
or bacteria are rarely detected, while cytological analysis only gives information
on the intensity and the evolution of the uveal inflammation. The detection
of neoplastic cells can sometimes confirm the diagnosis of intraocular tumour.
The titration of specific antibodies gives more diagnostic information allowing
us to determine the cause of uveitis in about 10% of cases. Immunochemical
methods, in which we were interested, are sufficiently accurate for the specific
determination of several proteins in a single sample of AH.

Chapter 1 will consider the analysis of the proteins of the AH taken from
patients assumed to be normal or who were suffering from various diseases of
the uvea. Since most of the AH proteins are derived from serum, we have
stated some properties of the blood-aqueous barrier by using the information
provided by guantitative determination of various proteins in AH and serum.
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These quantitative determinations have shown that the behaviour of trans-
ferrin, as is found in other biological systems, is unique. The concentration in
the AH of this iren-binding glycoprotein is higher than can be expected from
its molecular weight and serum concentration. Chapter 2 will be devoted to
the description and the discussion of this phenomenon,

Tn chapter 3 we shall see that analysis of AH proteins is useful in clinical
practice only in the case of the immunoglobulins. We shall also describe the
results of the measurement of immune complexes and rheumatoid factor in
the AH. These results, although limited, suggest that the detection of immune
complexes or rheumatoid factor in the AH could have a prognostic value,
especially in the development of cataracta complicata and sympathetic oph-
thalmia and, perhaps, of metastasis in cases of intraocular tumour.

Chapter 1

Analysis of the proteins of the aqueous humour

The AH contains little protein — less than 50mg/100ml ~ and its electro-
phoretic pattern is comparable with that of serum (von Sallmann and Moore,
1948; Esser et al., 1954; Wunderly et al., 1954, Frangois et al., 1958). No
protein specific for the AH has been found. Determination of the total pro-
tein content has been found by many authors to give more accurate information
than that obtained from measurements of the Tyndall effect with a slit-lamp.
Electrophoresis and immunoelectrophoresis have shown modifications of the
gammaglobulins/albumin ratio in cases of uveitis (Wunderly and Cagianut,
1952; Cagianut, 1957, Frangois and Rabaey, 1960; Yanagizawa, 1965; Faure
et al., 1966; Michiels, 1968; Neupert and Lawrence, 1970; Stjernschantz et al,,
1973).

The low AH/Serum concentration ratio — 1/250 for the total protein —
and the poor transfer into the AH of macromolecules such as gum-arabic (MW:
250 000300 000) (Appelmans and Michiels, 1947} or labelled albumin (Qeff,
1959), after intravenous injection into rabbits, indicate a substantial blood-
aqueous barrier (BAB). The BAB is a barrier situated between bloed and inter-
celluiar fluid, i.e. AH. Such barriers can be observed in the organism wherever
there are capillaries. The nature of the exchanges through the BAB is respon-
sible for the different properties of the AH, enabling it to carry out its triple
function : tensional, owing to the equilibrium between inflow and outflow;
aptical, by its transparency, and metaholic. Tt is well known that the AH alone
ensures the nutrition of the avascular lens.

Total protein content

To determine the total protein level we used the method of Meulemans (1960),
which was recommended by Laterre (1965) for solutions with a total protein
content in the range of 6 to 100mg/100ml. This method is based on precipi-
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tation by trichloracetic acid (TCA) — used by Applemans and Michiels (1947)
— but with a turbidimetric reaging. it differs from other TCA methods in its
low final concentration of precipitating agent (2.4 g/100ml), to avoid flocu-
lation which is a cause of error for turbidimetry. This error appears when the
final concentration of TCA exceeds 5 g/100 ml.

The guantitative determination was carried out as follows. The absorbance
at 450 nm in quartz microcells (Beckman, Fullerton, California) is read 10 min
after the addition of 160ul of a TCA solution at 3g/100ml to 40 ui of AH.
We used as standards 7 dilutions of a solution of Labtrol (Dade, Miami, Florida)
containing from 6 mg/100 m! to 96 mg/100 ml. The AH samples with a protein
level higher than 100 mg/100ml were diluted adequately and retested.

The mean total protein level of the AH in 12 patients suffering from senile,
immature cataract, with no signs of irritation or previous inflammation, was
23.7mg/100m} (SD : 5.6 mg). We have taken this value as a standard for the
protein level of the normal AH. Our results in rabhits (n = 40) were 25.9 mg/
100ml (SD : 15.6 mg) and in dogs (n = 7) 14,7 mg/100 ml (SD : 4.1 mg).

Our results in man were similar to those given by the microKjeldahl method
(Table 1), which is the method of reference, but takes longer to perform.
They differed appreciably from values obtained by other methods. Since the
selection of the patients was the same, these differences should be due only
to the technical variations. Precipitations by TCA solution at 10g/100ml or
by sulfosalicylic acid solution at 5g/100ml with nephelometric reading, or
the fixation of Amido-black give lower values. This could be explained by the
variations, according to the nature of the proteins, of the precipitating activity
of sulfosalicylic acid (Bossak et al., 1949; Henry et al., 1956; Meulemans,
1960) and of the affinity of Amido-black (Hinsberg and Gleiss, 1950). The
methods using the reagent of Folin-Clocalteu give higher values, probably be-
cause of the presence of polypeptides and amino-acids (Laterre, 1965). Para-
aminosalicylic acid, which is a tuberculostatic agent, and merthiolate, which is

Table 1. Total protein content of human agueous humour (mg/100 ml}

Methods References Protcin content
{mean = §.D.)
Micro-Kjeldahl Duke-Elder (1927) 20.1
Balavoine and Vuataz (1949) 231 =193 n= 17
Nephelometry
with sulfosalicylic acid Kronfeld (1941) 9.8+ 29 (n=14)
at S5g/100ml
with trichloracetic acid Alaerts (1948 a-h) 10
at 10g/100ml1
Amido-black Wunderly et al. (1954) 148+ 53 (n=23)
Remky (1954) 10
Steiger et al. (1955) 12.7 {n = 38)
Falin-Ciocalteu Heer (1957) 305+ 4.1 {(n=20)
Peretz and Tomasi (1961) 30—-50
Krause and Raunio (1970) 36 (n=4)
Method of Meulemans Dernouchamps and Michiels 237+ 56 (n=12)

(1976)
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a bactericide used as preserving agent for samples, may also interfere in these
tests (Zondag and Van Boetselaer, 1960).

Total protein levels of the AH were increased from the normal 24 mg/
100 ml to as much as 5 000 ml/ 100 ml in patients suffering from various ccular
diseases (Fig. 1). An increasing in the total protein content of AH is generally
considered to reflect the intensity of the inflammation but not to be useful

for diagnosis. An exception to this is that values higher than 80 mg/100ml
effectively exclude the diagnosis of Fuchs’ cyclitis.

Specific quantitative defermination of proteins

The concentrations of various proteins were determined by single radial im-
munodiffusion (Mancini et al., 1965), If an antigen is allowed to diffuse radially
from a well in a layer of antibody-containing agar, the area finally occupied
by the precipitate is directly proportional to the amount of antigen and in-
versely proportional to the concentration of antibody (Fig. 2). This method
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Figure 1. The total protein content of the aqueous humour in various ocular diseases.

& = onchocerciasis + = Behget’s syndrome

+ = toxoplasmosis o = sarcoidosis

m = ankylosing spondylitis 4 = Vogt-Koyanagi-Harada’s syndrome
4 = scleroderma o = Crohn’s disease
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Figure 2. Quantitative determination of albumin in AH by single radial immunodiffusion
{samples 8 to 15) compared with dilutions of a pool of scra from 300 blood donors of
1/720 to 1/60.

requires only & pl of sample for each quantitative determination. Its sensitivity
is in the region of 1 to 10 ug/ml. The antisera were given to us by the Labora-
tory of Experimental Medicine and their specificity had been tested by
immunoelectrophoresis and double diffusion according to Ouchterlony.

We determined the concentrations of 7 proteins in the AH and serum of
109 patients, and the results were divided into four groups according to the
total AH protein level. Our reference group (A) was those patients whose AH
had a total protein content lower than 32 mg/100ml, which was considered
the upper limit of normal. These patients were suffering from senile, immature
cataract (n = 13) or inactive uveitis with no demonstrable ocular pathology
(n = 6) at the time of the study. The other groups included patients suffering
from active uveitis and their total AH protein contents were between 8 and
118mg/100ml for group B {n = 48), between 127 and 861 mg/100ml for
group C(n = 34)and between 1 061 and 5 951 mg/100ml for group D {n = &)
(Fig. 3).

Since the protein content of the AH is generally considersd to be an ultra-
filtrate, the results were expressed as the ratio of their concentrations in the
AH and in the serum (AH/S). This corrected for the effect of variations in
serum proteins levels. As expected, the AH/S ratios for each protein increased
in parallel with the total AH protein level. In confirmation of the notion of
filtration, these ratios were inversely proportional to the molecular weights of
the proteins studied, except in the group D, where no such size restriction
was observed. There was, however, one exception to this : the AH/S ratio for
transferrin was higher than expected from its molecular weight. This obser-
vation will be discussed in Chapler 2.

From these data, we have been able o determine some properties of the
blood-aqueous barrier (BAB). We calculated a mean value for the size of
hypothetical pores allowing proteins to pass along the BAB.
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Figure 3. Relationship between the AH/serum concentration ratios of various proteins
and their molecular weights in 109 patients. The samples were divided into 4 groups
according to the total protein content of the AH:

group A (n = 19) : less than 32 mg/100 ml {(normal)

gioup B (n = 48) : from 8 up to 118 mg/100 ml

groupC (n=34) : from 127 up to 861 mg/100 ml

groupD (n= 8):from 1061 upto 5951 mg/100ml.
The solid lines, in group A, join the AH/serum values for individual patients. Protein
molecular weights are expressed as their reciprocals X 1096.
OM = grosomucoid; ALB = albumin. TR = transferrin; o, M = &, -macroglobulin

Size of the hypothetical pores of the blood-aqueous barrier

To determine the mean size of hypothetical pores allowing the passage of serum
proteins, we employed the mode of reasoning that Dive and Heremans (1974)
used for the passage of serum prateins into the bile,

The exchanges through a porous membrane take place by filtration and by
diffusion according to the size of the molecules and that of the pores. Solutes
whose molecular size is negligible in comparison with that of the pores, cross
these pores freely, as does the solvent, On the other hand, solutes whose size
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is comparable with that of the pores, will pass less readily than the solvent.
This restriction may be expressed, in terms of filtration, as a ‘restricted pore
surface’ (Ar) in comparison with the ‘“total pore surface’ (Ap), available for
the passage of the solvent. In texms of diffusion, this restriction may be con-
sidered as a reduction of the diffusion coefficient (Dr) in comparison with the
free diffusion coefficient (Do) in water. But at the molecular level, these two
notions of restriction, that by filtration and that by diffusion, may be inter-
changeable, so that:

