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least one sample of at least partially purified ocular
antigens, wherein the autoimmune reactivity
against individual antigens is measured and trans-
formed into a glaucoma score to determine the di-
agnostic result. Further aspects of the invention in-
clude antigen carrying elements carrying at least
one sample of the at least partially purified ocular
antigens and kits for diagnosis of glaucoma. Fur-
ther aspects include methods of collecting a body
fluid such as tears for the use in the diagnostic
method for glaucoma. Yet further aspects include
ocular antigens serving as diagnostic markers
and/or for preparing pharmaceutical compositions
for treatment of glaucoma. The invention further
concerns a second diagnostic method for glaucoma
comprising the steps of a) providing an in vitro cul-
ture of cells; b) incubating a body fluid from a test
individual with the in vitro culture of cells or incu-
bating components, which are fractionated from the
body tluid or from a body specimen of the test indi-

vidual with the in vitro culture of cells; ¢) analyz-
ing protein expression of the cells and/or analyzing
the viability of the cells after treatment according

to step b); and d) comparing the results of the analysis in step ¢) with standard data to determine a diagnostic result.
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DIAGNOSTIC METHODS FOR GLAUCOMA

FIELD OF THE INVENTION

The invention lies in the field of medical diagnostiés_ and relates in particular to
methods of diagnosing glaucoma based on analysis of autoirhmune reéctivity. This
invention comprises two diagnostic methods -for glaucoma. Both the first .and the
second diagnostic method rely on the autoimmune reactivities in body fluids of
glaucoma patients. A further aspect of the invention relates to therapeutic methods

modulating the autoimmune reactivity of glaucoma patients.

A first diagnostic method for glaucoma is based on an analysis of autoimmune reactivity
of bodily fluids against ocular antigens which are at least partially purified. A second
diagnostic method for glaucoma is based on the analysis of the effect of autoantibodies
in body fluids, on the protein expression of in vitro cultured retinal ganglion cells

(RGC).

BACKGROUND OF THE INVENTION

Glaucoma is a group of ocular disorders characterized by progressive loss of retinal
ganglion cells and their axons, and a gradual loss of visual field. It is one of the

leading causes of blindness worldwide. Glaucoma has a prevalence of about 1-2% in

CONFIRMATION COPY
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the general population in Europe. Up to 3-4% of people aged over 60 are affected by

- the disease. The most common form of glaucoma is the primary open-angle

glaucoma (POAG), with a prevalence ranging from 1.1% to 2%.

The pathogene51s of glaucoma is only partly understood and an elevated intraocular
pressure is not solely responsible for the disease. An increased intraocular pressure is
still considered as a major risk factor, but other pathogenic factors, such as apoptotlc
processes, elevated nitric oxide levels or an involvement of the immune system are likely

to be relevant.

Furthermore, an elevated intraocular pressure is quite prevalent (10% of the population
at age 40), however, only some of these develop glaucoma over the years. So far there
are no standard diagnostic tests to identify which persons with an elevated intraocular
pressure develop glaucoma. Since an early treatment of glaucoma is crucial to prevent
loss of vision, there is a need for improved diagnostic tools, which detect glaucoma at an

early stage independent of an elevated intraocular pressure.

An elevated intraocular pressure is known as a major cause for retinal cell death and
the development of the glaucoma disease. Elevated pressure as a cause for cell death
has been reproduced in vitro. Agar et al. (Brain Res. 2006. 1086(1): p. 191-200)
exposed in vitro cultures of retinal ganglion cell lines to elevated hydrostatic pressure

and induced cell death.

However, it is also known that about 30% of the glaucoma cases are not
accompanied by an elevated intraocular pressure. At least some forms of the
Glaucoma disease fit the pattern of neurodegenerative diseases with progressive
dysfunction of aspects of the nervous system along with progressive atrophy of the

affected structures of the peripheral or central nervous system. Therefore, further
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causes and mechanisms are discussed, which besides an elevated intraocular pressure
are leading to the destruction of retinal ganglion cells such as for example an

elevated nitric oxide level or a T-cell mediated process or autoimmune attacks.

Early detection methods for Glaucoma are still limited. Measuring the intraocular
pressure can detect somé of the patients but fluctuant pressure levels can also give a
false negative result. At the time, when patients themselves recognize a loss of visual
function, a large irreversible defect of retinal ganglion cells has in most cases already

occurred.

The roughly 30% of the glaucoma cases which are not accompanied by an elevated
intraocular pressure are termed as normal tension glaucoma. The traditional detection
method measuring an elevated intraocular pressure fails with these patients.
Considering the lack of a diagnostic method for normal tension glaucoma as well as
the lack of a detection method for early stage glaucoma, it is necessary to develop
methods for detecting glaucoma independent of the intraocular pressure.
Autoimmunity as an important factor in Glaucoma has been demonstrated by several
studies showing serum antibodies against ocular antigens. For example, heat shock
proteins HSP27, HSP60, a-B-crystallin, y-enolase, a-fodrin, gluthathione-S-transferase,
and glycosaminoglycans, have different levels of binding reactivities in glaucoma
patients compared to healthy subjects (e.g. Joachim, S.C., et al., Curr. Eye Res. 2007,
32(6): p. 501-9.) Interestingly, not only elevated antibody reactivities, which might have
an autoagressive impact, but for certain antigens diminished autoimmune reactivities are
characteristic in bodyfluids of glaucoma patients. Furthermore, it could be shown that
the direct application of anti-HSP antibodies results in an apoptosis of retinal ganglion
cells in a cell culture approach (Tezel G, et al. Invest Ophthalmol. Vis. Sci. 1998;
39:2277-2287).
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Previously, diagnostic methods based on the specific autoimmune reactivity pattern of
glaucoma patients were disclosed. For example, W02004/036220 discloses methods for
diagnosis of glaucoma by the analysis of the complex autoantibody repertoire in body
fluids such as serum, tears, aqueous humor or saliva against ocular antigens. As source
for ocular antigens crude mixtures of reiinql antigens; optic nerve antigens and others
have been used and the complex autoimmune "re’:activity patterns have been measured. A
variety of analytical immunological 'techni(jues including Western blot‘ assays,
chemiluminescence assay, ELISA, Radioimmunbassays.for‘ detection and measurement
of the autoimmune reactivity patterns as well as methods for digital image detection,
processing and analysis were used for the generation and comparative analysis of the
autoimmune reactivity patterns of test individuals, healthy individuals and glaucoma
patients were disclosed. The W02004/036220 document teaches diagnostic methods for
glaucoma relying on the autoimmune reactivity patterns against ocular antigens, which
are not isolated from complex mixtures of a large number of ocular antigens and most of
which have not been identified. The difference of the autoimmune reactivity patterns in
body fluids from test individuals, healthy individuals and glaucoma patients then yields
the diagnostic result. However, studies in the diagnostic field concerning other diseases
such as cancer have revealed, that diagnosis based on autoimmune reactivity against
biomarkers of unknown identity is often unreliable. Thus there is a need for reliable
methods of diagnosis of glaucoma, which are independent of an elevated intraocular

pressure.

It is an object of the current invention to provide alternate and improved and reliable
diagnostic methods to detect glaucoma independent of an increased intraocular
pressure by analysis of body fluids. It is a further object of the invention to provide
diagnostic methods to detect glaucoma with selectable degrees of sensitivity and
specificity used for both for rapid testing and for professional laboratory testing. Further
objects of the invention include the provision of antigen carrying elements and kits for
diagnosing glaucoma as well as newly identified ocular antigens serving as biomarkers
for diagnosing glaucoma and as blocking agents in the therapeutic treatment of

glaucoma.
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SUMMARY OF THE INVENTION

- One aspect of the invention concerns a first diagnostic method for glaucoma based on an

analysis of autoimmune reactivity in a body fluid against‘ aft least one sample
comprising at least one at least partially purified ocular anitigen, wherein the
autoimmune reactivities against one or more known ocular ahtigehs are measured
and transformed into a glaucoma score for their preferably weighted contribution of

the measured autoimmune reactivities to a diagnostic result.

Further aspects of the invention include antigen carrying elements carrying at least
one partially purified ocular antigen and methods of preparing these antigen carrying
elements, and using them for diagnosis of glaucoma. Further aspects include kits for
diagnosis of glaucoma comprising the antigen carrying element, and optioﬁally
auxiliary materials. Further aspects include methods of collecting a body fluid such
as tears for the use in the diagnostic method for glaucoma. Yet further aspects include
ocular antigens serving as biomarkers for diagnosing glaucoma or serving as therapeutic
agents in the therapeutic treatment of glaucoma or serving for the preparation of specific
antibodies binding such ocular antigen, for use in a diagnostic or therapeutic method or

composition.

The first diagnostic method for glaucoma comprises the steps of (a) providing at least
one sample comprising at least one at least partially purified ocular antigen, (b)
reacting a body fluid with the at least one ocular antigen sample, (c) detecting and /
or quantifying the reactions between autoantibodies in the body fluid and the at least
one ocular antigen sample of step b to determine an autoimmune reactivity value, d)
comparing measured autoimmune reactivity values with standard data obtained from

glaucoma patients and/or healthy individuals to determine a glaucoma score for the
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at least one antigen sample and e) optionally to determine the diagnostic result by

evaluation of the at least one glaucoma score.

The term body fluid of human individuals or animals in the context of this

application includes but is not limited to serum, tears, saliva, urine, aqueous humor,

‘vitreous body of the eye or cerebrospinal fluid and fractions thereof or a homogenate

of tissue specimens of human individuals or animals and fractions thereof. In
preferred embodiments of the method for diagnosis of glaucoma blood serum or tears

are used.

Ocular antigen refers to any antigen which occurs also in the eye and obviously some
of these ocular antigens mentioned below explicitly are ubiquitous. Ocular antigens
present in the eye in particular include retinal antigens; optic nerve antigens, optic
nerve head antigens, trabecular network antigens, uveal antigens. It is known that the
glaucoma relevant antigens are not restricted to proteins present in retinal ganglion
cells but include antigens which are characteristic of neighboring cells such as glia

cells or components of the cytoskeleton.

Furthermore, for this application, the term ocular antigens - including all of the
specifically named ocular antigens mentioned below - applies not only to the
physiological, natural forms of the respective proteins but also to post-translationally
modified forms and to any other natural or artificial derivatives such as peptides, and
forms, which are tagged, cleaved, chemically modified otherwise including

combinations of the mentioned modifications.

At least partially purified ocular antigens refer to ocular antigens, which are isolated

from the complex mixture of proteins of their physiological environment by at least
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partial protein purification with standard protein purification techniques. Ocular
antigens of available commercial grade purity are also considered as at least partially
purified ocular antigens for use in a diagnostic method for glaucoma in the context of
this paper. Such partial purification yields at least 70% of one or-more desired ocular
antigen by weight of fotal protein, preferabfy at least 80% more preferably at least

90% and most preferably at least 95%.

The term ocular antigen sample refers to a sample comprising one or more at least
partially purified ocular antigens. In preferred embodiments of the method according
to the invention the ocular antigen sample comprises only one ocular antigen and
glaucoma scores are determined individually for each of the partially purified ocular
antigens separately. In further preferred embodiments two or more partially purified
ocular antigens are combined into at least one of the ocular antigen samples. For such
samples of ocular antigens the measured autoimmune reactivities correspond to the
autoimmune reaction against a combination of two or more ocular antigens, which
than leads to one glaucoma score. In contrast to antigens not isolated from their
physiological environment such as ocular cell lysates, the relative amounts of the
components of the antigen combination is controlled. Such a controlled combination
of antigens may also lead to a weighting i.e. the effect of a weight factor which
modulates the contribution of the measured autoimmune reactivity of certain ocular

antigens to the diagnostic result.

In this paper, the terms ‘ocular antigens’ or ‘antigens’ are often used interchangeably
and instead of the rather long expressions ‘at least partially purified ocular antigens’

or ‘samples of at least partially purified ocular antigens’.

Autoimmune reactivity or interchangeably immunoreactivity and autoantibody

reactivity in the context of this paper refer to the binding activity of autoantibodies
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present in a body fluid to an at least partially purified ocular antigen, which is

incubated with the body fluid.

Methods to detect and measure autoimmune reactivity include standard immunological
analytical techniques suéh as Western blot assays, cherhiluminescencé assay, ELISA,
radioimmunoassays, microarrays and others. Antigens are applied and fixed to an
antigen carrying element and then incubated with body fluid containing autoantibodies to
be detected. Subsequently bound autoantibodies are identified to determine autoimmune
reactivties. Methods of identification include e.g. pre-labeling the sample to be analyzed,
adding a secondary antibody, which binds to the antigen-bound autoantibodies or to an
indirect label, e.g. labeled goat anti-human immunoglobulins etc. Further methods
include analysis of addressable elements such as beads, nanoparticles, tags etc. Detection
methods may also include methods, which do not require labeling, for example SELDI-
TOF-type (surface enhanced laser desorption/ionization in time of flight mass
spectrometry), MALDI (matrix assisted laser desorption/ionization mass spectroscopy or

other antibody chip techniques.

The first method for diagnosis of glaucoma according to the invention relies on the
difference of the average autoimmune reactivity in healthy persons as compared to in
glaucoma patients against certain ocular antigens. Thus, certain titers of
autoantibodies against certain ocular antigens in a body fluid are used as a diagnostic

evidence for the glaucoma disease.

One aspect of the invention concerns newly identified ocular antigens, to which
autoantibodies bind differentially in healthy individuals and glaucoma patients and
which are useful diagnostic as markers (or biomarkers) for detecting the glaucoma

disease and for therapeutic treatment.
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In order to extract information from the measured signals of autoimmune reactivities
against ocular antigen samples, the measured signals or values of autoimmune
reactivity are compared with standard data, in preferred embodiments the comparison
of step d) is performed for each ocular antigen sample, -separately. In preferred
embodiments the standard data include average values for ther autoimmune reéctivity
measured against each ocular antigen sample for both healthy controls and glaucoma
patients. In other preferred embodiments the standard data includes average values
for the autoimmune reactivity measured against each ocular antigen sample
characteristic for certain stages of the disease. Thus, the diagnosis of different stages
of the glaucoma disease and also the monitoring of the progression of the glaucoma
disease is within the spirit of the method according to the invention. In further
preferred embodiments, the standard data of autoimmune reactivities includes
autoimmune reactivities characteristic of subtypes of specific forms of the glaucoma

disease.

Such standard data may either be generated by control reactions of the steps (a) — (c)
of the method for diagnosis of glaucoma of body fluids from healthy individuals and
glaucoma patients which are conducted in parallel with the test samples or such
standard data may stem from stored data from control reactions performed under

identical conditions at a different time.

In preferred embodiments, the glaucoma score is deducted for each ocular antigen
sample from the measured autoimmune reactivity value by correlating the measured
value of a test individual to the standard data and transform the measured
autoimmune reactivity value into a glaucoma score. In a simplified example a
glaucoma score is determined from the autoimmune reactivity measured for each
individual ocular antigen sample on an exemplary glaucoma diagnosis scale from 0
to 100, where O corresponds to the average value of measured autoimmune reactivity

against a particular ocular antigen in healthy persons and 100 corresponds to the
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average value of measured autoimmune reactivity against this antigen in glaucoma

patients.

In preferred embodiments of the method according to the invention algorithms using
standard methods of multivariate statistical techniques, tree algorithms or artificial
neural networks are used to calculate the transformation from a value of measured
autoimmune reactivity to the corresponding glaucoma score according to Step- (d).
Similarly, in step (e) algorithms are used in some preferred embodiments for the
analysis of the determined glaucoma scores for each of the ocular antigens samples
to determine the diagnostic result and in further preferred embodiments algorithms
are used for both steps. In yet further variants the at least one glaucoma score of step
d is the last step of the first method of diagnosis of glaucoma. According to these
variants step e is not comprised by the first diagnostic method for glaucoma but is
performed by a medical professional, who deducts a diagnostic result from the

glaucoma scores.

A major advantage of the diagnostic method for glaucoma according to the invention
is that the diagnostic result is based on the analysis of glaucoma scores of partially

purified antigens of known identity.