Ar_ Dr

Ap  Dp

If a substance passes from compartment (a) into compartment (b) through

a semi-permeable membrane, the Cb/Ca concentration ratio will be a function
of the thickness (Ax) of the membrane, the pore surface (Ap), the quantity
of solution passing the membrane (Qf) and the restriction on diffusion (Dr)
and on filtration (Ar/Ap) of the substance studied. This relationship, which

was established by Pappenheimer (1953) in his study of the permeability of
capillaries, may be expressed by the following equation:

(D

Drdp | Ar
EE:QEAX Ap )
Ca DrAp

Qf Ax

For molecules of different sizes in solution in the same solvent crossing a
membrane, the value of AP/Qf Ax remains the same (= K). Moreover, since
Dr = (Ar/Ap) Do, equation (2) may be written as:

KDo ﬂ + ﬁ
o sha G)
Ca Ar
KDo—+1
Ap

The restriction on filtration, Ar/Ap, which is a function of the relative size of
particles and pores, may be expressed according to the equation of Tandis
and Pappenheimer (1963} :

O I 1 e A
e t)]

where o is the Stokes/Einstein diffusion radius for the substance studied, and
1 is the pore tadius of the membrane. The Stokes/Finstein radius for a given
substance is derived from its free diffusion coefficient in water.
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To summarize, the pore radius of a semi-permeable membrane may be esti-
mated from a set of Cb/Ca values corresponding to different particles of
known Do and «. This may be calculated as following: (a) the A, /A, ratio
for each substance is determined for a set of assumed values of pore radii
(equation 4); (b) the coefficient K, which cannot be measured directly, is esti-
mated by the method of least-squares from the experimental data for Ch/Ca
and from the different Ar/Ap values by means of the equation (3}; (¢) from
the K and Ar/Ap values corresponding to each of the assumed pore radii, one
may calculate the theoretical Cb/Ca ratio for each substance and, by compar-
ison with the actual values, estimate the best fitting value for the pore radius.

To calculate the mean pore size of the BAB, for a given group of patients,
it was necessary to take into consideration the individual scatter of the AH/S
values and the relative abundance of transferrin in the AH. This is the reason
why, for the patients in groups A, B and C (Fig. 3), the AH/S value for each
protein was referred to the patient’s AH/S value for albumin. Albumin was
chosen as reference protein because its relatively high concentration in the
AH and its origin exclusively from serum give good evidence about the passage
of serum proteins through the BAB. In this study, the patients of group D
were not considered, because their individual AH/S values were the same for
all the proteins studied, That signifies that in these patients with an AH pro-
tein content higher than 1g/100ml, the proteinogram of the AH is similar to
that of the serum.

The correlation between the AH/S ratio for a given protein (prt) and that
for albumin (alb) appeared to be linear (Fig. 4). In the regression equation:

H )prt - Yo+b( AH )a]b (5)

(se nm serum

the existence of a significant value for the intercept {Yo) implies that a cer-
tain amount of the protein concerned has been added to the AH independently
of the passage of albumin across the BAB. This is the case for transferrin in
groups A and B and for IgG in group B. For transferrin, this amount was be-
tween 0.34% and 0.49%. of its serum concentration. For IgG, it was 0.16%.
Active transport of IgG across the BAB is conceivable, as has been found in
the placenta (Brambell et al., 1960; Gitlin, et al., 1964), but a local synthesis
seems more likely. The injection of heterologous proteins into the rabbit’s
vitreous bady resulis in the infiltration of the uvea by lymphocytes and
immunoglobulin-secreting plasmocytes which may be recognized by immuno-
fluorescence (Witmer, 1953a; Boke, 1965 ; Dieckhues, 1965—1967). In clinical
practice, lymphocytes and plasmocytes may be observed in the AH of patients
suffering from uveitis, Thus, it is probable that the abundance of IgG relative
to albumin is due to intraocular immune reactions directed against a bacterial,
parasitic or viral agent or to an autoimmune reaction against homologous
tissue antigens,
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To clarify the meaning of the regression coefficient (b) in the equation (5),
we have introduced the notion of relative clearance. In renal physiology, the
clearance of a given substance is given by the ratio of its concentrations in
urine and serum, multiplied by the urinary output. By analogy, it may be said
that:

H \'s 6
serum prex )
corresponds to the aqueouns clearance for a given protein where V is the vol-
ume of AH formed per unit time. By referring the aqueous clearance of a
given protein to that of albumin, the factor V is eliminated, and the relative
clearance of the protein studied may be obtained:

AH AH
relative clearance = ( *) pri: (A—?) alb (N

seIum serum

In fact, this relative clearance corresponds to the relative AH/S concentration
ratio provided that the passage of the protein studied, through the BAB, is
the same as that for albumin. Where there is local synthesis of a protein, the
fraction synthesized in the eye must first be removed in order to establish the
correlation between the transfer of this protein and its size. This is possible
by studying, from the data of many patients, the correlation between the
AH/S ratio for the protein concerned and that for albumin. The regression
coefficient (b) in the equation (5) obtained in this manner will correspond
then to the relative clearance of the protein studied.
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Figure 5. Coirelation between the relative AH/serum clearance of various proteins and
the reversa of their molecular weight in 101 patients. The three groups A, B and C are s
in Figure 3. The data for groups A and B were pooled after it was shown that the differ-
ences between the two groups were not significant, OM = orosomucoid; ALB = albumin;
TR = transferrin; «, M = o, -macroglobulin.



203

This study of the relative clearances has been applied to the different
groups of patients. As data for only three proteins were available for thig
study in the case of group A, the data for these patients were pooled with
those of group B after it was shown that the differences between the regression
coefficients of the two groups were not significant, This gave four values of
relative clearance for the groups (A + B).

It was also necessary to know if, in the groups (A + B) and C, a fraction of
the proteins studied was not transferred {rom the serum into the AH by a
process of bulk transport, i.e. a transport where the proportion of the different
proteins is the same as in the serum. Thus, we studied the relationship between
the relative clearances of the proteins and the reciprocal of their molecular
weights (Fig, 5). This correlation appeared to be linear, In the regression equa-
tions, the intercept (Yo) was not significant (P > 0.15) implying the absence
of bulk transport for the proteins.

As a result, by normalizing the clearance of the different proteins with res-
pect to that of albumin, equation (3) becomes:

A A
K (Do ! prt + A prt
Ap Ap

A
K (Do __r) prt + 1
Ap

K (Do Ar) alb -+ (Ar) alb
] Ap \Ap

K (Do éI~)al’t)+ 1
A

Relative clearance —

8

p
where the Do and Ar/Ap values for the protein studied and for albumin are
indicated respectively by ‘prt’ and ‘alb’.

By utilizing the relative clearance values obtained for the different pro-
teins, the best fitting values for the coefficient K and for the pore radius, r,
may then be calculated by the method of least-squares. By entering these esti-
mates into equation (8), a theoretical correlation between the relative clear-
ances and the molecular diffusion radii may be calculated (Fig. 6). On the
whole, our data proved to be compatible with the assumption of the BAB
behaving as an isoporous membrane with a pore radius of about 104 & in the
patients of groups (A + B) and about 113 & for those in group . These
values are in good agreement with estimates for the major population of the
pores of capilaries in the cervical region of the dog (110 A ) (Mayerson et al.,
1960} and for the mean pore size of hepatic capillaries in the dog (102 A)and
human (127 A) (Dive, 1970; Dive et al., 1974; Dive and [eremans, 1974).

Location of the molecular sieve

Before discussing the location of the molecular sieve, we shall consider the histo-
logy of the iris and ciliary processes which are responsible for the formation
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Figure 6. Relationship between the relative AH/Serum clearance of various proteins and
their molecular diffusion radius (K). This relationship was calculated from the equations
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tween the two groups were not significant. The solid line represents the theoretical curve
relating the relative clearance to the molecular diffusion radius of proteins assumed to be
filtered through an isoporous membrane with a pore radius of 104 A for groups (A + B)
and 113 A for group C. OM = orosomuceoid; ALB = albumin; TR = transferrin; o, M =
a,-macroglobulin.

of AH. The capillaries of the iris have a thick and poreless wall (Tousimis and
Fine, 1959; Ikui et al., 1960) (Fig. 7), which is impermeable to proteins. This
has been recently confirmed by Raviola (1977). The stroma is separated from
the posterior chamber by a pigmented epithelium whose cells are connected
by tight junctions. On the other hand, the stroma is in close contact with the
AH of the anterior chamber through fissures between the pigmented and non-
pigmented cells of the anterior layer of the iris, The stroma contains various
cells. In addition to fibrocytes and characteristic cells such as the chromato-
phores and the ‘Klumpenzellen’ of Koganey with their pigment aggregates,
cells of the immune system, such as macrophages, lymphocytes, plasmocytes
and mastocytes, may also be found.

The ciliary processes, which are about 70 in number in man, constitute the
‘ciliary ring’, located behind the iris. The endothelium of their capillaries is
provided with transcellular pores whose radivs is between 100 and 600 A
{Holmberg, 1959; Pappas and Tennyson, 1962; Taniguchi, 1962; Missotten,
1964} and which are covered by a thin basal membrane. It is separated by a
lamina of connective tissue from the ciliary epithelium. This epithelium con-
sists of an outer layer of pigmented cells and an inner layer of non-pigmented
cells, which are connected by tight junctions (Fig. 8).

Where among these diverse structures could the molecular ‘sieve’ for serum
proteins be located? 1t could be in the walls of the ciliary capillaries or in the



2035

Figure 7. Electron micrograph of human iris (by courtesy of Prof, L. Missotten). cap. =
capillary; p = pericyte; s = iridial stroma; A.C. = anterior chamber of the eye. Arrows
show tight junctions connecting the endothelial cells of the capillary walls.

ciliary epitheliom. Indeed peroxidase, after intravenous injection into the mon-
key, seemed to cross the wall of the ciliary capillaries relatively rapidly, and
to be blocked at the level of the tight junctions of the inner (non-pigmented)
cell layer (Vegge, 1971; Shabo and Maxwell, 1972). If this epithelium was
responsible for the sieve effect, it would he necessary to accept a transcyto-
plasmic pathway, because cytologists think that the tight junctions are herm-
etically sealed (Stachelin, 1974; Berkallof et al., 1977). A transcytoplasmic
transfer is accepted for IgG across placenta (Brambell et al., 1960; Gitlin et
al., 1964), and for IgA and IgM across enterocytes (Brown et al., 1977) and
hepatocytes (Jackson et al., 1978; Orlans et al., 1978; Fisher et al., 1979). In
the experiments already cited, cytoplasmic peroxidase-filled vesicles were
observed in the inner {non-pigmented) cell layer of the epithelium. In these
experimentis, however, the eyes were removed for study between S and 60
minutes after intravenous injection of peroxidase, too short a time to allow
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Figure 8. Electron micrograph of human ciliary process (by courtesy of Prof. L. Missotten).
R.B.C. = red bicod cell; cap = capillary; s = stroma; n = nuclei of the pigmented and
non-pigmented cells of the ciliary epithelium; P.C. = posterior chamber of the eye.
Arrows show tight junctions connecting the non-pigmented cells of the ciliary epithelium.

the importance of a possible transcytoplasmic transfer to be estimated. If, in
reality, the ciliary epithelium constitutes the ‘sieve’, it would, be necessary to
demonstrate that proteins do not by-pass this epithelium. According to the
hypothesis of a by-pass, the proteins of the ciliary stroma would migrate,
probably without restriction, through the root and the stroma of the iris, he-
fore being discharged into the AH of the anterior chamber (Raviola, 1977).
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Against this hypothesis is the fact that we have not found significant differ-
ences of the concentrations of albumin and IgG between the anterior and the
posterior chamber of the rabbit (P > 0.20) (Fig. 9). Moreover, it should be
noted that in the rabbit, the AH/S values for albumin and those for 1gG were
similar, which is not the case in man. This implies that the BAB is probably
less selective in the rabbit,

Since the data in the literature on the passage of proteins across the ciliary
epithelium are inconclusive, it is quite possible that the ‘sieve’ is located in
the wall of the ciliary capillaries. From the differences in concentration of
substances of various sizes across the wall of various blood capillaries, it is
valid to compare the capillary wall, in general, to a semi-permeable membrane.
The most numerous pores would have a radius in the size range of 40 A
(Pappenheimer, 1953) to 1104 (Mayerson et al., 1960), while a minority
population would range in size from 250A to 350 A (Grotte, 1956). The
junctions between capillary endothelia] cells would appear, by electron micro-
scopy, to be impermeable to molecules with a radius greater than 10 & , while
those between endothelial cells of the postcapillary venules are impermeable
to molecules with a radius greater than 30 A (Palade et al., 1978). Since these
values are lower than those we have calculated for the size of the ‘theoretical
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pores’, it is unlikely that the ‘sieve’ is located at the level of the intercellular
spaces. Is it not possible then, that proteins cross the endothelial cells them-
selves? When these cells were examined by electron microscopy, they appeared
to contain in their cytoplasm many vesicles with a radius of 150 to 450 &
(Taniguchi, 1962; Bruns and Palade, 1968). Some vesicules communicated
with the capillary lumen or the pericapillary spaces through an aperture of
radius 50 to 200 A, covered by a small membrane, the diaphragm. These ves-
icles appeared to be responsible for a small part of the transcytoplasmic
transfer of macromolecules, such as ferritin (MW = 450 000) and peroxidase
(MW = 43 000) (Bruns and Palade, 1968 ; Palade ¢t al,, 1978) by both endo-
cytosis and exocytosis. Other vesicles forming chains of two or more units
were responsible for the formation of transendothelial tunnels opening on
both sides, of the wall (Simionescu et al., 1975). These tunnels, which were
also observed in the endothelial cells of the ciliary capillaries, could correspond
to the ‘theoretical pores’ of our calculations, More specifically, the ‘sieve’ for
the transfer of proteins could be located at the level of the diaphragm and of
the strictures (radius 50 to 200 &) observed at the junction of the vesicles and
at the ends of the tunnel. Thus, our theoretical values of 104 and 113 A are
compatible with the hypothesis of a transcellular transfer.

In cases of inflammation we have seen that the AH protein levels were in-
creased. Then, it may be asked whether the presence of additional serum pro-
teins in the AH is the consequence either of a bulk transfer through gaps in
the capillary walls or of an increased transendothelial transfer. Since no bulk
transfer was observed in the groups of patients (A + B) and C (shown by the
lack of a significant intercept Yo in the diagrams of the Fig. 5), it is probable
that the increased permeability was mostly an exaggeration of the physio-
logical process. There was a filtration, but through ‘theoretical pores’ which
were either slightly larger or more numerous. Since the mean pore sizes were
practically the same for the groups (A + B) and C, this must indicate an in-
crease in the number of pores, which could result from an increased number
of intracytoplasmic vesicles or from the formation of pores at other places,
for example, between the endothelial cells. After intravenous injection of
endotoxin into the rabbit, the transfer of colloid particles through the inflamed
wall of the ciliary capillaries appeared, by electron microscopy, io be inter-
cellular (Pappas and Tennyson, 1962). Moreover, after local or general admin-
istration, into animals, of substances characteristic of the inflammatory
response such as histamine or some prostaglandins, the intercellular spaces of
the ciliary (Whitelocke et al., 1973; Cole, 1974} and iridial (Ashton and
Cunha-Vaz, 1965; Shakib and Cunha-Vaz, 1966) capillaries were seen to be
enlarged, probably because of contraction of the endothelial cells {Unger et
al., 1975), leading to a transfer of macromolecules, Furthermore, it is likely
that the alterations of the permeability in the wall of the ciliary capillaries are
responsible for oedema of the ciliary processes with, as consequence, a dis-
junction of the inner (non-pigmented) cell layer of the epithelium (Meyers et
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al., 1975; Vegge et al., 1975}, Such a disjunction can be also observed after a
puncture of the anterior chamber (Neufeld and Sears, 1973; Unger et al,,
1975).

Chapter 2

Intraocular transferrin

Transferrin (Tr) is a glycoprotein which can bind two ferric ions per molecule.
Its molecular weight is about 80 000 and its serum concentration is normally
about 200mg/100ml (Schultze and Heremans, 1965). Two principal roles
can be assigned to Tr: the transport of iron, and a bacteriostatic activity due
to its great affinity for iron. By depriving the medium of free ferric ions, Tr
can inhibit the growth of bacteria (Rogers, 1967). These can secrete chelating
agents whose the affinity for iron is sometimes higher, for some pathogenic
strains, 1o that of Tr. Some of these chelating agents have been well character-
ized, such as enterachelin, which is a cyclic trimer of 2:3 dihydroxybenzoyl
serine, isolated from Salmonelle ryphimurium (Pollack and Neilands, 1970),
Escherichia coli and Klebsiella aevogenes ((FBrien and Gibson, 1970). Anti-
bodies blocking the liberation or the reabsorption of these chelating agents
could reinforce the bacteriostatic effect of Tr (Rogers, 1975).

Because of the impossibility, in man, of performing experiments, and the
difficulty of obtaining large numbers of ‘normal’ AH samples, quantitative
analyses for Tr were performed in the AH and serum of rabbits and guinea
pigs. Moreover, because of the well known existence of exchanges by diffusion
between the aqueous and vitreous humours, we analysed rabbit vitreous
humour. We were able to show that the electrophoretic mobility of the Tr in
the vitreous humour was different of that in the AH and serum. Finally, we
investigated the intraocular abundance of this protein., This was done by
studying the transfer, in the eye, of heterologous or homologous *I-
transferrin.

Quanfitative gnalyses in animals

Quantitative determinations in the serum and intraocular fluids of animals
showed that the AH/S concentration ratio of Tr was slightly higher than that
of albumin in rabbits (n = 39) and guinea pigs (n = 14}, while the vitreous/S
ratio for Tr was significanrly higher in rabbits (n = 18). The correlations
between the AH/S and vitreous/S ratios for Tr and those for albumin are
presented in Figure 10,

For the AH, this correlation appeared linear with an intercept (Yo) which
was statistically significant. This implies that a certain amount of Tr has been
added to the AH independently of the passage of albumin across the BAB.
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Figure 10. Correlation between the intraccular fluids/serum concentration ratios for
transferrin and for albumin in rabbits and guinea pigs. The negative slope of the results
for rabbit vitreous humour is not significant (P = 0.11).
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The amount of ‘independant’ Tr in the rabbit and guinea pig AH reached a
maximum of 0.09% (P < 0.005) and 0.14% (P < 0.04) respectively of the
serum concentration of Tr.

For the vitreous, it must be emphasized that there was no correlation be-
tween the ratios for Tr and those for alhumin. In other words, the presence of
Tr in the vitreous humour was totally independant of that of albumin, The
amount of Tr in the vitreous humour reached 1.38% of its conceniration in
the serum.

Properties of intraoculer transferrin in rabbits

Serum Tr consists of a single polypeptide chain (Green and Feeney, 1968;
Mann et 2l., 1970) to which are attached two oligosaccharide chains terminating
in sialic acid residues. There are two of these residues in the rabbit (Baker et
al., 1968; Palmour and Sutton, 1971; Scharmann et al., 1971) and four in
man {Jamieson, 1965, Scharmann et al., 1971). Each molecule of Tr contains
two specific sites iron-binding with high association constants (Aisen, 1970).
By thermodynamic and spectroscopic studies, these two sites were shown to
be very similar {Aasa et al., 1963; Aisen et al., 1966). The structure of the
molecule of Tr is strongly symmetrical (Williams, 1974).

Crossed immunoelectrophoresis performed with antisera directed against
rabbit albumin and Tr demonstrated the relative over-abundance of Tr in the
vitreous humour (Fig. 11).

In agarose gel electrophoresis at pH 8.6, Tr from the AH appeared to
migrate justin the same way as that from serum. Tr from the vitreous humour,
on the other hand, appeared to be distributed into three bands, the fastest of
which corresponded to serum Tr (Fig. 12) (Dernouchamps et al., 1975). After
sialidase treatment, according to a method described elsewhere {Dernou-

| s 14
ALB. TR. ALB. TR. ALB. TR.
SERUM AH VITREOUS

Figure 11. Crossed immunoelecirophoresis of rabbit serum, aqueous humour and vitrcous
humour, Each sample was taken from a pool from a number of animals, the serum after
dilution to 15 mg total protein/mi, and the humours after concentration to 15 mg/ml.
Crossed immunoelectroplioresis was by the method of Laurell (1965). ALB. = albumin;
TR. = transferrin. (Photograph reproduced from Dernonchamps et al., Ophthalmologica
170: 72-83, 1975 with permission of 8. Karger AG, Basel)
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Figure 12. Agarose gel electrophoresis at pH 8.6 of pools of sera, agueous humour (AH)
and vitreous humour samples from rabbits. The pool of sera was diluted and the pools
of aqueous and vitreous humours concentrated to a total protein level of 15 mg/ml,
TR. = transferrin. (Photograph reproduced from Dernouchamps et al., Opthalmologica
170: 7283, 1975 with permission of S. Karger AG, Basel).

champs et al., 1975), all variants of Tr, from aquecus and vitreous humours
or serum, were converted into one slow-moving component co-migrating with
the slowest component of the Tr in the vitreous humour (Fig. 13).