In preferred embodiments a weight factor is assigned to at least one of the samples of
ocular antigens. Such weight factors modulate the contribution of the autoimmune
reactivity against a particular ocular antigen sample for the diagnostic result. In
preferred embodiments the weight factor is calculationally introduced in step (c) or
(d) or (e) of the first diagnostic method, however, in some preferred embodiments a
weight factor is introduced in the steps (a) or (b) and in yet further embodiments
weight factors are introduced in more than one of the steps (a) — (¢). Weight factors

have the effect to modulate the diagnostic result independently of the step at which
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they are introduced. A weighted glaucoma score results from a weight factor which

has been introduced at any one or more than one of the steps (a) - (e).

According to preferred embodiments in which the diagnostic result is based on a
weighted glaucoma score the specific weight factor is introduced in a computational
step when the signals elicited from autoantibodies binding to individual antigens are

detected and measured in a signal detection tool such as an optical reader.

According to further preferred embodiments the weight factor is introduced by
differentially weighting the amount of individual antigens exposed to the reaction
with autoimmune antibodies and/or by weighting one or more of the of analytical
steps for detection and measurement of the autoimmune reactivity to individual
antigens. Examples of such embodiments include detection of autoimmune réactivity
with beads designed to be specific for different antigens and the weighting may be
accomplished either by differential intensity of labeling of antigen specific beads or

by a differentially graded sensitivity of the detector tool.

The glaucoma scores are for example weighted such that glaucoma scores for ocular
antigen samples with a high diagnostic relevance are contributing more to the
diagnostic result. In a simplified example, an ocular antigen sample X, which elicits
autoimmune reactivities, which differ by a large significant value between glaucoma
patients and healthy individuals, and with standard data from average values with
low standard deviations, is generally of higher diagnostic relevance than an ocular
antigen sample Y which elicits autoimmune reactivities differing only slightly
between glaucoma patients and healthy individuals and are having average standard
values with high standard deviation. Correspondingly and particularly, in a glaucoma

test which is designed to maximize specificity, glaucoma scores for antigen sample X
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would be weighted more heavily than glaucoma scores for antigen sample Y to

modulate their respective contribution to the diagnostic result.

It is a further advantage of the first diagnostic method, that the known partially
puriﬁed ocular antigens, which are comprised in the samples of oculaf antigens
provided in step a) and/or any assigned weight factor can be chosen, is selected
depending on the purpose of a particular diagnostic test for glaucoma. For example,
in a screening test designed for diagnosis of glaucoma >at an early stage of the
disease, it would be desirable to maximize sensitivity. For such a diagnostic test
application, a certain number of false positives are considered acceptable, but false

negatives should be avoided.

A further advantage of preferred embodiments of the first diagnostic method is that
from the knowledge about the physiological role of antigens, which yielded a high
glaucoma score in a particular patient, additional diagnostic information can be

extracted, thus enriching the diagnostic result.

As more and more is known how the progression of the disease correlates with
autoimmune reactivity against ocular antigens, such antigens characteristic of a
specific stage, particularly an early stage, may be used as biomarkers for monitoring
the progression of the disease including monitoring the effectiveness of a medical
treatment in slowing down or stopping the progression of the disease. Clinically, it 1s
of great importance to identify among the individuals with an elevated intraocular
pressure those, who develop glaucoma, in order to start treatment prior to the

irreversible death of retinal ganglion cells.
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In preferred embodiments of step a) of the method for diagnosis of glaucoma at least
2 partially purified ocular antigens, or at least 3 or 4 or 5 or 6 or 7 or 8 or 9 antigens

or preferably at least 2 and less than 5 or 10 antigens of group 1 consisting of the

following 48 ocular antigens are comprised in one or more samples of at least

partially puriﬁed ocular antigens: actin, albumin, alpha-1-antitrypsin, annexin [-1V,

annexin V, beta-2-adrenergic-receptor, brain derived neurotrophic factor (BDNF),
calreticulin, cardiolipin, alpha-A-crystalline, alpha-B-crystalline, beta-L-crjstalline,
beta-S-crystalline, gamma-crystalline, DNA topoisomerase 1, fibronectin, a-fodrin
(=spectrin), glial fibrillary acidic protein (GFAP), glutathion-S-Transferase, heat
shock protein HSP10 (=chaperonin), HSP27, HSP60, HSP70, insulin, jo-1,
lysozyme, myelin binding protein (MBP), myelin oligodrendrocyte glycoprotein
(MOG), myoglobin, neuron specific enolase (NSE), neurotrophin 3 , neurotrophin 4,
neurotrophin 5, peroxide-dismutase, 3-phosphoserin, pre-albumin, protein kinase C
inhibitor, protein kinase C, superoxid dismutase, alpha-synuclein, gamma-synuclein,
thyreoglobulin, transferrin, transthyretin, topoisomerase-inhibitor, ubiquitin, vascular

endothelial growth factor (VEGF), vimentin.

The following subgroup of the above mentioned antigens, termed Group 2, have
been identified as diagnostic markers for glaucoma for the first time. In further
preferred embodiments of step a) of the method for diagnosis of glaucoma at least 1
partially purified ocular antigen, or at least 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 antigens
or preferably at least 2 and less than 5 or 10 or 20 antigens of the following Group 2
consisting of 36 ocular antigens are comprised in one or more samples of at least
partially purified ocular antigens: albumin, alpha-1-antitrypsin, annexin I-1V,
annexin V, beta-2-adrenergic-receptor, brain derived neurotrophic factor (BDNF),
calreticulin, cardiolipin, beta-L-crystalline, beta-S-crystalline, gamma-crystalline,
DNA topoisomerase 1, fibronectin, heat shock protein HSP10 (=chaperonin), insulin,
jo-1, lysozyme, myelin oligodrendrocyte glycoprotein (MOG), myoglobin,
neurotrophin 3 | neurotrophin 4, neurotrophin 5, peroxide-dismutase, 3-phosphoserin,

pre-albumin, protein kinase C inhibitor, protein kinase C, superoxid dismutase,
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alpha-synuclein, gamma-synuclein, thyreoglobulin, transferrin, transthyretin,

topoisomerase-inhibitor, ubiquitin, vascular endothelial growth factor (VEGF).

For some of the above mentioned group 1 antigens it has been previously known that
autoantibody reactivities égainst them afe different in glaucoma patiénts and healthy
individuals. This has been confirmed (see examples and figures) and their
autoantibody reactivity has diagnostic relevance for glaucoma also. These ocular
antigens of group 3 are: actin, alpha-A-crystalline, alpha-B-crystalline, a-fodrin
(=spectrin), glial fibrillary actdic protein (GFAP), glutathion-S-Transferase, HSP27,
HSP60, HSP70, myelin binding protein (MBP), neuron specific enolase (NSE),

vimentin.

The antigens of group 1 have been classified into the three subgroups A, B, and C.
By methods described in the examples and figures, in which the autoimmune
reactivites against different ocular antigens in healthy individuals and glaucoma
patients are measured, the diagnostic relevance or the antigens has been evaluated.
Antigens of group C or preferably antigens of group B or more preferably antigens of
group A are comprised in the at least one sample of ocular antigens used for the first

diagnostic method for glaucoma.

The following group of 24 partially purified ocular antigens has been identified as
very highly relevant diagnostic markers for glaucoma and has been classified as
group A antigens: actin, alpha-1-antitrypsin, annexin V, alpha-A-crystalline, alpha-
B-crystalline, beta-L-crystalline, beta-S-crystalline, gamma-crystalline, a-fodrin
(=spectrin), glial fibrillary acidic protein (GFAP), glutathion-S-Transferase, HSP27,
HSP60, HSP70, jo-1, myelin binding protein (MBP), neuron specific enolase (NSE),
protein kinase C inhibitor, superoxid dismutase, transferrin, transthyretin, ubiquitin,

vascular endothelial growth factor (VEGF), vimentin. In preferred embodiments the
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at least one sample of ocular antigens provided in step a) comprises at least 2

antigens selected from Group A ocular antigens.

The following group of 9 partiaIly puriﬁéd ocular antigens has been identified as

highly relevant diagnostic markers for glaucoma and has been classified as group B

“antigens: annexin I-1V, beta-2-adrénergic-receptor,'calreticulin, heat shock protein

HSP10 (=chaperonin), insulin,. peroxide-dismutase, protein kinase C, alpha-
synuclein, gamma-synuclein. In further preferred embodiments the at least one
sample of ocular antigens provided in step a) comprises at least 2 antigens selected

either from Group A and/or from Group B of ocular antigens:

Also the following group C of 14 partially purified ocular antigens has been
identified as relevant diagnostic markers for glaucoma: albumin, brain derived
neurotrophic factor (BDNF), cardiolipin, DNA topoisomerase 1, fibronectin,
lysozyme, myelin oligodrendrocyte glycoprotein (MOG), myoglobin, neurotrophin 3,
neurotrophin 4, neurotrophin 5, 3-phosphoserin, thyreoglobulin, topoisomerase-

inhibitor.

In further preferred embodiments the at least one sample of at least partially purified
ocular antigens comprises at least 1 antigen, or preferably at least 2 or 3 or4 or S or 6
or 7 or 8 or 9 antigens or preferably at least 1 and less than 5 or 10 antigens or
preferably at least 2 and less than 20 or all of the antigens, which belong to Group 2
or both Groups 2 and Group A classified as Group 2-A or which belong to Group 2
and either to Group A or to Group B classified as Group 2-AB.

A further aspect of the invention relates to an antigen carrying element carrying at

least one sample comprising at least one at least partially purified ocular antigen.
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Preferred embodiments of the antigen carrying element include microarray chips,
lateral flow test strips and microfluidic chips. In some preferred embodiments the
antigen carrying element comprises a predetermined antigen zone which is a surface
area on a strip or a slide or plate and the like or a predetermined surface in a device
onto which the ocular antigen samples are spotted or microspotted. In yet other
preferred embodiments the antigen carrying element additionally comprises a body
fluid receiving zone. In further preferred embodiments the antigen carrying element
comprises beads or another substrate which is coated with samples of ocular
antigens. In further preferred embodiments the antigen carrying element carries
weighted amounts of samples of ocular antigens and in yet further embodiments the
antigen carrying element comprises ocular antigens selected from Group 1 or Group
2 or Group A or Group A and B or Group 2-A. It is certainly within the spirit of the
invention to use combinations of the above mentioned features for the antigen

carrying element according to the invention.

In a preferred embodiment of the first diagnostic method for glaucoma the element
carrying the at least one sample of samples of ocular antigens is an antigen
microarray chip. The at least one sample of ocular antigens is spotted as an antigen
array or antigen microarray in a two-dimensional or three-dimensional matrix of
spots on an antigen carrying element, which is for example a glass slide, a plate or a
chip or a nitrocellulose slide or a hydrogel slide and the like. The protein arrays are
prepared by spotting at least 2, preferably 3-5, or 3-9 or 3 -12 samples of the at least
partially purified ocular antigens of when applicable a particular group of antigens
described above onto the carrier element such as onto a nitrocellulose-coated slides.
The arrays are incubated with appropriately diluted samples of a body fluid such as
blood serum, tears or aqueous humor. Autoimmune reactivity is detected e.g. by
visualization of autoantibody-antigen-reactions on the arrays according to established
techniques known in the art such as e.g. by treatment with a fluorescence labeled anti
IgG antibody, followed by fluorescence scanning. The signals emitted from

secondary antibodies are digitized; the spot intensities measured and optionally
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compared with results of body fluids from control individual using multivariate
statistical techniques. Alternatives for the detection of autoantibody reactivity
include visualization by anti-human IgG antibody coupled to an enzyme reacting
with a component added or present on the antigen-carrying element ‘re‘sulting'in the
appearance of‘a color or in the change of a color. Such a change color in some
applications may be visualized directly or by a detector tool such as an optical reader.
In yet further preferred embodiments, autoimmune reactivities are measured with a
competition assay, which is another established immunoassay technique: E.g.
commercially available monoclonal fluorescent antibodies specific for certain ocular
antigens are competing with autoantibodies, which are present in the body fluid of
step b) for reacting with the least partially purified ocular antigens provided in step
a). A strong autoimmune reactivity in the body fluid against a particular ocular
antigen in such an assay results in a weak signal, because the fluorescently labeled
commercial antibodies are hindered from binding to the antigens by unlabelled
autoantibodies in the body fluid. Evidently, the invention is not limited to these
examples of standard immunological assays known in the art which are mentioned
here as mere examples, but extends to any standard immunological assay known in
the art is applicable to determine the autoimmune reactivity in body fluids against at

least partially purified ocular antigens.

In some preferred applications a weight factor assigned to individual antigens to
modulate their contribution to the diagnostic result is introduced for example by
spotting different amounts of antigen on the microarray, or by differential weighting
of the signals elicited from antibodies bound to individual antigens. In further
preferred embodiments the amounts of antigen spotted on the microarray are varied
in order to modulate the expected signal intensity of the autoimmune reactivity such

that it lies within the linear range of signal detection by the detector tool.
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As further presented in example 7 a test for glaucoma with a selection with only 5 at
least partially purified antigens results in a differentiation between glaucoma patients

and healthy individuals with a specificity and sensitivity of approx. 90%. Thus, in

further preferred embodiments the number of samples of ocular antigens is limited to

- a small number such as 10 or 8 or 6 or 5 or less than 5 in order to provide a test

which is simple to analyze and which is producible at low cost, for mass screening of

high numbers of individuals.

In a further preferred embodiment of the first diagnostic method for glaucoma, the
element carrying the in the at least one sample of samples of ocular antigen is a
lateral flow test strip. In preferred variants of these embodiments the antigen carrying
element comprises a predetermined antigen carrying zone and a predetermined
receiving zone for a body fluid. In further preferred variants the lateral ﬂov? strip
optionally comprises several zones which comprise subzones. A selection of at least
partially purified ocular antigens is applied to the antigen zone. Individual samples of
ocular antigens may according to some variants of the method be applied to different
subzones or mixed into one zone or several subzones. In a subsequent step a sample
of body fluid which is optionally appropriately pre-treated and/or diluted, is applied
to the receiving zone of the test strip. Appropriate reactants for visualization of
autoantibodies, which are bound to antigens, may be included in the antigen zone or
the receiving zone or both. Alternatively, the test strip with bound autoantibodies
may subsequently to the binding step be incubated with reactants for visualization.
Detection steps such as visualization are measured with or without analytical tools
such as an image reader yielding a digitized output. In preferred applications a
weight factor assigned to individual antigens for their contribution to the diagnostic
result is introduced for example by applying different amounts of antigen to the
antigen-zone of the test strip or by differential addition of chemical reactants or by
differential weighting of the signals elicited from antibodies bound to individual

antigens. Obviously, some of the features and combinations with features, which are
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described above for the embodiments of the method using microarrays are also

equally applicable to preferred embodiments of lateral flow test strips.

Further preferred embodiments of lateral flow test strips are designed for directly
contacting a patient with the receiving zone of the test strip to collect body fluid such
as tears. Similar receiving zones for collecting body fluids are also part of other
embodiments of antigen carrying element such as microfluidic chips or columns with

antigen carrying beads comprising a receiving zone of adsorbent material.

It is known from the state of the art, that the absence of autoimmune reactivity or
reduced autoimmune reactivity to certain antigens is also indicative of glaucoma.
Therefore, some preferred embodiments are designed such that the absence or
reduced binding of autoimmune antibodies to selected antigens is contributing to
diagnostic result or is the basis for a diagnostic result. For example, in some
embodiments of lateral flow test strips, one or more antigen subzones are spotted
with antigens to which no autoimmunoreactivity is indicative of the disease, while
other subzones are spotted with antigens which elicit a lower autoantibody reactivity
in glaucoma patients than in healthy individuals, and/or with antigens which elicit a
higher autoantibody reactivity in glaucoma patients than in healthy individuals
and/or with antigens to which no autoimmunoreactivity is indicative of absence of

glaucoma and favorable variations of the above combinations.

In a further preferred embodiment of the first diagnostic method for glaucoma the
antigen carrying element for the in the at least one sample of antigens is a
microfluidic chip or lab-on-a-chip device, wherein individual antigens are preferably
provided in separate microchannels. The body fluid is loaded onto the microfluidic
chip, or is received on a body fluid receiving zone of the chip. Subsequently, the

body fluid is moved in to the microchannel system of the microfluidic chip for
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example by a pressure control unit. In preferred embodiments autoimmune
reactivities are detected with secondary fluorescence labeled antibodies and standard
optical readers or standard computers equipped with a camera and subsequently

quantified and transformed into a glaucoma score as described. It is obviously within

the spirit of the invention to combine features mentioned of other antigen carrying

elements such as microarray chips and lateral flow test strips with features of

‘microfluidic chips for further embodiments of antigen carrying elements for the

methods and devices described in this application. This includes microfluidic chips
with subzones for antigens with higher and other subzones for antigens with lower

autoimmune reactivity in glaucoma patients versus healthy individuals.