Figure 13. Agarose gel electrophoresis at pH 8.6 of: 1. = pool of rabbit sera diluted to
a total protein level of 15 mg/ml; 2. = As 1, after treatment with sialidase; 3. = pool of
rabbit aqueous humour samples concentrated to a total protein level of. 15 mg/ml;
4. = As 3, after treatment with sialidase; 5. = pool of rabbit vitreous humour samples
concentrated to a total protein level of 15 mg/ml; 6. = As 3, after treatment with sigli-
dase. TR. = transferrin. (Photograph reproduced from Dernouchamps et al., Ophthalmo-
logica 170: 7283, 1975, with permission of S. Karger AG, Basel).
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The simplest hypothesis to account for these observations is that, In the
rabbit, serum and AH Tr, as well as the fastest component of that in the
vitreous humour, has two sialic acid residues per molecule. The remainder of
the vitreous humour Tr contains only one or ne sialic residue, Only chemical
analysis can confirm or refute this hypothesis. However, the absence of one
or several sialic acid residues has already been suggested for the Tr of rabbit
(Baker et al., 1968) and rat (Morgan, 1968) milk, in foetal serum {Parker
and Bearn, 1962), and in human cerebrospinal fluid (Laterre, 1965) and
vitreous humour (Manuel, 1969). Tn addition, chemical analyses have shown
that the slower electrophoretic mobility of conalbumin or ovotransferrin
(an egg-white protein) was due to a reduction of sialic acid content (Williams,
1968).

If, in reality, a part of the Tr of the rabbit vitreous humour is devoid
of sialic acid, this could arise from the action of sialidase in the eye, or
from the intraocular synthesis of partially sialylated Tr. In favour of the
first hypothesis is the presence of sialidase in the rat aqueous and vitreous
humours (Tulsiani et al., 1973). We shall discuss later about the possibility
of a local synthesis. -

By double diffusion in agarose gel, it was shown that no antigenic differ-
ence exists between the serum Tr and that of agueous and vitreous humours
(Fig. 14), the antiserum used being directed against rabbit scrum Tr. Thus
these results indicate that Tr, in the aqueous and vitreous humours, possesses
all the antigenic deferminants which are present in serum Tr. Nevertheless,
the presence of specific determinants for intraocular Tr cannot be excluded,
because we had no antiserum directed against the Tr of aqueous and vitreous
humours.

seRum(Q O AH |
| O'VITREOLJS

Figure 14. Double immuno-diffusion (Ouchterlongy) in argarose gel at pH 8.6, Serum =
pool of rabbit sera diluted to a total protein level of 15 mg/ml.; AH = pool of rabbit
aqueous humour samples concentrated to a total protein level of 15 mg/ml.; Vitreous =
pool of rabbit vitreous humour samples concentrated to a total protcin level of 15 mg/
ml.; Anti-Trf. = goat antiserum fo rabbit serum tranferrin. (Photograph reproduced
from Dernouchamps et al., Ophthalmologica 170: 72--83, 1975 with permission of S,
Karger AG, Basel).
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Transfer of serum transferrin into the rabbit intraocular fluids

To study, in the rabbit, the transfer of Tr from serum into the intraocular
fluids, we used human Tr, which is recopnizable by its special antigenic
determinants, or rabbit **° I-transferrin.

In a first experiment, 800mg of purified human Tr (Behringwerke,
Marburg/Lahn, Germany) were given intravenously to an adult rabbit. Forty
eight hours later, samples of AH, vitreous humour and serum were taken for
quantitative analyses of the foreign protein as well as the autolegous albumin
and Tr. In contrast to the behaviour of rabbit Tr, human Tr was not found
to be in excess relative to albumin in AH and vitreous humour (Fig, 15). If
the experiment was of sufficiently long duration to allow equilibrium
between blood and eye compartments, we must presume that the two types
of Tr behave differently. We may imagine that heterologous Tr reaches the
fluids of the eye by simple filtration, while active transpart, selective concen-
tration because of an absence of elimination, or local biosynthesis may ail
occur with autologous Tr.
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Figure 15, Quantitative determination of rabbit atbumin and transferrin and of human
transferrin in the intraocular fluids of a rabbit, 48 hours after intravencus injection
of 800 mg human transferyin, TR = transferrin; ALB = albumine.

If there is active transport of autologous Tr, then the lower AH/S concen-
tration ratio for human as opposed to autologous Tr could be explained by
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the absence of receptors for the foreign protein in the ciliary eptithelivm
of the rabbit. To decide betwecen these alternatives, a second experiment
was performed, whereby 1mg of homologous ' I-transferrin was given
intravenously to two rabbits. Experimental details are published ¢lsewhere
(Dernouchamps et al., 1975). The electrophoretic mobility of this labelled
Tr was found to be the same ag that of non-labelled Tr, indicating the absence
of substantial changes to the protein during the labelling. Aqueous and
vitreous samples were taken from the right eye after three days and from
the left eye after four days. A serum sample was taken at the same times.
To avoid contamination of the samples by free iodine, which might have
falsified the results, the radicactivity in the proteins alone was counted
after their precipitation by trichloracetic acid. The specific activity of Tr
was found to be equivalent in serum and AH, but clearly lower in vitreous
humour (Fig. 16). This implies that in vitreous humour the labelled protein
was obviously diluted by non-labelled Tr.
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Figure 16. Specific activity (in counts/min/mg) of transferrin in the sernm and intra-
ocular flnids from 2 rabbits (I-II), after intravenous injection of 1mg homologous
1% I-transferrin (1.45me). Aqueous and vitreous humour samples were taken from the
right eve of each animal on the 3d day after intravenous injection and from the left eye
on the 4th day, Serum samples were taken at the same times. AH = aqueous humouz,

If an equilibrium between blood and eye compartments was obtained after
three or four days, the results of this experiment are against an active trans-
port of serum Tr into the vitreous humour. In addition, it is probable that
after three or four days, an accumulation of Tr by a selective decrease of
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elimination would also be found with '%*-I-Tr. In consequence, there would
also have been a decrease of the dilution observed for this labelled protein.
Thus, the hypothesis of a local synthesis seems the most probable. Tr is
mainly synthesized in the liver, but the existence of other sites of production
has been proven. The synthesis of Tr has been demonstrated, by incorpor-
ation of C.amino acids, in the spleen, bone marrow (Morgan, 1969),
submaxillary gland, mammary gland, testis, ovary (Thorbecke et al., 1973)
and lymphocytes (Soltys and Brody, 1970}, Thus, intraocular production
of Tr is not impossible. Because the concentration of Tr is higher in vitreous
humour than in AlIl, it would occur in the posterior pole of the eye; from
the vitreous humour, Tr would diffuse into AH. Nevertheless, the hypothesis
of an active transport specific for one special type of Tr (the slow-moving
band in electrophoresis) cannot be excluded.

Whatever the mechanism of this accumulation of Tr in the intraocular
fluids, it may be asked what is the biological significance of this phenomenon.
The answer lies perhaps in the relatively high concentrations of iron-binding
proteins (not only Tr, but also lactoferrin, a protein which is similar to Tr)
in various hiological fluids, such as cergbrospinal fluid and various exocrine
secretions (milk, tears, saliva, nasal and bronchial secretions, seminal fluid).
There is also an abundance of lactoferrin in the specific granules of neutro-
phile leucocytes. It is tempting to believe that this distribution of Tr and
lactoferin in the various biological fluids is because of their bacteriostatic
properties.

Chapter 3

Immunopathology of the uvea

Many studies of immunoglobulins and antibodies in AH suggest that immune
reactions play an important role in numerous diseases of the uvea. However,
the relative importance of the different pathogenic mechanisms, i.e. response
to infection, autoimmune reactions or deposits of immune complexes, is
not well known. Our contribution to this study is hased on the specific
quantitative determination of immunoglobulins, and the detection of antigen-
antibody complexes and theumatoid factor in the AH and serum of patients
suffering from various disorders of the uvea. We shall discuss the results
obtained with regard not only to the origin of the disease, but also to the
clinical interest of these analyses.

The specificity of antibodies has been used by various workers to try
to determine the cause of uveitis. However, their presence in serum has only
a suggestive value, while their detection in AH is clearly more significant,
especially if an intraocular synthesis is suggested by the AIH/S ratio for
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antibody titer. This ratio must, of course, be corrected by that of the respec-
tive immunoglobin concentrations (Goldmann and Witmer, 1954):

__ AH antibodies / AH immunoglobulins

serum antibodies / serum immunoglobulins

If the antibodies in AH originate only from the serum, the quotient Q will
be equal to one. In case of values higher than unity, a decreased catabolism
or a selective transfer of antibodies through the BAR could be considered,
but an intraocular synthesis, as discussed previously (Chapter 1), seems to be
the most probable mechanism,

The pathogenic imechanisms

Response to infections. In some cases of uveitis, it has been possible to
determine the etiology by using the antibody quotient: toxoplasmosis
(Remky, 1965a; Desmonts, 1966; Witmer, 1967; Michiels, 1968), tuber-
culosis (Witmer, 1955b, 1962; Remky, 1958, 1960; Schlacgel et al., 1961),
strepthococcal infections (Remky, 1958, 1960; Laffers and Bozsoky, 1959),
leptospirosis (Witmer, 1954), syphilis and viral infections (Campinchi et al.,
1967; Martenet, 1970a). However, in clinical practice, this type of testing
is limited by the small volume of AH that can be sampled, thus restricting
the testing of antibody activity to only a smail number of antigens. It should
also be noted that the time of ocular puncture is crucial. Indeed, after intra-
vitreal injection of heterologous proteins into rabbits, the antibody quotient
has been found higher than unity after 10 days, reaching a maximum after
28 days and then decreasing (Fig. 17) (Michiels and Dernouchamps, 1976).

Aureimmune regctions. The most frequently studied ocular autoantigens
are those of lens and uveal origin, According to the classical theory, as the
lens proteins are isolated from the general circulation because of the catly
closing of the lens capsule, they cannot induce immune reactions including
tolerance during foeta! life. Traumatic rupture of the capsule, after birth,
will lead to the release of lens proteins, now able to induce an immune
response. This classical theory must now be reconsidered: contrary to
accepted opinions, lens proteins are present at very low concentration in
normal human as well as animal AH (Maisel, 1963). This implies that there is
a definitive immune tolerance towards these proteins, In fact, this tolerance
would seem te be only partial, as it has been shown that, in normal animals,
some B-lymphocytes (cells of humoral immunity) were able to fix auto-
antigens such as thyroglobulins (Clagett and Weigle, 1974) and lens proteins
{Marak et al., 1979), implying that only the T-lymphocytes are tolerant.
Since T-lymphocytes are necessary for the production of antibodies by
B-lymphocytes (helper action) against most antigens, no antilens antibodies
will be produced in normal humans (Halbert et al., 1957; Luntz, 1964;
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Figure 17. After intravitreal injection of 1 g bovine gammaglobulin (BGG) into 4 adult
rabbits, AH and serum samples were taken regularly for one month. The concentrations
of IgG, IgA and IgM and also that of anti-BGG antibodies were determined by single
radial immunodiffusion and the results expressed in mg/100ml by comparison with
standard solutions, Technical details of the preparation of these standard sclutions were
given elsewhere (Michiels and Dernouchamps, 1976). The antibody quotient was cal-
culated as:
(anti-BGG antibodies) AH (IgG +IgA + IgM) AH

(anti-BGG antibodies) serum / (IgG + IgA + IgM) serum
The numbers 1, 2 ... refer to the different rabbits tested.