Further aspects of the invention relate to test kits for the first diagnostic method for
glaucoma and components of test kits comprising an element carrying a in the at
least one sample of samples of ocular antigens and optionally auxiliary material. In
some embodiments according to this aspect such a kit comprises antigen carrying
elements carrying different variations of a in the at least one sample of samples of
ocular antigens depending on the purpose of the diagnostic test. In some preferred
embodiments of the kit the antigen carrying element comprises ocular antigens
selected from Group 1 or Group 2 or Group A or Group A and B or Group 2-A,
where in some of these preferred embodiments the amounts of antigens loaded on the
antigen carrying element is weighted. In some preferred embodiments of the kit the
antigen carrying element is or is part of a microarray slide, a lateral flow test strip or
a microfluidic chip. In further embodiments of such test kits auxiliary materials such
as analytical tools and or software is included for analytical tools such as an image
reader and or software for an image reader yielding a digitized output of the test
results of the test result is included, wherein this software is used for one or more of
the steps of quantifying the measured autoimmune reactivity, calculating the
glaucoma score or diagnostic result. In further preferred embodiments auxiliary
material for taking a sample of body fluid is included. Such auxiliary material is for

example blotting paper for receiving tears. Further preferred embodiments include



WO 2011/127616 PCT/CH2011/000077

10

15

25

reactants and/or reaction containers for detection and measurement of the
autoimmune reactivity after incubation of the antigen carrying element with a body
fluid or reactants for treating a body fluid sample prior to incubation with the antigen
carrying element or for eluting the body fluid from an adsorbent material on which it -
was collected. Any combination of the above described features in the context of the

methods for the diagnosis of glaucoma may be combined for further preferred

embodiments of kits for performing the method for diagnosing glaucoma.

In further preferred embodiments of the first diagnostic method for glaucoma a body
fluid specimen is first dried and then resolubilized or eluted prior to the reaction with
the in the at least one sample of samples of ocular antigens. The body fluid specimen
is collected either in a professional or a home setting. In some variants it is collected
on a piece of adsorbent material such as a paper strip or directly in the receiving zone
of the antigen carrying element or any receiving container for the body fluid. The
body fluid specimen is allowed to dry and stored e.g. at room temperature.
Experience shows that after storage for up to one week or also longer particularly at a
lower temperature or if frozen, the autoantibodies present in the dried body fluid
specimen can be reconstituted and eluted from the adsorbent material for example
with a buffer or physiological saline solution. Thus, it is an advantage of this
embodiment that collected body fluid specimen be collected for example by the
patient herself at home and sent by mail to a laboratory for analysis. In further
preferred embodiments of the first diagnostic method for glaucoma the body fluid,

which is dried and reconstituted prior to analysis, is tears or blood serum.

In preferred embodiments of the first diagnostic method for glaucoma measuring the
autoimmune reactivity in tears, the tears are collected with any standard method such
as with pipettes or by a blotting paper strip such as a Schirmer paper strip or other
suitable adsorbent material. Optionally, the tears are dried and stored e.g. at room

temperature for up to one week or longer at 0-5 °C or longer when frozen.
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Subsequently, the autoantibodies are eluted from the dried or still wet paper strip
with buffer e.g. phosphate buffered saline. In further preferred embodiments the tears
are directly collected onto a lateral flow test strip, e.g. by exposing the receiving zone
of the test strip to tears in the "eye_f. Obviously, one advantage of embodiments using
tear fluid instead of e.g; blood serum ié that samples of tears can be obtained non-
invasively. This is a particular édvantage for settings where no accordingly trained
medical professionals are available such as in some ophthalmologist and optometrist

offices as well as for self-testing.

A further aspect of the first diagnostic method for glaucoma relates to its use a rapid
test for early detection of glaucoma prior to loss of vision in routine screening.
Preferred embodiments are for example low cost diagnostic tests designed to be very
sensitive such that in routine screening the likelihood of false-negatives is
minimized. Accordingly, subsequent follow-up, more elaborate tests are e.g. relying
on a larger number of ocular antigens and are designed to identify false-positives
among those individuals with a positive test result in the rapid test. For example a
lateral flow test strip, a microfluidic chip or a simple microarray chip as described in

various embodiments above might be used for such rapid testing

A further aspect of use of the first diagnostic method for glaucoma relates to its
application for monitoring the progression of the disease and for monitoring the
effect of medical treatment. In preferred embodiments of these aspects the selection
of antigens and/or the weight factor assigned to them is designed to monitor
autoimmune reactivity against antigens characteristic of a particular stage of the

glaucoma disease.

A further aspect of the invention relates to a method of contacting a patient with a

receiving zone of an antigen carrying element to collect a body fluid of the patient
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e.g. tears from the patient’s eyes. In preferred embodiments the patient is contacted
with a receiving zone of an antigen carrying element comprising adsorbent material
wherein the receiving zone itself is free of antigen but the body fluid flows towards
the antigen carrying zone. For example, a test strip with a receiving zone comprising
adsorbent paper like a Schirmers’ test strip is touched With the receiving zone to a
human eye to collect tears. Subsequently, the tear fluid diffuses into the antigen zone

and thus engages in step b of the method for diagnosis of glaucoma.

A further aspect of the invention concerns anyone of the of ocular antigens or any
combination of one or more of the following group 2 of ocular antigens for the use in
methods of diagnosing of glaucoma, or on an antigen carrying element for the use in
methods of diagnosing glaucoma: albumin, alpha-1-antitrypsin, annexin -1V,
annexin V, beta-2-adrenergic-receptor, brain derived neurotrophic factor (BDNF),
calreticulin, cardiolipin, beta-L-crystalline, beta-S-crystalline, gamma-crystalline,
DNA topoisomerase 1, fibronectin, heat shock protein HSP10 (=chaperonin), insulin,
jo-1, lysozyme, myelin oligodrendrocyte glycoprotein (MOG), myoglobin,
neurotrophin 3 , neurotrophin 4, neurotrophin 5, peroxide-dismutase, 3-phosphoserin,
pre-albumin, protein kinase C inhibitor, protein kinase C, superoxid dismutase,
alpha-synuclein, gamma-synuclein, thyreoglobulin, transferrin, transthyretin,

topoisomerase-inhibitor, ubiquitin, vascular endothelial growth factor (VEGF).

A further aspect of the invention concerns anyone of the of ocular antigens or any
combination of one or more of the following group 2 of ocular antigens or
derivatives of ocular antigens such as fragments or modified ocular antigens or
ligands such as antibodies, which are specific for anyone of the ocular antigens of
group 2 for the use in methods of therapeutic treatment of glaucoma, or for the use in
a composition for use in a medical treatment and specifically for use in a

compositions for use in the treatment of glaucoma.
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In preferred embodiments of using ocular antigens for a pharmaceutical composition
to treat glaucoma, they are used as blocking agents binding to autoantibodies present

at increased levels in a glaucoma patient. In particular, it has been found that many of

the elevated autoimmune reactivities in glaucoma patients are directed against.

" cytoskeletal proteins, for example actin and actin binding proteins such as annexin V,

alpha fodrin, myelin binding protein, HSP 27. It is known that autoantibodies against
cytoseleteal structures such as the f-actin meshwork when taken ‘up by retinal
ganglion c.e]ls disrupt the actin meshwork and induce cell apbptosis. Thus, according
to this aspect of the invention, a pharmaceutical composition is provided, to prevent
cell death of retinal ganglion cells. The composition comprising at least one of the
ocular antigens of the group 2 stops the progression of glaucoma disease by ocular
antigens, which bind to the autoantibodies and block their destructive effects on

retinal ganglion cells in glaucoma patients.

While the first diagnostic method for glaucoma, which is independent of an elevated
intraocular pressure, relies on a biomarker profile of identified ocular antigens, a
second such diagnostic method which is independent of an elevated intraocular

pressure relies on the effect of body fluids on a cell culture in an in vitro assay.

The second method for the diagnosis of glaucoma comprises the steps of a) providing
an in vitro culture of cells; b) incubating a body fluid from a test individual with the
in vitro culture of cells; ¢) analyzing expression of proteins by the in vitro culture of
cells and/or analyzing viability of the cells after treatment according to step (b); and
d) comparing the results of the analysis in step c¢) with standard data to determine a

diagnostic result.

For step a) an in vitro culture of preferably human or animal primary or immortalized

cells, more preferably mammalian cells are provided such as cells from a
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commercially available immortalized cell line. Preferably, neuronal cells and most
preferably retinal ganglion cells or precursor cells of retinal ganglion cells are

provided.

Protein expres‘sion"pattems, expression of specific biomarker proteins -and fhe
viability of retinal ganglion cells exposed to body fluids from healthy individuals and
patients with different forms of glaucoma or ocular hypertension can be
differentiated. It is therefore a particular advantage of variable preferred
embodiments of the method for the diagnosis of glaucoma that they differentiate
between patients with different forms of glaucoma and furthermore among patients
with ocular hypertension, those which have glaucoma or are at an elevated risk to
develop glaucoma. Thus, this method, which is independent of monitoring ocular
hypertension, renders possible early diagnosis of normal tension glaucoma and
furthermore the differentiation between individuals affected by ocular hypertension

which are suffering and which are not suffering from glaucoma.

In further preferred variants the body fluids or specimens or fractions thereof for the
treatment in step b) are conserved e.g. by freezing and/or drying or by addition of a
conservative such as conservatives found in commonly used serum tubes. After
storage for a variable time period an adequately reconstituted sample of the body

fluid is used for the treatment in step b) of the second diagnostic method.

In further preferred embodiments of the second diagnostic method, the body fluid is
physically or chemically pretreated in order to stabilize or enhance their effect in step
b) of the diagnostic test. For example, the body fluid may be partially purified to
remove substances from the body fluid, which potentially interfere with the cell

growth and protein expression of the cells in vitro cell culture provided in step a) in a
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manner unrelated to glaucoma or in order to show specific reactions of the cells

provided in step a) to sub-fractions of the body fluid.

In further preferred variants of such embodiments the pre-treatment or fractionation
yields a fraction of fhe body - fluid, which comprisés or is enriched with a
predetermined selection of antibodieé, such as antibodies or autoantibodies known to
be specific for antigens associated with glaucoma or a certain form of the glaucorria
disease. In further preferred variants at least one antibody is removed from the body
fluid. In some of these variants, the removal of a selection of antibodies from the
body fluid prior to its use in step b) serves to remove one or more antibodies, which
inhibit cell growth or influence the protein expression of the cells in a way, which is
not related to glaucoma and might obscure the diagnostic result. In further
embodiments such removal serves the elimination of autoantibodies known to be
specific for certain forms of glaucoma. In further preferred embodiments the cells are
incubated with the removed antibodies in order to produce a reaction of the cell

typical to the type of serum used.

The incubation of step b) is performed according to standard incubation techniques
known in the art. In different variants of preferred embodiments of step b) the
incubation time, incubation temperature and the level of applied hydrostatic pressure

are varied.

In step c¢) the effect of the body fluid during incubation of step b) on the cells
provided in step a) is analyzed. In a first group of preferred embodiments of step ¢)
protein expression patterns are analyzed, in a second group of preferred
embodiments of step c) expression of specific proteins such as biomarkers or
antigens are analyzed, in a third group of preferred embodiments the viability of the

cells is analyzed and in yet further preferred embodiments of step ¢) analysis by
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more than one of the above methods is performed. In all these embodiments of step

c) the results of the analysis are used for step d) to determine a diagnostic result.

In prefei’red embodiments of the first group of preferred embodiments of step c) ,
protein expression analysis is performed with entire proteins such as intact proteins
as well as for example with digested or fractioned proteins obtained from the in vitro
cell culture. For example, the whole range of the proteins in and on the cells as well
as the extracellular proteins, in some variants including proteins, which the cells
released into the medium. In preferred embodiments of step c) the proteins subjected
to the protein expression analysis are obtained from the in vitro cell culture by cell
lysis and recovered for example by precipitation, optionally pretreated for example
by protein digestion, protein fractionation and/or separation and/or purification steps
and analyzed by standard protein analysis techniques known in the art. Examples of
applicable methods as known in the art include and are not limited to acetone

precipitation, trypsin digestion, gel electrophoreses, HPLC etc.

In further preferred embodiments of the first group of preferred embodiments of step
c) the protein expression analysis is performed by standard protein fingerprinting
analysis known in the art such as mass spectroscopy, including MALDI-TOF TOF
MS (matrix assisted laser desorption / ionisation time of flight mass spectroscopy),
orbitrap mass spectroscopy, LC-MS (Liquid chromatography-mass spectrometry),
HPLC-MS (high pressure liquid chromatography-mass spectrometry) and SELDI-
TOF-MS (surface enhanced time of flight mass spectroscopy).

In further preferred embodiments of the first group of preferred embodiments of step
c), the analysis the data of protein expression such as the protein expression patterns
or fingerprints are processed by digital image analysis systems or other device for

digitization as known in the art. In preferred embodiments digitized data are
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subsequently processed by multivariate statistical techniques, e.g. analysis of

discriminance, classification/regression trees, and/or artificial neural networks.

In the second group of preferred embodiments of step c) expression .of speciﬁc
pfotéins are analyzed. In preferred variants of these embodiments the ahaly’sis of
protein expression in step ¢) comprises an assay directed to at least one speciﬁc
protein or biomarker. In preferred variants of such embodiments the biomarker is a
protein known to be associated with the glaucoma disease or an autoimmune diséase
or a neurodegenerative disease or apoptosis. In preferred embodiments the assay for
a biomarker is based on an immunoassay for example an immunoassay on the basis
of chemiluminescence or fluorescence, as well as ELISA, Elispot or proteinarrays,
which uses at least one antibody probe, which is preferably specific for such
biomarkers known to be associated with the glaucoma disease or an autoimmune
disease or a neurodegenerative disease or apoptosis. In preferred variants the

antibodies are monoclonal antibodies.

In preferred embodiments of protein expression analysis using an immunoassay in
step ¢) of the second diagnostic method, the antibodies which are used are specific
antibodies against one or more of the 48 antigens of Group 1 disclosed in the first
invention of this application. For all of these antigens it is known that their
expression level is increased or decreased in glaucoma patients as compared to
healthy individuals: actin, albumin, alpha-1-antitrypsin, annexin I-IV, annexin V,
beta-2-adrenergic-receptor, brain derived neurotrophic factor BDNF, calreticulin,
cardiolipin, alpha-A-crystalline, alpha-B-crystalline, beta-L-crystalline, beta-S-
crystalline, gamma-crystalline, DNA topoisomerase 1, fibronectin, a-fodrin
(=spectrin), glial fibrillary acidic protein GFAP, glutathion-S-Transferase, heat shock
protein HSP10 (=chaperonin), HSP27, HSP60, HSP70, insulin, jo-1, lysozyme,
myelin binding protein MBP, myelin oligodrendrocyte glycoprotein MOG,

myoglobin, neuron specific enolase NSE, neurotrophin 3  neurotrophin 4,
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neurotrophin 5, peroxide-dismutase, 3-phosphoserin, pre-albumin, protein kinase C
inhibitor, protein kinase C, superoxid dismutase, alpha-synuclein, gamma-synuclein,
thyreoglobulin, transferrin, transthyretin, topoisomerase-inhibitor, ubiquitin, vascular

endothelial growth factor ‘(VEGF), vimentin.

In further preferred embodiments of protein expression analysis with immunoassays
in step ¢) of the second diagnostic method for glaucoma, the antibodies which are
used are specific antibodies against one or more of the 36 antigens of Group 2
disclosed in the first invention of this application which are : albumin, alpha-1-
antitrypsin, annexin I-IV, annexin V, beta-2-adrenergic-receptor, brain derived
neurotrophic factor BDNF, calreticulin, cardiolipin, beta-L-crystalline, beta-S-
crystalline, gamma-crystalline, DNA topoisomerase 1, fibronectin, heat shock
protein HSP10 (=chaperonin), insulin, jo-1, lysozyme, myelin oligodrendrocyte
glycoprotein MOG, myoglobin, neurotrophin 3 , neurotrophin 4, neurotrophin 5,
peroxide-dismutase, 3-phosphoserin, pre-albumin, protein kinase C inhibitor, protein
kinase C, superoxid dismutase, alpha-synuclein, gamma-synuclein, thyreoglobulin,
transferrin, transthyretin, topoisomerase-inhibitor , ubiquitin, vascular endothelial

growth factor (VEGF).

In further preferred embodiments of protein expression analysis with immunoassays
in step c) of the second diagnostic method for glaucoma, the antibodies which are
used are specific antibodies against one or more of the 24 antigens of Group A
disclosed in the first invention of this application which are : actin, alpha-1-
antitrypsin, annexin V, alpha-A-crystalline, alpha-B-crystalline, beta-L-crystalline,
beta-S-crystalline, gamma-crystalline, a-fodrin (=spectrin), glial fibrillary acidic
protein (GFAP), glutathion-S-Transferase, HSP27, HSP60, HSP70, jo-1, myelin
binding protein (MBP), neuron specific enolase (NSE), protein kinase C inhibitor,
superoxid dismutase, transferrin, transthyretin, ubiquitin, vascular endothelial growth

factor (VEGF), vimentin.
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In further preferred embodiments of protein expression analysis with immunoassays
in step ¢) of the second diagnostic method for glaucoma, the antibodies which are
used are specific antibodies against one or more of the 33 antigens of Group A or B
disclosed in the first invention of this aﬁplication which are : actin, alpha-1-
antitrypsin, annexin V, alpha-A-crystal_line, alpha-B-crystalline, beta-L-crystalline,
beta-S-crystalline, gamma-crystalline, a-fodrin (=spectrin), glial fibrillary acidic
protein (GFAP), glutathion-S-Transferasé,.HSP27, HSP60, HSP70, jo-1, myelin
binding protein (MBP), neuron specific enolase (NSE), protein kinase C inhibitor,
superoxid dismutase, transferrin, transthyretin, ubiquitin, vascular endothelial growth
factor (VEGF), vimentin, annexin -1V, beta-2-adrenergic-receptvor, calreticulin, heat
shock protein HSP10 (=chaperonin), insulin, peroxide-dismutase, protein kinase C,

alpha-synuclein, gamma-synuclein.

In further preferred embodiments of protein expression analysis with immunoassays
in step c¢), cells are lysed and for example the complete protein repertoire or specific
protein fractions analyzed by Western Blotting or ELISA or ELISPOT or

microarrays.

In preferred variants of embodiments comprising microarrays, antibodies, which may
be monoclonal antibodies, or other capture agents for selected biomarkers, are
deposited on a carrying element such as a chip surface including but not limited to a
glass slide or a silicon or nitrocellulose surface and subsequently the chip is
incubated with cell lysates or protein preparations obtained from cells after treatment
according to step b). In other preferred variants, the element carrying the capture

agents is a microfluidic chip or a test strip.

In further preferred embodiments, the protein expression analysis of step c) is

performed in situ in the in vitro culture of cells. The in situ protein expression
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analysis includes, but is not limited to, labeling or label free methods as well as
colorimetric methods such as fluorescence or chemiluminescence marking of intra-

or extracellular proteins, application of the Elispot (Enzyme Linked Immuno Spot)

method, measurement of changes in absorption through protein labeling in or on the

cells as well as proteins in the medium etc. In situ protein expression analysis is
preferably performed on the cells in the cell culture vessel after removal of the body

fluid for step b).

In the third group of preferred embodiments of step c) the viability of the cells is
analyzed. Analysis of cell viability includes but is not limited to cell counts e.g by
flow cytometry and/or analysis of cell growth patterns, and/or monitoring viability
and/or apoptosis and/or monitoring necrosis. Preferable methods include but are not
limited to labeling the cells with annexin V and propidium iodide in order to detect
necrosis and apoptosis as well as a WST-Test (water soluble tetrazolium) or alamar
blue staining in order to detect the viability of the cells. In preferred embodiments
results of different methods of analysis of viability are compared with standard data
and combined for the determination of a diagnostic result according to step d). In
further preferred embodiments, also results of the first and/or second group of
preferred embodiments of step c) comprising protein expression analysis are
combined with results of the third group of embodiments of step c) comprising

analysis of cell viability.

In step d) the results of the protein expression analysis of cells and or cell viability
analysis of step c) are compared with standard data to determine a diagnostic result.
In preferred embodiments of step d) a calculative comparison of the protein
expression of test cells with standard data is performed with computational methods

known in the art.



WO 2011/127616 PCT/CH2011/000077

10

20

-32-

In some preferred embodiments, the standard data used in step d) stem from control
runs of the steps (a) — (c) of the method for diagnosis of glaucoma, which are

conducted in parallel. The control runs include one or more and are not limited to the

following samples: cells treated with a-body fluid of glaucoma patients, including

- body fluids from glaucoma patients with specific known forms of glaucofna such as

NTG (normal tension gléucoma) or POAG (primary open angle glaucoma) or of
glaucoma patients at a specific stage of the disease, such as an early stage of the
disease, and cells treated with a body fluid from healthy individuals. In other
preferred embodiments such standard data may stem from stored data from control

runs performed at a different time.

In the first group of preferred embodiments of step c¢) the diagnostic result
determined in step d) differentiates between healthy individuals and glaucoma
patients by protein expression analysis considering the complex protein profiles of

proteins expressed by the cells analyzed of a test individual.

In the second group of preferred embodiments of step c), the diagnostic result
determined in step d) differentiates between healthy individuals and glaucoma
patients by protein expression analysis considering selected biomarkers among the

proteins expressed by the cells after treatment with a body fluid according to step b).

In the third group of preferred embodiments of step c¢), the diagnostic result
determined in step d) differentiates between healthy individuals and glaucoma
patients by considering cell viability of cells after treatment with a body fluid

according to step b).
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In further preferred embodiments of the method according to the invention a
computational processing step combines both processing of data from the results of
the protein expression analysis and/or of the cell viability analysis in step ¢) and the
comparison of the results of the protein expression analysis with standard data in step

d).

In some preferred embodiments of step d), a calculative comparison of the results of
the protein expression analysis and/or cell viability analysis of step c) is performed,
which relies on computational methods known in the art. Patterns of highest
similarity between the results of step c¢) of cells treated with a body fluid of a test
individual in step b) and standard data corresponding to the results of step c) of cells
treated in step b) with a body fluid from a control group such as variable clinical
groups of patients or healthy individuals. In preferred variants the standard data are
obtained from control runs performed in parallel in other variants the standard data

stem from control runs performed at a different time.

In preferred variants of calculative comparison in step d) artificial neural networks
are used, which learn to differentiate between different clinical groups from
experience, not from programming. Examples of artificial neural network techniques
applicable for step d) include multiple layer feed forward network (MLFN), artificial
neural networks with self-propagation procedures, as well as other kinds of training

algorithms, pruning techniques, and genetic algorithms.

The method of the invention not only includes the computational techniques as
demonstrated herein for step d), but also similar technologies, e.g. the use of other
pattern matching techniques, other classifying statistical techniques or other methods
to compare the results protein expression with standard data - both for the

comparison of complex protein expression profiles or the protein fraction profiles as
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well as for the comparison of the expression a limited number of biomarkers or

antigens or the comparison of cell viability analysis.

The diagnostic result obtained by the first and second diagnostic method for

glaucoma in some embodiments is diagndstié“’réshlt ready to be understood by a

patient or in other embodiments the diagnostic result comprises one or more

diagnostic values to be interpreted by a medical professional.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1:

Figure 2A:

Figure 2 B:

Figure 3:

Replicate spots of anti-human IgG/A/M generated by contact
printing (A) and the piezo based spotting technique (B).

Coefficients of variability (CV) itemized for ocular antigens on

study microarrays.

Standard deviations (SD) itemized for different antigens on study

microarrays.

Comparison of data obtained from different data handlings for
four different antigens. Listed are: raw-data (A), AUC-data (B)
and Z-score-data (C) and data transformed using IgG-

nomalization (D).
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Figure 6:

Figure 7:

Figure 8:

Figure 9:

Figure 10:
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Profiles of the averaged antigen intensities for 20 antigens
incubated with serum (A) and aqueous humor (B) of control
individuals (CTRL) and primary open angle glaucoma (POAGQG)

patients.

Box-Plot for anti human 1gG/A/M for healthy control individuals
(CTRL) and glaucoma patients (POAG)

The receiver operating characteristic (ROC) curve for glaucoma
detection by antibody reactivity for serum (6A) and for aqueous

humor (6B)..

Intraindividual comparison of serum and aqueous humor
immunoreactivity values for the control group (7A) and POAG

samples (7B)

Analysis of biological functions by GO annotations revealed
several overrepresented terms by calculation trough the
hypergeometric model for ocular antigens which showed

significant differences between study groups in serum samples.

Typical antibody pattern of a glaucoma patient.

Week to week reproducibility of microarray data
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Figure 11 gives a simple overview of the setup for a preferred embodiment of the
second diagnostic method for glaucoma, which was used for examples 1-3:
neuroretinal ganglion cells were plated in experimental plates and culture medium
containing_ 10% serum from healthy individuals or patients with POAG (primary
open‘ angle ,g].aucoma), NTG (normal tension glaucoma) or OHT (ocular
hypertension) was ‘added. The cells were incubated at 37°C for 48 hours either at
normal pressﬁré or at an elevated pressure of 15000 Pascal. The cells were lyse»drandi
the proteins separated with an acetone precipitation. The protein- proﬁ]és were

measured with SELDI-TOF mass spectroscopy and then statistically analyzed.

Figure 12a shows a fraction of the measured protein profiles. The total protein
profile counted approximately 400 different protein clusters. In the shown fraction
the x-axis shows the molecular weight in Dalton and the y-Axis the intensity of the
expression level of the protein in the cells. The very complex total protein profile
measured by SELDI-TOF mass spectrometry protein clusters ranged from 3078
Dalton (Da) to 183222 Da. The fraction shown here ranges from 4943 Da to 21934

Da and gives an overview of the complexity of the proteins in the cells.

Figure 12b shows several single measurements revealing the difficulty of identifying
differences by mere visual analysis of the profiles. The sample profiles stem from
cells treated with healthy or POAG serum with and without the presence of elevated
pressure. The X-axis show the molecular weight of the proteins in Dalton, the Y Axis
shows the intensity of the measured proteins in the cells. As the profiles show several
hundred proteins it was not possible to analyze the differences between the

experimental groups just by visually inspecting them.

Figure 13: shows several variability plots of the calculated biomarkers with the

molecular weights of 9192, 12390 and 12314 Dalton. The x-axis represents the
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different treatment groups of the cells. The y-axis shows the intensity of the protein
measured by SELDI TOF mass spectroscopy. Each triangle in a plot represents one
sample of the specific group. The variability plots reveal that protein expression of
these 3 biomarkers is altered (increased or decreased) in cells incubated with POAG -

serum as compared to cells incubated with healthy serum

Figure 14: The graph shows the analysis of variance. Fig. 14a displays the influence
of the various treatments of the ce]lsb - with serum of healthy individuals or POAG
patients and ambient or elevated pressure - on the protein profiles of the cells.
Obviously, the serum-type has a very large influence of 59.1% on the protein profile
onto which another 14% can be added when combined with an elevated pressure
(combination 1+2). The pressure itself has an 11.6% effect on the protein profiles of
the cells. The graph in Fig. 14b shows the influence of the variance of the different
treatments with respect to one selected specific biomarker: 9192. The effect is very

similar.

Figure 15a: showing an analysis of variance (ANOVA) calculating the influence of
the presence of antibodies in the POAG serum on the protein profiles with 50.5%.
The serum type, meaning POAG serum or serum from healthy controls, had an

additional effect of 13.4%.

Figure 15b: The Mahalanobis distances show the comparison of the overall protein
profiles of the cells incubated with POAG serum either with or without antibodies to
cells incubated with control serum where an increasing distance from point zero
indicates an increasing difference in the protein profile of cells incubated with serum
of POAG patients compared to the protein profile of cells incubated with healthy
serum. The protein profiles of cells incubated with POAG serum differ significantly

more from the protein profiles incubated with control serum as indicated by a
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Mahalanobis Distance of approx. 55 than the protein profiles of cells incubated with
POAG serum from which antibodies have been removed (POAG - antibodies) as

indicated by a Mahalonobis Distance of approx. 20.

Figure 16a shows a fraction of the measured protein profiles from cells incubated
with healthy, POAG or NTG serum in the presence or absence of pressure. The x-
Axis shows the molecular weight of the proteins in Dalton and the y-Axis shows the
measured intensity of the protein in the cells. It is obvious that the cells react

differently to NTG serum in comparison to POAG serum.

Figure 16b shows a biomarker at 9207 Dalton. The x-axis shows the experimental
group and the y-axis shows the measured intensity of the protein in the sample. The
glaucoma group includes all cells incubated with a glaucoma sefum, thus with POAG
or NTG serum. Clearly, the 9207 Dalton biomarker is up regulated in the cells

incubated with glaucoma serum.

Figure 17 shows a receiver operating characteristic (ROC) curve calculated on the
basis of the measured protein profiles of the cells incubated with glaucoma serum,
meaning POAG or NTG serum. It shows a distinction of a glaucoma serum from a
non glaucoma serum with a sensitivity of 88% and a specificity of 90%. The area

under the curve, which is a parameter for the accuracy of the test, is r: 0.92.

Figure 18: shows the viability of RGCS cells after incubation with different
concentrations of 14-3-3 antibody and stress with 1.5uM staurosporine (sta). The X
axis shows the experimental group, the Y axis shows the viability of the cells in
percent. The control cells (dark gray bar) show were incubated without cell stress or

antibodies. The cells incubated with staurosporine show a loss of viability of 16.1%.
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Cells incubated with staurosporine and preincubated with 14-3-3 antibody show a
significant (p<0.05) to highly significant (p<0.01) increase of viability in comparison

to cells incubated with staurosporine of up to 11.6%. (antibody concentration 0.5

‘hg/ml).

Figure 19: shows the viability of RGCS cells after incubation with different

concentrations of y-synuclein antibody and stress with SOuM H;0, (1h). The X axis
shows the experimental group, the Y axis shows the viability of the cells in percent.
The control cells show were incubated without cell stress or antibodies. The cells
incubated with H,O, show a loss of viability of 17.9 %. Cells incubated with H,O,
and preincubated with y-synuclein antibody show a significant (p<0.05) to highly
significant (p<0.01) increase of viability in comparison to cells incubated with H,O,

of up to 15.3%. (antibody concentration 0.05 pg/ml).

Figure 20: shows the viability of RGCS5 cells after incubation with different
concentrations of GFAP antibody and stress with 50uM H,0; (1h). The X axis
shows the experimental group, the Y axis shows the viability of the cells in percent.
The control cells show were incubated without cell stress or antibodies. The cells
incubated with H,0; show a loss of viability of 7.4 %. Cells incubated with H,0O, and
preincubated with GFAP antibody show a significant (p<0.05) increase of viability in

comparison to cells incubated with H,O; of up to 9.8%. (antibody concentration 0.5

pg/ml).
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DETAILED DESCRIPTION OF THE INVENTION

Examples and detailed description concerning the first diagnostic method for

glaucoma:

Example 1: Antigen microarrays comparing autoimmunoreactivty in sera and
aqueous humor, with characteristic differences in glaucoma patients and healthy

individuals:

Sera and aqueous humor of patients with primary open-angle glaucoma (POAG;
n=13) and healthy controls (CTRL; n=13) were used for antibody analysis. The
protein arrays were prepared by spotting 40-100 different purified antigens (known
biomarkers) onto nitrocellulose-coated slides. The arrays were incubated with sera
(1:250) and aqueous humor (1:20) respectively. For visualization of the antibody-
antigen-reactions arrays were treated with a fluorescence labeled anti-human IgG
antibody, followed by fluorescence scanning. The signals emitted from secondary
antibodies were digitized and the spot intensities were compared using multivariate

statistical techniques.