Wirostko and Spalter, 1967). This could explain the rarity of inflammatory
reactions observed in the eye after the discission of congenital cataract.

On the other hand, it must be pointed out that antilens antibodies are
often detected in the serum of patients suffering from uveitis (hetween 44
and 60% of the cases). These antibodies were detected by complement
fixation test (Perkins and Wood, 1964) or passive hemagglutination (Luntz,
196R), using bovine lens extracts. If these tests were really detecting auto-
antibodies, we still need to know if these antibodies play a pathogenic role,
In bacterial or viral diseases, a great variety of autoantibodies may appear
{Allison, 1977}, probably owing to a mitogenic effect of the infectious
agents on B-lymphocytes. This may be observed, for example, in cases of
herpes virus disesase (Rosen el al., 1977) or as a result of the action of
bacterial products such as endotoxins (lzul et al., 1977, 1979). After injec-
tion into animals, endotoxins can induce the production of various auto-
antibodies, for example, anti-DNA and anti-IgG autoantibodies (rheumatoid
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factor). Another mechanism responsible for the breaking of immune toler-
ance could be the appearance of new antigenic determinants capable of
stimulating T-(helper) lymphocytes, and then the production of autoanti-
bodies because of the stimulating action of these T-cells on the B-cells.
The new determinants may arise, for example, from the denaturation or
degradation of lens proteins by an infectious agent (Allison, 1977). This
could explain why the intravitreal injection of lens proteins in the rabbit will
only provoke uveitis with intraccular formation of antilens antibodies when
herpes virus is administered simultaneously (Witmer and Martenent, 1964),

Antiuvea autoantibodies have also been detected In many cases of uveal
inflammations, and their level in serum was highest when the uveitis was
bilateral and of long standing (Aronson et al., 1966; Martenet, 1970b).
Since Elschnig (1910), it has been assumed that the uveal antigen responsible
was melanin pigment; but melanin has not yet been demonstrated to have
antigenic properties (Campinchi et al., 1970). The basal membrane of the
uveal vessels has been also suspected; however, antimembrane antibodies
have never been found in the serum of patients with uveitis (Sery and Huang,
1968). Finally, since the work of Wacker and Lipton (1965), and Faure et al.
(1973), demonstrating the antigenic properties of the retinal photoreceptor
outer segments in the induction of experimental uveitis, it may be asked
whether the antiuvea autcantibodies are not in fact directed against retinal
antigens. Indeed, the uveal preparations used for the demonstration of
autoantibodies could have been contaminated by retinal antigens. Injection
of autologous retinal extracts, emulsified with complete Freund’s adjuvant,
into the footpads of guinea pig produced a long-lasting uveoretinitis (Faure,
1980).

It must be emphasized that the detection of autoantibodies does not
necessarily imply the existence of an autoimmune disease. Further, many
autoimmune reactions may promote either the elimination of altered auto-
antigens or the regulation of the immune response. For example, theumatoid
fagtor, which is an autoantibody directed against the patient’s own immunc-
globulins (Kunkel et al., 1959), favours the phagocytosis of immune com-
plexes by macrophages (Van Snick et al., 1978).

Genetic factors play an obvious role in various autoimmune diseases such
as lupus erythematosus and ankylosing spondylitis. Since various forms of
uveitis seem to be dependent on this immune mechanism, it may be asked
whether genetic factors are not at the basis of these diseases. Particularly
interesting as genetic markers in this respect are the major histocompatibility
antigens (HLA).

The HLA system (H for human, L for leucocyte and A for first locus A)
can be used to differentiate individuals by their possession of various mem-
brane antigens. These tissular groups are dependent on four genetic loci,
named A, B, C, and D. These are closely linked between themselves and are
found on the 6th pair of chromosomes. A locus HLA-Dr has been recently
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defined, but its identity with HLA-D is still discussed. It would correspond
to the ‘T” region of the H-2 complex on the 17th chromosome of the mouse
and, by analogy with this ‘T’ region, would be the regulator of immune
responses (Dausset, 1977). The major histocompatibility group is charac-
terized by a preat variety of antigens. For example, the locus B possesses
40 alleles (Committee for HLA nomenclature, 1980).

Various associations between HLA antigens and diseases have been
observed. A clear example is that of ankylosing spondylitis: 90% of patients
suffering from this disease possess HLA-B27 antigen, whereas this antigen
is found in only 4 to 8% of the normal population (Schlosstein et al.,
1973; Brewerton et al., 1973). HLA-B27 antigen is also present in 55% of
patients suffering from acute anterior uveitis (Brewerton et al., 1973,
Mapstone and Woodrow, 1975). Although some of these patients were
also suffering from ankylosing spondylitis, the risk of acute anterior uveitis
for normal people with HLA-B27 is 15 to 20 times higher than that for
people without HLA-B27 (Char, 1978). A second example of HLA-disease
association is constituted by the HLA-B5S antigen and Behget’s syndrome
(Ohno et al., 1978). This syndrome is characterized by recurrent uveitis
with hypopyon, by buccal and genital aphtae and sometimes by various
other manifestations which may be meningoencephalitic, arthralgic, cuta-
neous, pulmonary, intestinal, renal and muscular. Another example is the
Vogt-Koyanagi- Harada’s syndrome which is frequent in Japan and assc-
clated with BW54 antigen (Tagawa and Suguira, 1978). Tt is a total uveitis
with serous retinal detachment. This form of uveitis is associated with
meningo-encephalitic signs, poliosis, alopecia, vitiligo and hypoacousia. The
HILA-disease association gives rise to many hypotheses, but none is vet
proven.

Immune complexes disegses. Described after the first serotherapies, serum
sickness (von Pirquet, 1906) can be complicated, in some cases, by uveitis
(Theodore and Lewson, 1939; Sedan and Guillot, 1955). Subsequently,
it has been shown that repeated injections of a foreign protein into animals
produced a glomerulonephritis similar to that of human serum sickness
(Benacerraf et al., 1960; Dixon et al., 1961; Germuth et al., 1967; Princus
et al., 1968). Moreaver, the presence of antigen, probably in the form of
antigen-antibody complexes, has heen shown by immunofluorescence and
electron microscopy in the glomeruli of animals (Dixon et al., 1961). Since
the immune complexes deposited in the tissues were assumed to be in equili-
brium with the soluble complexes in blood, immunologists have shown
great interest in the detection and quantitative analysis of these soluble
complexes in numerous diseases. This has been possible because of the
development of various methods allowing the detection of complexes in a
great variety of diseases ranging from the common cold to cancer and the
so-called autoimmune diseases, Nevertheless, these investigations were unable
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to define whether the complexes detected play a pathogenic role or are only
the consequence of the disease.

Immune complexes tend to accumulate in the basal membranes (Cochrane,
1969, Gelfand et al., 1976) and, consequently, to cause various forms of
vasculitis with, according to their location, a clinical presentation of glomer-
ulonephritis (Cruchaud et al., 1975; Morris et al., 1975; Perrin et al., 1975),
periarteritis (Gocke et al., 1970: Trepo and Thivolet, 1970), erythema nodosa
(Hedors and Norberg, 1974; Sergent et al., 1976; Verrier-Jones et al., 1976;
Zoller et al,, 1978). They may also be deposited in the dermis where
they can provoke urticaria (Marder et al., 1976; Lurhuma et al., 1976;
Vinceneux, 1977), and in the articular cartilages with consequente arthritis
{Winchester et al., 1970; Hurd et al., 1971; Natvig et al., 1974; Norberg et al.,
1974, Russell et al., 1974; Rosenthal et al., 1976). By binding to the Fc
receptors of the blood platelets, they may provoke thrombopenia (Miescher
and Cooper, 1960; Marney and Des Prez, 1971; Penttinen et al,, 1971;
Osler and Siraganian, 1972; [sraels et al., 1973). Finally, the binding of
complexes to the membrane of some cells may result in the release of active
substances. For example, neutrophile leucocytes will undergo degranulation
with, as a consequence, the release of lysosomial hydrolases (Henson, 1971).

Inflammatory action and the elimination of complexes by macrophages
are principally a function of the complement system (Miiller-Eberhard, 1975),
consisting of about a dozen serum proteins. Because of its central role and its
high serum concentration, C3 factor is particularly important, It can be
activated by the classical pathway, involving C1, C4 and C2, or by the alter-
native properdin pathway (Fig. 18). Immune complexes containing IgG and
IgM activate complement via C1, whereas those with IgA act via properdin.
The latter system can also be triggered directly by endotoxins and various
polysaccharides in the absence of antibodies. Activation of C3 involves
splitting the molecule into two fragments, a smaller one, called C3a, and
a larger, C3b. Initiation of the activation of C5, C6 and C7 by factor C3b
will lead to the lysis of the cellular antigen by C8 and C9. C3b can also be
adsorbed onto the macrophage membrane and favours in this way the endo-
cytosis of immune complexes. Fragment C3a is characterized by its ability
to cause the degranulation of basophile leucocytes. Quantitative analysis of
C3, showing a decrease of its serum level, can disclose a complement con-
sumption, which is generally associated with deposits of immune complexes.

It must be noted that the occurrence of circulating immune complexes
is often associated with autoimmune reactions and immunodeficiencies,
such as those of complement factors, immunoglobulins and Tlymphocytes.
Indeed, immune complexes could block immune response, for example in
some cancers (Baldwin et al,, 1972; Jose and Seshadri, 1974; Kilburn et al.,
1976), and perhaps trigger autoimmune reactions, such as the production
of rheumatoid factor (Williams and Kunkel, 1963). Moreover, autoantibodies
can, as in case of lupus eryvthematosus, cause the occurrence of immune



222

IgA immune complexes IgG and IgM
Polysaccharides, endotoxins immune complexes
Alternazive pathway Classical pathway
{Froperdin) {Factaors Cl; 4, C2)

™

c3

Cia t3b

Anaphylaxis c6, 6, 7, 8, 9 Phagocytosis

Lysis
Figure 18, Complement fixation and its biological consequences,

complexes, for example DNA-anti-DNA complexes (Winfield et al., 1975) or
inhibit the immune 1esponse when they are directed against T-lymphocytes
(Nies et al., 1974).

Recent work (Howes and McKay, 1975) scems to indicate that immune
complexes could play a role in the pathogenicity of uveitis. After intravenous
injection of soluble immune complexes into the rabbit, the vascular per-
meability was found to be increased at the level of the ciliary processes and
iris. Then, it may be asked whether the uveitis which occurs in patients with
diseases associated with immune complexes in serum, is not due to the
intraocular deposition of these complexes. These diseases are, for example,
ankylosing spondylitis (Gabay et al., 1977). sarcoidosis (Hedfors and
Norberg, 1974), Behget’s syndrome (Williams and Lehner, 1977; Gupta et al.,
1978; Gamble et al., 1979) and Crohn’s disease (Doe et al., 1973; Jewell and
MacLennan, 1973).