Results: The intraindividual comparison revealed congruencies but also differences
between antibody patterns of sera and aqueous humor. In both, aqueous humor and
serum, POAG patients showed more than twofold increased reactivities for a-1-
Antitrypsin and Annexin V compared to healthy subjects (P<0.001). In contrast, -L-
Crystallin showed a significantly increased mean (ME) reactivity in aqueous humor
(POAG: ME=5049; SD=1638; CTRL: ME=2119; SD=673; P<0.01) and a decreased
reactivity in sera (P<0.01) of POAG patients. For seven antigens none of the

included study subjects showed immunoreactivity in aqueous humor. Using a
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biomarker panel of ten antibodies/antigens from each body fluid respectively, we
were able to differentiate between POAG and CTRL with a specificity and
sensitivity of approx. 90% (ROC-curve; serum: r=0.91; aqueous humor: r=0.93)
using a special algorithm. These results confirm both up-regulations and down
regulations of antibody reactivities in sera and aqueous humor of glaucoma patients.
Moreover, the increased reactivities in aqueous humor versus serum suggest a local

antibody production in the eye.

Example 2: Procurement of sera and aqueous humor samples

Procurement of samples was performed in accordance with the Declaration of
Helsinki on biomedical research involving human subjects. Blood and aqueous
humor was collected from all volunteers giving their informed consent. The blood
samples were centrifuged at 1000 g and the serum was stored at -80°C for
subsequent analysis. Aqueous humor samples were stored at -80°C directly after
sampling. All participants were subject of a full ophthalmologic examination,
including Goldmann Applanation, Tonometry, optical coherence tomography (OCT)
and Heidelberg retina Tomography (HRT), at the Department of Ophthalmology
(University of Mainz, Germany) and they were classified in accordance with the
guidelines of the European Glaucoma Society. 31 patients, undergoing cataract
surgery, with a mean age of 73 (SD+10) and 37 primary open-angle glaucoma
patients (POAG; mean age: 67, SD+10) were included in this study. Cataract patients
with no clinical signs of primary or secondary glaucoma or other eye diseases than
cataract, served as control group (CTRL) in accordance with other studies 42.
POAG-patients had an IOP >21 mmHg without medication (determined by
Goldmann Applanation Tonometry), typical visual field defects (examined by
perimetry, OCTOPUS 101 Perimeter; Haag-Streit, Wedel, Germany) and optic nerve
cupping. Patients with autoimmune diseases or suffering from neurologic diseases

like Parkinson’s disease were excluded from this study.
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Example 3: Preparation of Microarrays

We used highly purified proteins, purchased at Sigma-Aldrich (Germany) and
BioMol (Hamburg, Germany), as antigens. Antig‘ené were diluted to lpug/pul with
PBS buffer containing 1.5% Trehalose for optimal prihting conditions. The spotting
of antigens was performed with both a non coritaét ~printing technology
(sciFLEXARRAYER 83, Scienion, Berlin, Germany), based on piezo dispensing,
and the commonly used pin based contact printing technique (OmniGrid100, Digilab
Genomic Solutions, Ann Arbor, USA). Results were comparatively evaluated for
spot morphology and spot to spot variability. For printing of the whole set of study
microarrays the piezo based spotting technique was used. Each antigen was spotted
in triplicate onto nitrocellulose-slides (Oncyte, nitrocellulose 16 multi-pad slides,
Grace Bio-Labs, Bend, USA). As a positive and negative control we used mouse anti
human IgG/A/M (10 pg/ul) and spotting buffer. The spotting process was performed
at RT and a humidity of 30%. 1 nl of each antigen-dilution was applied onto the
nitrocellulose surface by spotting four times 250 pl on exactly the same position. The
accurateness of the spotting volume and the correct positioning of the droplets were
monitored prior and after the spotting process of each antigen using the sciDrop-

VOLUME and autodrop-detection software (Scienion, Berlin, Germany).

Incubation and washing steps were performed at 4°C on an orbital shaker (Titramax
100, Heidolph, Schwabach, Germany). Slides were covered with 16-pad FAST frame
hybridization chambers (Whatmann, Maidstone, UK) and blocked with PBS
containing 4% BSA for one hour. Afterwards slides were washed three times with
PBS containing 0.5% Tween (PBS-T). Patient sera were diluted 1:250 in PBS and
aqueous humor in a ratio of 1:10 in PBS. 120 pl of these dilutions were randomly
incubated on prepared antigen-slides overnight. After several washing steps with
PBS-T, slides were incubated with a fluorescent Cy-5 labeled secondary antibody

(1:500 diluted in PBS-T, goat anti-human IgG, Jackson ImmunoResearch
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Laboratories, West Grove, USA) for one hour in the dark. Two washing steps with
PBS-T were followed by two final washing steps with HPLC-grade water. All
microarrays were air dried before scanning, using a microarray scanner (Affymetrix
428 TM Array Scanner, High Wycombe, UK). Generated 16-bit TIFF - images
(Tagged Information File Format) of slides were analyzed using the Spotfinder 3.1.1
software (TM4, Dana-Faber Cancer Institute, Boston, USA). Backgréund
substraction was performed according to the formula: spot intensity= mean‘
intensitySP - ((sumbkg -.sumtopSbkg)/(number of pixelSP - number of
pixelstop5bkg)) where SP represents any spot, bkg the corresponding background
and topSbkg the top five percent of background pixel. The coefficient of variance
(CV) was calculated as follows: CV= SDSP3 /meanSPX...SPn , where SDSP3
represents the standard deviation across three replicate spots of one antigen of one

sample, and mean SPX...SPn the mean of all spot intensities.

Example 4: Statistical analysis of data

To provide skewing comparison of results caused by biases through data
normalization and handling, we first contrast two different kinds of data
transformation - area under the curve (AUC) and Z-score - with raw data. For
analysis of study data, we applied Z-score transformation, according to the formula:
Z-score= (intensitySP — mean intensitySP1...SPX)/SDSPX...SPn, where SP
represents any spot intensity and SP1...SPX the overall intensitiy of all spots 46.
Detection of potential biomarkers and estimation of significant changes in antibody
reactivity was conducted by diverse statistical techniques. For intergroup comparison
we used one-way ANOVA and multivariate analysis of discriminance (e.g.
Mabhalanobis distances, Canonical roots) for both sample materials separately. In the
second step, artificial neural networks (ANN) were performed for determination of
classification power of autoantibody patterns from a specific set of antigens.

Therefore, data sets were randomly spitted in two parts with evened numbers of
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patients per group. One half was used for training of the ANN and the second half for
testing the trained ANN regarding its classification power. So, no samples included
into the training data set were used for classification purposes. Results were
visualized by plotting -sensitivity against specificity- (ROC-curve). A detailed
description of methods applied for statistical analysis could be found in previous
publications of our grou'p.“For intraindividual comparision and in order to exemplify
the proportion of aquéoué humor antibody levels to those from corresponding sera
samples we calculated the percentaf difference between both on basis of serum
values for each single patient, followed by calculating the mean value over all
subjects of the different patient-groups. Difference between sera and aqueous humor
greater than 100% were considered as significant. Additionally, we correlated
measured data with all collected clinical records. Statistical analyzes were conducted

using Statistica 8.0 (Statsoft, Tulsa, AZ, USA).

Example 5: GO analysis

In order to get a deeper insight into biological processes of antigens with significant
differences between patient-groups we used Cytoscape 2.6.2 in combination with the
Bingo 2.3 plugin 50. To assign Gene Ontology (GO) annotations to each antigen, the
full GO annotation database was utilized and for organism/annotation Homo sapiens
was chosen. The hypergeometric model and the Benjamini & Hochberg False
Discovery Rate correction (P<0.05) assured significance of overrepresented protein

functions.

Example 6: Scheme for an exemplary method of determination of glaucoma scores

In a first step to determine glaucoma scores, the percentage difference between

normalized intensity values of autoantibody reactivities of test samples and a



WO 2011/127616 PCT/CH2011/000077

15

20

- 45 -

reference samp]e are calculated. These percentage differences are used as input data
for neural network analysis to determine a glaucoma score. Depending on the
required sensitivity and specificity of the method for the diagnosis of glaucoma, the
sera of step b) had been incubated with one of three exemplary options of samples: 1)

or 2) or 3) which were provided according to step a) of the first diagnostic method:

Sample 1) comprises all 48 at least partially purified ocular antigens of Group 1,
sample 2) and sample 3) comprise 12 and 5 at least partially purified ocular antigens,

respectively.

As expected, the larger the number of ocular antigens comprised by the sample
according to step a), the better is the first diagnostic method with regard to sensitivity
and specificity. In sample 3) with only 5 ocular antigens, still a sensitivity and

specificity of approximately 90% was obtained.

Furthermore, individual antigens comprised in samples 1, 2 and 3 were assigned
different weight factors for the glaucoma score calculation, such that highly weighted

antigens (e.g. antigens of group A) have a higher impact on the glaucoma score.

Glaucoma scores differing from a defined reference value - e.g. exceeding a defined
threshold value - identify those test samples, in which the body fluid was collected

from a glaucoma patient.

Normalized intensity values

from autoantibody reactivities

Calculation of the percentage difference of intensity

values to reference values by the formula:
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(intensity value,,,iene — intensity value + 100
% dif ference = patient reference)

|intensity Ualuereferencel

Glaucoma scoring
Evaluation of a glaucoma score using neural network algorithm
with calculated percentage differences as data input:
5 1) Scoring based on all tested antigens
Sensitivity: 96%
Specificity: 97%

2) Scoring based on a subset of 12 tested antigens including:
10 MBP, GST, HSP27, protein kinase inhibitor C, GFAP, Jo-1, ubiquitin,

actin, beta-S-crystalline, HSP70, superoxide dismutase, transthyretin

Sensitivity: 92%
Specificity: 94%
15
3) Scoring based on a subset of S tested antigens including:
HSP70, actin, beta-S-crystalline, HSP27, GFAP
Sensitivity: 91%
20 Specificity: 88%
According to their impact on diagnosis of glaucoma and considering data from
statistical analysis such as post-hoc test or analysis of discriminance, antigens
are sub-divided into three different groups with different weights for the
25 calculation of the glaucoma score. Antigens showing a very strong inter-group

difference are assigned to group A, antigens with a strong difference are
assigned to group B and antigens with a distinct inter-group difference are

assigned to group C:

30
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Group A (very highly relevant):
actin, alpha-1-antitrypsin, annexin V, alpha-A¥crystalline, alpha-B-crystalline,beta-L-crystalline,beta-
S-crystalline, gamma-crystalline, a-fodrin (=spectrin),glial fibrillary acidic protein GFAP, glutathion-
S-Transferase, HSP27, HSP60, HSP70, Jo-1,myelin binding protein MBP, neuron specific enolase
5 ‘ NSE, protein kinasé C inhibitor, éuperdxid dismvu'tés'e, fransferrin, transthyretin, ubiduitin, vascular

endothelial growth factor (VEGF), vimentin '

Group B (highly relevant):

annexin I-1V, beta-2-adrenergic-receptor, calreticulin, heat shock protein HSP10, insulin, peroxide-

10 dismutase, protein kinase C, alpha-synuclein, gamma-synuclein

Group C (relevant antigens):
albumin, brain derived neurotrophic factor BDNF, cardiolipin, DNA topoisomerase 1, fibronectin,
lysozyme, myelin oligodrendrocyte glycoprotein MOG, myoglobin, neurotrophin 3 ,neurotrophin 4,

15 neurotrophin 5, 3-phosphoserin, thyreoglobulin, topoisomerase-inhibitor

Antigens revealing a very high relevance for glaucoma diagnosis are stronger
weighted than antigens from group B or C, resulting in a higher impact on the
glaucoma score. Antigens with a high relevance are stronger weighted than
20 antigens from group C, resulting in 2 medium impact on the glaucoma score.

Relevant antigens got the smallest impact on the evaluated glaucoma score.

Subjects exceeding a defined treshold are diagnosed as glaucoma patient

Figure 1: Three replicate spots of anti-human IgG/A/M generated by contact

25  printing (A) and the piezoelectric based spotting technique (B) are shown. Numbers
represent the respective mean pixel intensities per spot. A: The mean intensity across
all spots is 7173.32 +/- 1473.27 units. The coefficient of variability (CV) is 0.21. B:
The mean intensity is 11716 +/- 374.78 units. The CV is 0.03.
Two different spotting technologies were compared in order to find the best approach

30 for the specific spotting of proteins with different physical characteristics in a
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reproducible way. A commonly used method to describe the variation of spot
intensities across replicate spots is the determination of the coefficient of variance
45. Using the pin based contact printing technology we achieved a median CV of
0.32 across three technical replicate spots for all antigens. The spot morphology and
intensity varies across the replicate spots, as shown in figure 1 A. In contrast,
microarrays spotted with the non-contact, piezb based spotting technique showed a
more than 10 fold lesser spot to spot vanability (median‘ Cv=0.029) and a much
better constancy in spot morphology (figure 1 B). These ‘fmdings are consistent with
data obtained from the sciDrop-VOLUME and autodrop-detection software. The
software detected a drop-volume variation of just 0.8% (equivalent to 2 pl of a 250 pl
droplet) across all antigens. Consequently, the non-contact printing technology was
chosen for printing the whole set of study microarray slides in order to ensure the
spotting of exactly equal volumes of antigen soluttons. Similar to the estimation of
the CV for the validation of spotting technologies we calculated the median
coefficient of variance for technical replicate spots of the study microarrays. These
microarrays exhibited a median CV of 0.031 with a standard deviation of 0.061 (for
distribution of CVs for single antigens see figure 2.A), whereas the median standard
deviation for measured intensities on replicate spots across all samples varies from

44 to 480, depending on the antigen and its averaged spot intensities (see figure 2.B).

Figure 2 A and Figure 2 B: Fig. 2 A depicts the coefficients of variability (CV) of
raw data, itemized for each antigen on study microarrays. The x-axis represents the
different antigens, the y-axis the CV values. The median CV across all antigens is
0.031 +/- 0.061. Fig. 2 B displays the standard deviations (SD) of raw data, itemized
for different antigens on study microarrays. The x-axis represents the different

antigens and the y-axis the values for the standard deviations (SD).

For antibody profiling of study patients and test individuals the comparison of

different algorithm for data normalization revealed the Z-score transformation is
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most applicable to our approach, due to its low bias on ratios between study groups
(figure 3) and the possibility to compare measurements in a quantitative manner

across different experiments and glaucoma tests.

Figure 3: Comparison of data obtained from different data handlings for four
different antigens; Listed are: raw-data (A), AUC-data (B) and Z-score-data (C) and

data transformed using IgG-normalization (D).

We could detect complex antibody reactivity patterns in all study patients and
multiple differences between glaucoma patients and control subjects, in sera as well
as in aqueous humor (Fig. 4A and B). We found no correlation between the level of
IgG/A/M and the age or the gender of patients, and we did not find significant
differences in the 1gG/A/M-levels of study groups, neither in sera (P>0.9, Fig. 5 A)

nor in aqueous humor (P>0.6, Fig. 5B).

Figure 4: Profiles of the averaged antibody intensities for serum (A) and aqueous
humor (B). Shown are the averaged intensities of control subjects (CTRL) and
primary open-angle glaucoma (POAG) patients, for 20 antigens. Line pattern
represent patient groups (red=POAG, blue=CTRL), X-axis represents a subset of 20
antibodies which showed the strongest differences between groups, and the Y-axis

depicts the value of computed Z-scores.

Figure 5: Shown are the determined values for anti-human IgG/A/M as Box-Plot.
The X-axis represents the different groups (control group (CON); glaucoma group
(POAG)) and the y-axis the measured and normalized intensities (Z-score). No
significant difference between both groups could be detected (P>0.05) in sera (5A) or

in aqueous humor (5B).



WO 2011/127616 PCT/CH2011/000077

10

15

20

25

=50 -

In sera, POAG patients showed several increased immunoreactivities in comparison
to CTRL subjects, but revealed some decreased reactivities as well (Fig.4A). As
demonstrated, HSP27, HSP70, myelin basic protein (MBP) or Annexin V exhibited
elevated antibody reactivities of POAG patients in comparison to the control group.
For other antigens, such as the 'glial‘ fibrilliary acidic protein (GFAP) or ubiquitin,
POAG patients showea lower antibody reactivities than healthy subjects. Infrequent
or very small, up to ‘no‘n-de‘tectable, intensities were found for myoglobin, myelin
oligodendrocﬁe glycopfotein (MOG) and DNA topoisomerase 1. The one-way
ANOVA and the multivariate analysis of discriminance did not only reveal a
significant difference between the whole antibody reactivities in sera of POAG
patients and healthy controls (P<0.002), but also a statistically significant difference
for several single antigens. For example, POAG patients showed a significantly
increased reactivitiy against MBP (P<0.0028), HSP27 (P<0.019), HSP70 (P<0.0033)
or a-fodrin (P<0.0027) (table 3.). Significantly decreased antibody reactivities were
observed for GFAP (P<0.001), ubiquitin (P<0.0038) and B-L-crystallin (P<0.03).

In the context of a potential utilization of autoantibody reactivities as a diagnostic
tool for glaucoma, we tested their classification power by applying artificial neural
networks (ANN). Training of the network was performed using a subset of patients
(CTRL N=18, POAG N=17) and the data of the nine most significant serum
antibody-antigen reactivities (14-3-3, Alpha-1-antitrypsin, beta - L-Crystallin, GFAP,
HSP 27, HSP 70, MBP, alpha-fodrin, Ubiquitin ). Subsequently, the trained network
was applied to unknown serum samples. The personalized ANN output values for
each patient, displaying the group classification through the ANN, were used as a
combined antibody score (CTRL>0.5, POAG<0.5). Antibody scores calculated from
samples of the serum training data set revealed a strong positive correlation with
scores computed from aqueous humor samples of the same patients (R<0.74,
P<0.001, Fig. 6A). Also, for prospective samples (CTRL N=13, POAG N=20; test
data), not included into the training data set, we detected a correlation between serum

and aqueous humor antibody-scores (R<0.72, P<0.001, Fig. 6B). Using the
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calculated antibody scores for patient classification only one subject (CTRL) was
incorrectly classified as POAG subject by the serum and the aqueous humor antibody
score (Fig. 6B). The strong positive correlation of the calculated scores from both
sample types underlines the minor differences between serum and aqueous. humor
immunoreactivities detected via the intraindividual comparison. The sensitivity and
specificty for a discrimination of prospective glaucoma and control subjects was 93%

(Fig.6C; AUC r=0.93).

Figure 6: A, B: Scatterplots of serum and aqueous humor antibody reactivities. The
X-axis shows values from serum antibody scores, the Y-axis values from aqueous
humor samples. Each dot represents a single patient (blue dots= POAG, red
dots=CTRL). A: Scatterplot for samples included into the training data set (R=0.74),
B: scatterplot for all study samples (R=0.72). C: Receiver operating characteristic for

prospective serum samples (X-axis: 1-specificity, Y-axis: sensitivity, r=0.93).

The examination of aqueous humor samples exhibit several differences between
study groups, likewise (Fig. 4B). But unlike serum samples, only some few
decreased reactivities appeared. Most of the antigens, like MBP, HSP70, annexin V
or glutathione-S-transferase revealed increased reactivities for the POAG group, and
several of these are in accordance with serum samples. For others, like insulin chain-
B or MOG, infrequent antibody reactivities could be detected in aqueous humor and
partly these are the same antigens which showed rare reactivities in serum (e.g. MOG
or DNA topoisomerse 1, table 3.) Also, the statistical analysis fortifies the
appearance of similarities between both sample types. Data thus obtained showed
e.g. a P<0.022 for MBP and a P<0.03 for annexinV in aqueous humor - both antigens
exhibit significantly increased values in sera of POAG patients, too. Coinciding with
the lower number of univariate statistical significant differences between POAG and
CTRL subjects, the ascertained classification power of aqueous humor samples was

lesser (ROC-curve; AUC r=0.7) than the one of serum samples.
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Figure 7: Intraindividual comparison of serum and aqueous humor
immunoreactivities. Antigens are listed on the X-axis.The Y-axis represents the
measured Z-score values. Bars above the =zero line represent‘ higher
immunoreactivities in aqueous humor, bars beneath the zero line represent higher
intensities in serum. Shown are the results for the cqﬁtrol grmjjp‘ (7A) and POAG
samples (7B). Overall, it can be observed that only few antigens show differences in

immunoreactivities greater than 100% (= 2 fold increase).

The intraindividual comparison of immunoreactivities from serum samples with
those from corresponding aqueous humor samples revealed only some few
significant differences. Regarding the CTRL subjects (Fig. 7A) significant higher
levels of serum antibody reactivities (e.g. MBP, HSP60, GFAP) could be observed,
in comparison to corresponding aqueous humor samples, as well as significantly
higher aqueous humor immunoreactivities (e.g. a-1-antitrypsin). But in its entirety,
more than 80% of tested antigens revealed nearly similar immunoreactivities in sera
and aqueous humor of control subjects. POAG patients revealed also some
significant differences between sera and aqueous humor (figure 7B). For example,
albumin and a-1-antitrypsin showed higher immunoreactivities in serum samples,
and in the latter case this is contrary to control samples which showed a higher
immunoreactivity for a-l-antitrypsin in aqueous humor. Aqueous humor samples
from the glaucoma group revealed some higher antibody reactivities compared to
corresponding serum samples as well (e.g. fibronectin, transthyretin). But as with the
control group, only some few significant differences between serum and aqueous
humor immunoreactivities appeared in the glaucoma group, and more than 80% of

tested antigens revealed nearly congruent antibody patterns.

Figure 8: Analysis of biological functions by GO annotations revealed several
overrepresented terms. Calculation trough the hypergeometric model for antigens
showed significant differences between study groups in serum samples. On the x-

axis the numbers of proteins attributed to the different functional groups are shown.
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Functional groups are listed on the y-axis. Blue bars represent antigens with a higher
immunoreactivity in POAG subjects, red bars represent antigens with a lower

immunoreactivity in glaucoma patients. Asterisk mark functional groups, which

_could also be found in aqueous humor.

]nterestingly, terms like stress response, cytoskeleton, vesicular trafficking and
apoptosis are significantly overrepresented (figure 8). Terms like cytoskeleton .or
vesicular trafﬁckjng are strongly connected to neurologic processes and others like
stress response or apoptosis must be considered in conjunction with

neurodegenerative diseases.

Figure 9: A: typical autoantibody pattern of a glaucoma patient. Tear proteins were
eluted from a dried Schirmer strip fig. using phosphate buffered saline, followed by
sample incubation on a protein microarray. B) Receiver operating characteristic
curve (ROC curve). Tear autoantibody patterns from glaucoma patients and healthy
subjects were used for training of an artificial neural network regarding pattern
recognition of glaucoma patients. The y-axis represents the sensitivity and the x-axis
the 1-specificity. Using these autoantibody patterns a specificity and sensitivity

>90% could be achieved (area under curve: r=0.93).

Figure 10: Week to week variability of microarray data. A standard serum was
incubated on seven consecutive weeks, followed by calculation of the coefficiants of
variance (CV). For several different antigens the CV (black bars) including standard

deviation is depicted.

Using the protein-microarray approach we could confirm differences in antibody

reactivities in sera and aqueous humor of glaucoma patients, as known in the art.
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Furthermore, several new antigens, such as a-1-antitrypsin or annexin V, were found
to have an impact in glaucoma. In comparison to control subjects we detected
significantly increased immunoreactivities in sera and aqueous humor of POAG
patients as well as significantly diminished reactivities in sera of glaucoma subjects.
For several antigens, e.g. annexin V,lchaperonin, HSP27, HSP60, HSP70 or MBP
same kinds of differences between patient groups could be observed in aqueous
humor and serum samples of glaucoma patients — giving a first hint for similarities
between both sample types. In general, the differences between control subjects and
glaucoma patients appeared to be less in aqueous humor samples, where only eight
univariate significant differences between both groups could be detected, in contrast
to eleven significant differences in serum samples. The intraindividual comparison of
aqueous humor and sera revealed only some few antigens, e.g. MBP, GFAP or a-1-
antitrypsin, to exhibit significantly different immunoreactivities between both sample
types of control subjects. Also, in samples of glaucoma subjects few antigens, e.g.
albumin or transthyretin, exhibit statistical significant differences between the
immunoreactivity patterns of both body fluids. Compared to serum samples,
transthyretin exhibited a higher autoantibody reactivity in aqueous humor of POAG
patients, a result which is very interesting, considering the fact that higher amounts
of transthyretin itself could be found in aqueous humor of POAG patients. In its
entirety more than 80% of the antigen-antibody reactivities revealed to be congruent
in both fluids, in healthy subjects as well as in POAG patients. This outcome
indicates that immunoreactivities in an ocular fluid like aqueous humor, which is in
close contact to the retina — the place of glaucoma pathogenesis -, are not that much
different from systemic immunoreactivities in sera, in terms of antibodies. Thus, this
finding underlines the specificity of detected changes in serum antibody patterns of

glaucoma patients and may be important for other ocular diseases also.
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Detailed description and examples concerning the second diagnostic method for

glaucoma:

According to preferred embodiments of the second method for detecting glaucoma
for step a) a cell culture of the neuroretinal cell line R28 or the retinal precursor cell
line RGC 5 was provided and in step b) the cells are treated under a normal or
elevated pressure of 15000 Pascal (Pa) with serum from control individuals and from
patients with primary open angle glaucoma (POA.G), normal tension glaucoma
(NTG) and ocular hypertension (OHT) patients. Ocular hypertension patients (OHT)
have an intraocular pressure which is higher than normal in the absence of glaucoma

symptoms such as optic nerve damage or visual field loss.

In the examples the following materials and methods were used. However, the
invention is not limited to the combination of the materials and methods as described
below and the methods described below may be substituted with alternative methods

used for corresponding purposes.

Cell Culture: The neuroretinal cell line R28 was used [provided from G M. Seigel;
Ross Eye Institute, University of Buffalo]. This is a neuroretinal cell line derived
from postnatal day 6 Sprague-Dawley rats and immortalized with 12S portion of
E1A gene. The cell line shows characteristics of retinal precursor cells such as retinal
ganglion cells, photoreceptor cell, Miiller cells as well as glial cells {Seigel, G.M.,
A.L. Mutchler, and E.L. Imperato, Expression of ghal markers in a retinal precursor
cell line. Mol Vis, 1996. 2: p. 2]. Cultures were maintained in Dulbecco’s modified
Eagles Medium (DMEM) containing 10% Fetal Bovine Serum (FBS; Cambrex
Bioscience, Verviers, Belgien), Smg/m! Gentamicine- Glutamine Solution (Sigma-
Aldrich GmbH, Steinheim), 10% MEM Vitamins (100x (Invitrogen)) and 10% MEM

non essential amino acids (100x (Invitrogen)). The cells were passaged every 4-5
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days with a non enzymatic Cell Dissiciation Solution (Sigma-Aldrich GmbH,
Steinheim) and grown in a humidified atmosphere of 95% air and 5% CO, at 37°C.
The retinal precursor cell line RGC S [provided from N. Agarwal, UNT Health
Science Center, Fort Worth] is a retinal cell line also immortalized .With the 128
portion of the E1A gene expressing markers for neuronal cells as well as retinél cells
[Krishnamoorthy, R. R., P. Agarwal, et al. (2001). "Characterization of é transformed
rat retinal ganglion cell line." Brain Res Mol Brain Res 86(1-2): 1-12.; Van Bergen,
N. J., J. P. Wood, et al. (2009). "Recharacterization of the RGC-5 retinal ganglion
cell line." Invest Ophthalmol Vis Sci 50(9): 4267-4272.]. Cultures were maintained
in Dulbecco’s modified Eagels Medium (DMEM) containing 10% FBS, 100U/ml

penicillin, 100ug/ml streptomycin and 2mM glutamine and grown in a humidified
atmosphere at 37°C with 5% CO,. The medium was changed every second day and
the cells were passaged every 4-5 days with a non enzymatic Cell Dissection

Solution.

Preparation of cell lysates: In some experiments the medium was discharged after
48 hours and the cells growing on the bottom of the Sml experimental plate were
washed twice with Sml Phosphate buffered Saline (PBS; Invitrogen). 100ul lysis
buffer (Urea 9.5M, Chaps 2%, DTT 1%) with an added proteinase inhibitor mix (P
1860 (Sigma-Aldrich GmbH, Steinheim)) in a 400:1 proportion was pipetted on to
the cells. These were then scrapped from the plate and given into an ice cooled
Eppendorf tube. The cells were then lysed with an ultrasonic pulse echo instrument
(Labsonic®M (Sartorius, Gottingen)) with an amplitude of 80% and frequency/Cycle
of 0.5 for 3x25 times. After washing the cells in the 24 well-plates twice with 150ul
PBS, 60ul of the Seldi buffer with the additional proteinase-inhibitor mix was added.
The cells again were scrapped of the bottom of the well and lysed as mentioned
above. The cells were put on ice after every lyses cycle with the ultrasonic pulse
echo instrument. The protein concentration of the cell lysates from the S5ml

experimental well plates then were measured using the method of Lowry [Lowry,
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O.H., et al., Protein measurement with the Folin phenol reagent. J Biol Chem, 1951.

193(1): p. 265-75].

In further experiments the medium was discharged and the cells washed with warm
calcium free PBS. The cells then were detached from the cell culture plate using non
enzymatic Cell D'l;ssec.:tion Sblution. The detached cells were centrifuged at 300 g for
10 min at 4°C; The supernatant was removed and the cell pellet washed with PBS.
The cells were again centrifuged, the supernatant removed and the cells frozen at -
80°C. After freezing the cells were thawn and lysis buffer with 0.1% Dodecyl D-
Maltosid and proteinase inhibitor was added. Cell lysis was enhanced by placing the
cells with the lysis buffer into an ice cooled sonication bath for 1 min. The protein

concentration was also measured using the method of Lowry.

Preparation of total proteins from cell lysates: In order to measure the protein
profiles of the cells an equivalent of 150ug protein was removed from the cell lysates
as prepared above and the proteins were precipitated with acetone by addition of 8
times the volume of acetone of -80°C to the sample and incubated on ice for 30
minutes. The samples then were centrifuged at 14000 rpm at 4°C for 30 minutes. The
acetone then was discharged and PBS was added to the protein pellet leaving the end
concentration of the proteins at 8ug/ul. To dissolve the proteins in the PBS the tube
was placed in an ultrasonic ice bath for 30 minutes. 2ul of the sample then were

spotted on the protein chips of the Seldi-Tof-MS.

Analysis of the peptide fragments by Orbitrap: The equivalent of 60ug protein
was taken from the cell lysates prepared according to the method using Dodecyl- D-
f3- Maltosid and separated with a 12% Bis Tris gel electrophoresis (Invitrogen). The
lanes were divided into 16 equally sized pieces and the proteins in these pieces were

digested with trypsin. After digestion the proteins were extracted from the gel and



WO 2011/127616 PCT/CH2011/000077

20

25

-58 -

the proteins of each piece were further fractionated into eight different fractions
using C 18 ZipTips. The ZipTips were loaded with the samples and peptides were
released from the Tip using an acetonitrile gradient from 10% to 50%. The fractions
then were loaded onto an Orbitrap target and covered with a sinapinic acid matrix.
The peptides were measﬁred with | the Orbitrap following the manufacturer’s
protocol. The information e.g. about :the mass of the pepﬁdes gained by measuring
the peptides with Orbitrap was serﬁ to Several databases and compared with known
peptide fragments of proteins registéred in the database. A list of measured proteins
was generated. The intensity of the measured proteins in the different experimental

groups was generated and compared.

Analysis of the total cell proteins by Seldi-Tof-Massspectroscopy: To analyze the
protein profiles a surface-enhanced laser desorption/ionisation time-of-flight mass
spectrometer PBS-II SELDI-TOF was used (commercially available at €.g. BioRad
Hercules, CA, USA or Ciperhgen Biosystems Inc Fremont). This mass spectrometer
uses protein chips with different chemical surfaces. Each sample was loaded onto
several eight spotted chips with either a weak cationic exchanger (CM10) or a
reversed-phase surface (H50) [after treating these according to the manufacturer’s
protocol]. After letting the sample dry, lul of sinapic acid- matrix, an energy
absorbing molecule, (20mg Sinapic acid, 750ul ACN, 750ul H20-HPLC, 15ul TFA)
was pipetted on to every spot twice always allowing it to crystallize. The samples
then were analyzed using a PBS-1lc Protein Chip Reader with a protein Chip Array
Auto Loader which is able to analyze 24 chips at a time using the Protein Chip
Software version 3.2. The samples were measured at a laser intensity of up to 200, a
deflector setting of 2800 Da, a detector sensitivity of 9 and a molecular mass

detection range of 3000-200000 Da., optimized from 3000- 15000 Da.