Diseases of the uvea

To understand the pathogenic mechanisms of various diseases of the uvea
and to find new diagnostic tests, we have determined the concentrations
of immunoglobulins and C3 factor, and locked for the presence of immune
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complexes in the AH and serum of various patients. Furthermore, we
have studied the HLA antigens in 135 patients suffering from Fuchs’ hetero-
chromic cyclitis or Georgiades’ syndrome, i.e. cataract-heterochromia of
the iris.

The relative excess of [gG, IgA and IgM in the AH was defined by the
relative concentration ratio {RCR) AH/S. The RCR for a given protein was
obtained by dividing its AH/S concentration ratio by the same ratio for
albumin. Thus, it can be determined for an individual patient, contrary to
the relative clearance value, which must be calculated from data obtained
from several patients. The RCR and relative clearance values will be essen-
tially similar for the proteins whose iransfer through the BAB is proportional
to that of albumin. The RCR value for a protein will be higher than its
relative clearance value if a certain amount of the protein concerned is, for
example, synthesized in the eye. In practice, an immunoglobulin is in relative
excess in the AI when its RCR value is equal to or higher than 0.65 for IgG;
0.60 for IgA and 0.40 for 1gM. These values are the mean plus two standard
deviations of the corresponding relative clearances (values b of Fig, 4).
These criteria are applicable only for AH samples with a total protein level
lower than 1g/100ml. Indeed, above this concentration, the proteins in the
Al are in the same proportions as in serum (cfr. Chapter 1).

To detect immune complexes in the AH and serum, we used the agglu-
tination-inhibition test. This test is based on the ability of the immune
complexes to inhibit the agglutinating activity of rheumatoid factor (RF) or
of subunit Q of the first component of complement (Clq) towards IgG-
coated polystyrene particles (latex). The agglutination-inhibition tests were
always performed with both agglutinating agents, because immune com-
plexes, depending on their size and the class or subclass of immunoglobulins
involved, do not necessarily react with RF and Clq in the same manner
{Lurhuma et al., 1976). The RF reagent was the serum of a patient with
theumatoid arthritis having a latex agglutination titer of 1/320. Clq solution
was given by the laboratory of Experimental Medicine. In practice, a volume
of 25ug of the sample was mixed on a dark plate with an equal volume of
'the RF or Clg solution, and then with 25 ul of the latex suspension, After
3 minutes, agglutination was scored positive or negative. For optimal sensi-
tivity, RF and Clq solutions were used at their lowest concentration still
causing distinct agglutination. Before testing the inhibiting properties, each
sample was always checked for the possible presence of spontaneous agglu-
tinating activity due to cndogenous RF. The inhibiting or agglutinating
activity of the samples was titrated by twofold serial dilutions.

Fuchs’ heterochromic cyclitis. The RCR values for immunoglobulins were
increased in a very variable manner in cases of various ocular diseases (Fig.
19). This was more often observed with IgG than with IgA or IgM. Amongl
the different diseases, Fuchs’ heterochromic cyclitis was most frequently
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associated with a relative excess of IgG, in 28 out of 35 cases. Fuchs’ cyclitis
is an ocular disease which is generally unilateral, and is characterized by three
principal signs: hypochromia of the iris, keratic precipitates, and cataract.
Hypochromia is secondary to stromal atrophy, which begins in the pupillary
area of the iris and is associated with hyalinosis of the vessel walls. Keratic
precipitates are scattered on the whole posterior side of the cornea; they are
small, star-shaped and translucent. They appear not to be lens proteins
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Figure 19. Relative AH/serum concentration ratios (RCR) for IgG, IgA and IgM in
different ocular disorders. The RCR value for a given protein was obtained by dividing
its AH/serum conceniration ratio by that for albumin. Immunoglobulins are in relative
excess in the AH when their RCR value is equal to or higher than 0.65 for IgG; 0.60
for IgA and 0.40 for IgM. These values are those of the corresponding relative clearances
(values b of Fig. 4) plus two standard deviations.

+ = choroidal melanoma  © = sarcoidosis

X = retinoblastoma e = Crohn’s disease (cf, various causes)
o = Behget’s syndrome ¢ = ankylosing spondylitis
» = Vogt-Koyanagi- + = scleroderma

Harada’s syndrome A = gnchocerciasis
A = toxoplasmosis
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Figure 20. Filiform hemorrhage following puncture of the anterior chamber in a case of
Fuchs’ heterochromic cyclitis.

. e e

Figure 21. Nodules on the crests of the pupillary area of the iris in a case of Fuchs’
heterochromic cyclitis,
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because we have seen then reappearing after intracapsular extraction of the
lens. They appear to be composed of lymphocytes and polymorphonuclear
leucocytes (Verrey, 1974). Cataract appears later. It starts beneath the
posterior capsule of the lens and is usually what causes the patient {o seek
medical advice. To this triad, one may add the {iliform hemorrhage that
follows puncture of the anterior chamber (Amsler and Verrey, 1946) (Fig.
20). This hemerrhage originates from the angle of the anterior chamber or
from the root of the iris; it is discrete and present in nearly all our cases.
It is not pathognomonic because it was observed in other ocular diseases
such as, for example, sarcoidosic iridocyclitis. In some cases, we observed
on the crests of the pupillary area of the iris little greyish nodules (Fig. 21)
{(Michiels and Dernouchamps, 1971) whose existence was previously reported,
to our knowledge, only by Vogt (1952). The signification of these nodules
remains unknown.

The relative excess of immunoglobulins in the AH could be the expression
of immune reactions directed against a viral or bacterial agent or against
the ocular tissues themselves. The infectious origin was suggested by Fuchs
(1506), in connection with tuberculosis. Bacteria have been detected in the
AH from some patients {(Verrev, 1954, Offret et al., 1955), but it would be
necessary to search for the presence of virus by means of more sensitive
immunochemical methods and electron microscopy, as suggested by Witmer
(1976) for other forms of uveitis. In other respects, antiuvea autoantibodies
have been detected in the AH at particularly high titers, i.e. 70 times as
much as in the serum (Remky, 1965b), Degradation of the uveal tissue
following an infection or neurotrophic problems could be the cause of
immune reactions against this altered tissue. A disturbance of the cervical
sympathetic nervous system, suspected by Bistis (1912), has been found in
50% of the cases of Fuchs’ disease (Frangois, 1949; Michiels, 1968) by
means of the benzedrine eye drops test, originally devised by Appelmans and
Forez (1949). This could explain the unilaterality of the disease. However,
this unilateral character of the Fuchs’ disease seems inconsistent with the exis-
tence of autoimmune reactions. It could be assumed that autoantigens are
accessible to antibodies and lymphocytes in one eve only, because of, for
example, local infection. In other respects, the possible hereditary origin
of a disease of the cervical sympathetic nerve could explain the development
of Fuchs’ disease in several members of one and the same family (Bistis,
1912; Makley, 1956; Frangois, 1961).

Concerning the study of immune complexes, inhibitory or agglutinating
factors were detected in 22 out of 28 AH samples examined (Table 2). On
the other hand, our results were negative in 20 AH samples taken from
patients with senile, immature cataract. Since this disease does not seem to
involve immune reactions, these 20 samples may be considered as controls for
our study.
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Table 2. Titration of agglutinating or inhibiting factors in AH and serum from patients
with Fuchs’ heterochromic cyclitis

Inhibiting factors
Patient Date of sample  Agglutinating factors vs. RI7 vs, Clg
Ne. collection AH Serum AH Serum  AH Serum
1 0 0 1/8 172 12 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 1/1600 1/160 - - - -
5 Dec. 1973 1/16 1/320 - - - -
Aug. 1974 0 0 1/1 1/1 1/1 1/4
Jul. 1975 0 0 1/1 1/1 0 0
6 Nov. 1974 1/64 0 - 0 - -
Jul. 1975 0 1/32 1/2 - 1/2 —
Jun. 1976 0 0 1/2 0 111 0
7 Jul. 1975 0 1/80 1/1 - - -
Apr. 1976 1] 0 1/2 0 1/2 0
8 Jul. 1974 1 1/640 - - - -
Aug. 1975 0 0 0 0 1/2 0
9 /8 1/40 - - - _
10 /1 1/20 - - - -
11 0 0 1/4 0 1/2 0
12 1/2 1/16 - - - -
13 0 0 0 1/1 1/4 0
14 0 0 i/1 0 - 0
15 0 0 0 0 0 0
16 0 0 0 0 i/1 0
17 0 0 0 0 0 0
18 0 1/4 0 - 1/1 -
19 0 0 0 0 0 0
20 Oct. 1976 1/1 1/8 - - -
Nov, 1977 0 1/8 0 — 0] -
21 0 0 0 0 1/2

Could the inhibitory activity of the AH samples correspond to other
factors than immune complexes or aggregated [gG? Among the possible
interferring factors, single stranded DNA might inhibit Clq (Agnello et al,,
1970), bui the fact that of our 14 AH samples displaying an inhibitory
activity, 6 were found to inhibit both Clg and exogenous RF, indicates
that the inhibitory factors do correspond, in these cases, to immune com-
plexes or aggregated immunoglobulins.

We have previously demonstrated that the agglutinating factor of AH
and serum samples is probably IgM (Dernouchamps et al., 1977) and, thus,
RF. In the AH samples taken at different intervals during the evolution of
Fuchs’ disease, inhibitory activity was found to altemnate with spontaneous
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agglutinating activity. Is this agglutinating activity secondary to the presence
of immune complexes? This has been suggested by Williams and Kunkel
(1963) following experiments where the production of RF was induced
in rabbits by injecting immune complexes or aggregated autologous IgG.
On the other hand, it is well known that IgM-RF, which can be detected
by the agglutination reaction, is generally associated with IgG-RF, devoid
of agglutinating activity. This IgG-RF has a great tendency to combine
with other IgG molecules, themselves displaying RF-activity. The result is
the formation of IgG-IgG complexes (Fig. 22), which are in fact immune
complexes {Pope et al., 1974). Thus, it is not surprising that, after elimination
of agglutinating RF, one may detect inhibitory factors corresponrding pro-
bably to this kind of IgG-RF immune complexes (Lurhuma et al., 1977).

Figure 22. IgG-IgG immune complexes, where [gG with a theumatoid factor activity acts
both as antigen and antibody. The hatched area represents the Fe fragment of an IgG
molecule, while the non-hatched areas represent the Fab fragments, The Fc fragment is
responsible for various biological properties of IgG such as, for examples, complement
fixation; the Fab fragments are responsible for the antibody activity of IgG. {Drawing
reproduced from Pope et al., Proc. Nat. Acad, Sci. USA, 71: 517521, 1974 with kind
permission of Dr. Pope).

It may be asked whether the inhibitory factors in the AH do not correspond
to IgG aggregates which were formed during storage of the samples. This
phenomenon is known to occur in bhiological fluids which are relatively
rich in TgG and poor in albumin {Soltis et al., 1979). Against this hypothesis
is the fact that no correlation exists between the RCR for IgG and the inhibi-
tory activity.

A local origin for aqueous RF and immune complexes is likely since these
factors were detected in the AH and not in the serum, or at the same titer
in bath fluids, although there were large differences in their protein content.

In addition to IgG which can play the role of both antigen and antibody,
it is likely that other antigens of viral or bacterial origin can take part in the
formation of immune complexes. Moreover, one must take into account the
possibility of autoantigens such as uvea, lens or retina.
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Immune reaction seemed to be less severe in the AH of patients with
cataract-hypochromia without keratic precipitates, i.e. Georgidades’ svn-
drome (1956). The RCR value for IgG was slightly increased in 5 of our
9 patients (Fig. 19), while RE was detected in samples of AH from 2 patienis,
at titers of 1/16 and 1/1. The mean age of our patients with Georgiades’
syndrome was 59 vears (SD: 13 years) and of those with Fuchs® cyclitis
it was 31 years (SD: 13 years). Since histopathological lesions of the iris
are similar in both diseases (Georgiades, 1956), it may be asked whether
Georgiades’ syndrome is not merely Fuchs’ eyclitis where the immune reac-
tions have been attenuated by age.

Although both syndromes seem to be associated with immune disorders,
the study of HLA groups disclosed no significant deviation of the normal
frequency distribution (De Bruyére, 1978). However, it must be noted that
this study concerned only 15 patients, 11 with Fuchs’ cyclitis and 4 with
Georgiades’ syndrome.

Endogenous wveitis. From the study of patients with endogenous uveitis, it
appeared that the RCR values for immunoglobulins were less often increased
than in cases of Fuchs’ cyclitis (Fig. 19). But the frequency of finding elev-
ated RCR values was approximately the same, whatever the origin of the
endogenous uveitis. Thus, these results did not give information suitable for
differential diagnosis. Consequently, the quantitative determination of
immunoglobulins seems useful in clinical practice only when it is combined
with that of specific antibodies in order to calculate a value for an antibody
quotient.

Factors agglutinating latex or inhibiting Cl1q or RF have been detected
in 43 AH samples out of the 104 examined (Table 3). In general (38/43),
these factors were restricted to the AH or reached about the same titer in the
AH and in the serum. That suggests an intraocular formation of these factors.
In addition, our tests were positive in the serum of 52 patients. In 26 of
these patients, AH was free of immune complexes or RF. Detection of
immune complexes or RF was especially common in the serum of patients
suffering from Behget’s disease (1! out of 14) and in the AH of patients
with an ocular onchocerciasis (9 out of 13). In the latter disease, no correla-
tion was observed between the presence of these factors in the AH and the
various clinical aspects: punctate keratitis, iridocyclitis, Ridley’s choriore-
tinitis or the presence of microfilariae in the anterior chamber.

In clinical practice, the presence of immune complexes or RF in the AH
has not been shown to be specific for a given form of endogenous uveitis.
However, it raises the question of the possible role of immune complexes in
the intraocular inflammation. As a result of their deposition in the different
ocular tissues, immune complexes can induce various inflammatory reactions,
e.g. by complement fixation. Since complement fixation can be manifested
by a decreased concentration of C3 factor, the concentration of C3 was
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determined in the AH and serum of 47 patients suffering from uveitis. The
RCR values for C3 were found to be very scattered (Fig. 23) in the patients
with agglutinating or inhibiting factors in the AH as well as in the patients
without such factors. Moreover, it must be noted that the mean value for
RCR was the same (X = 0.25) for both groups of patients, whereas one would
expect C3 to be consumed by complement fixation in patients with immune
complexes. From this apparent lack of complement fixation, it may be
asked whether complement can be activated in the AH. Indeed, the various
factors of complement are probably not in the same proportion in the AH
as in the serum, because of the differences between their molecular weights
and, consequently, their ability to cross the BAB.
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Figure 23. Relative AH/serum concentration ratio (RCR) for the C3 factor of comple-
ment in 47 patients with uveitis. Immune complexes or rheumatoid factor were detected
in the AH samples from 24 of these patients (group A) but not in those from the other
23 (group B). The RCR value for a protein was cobtained by dividing its AH/serum
concentration ratio by that for atbumin. For each group, the bar correponds to the mean
of the RCR values £ 1 standard deviation.
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It is well known that posterior subcapsular cataract generally develops
in case of chronic uveitis. Therefore, we searched for a possible correlation
between this form of cataract and the presence of agglutinating or inhibiting
factors in the AH of 54 patients suffering from uveitis, generally of unknown
origin. This correlation was found to be at the limit of significance (0.05 >
P> 0.02) (Table 4). However, Fuchs’ cyclitis, which is associated in 80% of

Table 4. Correlaton between the presence in AH of inhibiting or agglutinating factors
and the development of secondary cataract in 54 patients suffering from uveitis, usually
of unknown origin (x* =4.71; 0,05 > P > 0.02)

Presence of inhibiting or agglutinating activity

in AH

Yes No Total
Secondary cataract 17 9 26
No secondary cataract A 2 2_8_
Total 26 28 54

the cases with the presence of immune complexes or RF in the AH, is also
characterized by the same posterior subcapsular cataract. This suggests that
the development of cataract is due to deposition of immune complexes on
the lens capsule. Recent work (Eeckhout et al.,, 1976) demonstrating a
characteristic affinity of collagen for aggregated immunoglobuling could
explain the preferential deposition of complexes on the capsule. In other
respects, the presence of immune complexes could be due to the release of
lens autoantigens. Finally, a third hypothesis could be the absence of a
causal relationship between both phenomena, which could have a common
origin such as, for example, a viral infection.

Intraocular tumours. It is generally accepted that patients with a cancer
develop immune reactions against their own tumour. For example, skin
tests, carried out with a soluble extract of malignant melanoma, were positive
in 90 percent of cases of choroidal melanoma (Char, 1978). These reactions
could explain why malignant melanoma can be apparently confined to the
eye for many years before metastasing into the liver, kidneys and lungs.
However, skin tests were also positive in 18.5 percent of the reference pop-
ulation. In case of ocular melanoma already diagnosed by ophthalmoscopy,
ultrasonography and fluorescein angiography, these immune reactions could
give information about the prognosis, because they have been found to be
reduced in case of extraocular metastasis (Char, 1978; Priluck et al., 1979),
This depression could be due to the action of the so-called blocking factors
(Hellstrom et al., 1969—1971; Diehl et al., 1971; Bansal et al., 1973), corres-
pending perhaps to circulating immune complexes (Baldwin et al., 1972; Jose
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and Seshadri, 1974; Kilburn et al., 1976) which are frequently detected in
the serum of patients with cancer.

Analysis of the AH from 8 patients with choroidal melanoma disclosed a
refative excess of IgG in 2 cases and agglutinating or inhibiting factors in 3
other cases (Table 5). No correlation was found between these immune
reactions and the histological type of the tumour. However, it must be
noted that the 3 patients with agglutinating or inhibiting factors in their
AH had a retinal detachment around the tumour. Moreover, in 2 of these
3 patients, the presence of tumour cells along intrascleral vessels suggested
metastases. However, the number of patients was too small to allow statis-
tically significant conclusions. The same is true of those patients with retino-
blastoma having immune complexes in their serum (Char et al., 1978) and
AH (Table 3).

Ocular perforating injuries. Sympathetic ophthalmia is a severe uveitis fol-
lowing ocular perforating injury with transmission to the heterolateral eye.
It is occasionally associated with neuro-encephalitic signs, such as a discrete
meningeal syndrome, hypoacousia or encephalitis, and with cutaneous
manifestations, such as alopecia and vitiligo. Bilateralization of the uveitis
seems to be due to immune reactions directed against an infectious agent or
against the ocular tissues themselves, such as uvea {(Woods, 1921, McPherson
and Woods, 1948; Aronson et al., 1966) or retina (Marak, 1973).

After ocular perforating injury, the RCR values for the immunogiobuling
were found to be normal or slightly increased (Fig. 19). No difference was
observed in the cases developing sympathetic ophthalmia. Moreover, RF
or immune complexes were found in the AH samples from 3 patients out
of 6 examined. Details of the case histories of these 3 patients are interesting.

Case I: S...Raoul was treated for a perforating injury of the right eye by
an iron foreign body. This was extracted within 24 hours. As there was still
irritation of the wounded eye one month later, an aqueous puncture was
carried out. The AH sample obtained was clear, but contained RF at a titer
of 1/5120. A serum sample, taken at the same time, contained neither RF nor
immune complexes. As the perforated eye was blind, enucleation was recom-
mended to the patient, who refused it. Sympathetic ophthalmia developed
15 days after the examination.

Case 2: the right eye of B . .. Alain appeared irritated, 2 years after a perfor-
ating injury. An aqueous puncture was carried out. The AH sample contained
RF at a titer of 1/8, while his serum was negative. The perforated eye, which
was sightless, was enucleated. Histopathological analysis showed an infil-
tration by lymphocytes and plasmocytes suggesting a sympathetic opthalmia.

Case 3: the left eye of G...Raymond, which remained irritated for 10
years after a perforating injury was remaved. The diagnosis of sympathetic
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ophthalmia was then established histopathologically. Two months later, a
total uveitis developed in the other eye, with immune complexes at a titer
of 1/1 in the AH, and RF at a titer of 1/16 in the serum.

Thus it must be noticed that the three patients with RF or immune
complexes in their AH developed a sympathetic ophthalmia. On the other
hand, the tests were negative in the AH of the 3 other patients who developed
respectively an ocular siderosis, an atrophy of the eye and an ossification of
the choroid, but without inflammatory reaction threatening the other eye.
The probability that the association between sympathetic ophthalmia and
the presence, in the AH, of RF or immune complexes could have arisen
by chance was 0.05 (Exact probability test of Fisher),

General conclusions

1. The determination of the total protein content of the aqueous humour
(AH) provided information about the Intensity of the uveal inflammation
which was more accurate than that obtained from measurements of the
Tyndall effect with a slit-lamp. Nevertheless, an ocular puncture would not
be justifiable, if the analysis of the aqueous humour were to be limited to
measurement of the total protein content.

2. The concentration ratios AH/serum for various proteins were inversely
proportional to the molecular weight of the proteins studied, except in the
group of patients with a total AH protein level higher than 1 g/100 ml, where
no size restriction was observed, Using these data, a mean value has been
calculated for the size of the hypothetical pores allowing serum proteins to
pass across the blood-aqueous barrier. Our data proved to be compatible
with the assumption that the blood-aqueous barrier behaves as an isoporous
membrane with a pore radius of about 104 A for the groups of patients with
an AH protein level lower than 125mg/100ml, and about 113 A for the
patients having an AH protein content between 125 and 1000 mg/100 ml.