Peak detection of the protein profiles measured by Seldi-Tof-MS: The measured

protein profiles then were sent to the Ciphergen Express Data Manager Software
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version 3.0(CE; Ciphergen Biosystems). The baseline was subtracted and the peaks

detected according to the manufactures protocol.

From the detected peaks a list of peak clusters for every experimental setup was
generated. The cluster lists were exported to a statistiéal analyéis program (Statistica,
ver. 8.0; Statsoft, Tulsa, OK). The program was used to calculate a multivariate
discriminant analysis based on combinations of multiple biomarker peaks. It can
show which protein peaks are significantly different between the individual
experimental groups and can be used to discriminate between the groups. In the first
study comparing cells incubated with POAG serum to cells incubated with healthy
serum a biomarker panel of 10 protein masses was detected which showed those

peaks most capable of discrimination between the different groups.

Comparing the results of the protein expression analysis of cells incubated with
different sera in the presence or absence of elevated pressure by statistical
analysis: Using statistics, a variance component and mixed model ANOVA was
calculated in order to determine the influence of the dependant variables (serum-
type/ pressure-height) as well as of the independent variables on the protein profiles
of the cells. The calculation was based on the canonical roots of the existing
biomarker-panel. The influence of the variables also was calculated for every single
protein biomarker. This analysis was also undertaken to calculate the influence of the
antibodies in the serum on the protein-profiles. Also the Mahalanobis distances were

calculated to show the direction the protein profiles changed after antibody removal.

Using the calculated biomarkes a receiver operating curve (ROC) was calculated. It
was able to document the detection of a glaucoma serum with a sensitivity of 88%

and a specificity of 90%. The Area under the curve is r: 0.92 as shown in Fig. 17.
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In addition a neural network was generated. This is a statistic data modeling tool that
is fed with the peak information of the protein - profiles. If the data  is

significant/potent enough the network has the ability to learn to differentiate between

the experimental groups and is able to locate/associate new samples to the according

~group. .

Protein identification: A Maldi-Tof-Tof MS was used to identify the protein-
biomlérkers measured with Seldi-Tof MS. The proteins in the cell lysates. were
separated via SDS-Page using an equivalent of 200pug protein for every run after
preparing them with an acetone precipitation. The remaining pellet was dissolved in
5ul NuPage®LDS Sample buffer 4x (Invitrogen) diluted with 15p1 H2O. After
denaturizing the proteins at 90°C for 5 mins they were separated with a 12% Bis-Tris
Gel (Invitrogen) using NuPage®MES SDS Running Buffer 20x Invitrogen. After the
run, the gels were incubated with a fixation solution (40ml H20, 50ml Methanol,
10ml acetic acid) for ten minutes followed by staining solution (Colloidal Blue
staining kit, Invitrogen) (55mi H20, 20ml Methanol, 20ml Stainer A, 5 m] Stainer B)
according to the manufacturers protocol over night. The proteins in the bands of the
gel containing the biomarkers were eluted according to the following protocol: 2x
1 mm parts of the band were cut from the gel and transferred into 100pl Wash
solution (Methanol 50%, H20 40%, acetic acid 10%) and incubated for 30 minutes
with vigorous shaking, subsequently dehydrated with 100% ACN for 20 minutes.
Then 50ui of the elution solution (formic acid 50%, ACN 25%, Isopropanol 15%
H20 10%) was added to the dried gel pieces and incubated for 4 hours. A 2ul sample
was measured with Seldi-Tof MS to show the eluted proteins. After showing the
proteins with Seldi-MS, a digestion was undertaken. The rest of the band was cut
into small pieces and 50ul ACN was added for 15 minutes. After shot centrifugation
and discharge of the ACN the gel pieces were dried with speed-Vac dryer for 10
minutes and covered with 50ul Trypsin buffer (50mM NH4HCO3, 14.8ng/pl
Trypsin) and left at 37°C for approx. 12h. 20p] 25mMNH4HCO3 was added to the

digested proteins and subsequently the digested proteins were extracted by
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incubation for 30 minutes with 20ul extracting solution (5% formic acid; 50% ACN;
45% H20). Using the double layer method 1pl of the digested proteins was loaded
onto a MALDI ancor target using 2x0.5pl cinnamic-acid matrix. The fractionized
proteins were measured with a Maldi- TofTof MS (Bruker Ultra Flex II) according to

the manufacturer’s protocol.

The set up in examples 1-4 of the diagnostic test for glaucoma according to one
preferred embodiment is outlined in Figure 11. Example 1 was carried out in 5 ml
(nunclon Surface) experimental plates according to the cell culture conditions
described above. Examples 2 and 3 were carried out in 24 well plates and the cell
culture conditions slightly adapted: The cells were plated in the plates with a
confluence of ca 40% and treated with the DMEM-Medium as listed above
containing 10% of the experimental Serum rather than FBS. They were then
incubated in a humidified atmosphere of 95% air and 5%CO2 at 37°C either with or
without an elevated pressure of 15000 Pascal (112mmHg) for 48h. To generate an
elevated [hydrostatic] pressure we used a specially designed glass pressure chamber.
It was placed in an incubator at 37°C and attached to a compressed air supplying
device containing 95% synthetic air as well as 5% CO2 (AirLiquide, Ludwigshafen).
The cells in example 4 were grown in 10ml cell culture plates according to the cell

culture conditions described above.

Example A

Example A was carried out in 5 ml (nunclon Surface) experimental plates. The
protein profiles of cells incubated with healthy serum in the presence of either
normal or elevated pressure were compared to protein profiles of cells incubated with
serum from patients suffering from POAG. The number of samples in every group

was n=8 using 4 different serum samples. The patients were classified according to
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the guidelines of the European Glaucoma Society (The European Glaucoma Society.

Terminology and Guidelines for Glaucoma. http://www.eugs.org. 2004).

Analysis of discriminance showed a panel of 10 proteins which were significantly up
or down regulated in cells depending on the‘t'reat'mem of fhe cells prior to protein
profile analysis: A: treatment with serum from healthy individuals and with pressure;
B: treatment with serum from healthy individuals without pressure; C: treatment with
serum from POAG patients and with pressure; D: treatment with serum from POAG
patients without pressure. Figure 13 shows three examples of protein-biomarkers
with the molecular weights 9192, 12390, 12314 Da which all show significant
differences in some of the groups. Fig. 13. shows the biomarker at 9192 Da
(p=0.000058), which is up regulated in cells treated with serum from patients
suffering from POAG both in the presence and absence of pressure. The biomarker at
12390 Dalton is significantly (p=0.000086) down-regulated only in those cells which
were incubated with POAG serum and with an elevated pressure of 15000pa as
shown in Fig. 13. The analysis of discriminance also revealed biomarkers that were
significantly (p=0.000000) down-regulated in those cells that were treated with
pressure regardless to the type of serum. As example Figure 13 shows the biomarker

at 12314 Dalton.

Figure 14a shows the contribution to differences in the protein profile by the various
treatments A, B, C or D as described above. An analysis of variance was calculated
looking at the overall influence of the serum-type, the pressure as well as the
combination of both serum type and pressure on the protein profiles of the cells.
Figure 14 reveals that the serum-type had the greatest effect on the protein profiles
namely 59.1%. The pressure itself had an effect of 11.6% on the protein profiles.
Thus, the influence on the protein expression as evidenced by differences in the

protein profiles is much greater by treating the cells with serum of POAG patients
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rather than serum of healthy individuals as compared to treating the cells with

elevated pressure compared to ambient pressure.

The large influence of the serum type could not only be seen for the overall protein -
profile but also when calculating fhe analysis of variance for selected biomarkers.
For example Fig. 14 b shows the analysis of variance for the biomarker at 9192
Dalton: Again the influence of the serum type is most imponant and it could be

shown to have a significant effect of 55.1%.

These results from example 1 show that analysis of protein profiles of cells treated
with serum of test individuals as compared to cells treated with serum from healthy
individuals and/or POAG patients serves as a sensitive test for diagnosing POAG

disease.

As described above, in preferred variants biomarkers or antigens are selected, of
which it is known that their expression level is increased or decreased in glaucoma
patients as compared to healthy individuals or in other autoimmune or
neurodegenerative disorders or during apoptosis as compared to normal cell growth.
An example for such a biomarker is the Histone H4: The protein at 9192 Dalton in
Example A (Fig.13) was identified by MALDI-TOF-TOF-MS as a fragment of the

Histone H4 protein.

In example 1, the level of histone H4 expression, the 9192 Dalton biomarker - was
significantly increased in those cells incubated with serum from patients suffering
from glaucoma. This effect was increased by additionally incubating with an

elevated pressure.



WO 2011/127616 PCT/CH2011/000077

10

15

20

25

- 64 -

Histones H3 and H4 belong to the core histones, which assemble to nucleosome core
particles of chromosomes in eukaryotic cells and are also involved in gene
regulation. Histones, especially H3 and H4 can be posttranlationally modified e.g. by
acetylation or methylation. Results of medical research have revealed that changes in
the _express‘ion‘ level, modifications and location of histones are associated with
several other neurodegenerative diseases also, for example with Alzheimer disease
and Parkinson’s disease. Interestingly, histones not only play a role in the pathologic
mechanism of several neurodegenerative diseases, but also in cancer cells, such as
colon cancer cells, which are affected by changes in histone expression and
modification. Considering the physiological role of histones, changes in the level of
histone expression might well lead to apoptosis. This is in line with the fact that
glaucoma is accompanied by apoptosis of retinal ganglion cells. Therefore,
biomarkers or antigens known to be associated with the glaucoma disease - or also
more generally which are known to be associated with an autoimmune disease or a
neurodegenerative disease or apoptosis - are promising candidates for the protein

expression analysis directed to selected biomarkers in step c).

Another interesting finding is, that during the 48h of incubation with elevated
pressure up to 35% of the cells, which were incubated with POAG serum lost their
viability, whereas only roughly 10% of the cells, which were incubated with healthy

serum, died.

Example B

Example B was carried out in 24 well plates. The protein profiles of cells incubated
with healthy serum as a control were compared to protein profiles of cells incubated
with serum from patients suffering from primary open angle glaucoma (POAG),

normal tension glaucoma (NTG) and ocular hypertension (OHT) patients.
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The protein profiles again showed a very complex pattern, Figure 16 shows a
magnified view of a range of the measured proteins. The analysis of discriminance
again revealed a panel of significant biomarkers. Several of the biomarkers found in
the first study with POAG serum could be found again in this experiment showing
the same effect in terms of an up or down regulation as seen above. One of these
biomarkers is at 9207 Dalton which can be looked at as the equivalent of the
biomarker at 9192 Dalton found in the first experiment using only POAG serum and
was increased in cells incubated with serum from glaucoma patients. The biomarker
can be seen in Figure 16b. As shown in previous examples the biomarker is up

regulated in those cells incubated with glaucoma serum.

Example B yields another interesting result: Cells treated with sera of patients
suffering from OHT have very similar protein expression profiles both for entire
protein profiles as well as for selected biomarkers as cells treated with sera from
healthy individuals. This result is in line with the clinical observation that only
approximately 1% of the people with an elevated intraocular pressure develop
glaucoma and the advantage of the method according to the invention is that this
method is capable to identify those people with ocular hypertension who will

develop glaucoma.

Example C

Example C was carried out in 24 well-plates. The protein profiles of cells incubated
with healthy serum as a control were compared to protein profiles of cells incubated
with serum from patients suffering from POAG either still containing the antibodies
or after removal of the antibodies from the serum. The antibodies were removed
using magnetic protein G beads (Dynabeads®Protein G; Dynal Biotech ASA, Oslo,

Norway) which are coated with an affinity matrix for immunoglobulins. 20ul beads
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were used to purify 35ul serum. In order to use the beads they were washed twice
with 600ul NaAc, pHS, for 2 minutes and once for 5 minutes. The beads then could

be added to the serum and incubated at 12°C on an orbital shaker for 6 hours.

Analysis of vartance for the changes in prote‘ih proﬁles of cells treated with serum
from POAG patients and with serum from POAG patienvts from which antibodies
have been removed as described above as compared to protein profiles of cells
treated with serum from healthy individuals is disblayed in Figure 15. The influence
of the antibodies on the protein profiles was as high as 50.5%. The calculation of
Mahalanobis distances revealed that the protein profiles of those cells incubated with
POAG serum after antibody removal changed significantly towards those cells
incubated with healthy serum: The protein profiles of cells incubated with POAG
serum differ from the protein profiles incubated with healthy serum more, as
indicated by a Mahalonis Distance of approx. 55. The protein profiles of cells
incubated with POAG serum from which antibodies have been removed (POAG —
antibodies) differ from the protein profiles incubated with healthy serum less, as

indicated by a Mahalonis Distance of approx. 20.

These results are in agreement with data presented in the first method for diagnosing
glaucoma based on a difference in autoimmune reactivity in body fluids stemming

from glaucoma patients versus healthy control individuals.

Example D:

Example D was carried out in 10ml cell culture dishes using RGC 5 cells which were
incubated with POAG or healthy serum for a period of 24 hours. The protein or

peptide pattern was measured with the Orbitrap. The cell lysates were also very
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complex and in a pilot study over 150 proteins were detected with the Orbitrap. After
analyzing the differences in the intensity of the proteins measured by the Orbitrap we
could detect significant differences between the experimental groups. We were able
to detect proteins that were significantly up regulated in those cells-. incubated with
. }‘_5  healthy serum, e.g. Heat Shock Protein 60, Filamin B or Beta ,’Actin, as well as
proteins that were up regulated in those cells incubated with POAG sefum, e.g.

elongationsfactor 1 alpha, T-complex protein 1 subunit alpha B, Phosphoglycerate

kinase 1.
Protein Healthy POAG
Filamin-B (FLN-B) (Beta- | 16042 9315

filamin)  (Actin-binding-
like protein) (ABP-280-
like protein) - (Mouse)

Actin, cytoplasmic 1 | 28305 15835
(Beta-actin) - (Mouse)

60 kDa heat shock | 16857 9368
protein, mitochondrial
precursor (Hsp60) (60
kDa chaperonin) (CPN60)
(Heat shock protein 60)
(HSP-60) (Mitochondrial
matrix protein P1) (HSP-
65) - (Mouse)

Elongation factor 1-alpha | 12445 38739
1 (EF-1-alpha-1)
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(Elongation factor 1 A-1)
(eEF1A-1)  (Elongation
factor Tu) (EF-Tu) - Mus

musculus - (Mouse)

T-complex ~ protein 1| 9592 20470
subunit alpha B (TCP-1-
alpha) (CCT-alpha)
(Tailless  complex
polypeptide 1B) (TCP-1-
B) - Mus musculus

(Mouse)

Phosphoglycerate kinase 1 | 12914 29310
(EC 2723) - Mus

musculus (Mouse)

Examples concerning therapeutical applications of the antibodies for glaucoma:

Example 1

RGCS cells were plated in 24 Well plates with a number of 45000 cells per well. The
S cells were then preincubated with different concentrations of 14-3-3 (protein kinase ¢
inhibitor) antibody for 3h, known from to have a diagnostic potential (antibody from
group 1) for glaucoma. In order to provoke cell stress and cell death the RGCS5 cells
were incubated with 1.5uM staurosporine. After Sh the viability of the cells was

measured using crystal violet. We were able to detect a significant as well as highly
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significant increase of viability of stressed cells when incubated with different
concentrations of 14-3-3 antibody. Signiﬁcantly increased viability (p<0.05) of 7.4 %
could be detected for cells incubated with lpg/ml 14-3-3 antibody. A highly
significant increase of yiability (p<0.01) of 1 1.6% was detected in cells incubated

with 0.5pg/ml 14-3-3 antibody (figure 18).
Example ii:

RGCS5 cells were plated in 24 Well plates with a number of 45000 cells per well. The
cells were then preincubated with different concentrations of y-synuclein antibody
for 3h, known from to have a diagnostic potential (anttbody from group 1) for
glaucoma. In order to provoke cell stress and cell death the RGCS5 cells were
incubated with 50uM H,0,. After 1h the viability of the cells was measured using
crystal violet. We were able to detect a significant as well as highly significant
increase of viability of stressed cells when incubated with different concentrations of
y-synuclein antibody. Significantly increased viability (p<0.05) of up to 15.3 %
could be detected for cells incubated with different antibody concentrations (0.05;
0.5; 1 und 5 pg/ml) y-synuclein antibody. A highly significant increase of viability
(p<0.01) of 13.2% was detected in cells incubated with 1pg/ml y-synuclein antibody
(figure 19).