3. Transferrin was found to be in small excess, relative to albumin, in
the aqueous humour of humans, rabbits and guinea pigs. A great abundance
of this glycoprotein was noted in the vitreous humour of rabbits. Electro-
phoretic analyses indicated that, in rabbits, the transferrin of the aqueous
humour migrated in exactly the same manner as that of the serum, On the
other hand, vitreous humour transferrin appeared to move in three bands,
perhaps as a result of differences in sialic acid content. Study of the specific
activity of labelled transferrin afier intravenous injection into rabbits suggests
that the relative abundance of transferrin in the intraocular fluids may result
from a local biosynthesis in the posterior segment of the eye. The bacterio-
static properties of transferrin could help maintain sterility in the intraocular
media.

4. A relative excess of IgG was found in the aqueous humour of patients
suffering from Fuchs’ heterochromic cyclitis (in 28 cases out of 35 examined).
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In cases of ather ocular disorders, the relative concentration ratio (RCR)
for immunoglobulins was less frequently increased. Thus, the determination
of the concentration of immunoglobulins in the aqueous humour seems
useful in clinical practice to confirm the diagnosis of Fuchs’ cyclitis. In
cases of other uveal diseases, these quantitative determinations seem useful
only when combined with those of specific antibodies in order to calculate
a value for an antibody quotient.

5. The presence of immune complexes or RF in the AH has not been
shown to be specific for a given ocular disease. However, it could be inter-
esting for the prognosis. Indeed, the presence of immune complexes or
RF in the AH could occur before development of secondary cataract in cases
of uveitis, sympathetic ophthalmia after performating ocular injury and,
perhaps, metastasis in cases of intraocular tumour,
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Résumé

Pour le dosage des protéines totales de I’humeur aqueuse (HA), nous avons
adopté la méthode de Meulemans. Celle-ci est basée sur une précipitation a
I'acide trichloracétique avec lecture turbidimétrique. Nos résultats, chez des
patients avec cataracte sénile, immature, sont semblables & ceux obtenus par
le micro-Kjeldahl, méthode de référence, qui nécessite un temps d’exécution
fort long. Les taux de protéines totales dans I’HA augmentent de manitre
fort variable dans les différentes affections oculaires, sauf en cas de cyclite
hétérochromique de Fuchs od aucune valeur supérieure 3 80mg/ml n’est
observée. Les données obtenues par ces dosages sont plus précises que celles
fournies par la mesure de I'effect Tyndall au moyen de la lampe & fente.
Toutefois, une ponction de chambre antéricure ne parait pas justifiée si
P’analyse de I'HA se limite au dosage des protéines totales.

Pour les dosages spécifiques de protéines, nous avons choisi 'immuno-
diffusion radiaire. Celle-ci nous a permis de doser 7 protéines dans I'HA et le
sérum de 109 patients. Les résultats des dosages ont été répartis en quatre
groupes selon le taux des protéines totales de 'HA. Si ’on ne considére que
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les protéines, 'HA normale peut étre assimilée 4 un ultrafiltrat du sérum.
Aussi, exprimons-nous les résuttats sous la forme d’un rapport des concen-
trations dans ’humeur aqueuse et dans le sérum (HA/S). Ceci neutralise les
variations du taux des protéines dans le sérum. Comme on pouvait s’y
attendre, les rapports HA/sérum pour chacune des protéines augmentent avec
le taux des protéines totales dans 'HA. Confirmant la notion de filtration,
les mémes rapports varient en fonction inverse du poids moléculaire des
protéines, sauf dans le groupe de patients avec un taux de protéines totales
supérieur 4 1g pour 100ml d’'HA, ol aucune restriction au passage n’est
observée. Une exception retient 1’attention: le rapport HA/sérum pour la
transferrine est plus élevé que ne le fait prévoir le poids moléculaire de
cette protéine,

En utilisant les informations fournies par les dosages spécifiques de
diverses protéines dans I'HA et le sérum, une valeur moyenne a été calculée
pour la taille des pores hypothétiques permettant le passage des protéines
4 travers la barriére hémato-camérulaire. Pour effectuer ces calculs, il fallait
tenir compte des variations individuelles des rapports HA/sérum et de ’abon-
dance relative de transferrine dans 'HA. C’est la raison pour laquelle, dans
chaque groupe de patients, nous avons considéré le rapport HA/sérum pour
chaque protéine en fonction du rapport correspondant pour Iaibumine, pro-
téine de référence. Ces corrélations sont apparues de type linéaire. Dans les
équations de la régression (Y = Yo + bX), les termes constants (Yo) n’étaient
généralement pas significatifs (P> 0,05), sauf pour la transferrine (P <
0,0001) dans les deux proupes de patients avec un taux de protéines totales
dans PHA inférieur 4 125mg/100ml, et pour I'lgG (P = 0,0001) dans le
groupe de patients avec un taux de protéines dans U'HA situé entre 50 et
125mg/100ml. L’existence d'une valeur significative de Yo signifie quune
certaine quantité de la protéine concernée accéde & I'HA indépendamment
du passage de lalbumine & travers la barriére hémato-camérulaire. Les
coefficients de régression (b) pour les différentes protéines étaient inverse-
ment proportionnels au poids moléculaire des protéines en question. Ils
peuvent Etre assimilés aux valeurs de clearance relative pour les différentes
protéines.

En utilisant les équations de Pappenheimer, on a trouvé une relation
théorique entre le clearance relative de diverses protéines et leur rayon
de diffusion moléculaire. Au total, nos données se sont révélées compatibles
avec I'hypothése que la barriére hémato-camérulaire se comporte comme
une membrane isopore avec un rayon de pore d’environ 104 A pour les
groupes de patients avec un taux de protéines totales dans 'HA inférieur
4 125mg/100ml et d’environ !'13 A pour les patients ayant un taux de
protéines situé entre 125 et 1000mg pour 100ml ’HA.

Comme il était impossible, chez ’homme, d’obtenir un grand nombre
d’échantillons d’HA ‘normale’ et d’effectuer certaines expériences, nous
avons étudié la transferrine chez I'animal. Des dosages dans les liquides
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endoculaires et dans le sérum ont révélé un léger excés de transferrine, rela-
tivement & ’alburnine, dans I’HA du lapin {n = 39} et due cobaye (n = 14), et
une grande abondance de cette glycoprotéine dans le vitré du lapin (n = 18},

L’étude de la transferrine, chez le lapin, a porté d’abord sur certaines de
ses propriétés dans des pools concentrés d’humeur aqueuse et de vitré. Les
résultats montrent que la transferrine, dans ces deux liquides endoculaires,
possédent tous les déterminants antigéniques, présents dans la transferrine
du sérum. En outre, des études électrophorétiques combinées & des analyses
enzymatiques semblent indiquer que, chez le lapin, la transferrine du sérum
et celle de I'HA, ainsi qu'une grande partie de la transferrine du vitré con-
tiennent deux résidus d’acide sialique par molécule. Quant au reste de la
transferrine du vitré, il serait dépourva dun ou des deux résidus d’acide
sialique normalement présents dans cette glycoprotéine. Par ailleurs, nous
avons tenté d’expliquer P'accumulation endoculaire de transferrine. Celle-ci
pourrait résulter d’un transport actif 4 travers la barriére hémato-camérulaire,
d’une concentration sélective suite 4 une absence d’élimination, ou encore
d’une synthése locale. C'est pourquoi, nous avons déterminé, dans les diffé-
rents compartiments de l'oeil, la présence de transferrine hétérologue et
lactivité spécifique de transferrine homologue, marquée a I"'*°I, aprés
injection de ces deux protéines dans la veine marginale de 'oreille du lapin.
Ces études suggérent la possibilité d’une synthése locale de transferrine au
niveau du pdle postérieur de I"oeil.

En pratique clinique, les dosages de protéines dans 'HA ne paraissent
utiles que lorsqu’ils concernent les immunoglobulines. Dans cette perspective,
la présente étude a été limitée au dosage spécifique d'immunoglobulines et 4
la recherche de complexes immuns dans 'HA et le sérum de patients atteints
de diverses affections de 'uvée.

Pour rechercher un excés relatif d’IgG, IgA et IgM dans ’HA, les rapports
de concentration relatifs (RCR) HA/sérum pour ces immunoglobulines ont
¢té comparés 4 leur clearance relative correspondante. Le RCR pour une
protéine donnée s’obtient en divisant son rapport de concentration HA/sérum
par celui de I'albumine. Il peut donc étre déterminé chez un seul malade,
contrairement 2 la clearance relative qui ne peut étre calculée qu’a partir des
données provenant de plusieurs patients. La valeur de RCR pour une protéine
sera supérieure 2 celle de sa clearance relative, lorsqu’une certaine quantité de
la protéine concernée est, par exemple, synthétisée dans I'ceil. En pratique,
une immunoglobuline est en excés relatif dans I"'HA lorsque son RCR est égal
ou supérieur 2 0.65 pour I'IgG; 0,60 pour I'IgA et 040 pour I'IgM. Ces
critéres ne sont toutefois valables que pour les HA avec moins de 1g de
protéines totales pour 100ml, car, au-deld de cette concentration, les pro-
téines-dans ’HA sont dans la méme proportion que dans le sérum.

Pour détecter les complexes immuns, nous avons utilisé une méthode
basée sur la propriété des complexes d'inhiber I'activité agglutinante du
facteur rhumatoide (FR) ou de la sous-unité Clq du premier facteur du
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complément vis-a-vis de particules couvertes d’[gG humaines {latex). Les
tests d’inhibition d’agglutination ont ét¢ effectués avec le FR et avec le Clg,
parce que ces deux agents agglutinants n’ont pas le méme spectre d’activité en
ce qui concerne la taille des complexes et la classe ou sous-classe d’immuno-
globuline qui les compose. Les complexes immuns sont fréquemment associés
4 la présence de FR endogéne. Aussi, avant la recherche des propriétés
inhibantes, chaque échantillon a été testé en vue de déceler une activité
agglutinante possible liée a la présence de FR endogéne.

Parmi les 255 patients atteints de diverses affections oculaires (cyclite
de Fuchs, uvéite endogéne, tumeur intraoculaire, plaie perforante du globe),
Pexcés relatif dimmunoglobulines dans FHA s’observe avec une fréquence
équivalente, quelle que soit I'origine de 1’affection, sauf en cas de cyclite de
Fuchs o0 les valeurs de RCR pour I'lgG ont été trouvées augmentdes dans
28 des 35 échantillons d’HA examinés. Ces résultats ne permettent donc
pas de diagnostic différentiel, sauf peut-étre en cas de cyclite de Fuchs.
Aussi, les dosages d’immunoglobulines ne paraissent-ls intéressants en ¢li-
nique que s’ils sont combinés 4 des dosages d’anticorps spécifiques permettant
d’établir un quotient d’anticorps.

La présence de complexes immuns ou de FR dans I'HA n'a pas été trouvée
spécifique d’une affection oculaire donnée. Elle pourrait toutefois présenter
un intérét pronostique. En effet, la présence de complexes immuns ou de
FR dans ’HA semble précéder 1'apparition de cataracte compliquée en cas
d’uvéite, l'ophtalmic sympathique aprés perforation du globe oculaire et,
peut-tre, Pessaimage en cas de mélanome de la choroide.
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