Example tii:

RGCS cells were plated in 24 Well plates with a number of 45000 cells per well. The
cells were then preincubated with different concentrations of GFAP antibody for 3h,
known from to have a diagnostic potential (antibody from group 1) for glaucoma. In

order to provoke cell stress and cell death the RGCS cells were incubated with S50uM
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H,0,. After 1h the viability of the cells was measured using crystal violet. We were

able to detect a significant increase of viability of stressed cells when incubated with

different concentrations of GFAP antibody. Significantly increased viability (p<0.05)

of up to 9.8% could be detected for cells .incubated with différent antibody
5 concentrations (0.1; 0.5 and 1pg/ml) GFAP antibody (figure 20).
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WHAT IS CLAIMED IS:

A method for diagnosis of glaucoma comprising the steps of:

(a) providing at least one sample comprising at least one at least partially
purified ocular antigen,

(b) reacting a body fluid with at least one of the ocular antigen samples
provided in step a),

(c) detecting and/or quantifying the reactions of step b) between autoantibodies
in the body fluid and the at least one of the ocular antigen sample to
determine an autoimmune reactivity value for at least one ocular antigen
sample,

(d) comparing measured autoimmune reactivity values with standard data
obtained from glaucoma patients and/or healthy individuals to determine a

glaucoma score for at least one ocular antigen sample and

(e) optionally determine a diagnostic result by evaluation of the at least one

glaucoma score.

The method according to claim 1, wherein in step a) at least two samples
comprising at least one partially purified ocular antigen or at least one sample

comprising at least two partially purified ocular antigens is provided.

The method according to claim 2, wherein in at least one of the steps a) —€) a

weight factor is assigned modulating the contribution to the diagnostic result of
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the autoimmune reactivity against at least one of the ocular antigen samples or

against at least one ocular antigen.

The method for the diagnosis of glaucoma according to claim 3, wherein the at
least one weight factor is assigned to at least one of the ocular antigen samples

by an algoﬁihm applied during at least one of the steps (c), (d), (€).

The method for the diagnosis of glaucoma according to claim 3 or 4, wherein
at least one weight factor is introduced by weighting amounts of individual
ocular antigens provided for reaction with the body fluid or the amount of body

fluid provided for the reaction is weighted.

The method for the diagnosis of glaucoma according to anyone of the claims 1
to 5, wherein the at least one sample of ocular antigens comprises at least two
antigens of the following Group 1 of the following 48 at least partially purified
ocular antigens: actin, albumin, alpha-1-antitrypsin, annexin I-IV, annexin V,
beta-2-adrenergic-receptor, brain derived neurotrophic factor (BDNF),
calreticulin, cardiolipin, alpha-A-crystalline, alpha-B-crystalline, beta-L-
crystalline, beta-S-crystalline, gamma-crystalline, DNA topoisomerase 1,
fibronectin, a-fodrin (=spectrin), glial fibrillary acidic protein (GFAP),
glutathion-S-Transferase, heat shock protein HSP10 (=chaperonin), HSP27,
HSP60, HSP70, insulin, jo-1, lysozyme, myelin binding protein (MBP), myelin
oligodrendrocyte glycoprotein (MOG), myoglobin, neuron specific enolase
(NSE), neurotrophin 3 , neurotrophin 4, neurotrophin 5, peroxide-dismutase, 3-
phosphoserin, pre-albumin, protein kinase C inhibitor, protein kinase C,
superoxid dismutase, alpha-synuclein, gamma-synuclein, thyreoglobulin,
transferrin, transthyretin, topoisomerase-inhibitor, ubiquitin, vascular

endothelial growth factor (VEGF), vimentin.
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The method for the diagnosis of glaucoma according to anyone of claims 1 to
5, wherein the at least one sample of ocular antigens samples comprises at least
2 antigens selected from Group A of 24 ocular antigens: actin, alpha-1-
antitrypsin, annexin V, alpha-A-crystalline, alpha-B-crystalline, beta-L-
crystalline, beta-_S-cryStalli_ne, vgamma-‘crys_tal‘line, a-fodrin (=spectrin), glial
fibrillary acidic protein (GFAP),-glutathion-S-Transferase, HSP27, HSP6O,
HSP70, jo-1, myelin binding »protein (MBP), neuron specific enolase (NSE),

protein kinase C inhibitor, superoxid dismutase, transferrin, transthyretin,

lubiquitin, vascular endothehal growth factor (VEGF), vimentin.

The method for the diagnosis of glaucoma according to anyone of claims 1 to
5, wherein the at least one sample of ocular antigens corhprises at least 2
antigens selected either from Group A and/or from Group B of the following 9
ocular antigens: annexin I-IV, beta-2-adrenergic-receptor, calreticulin, , heat
shock protein HSP10 (=chaperonin), insulin, peroxide-dismutase, , protein

kinase C, alpha-synuclein, gamma-synuclein

The method for the diagnosis of glaucoma according to anyone of claims 1 to
5, wherein the at least one sample of at least partially purified ocular antigens
comprises at least 1 ocular antigen of Group 2 of the following 36 ocular
antigens: albumin, alpha-1-antitrypsin, annexin I-IV, annexin V, beta-2-
adrenergic-receptor, brain derived neurotrophic factor (BDNF), calreticulin,
cardiolipin, beta-L-crystalline, beta-S-crystalline, gamma-crystalline, DNA
topoisomerase 1, fibronectin, heat shock protein HSP10 (=chaperonin), insulin,
jo-1, lysozyme, myelin oligodrendrocyte glycoprotein (MOG), myoglobin,
neurotrophin 3, neurotrophin 4, neurotrophin 5, peroxide-dismutase, 3-
phosphoserin, pre-albumin, protein kinase C inhibitor, protein kinase C,

superoxid dismutase, alpha-synuclein, gamma-synuclein, thyreoglobulin,
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transferrin,  transthyretin, topoisomerase-inhibitor, ubiquitin, vascular

endothelial growth factor (VEGF).

The method according to anyone of claims 1-9, wherein the at least one sample

of ocular antigen samples comprises less than 10 ocular antigens.

The method according to anyone of claim 1-10, wherein the at least one sample
of partially purified ocular antigen samples is carried on an antigen carrying
element, which is a microarray chip, a lateral flow test strip or a microfluidic

chip.

The method according to anyone of claim 1-11, wherein the body fluid is
collected, dried and optionally stored and subsequently reconstituted for use in

step b.

The method according to anyone of claim 1-12, wherein the body fluid are

tears

An antigen carrying element for the method for diagnosis of glaucoma
according to anyone of claims 1-13 carrying the at least one sample of at least

one at least partially purified ocular antigen.

The antigen carrying element according to claim 14, wherein the at least one
sample of at least one partially purified ocular antigen comprises antigens

selected from group 1.
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An antigen carrying element, wherein the at least one sample of at least
partially purified ocular antigens comprises at least one antigen selected from

group 2.

The antigen carrying element according to claim 14 or 15, wherein the at least
one sample of at least partially purified antigens comprises antigens selected

from group A or from groups A and B.

The antigen carrying element according to anyone of claims 14-17, wherein
weighted amounts of individual antigens are present on the antigen carrying

element.

The antigen carrying element according to anyone of claims 14-18, comprising

an antigen zone and a receiving zone for a body fluid.

The antigen carrying element according to claim 19, wherein the receiving

zone comprises absorbent material for collecting tears or another body fluid.

The antigen carrying element according to claim 19 or 20, wherein the

receiving zone is designed to directly contact a patient.

Kit for diagnosis of glaucoma for a diagnostic method according to anyone of
claims 1-13 and/or comprising an antigen carrying element according to

anyone of claim 14-21.



WO 2011/127616 PCT/CH2011/000077

10

15

20

23.

24.

25.

26.

27.

- 76 -

The Kit for diagnosis of glaucoma according to claim 22 and further
comprising auxiliary material to collect a body fluid such as a blotting paper
for the collection of tears and/or software components to calculate and/or
present the diagnostic result and/or reactants for treating the body fluid sample
or added when autoantibodies in the body fluid react with a selection of

antigens presented on a anti gen carrying element.

The method for the diagnosis of glaucoma according to anyone of claim 1-13,
wherein the body fluid measured is collected on a receiving zone of an antigen
carrying element, which body fluid is transferred for analysis of its
autoimmune reactivity to the antigens carrying zone on the antigen carrying
element or which body fluid directly flows or diffuses from the adsorbent

material to the antigen carrying element.

A method of collecting a body fluid sample from living person for use in a
method for the diagnosis of glaucoma according to anyone of claim 1-13 or 24
for applying the body fluid to anyone of the antigen carrying element according

to claims 13 -20 or for use with a kit according to claim 21 or 22.

Use of a method for the diagnosis of glaucoma according to anyone of claims 1
to 13 or 24 or use of a antigen carrying element according to anyone of claims
14-21 or a kit according to claim 22 or 23 for rapid testing to detect glaucoma
at an early stage, to identify different forms of glaucoma or to monitor the

progression of the disease or the effect of medical treatment.

Use of anyone of the of ocular antigens or any combination of one or more of

the following ocular antigens of the group 1 in the methods for the diagnosis of
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glaucoma according to anyone of claims 1 to 13 or 24 or on the antigen
carrying substrate accord‘ing to anyone of claims 14-21 or in the kit according

to claim 22 or 23 of for monitoring glaucoma.

Anyone of the of ocular antigens or any combination of one or more of the
ocular antigens of the group 2 or antibodies, which are specific for anyone of
the ocular antigens of the group 2 antigens for the use in methods of diagnosing
of glaucoma, or on antigen carrying element for the use in methods of

diagnosing glaucoma.

Anyone of the of ocular antigens or any combination of one or more of the
following ocular antigens of the group 2 or antibodies, which are specific for

anyone of the ocular antigens of the group 2 for use in therapeutic treatment.

Anyone of the of ocular antigens or any combination of one or more of the
following ocular antigens of group 2 or antibodies, which are specific for
anyone of the ocular antigens of group 2 for use in therapeutic treatment of

glaucoma.

Anyone of the of ocular antigens or any combination of one or more of the
following ocular antigens of the group 2 or antibodies, which are specific for
anyone of the ocular antigens of the group 2 for use in a composition for

medical treatment or for treatment of glaucoma.
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A method for the diagnosis of glaucoma comprising the steps of:

(a) providing an in vitro culture of cells;

(b) treatment of the cell culture by incubating it with a body fluid of a test
individual,

(c) analyzing expression of proteins by the in vitro cuiture of cells and/or
analyzing viability of the cells after treatment according to step (b); and

(d) comparing the results of the analysis in step c) with standard data to

determine a diagnostic resulit.

The method according to claim 32, wherein the cells of the in vitro culture are
immortalized or primary retinal ganglion cells or precursor cells of retinal

ganglion cells.

The method according to claim 32 or 33, wherein the body fluid for the

treatment in step b) is blood serum or tears.

The method according to claim 32 or 33, wherein the body fluid for the

treatment in step b) is pretreated or fractionated.

The method according to claim 35, wherein the pretreated or fractionated body
fluid comprises autoantibodies or comprises a selection of autoantibodies or

does not comprise a specific selection of antibodies.

The method according to anyone of claims 32 to 36, wherein protein

expression analysis according to step c) comprises cell lysis, recovery of cell
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proteins comprising intra- and/or extracellular .proteins, and optionally protein

digestion and/or protein purification and/or protein fractionation or separation.

The method according to anyone of claims 32 to 37 wherein protein expression
analysis according to step ¢) comprises protein analysis by mass'spectroscopy
or MALDI TOF mass spectroscopy or SELDI TOF mass spectroscopy Or

orbitrap or liquid chromatography mass spectrometry.

The method according to anyone of claims 32 to 38, wherein step ¢) comprises
an assay, which specifically measures expression of at least one biomarker,
wherein the biomarker optionally is known to be associated with the glaucoma

disease or an autoimmune disease or a neurodegenerative disease or apoptosis.

The method according to claim 39, wherein the assay is an immunoassay with

at least one antibody probe specific for the at least one biomarker.

The method according to claim 40, wherein the at least one antibody probe is
directed against one of the following ocular antigens actin, albumin, alpha-1-
antitrypsin, annexin -1V, annexin V, beta-2-adrenergic-receptor, brain derived
neurotrophic factor BDNF, calreticulin, cardiolipin, alpha-A-crystalline, alpha-
B-crystalline, beta-L-crystalline, beta-S-crystalline, gamma-crystalline, DNA
topoisomerase 1, fibronectin, a-fodrin (=spectrin), glial fibrillary acidic protein
GFAP, glutathion-S-Transferase, heat shock protein HSP10 (=chaperonin),
HSP27, HSP60, HSP70, insulin, jo-1, lysozyme, myelin binding protein MBP,
myelin oligodrendrocyte glycoprotein MOG, myoglobin, neuron specific
enolase NSE, neurotrophin 3 , neurotrophin 4, neurotrophin 5, peroxide-

dismutase, 3-phosphoserin, pre-albumin, protein kinase C inhibitor, protein
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kinase C, superoxid dismutase, alpha-synuclein, gamma-synuclein,
thyreoglobulin, transferrin, transthyretin, topoisomerase-inhibitor , ubiquitin,

vascular endothelial growth factor (VEGF), vimentin.

The method according to anyone of claims 39 to 41, wherein the protein
expression ahalysis according to step ¢) comprises an immunoassay such as
Western Blot, microarrays, ELISA (Enzyme-Linked ImmunoSorbant Assay),
ELISPOT (Enzyme Linked Immuno Spot Technique).

The method according to anyone of the claims 32 to 42, wherein protein
expression analysis of step ¢) is performed in situ on the cells of the in vitro

cell culture.

The method according to anyone of the claims 32 to 43, wherein step c)
comprises analysis of the viability of the cells, the analysis comprises flow
cytometry and/or labeling cells with annexin V and propidium and/or a water

soluble tetrazolium test or alamar blue staining .

The method according to anyone of claims 32 to 44, wherein step c) includes
data processing of the results of the protein expression analysis and in which
this data processing and the comparing of the results of the protein expression
analysis with standard data of step d) are performed in one combined

computational process.

The method according to anyone of claims 32 to 45, wherein comparing the
results of the protein expression analysis with standard data to determine a

diagnostic result of step d), the standard data are derived from control runs, in
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which the body fluid of step (b) are obtained from glaucoma patient and
healthy individuals.
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Figure 6 A, B, C

1.0
0.9
08
07
0.6
05

04
03}
0.2

aqueous humor (A-score)

o1t
/"/ »

e o
s . S

.

0@

0.0

B)

00 01 02

03 04 05 06
serum (A-score)

1.0
09
08}
0.7¢
06}

0.5 »>

0.3

aqueous humor (A-score)

0.2
0.1 e

00/__‘__44._‘

0.1 0.2

C)

04} .

&%

0.3 04 0.5 06
serum (A-score)

0.7

08 0.9

R Y =CTRL
‘@ =POAG

1.0

0.8

06

0.4

Sensitivity (true positive rate)

0.2

0.0

0.0

0.2 0.4 0.6

0.8

1-Specificity (false positive rate)

1.0

PCT/CH2011/000077



PCT/CH2011/000077

WO 2011/127616

5/17

o
o
r

.m

=

m CTRL
POAG

w
[42]
unuawry  H
uninbign
ugasiysuely
U3 U 013S
URPNUAS - A
UIBPNUAS - B
seynusip-apixosadng
u1qof3oAN
plely
dgN
JawAzos A
1-of
g-uleyd-uynsuy
uljrsu|
0LdSH
09dSH
{TdSH
OTdSH
1S9
dv4i9
updauoIql4
ulIpo4 -
1 Bses3wosiodo] ¥YNQ
uljjersAsy- A
ujjesAid-s- g
uyesA-1-g
uljlesAn)-g-o
uljjersAid-y -o
uljjeisAi) -0
wdiotp ie)
usdAnnuy-1-0
A UIXauuy
uwnqly
101d3231-21813u3pe-z - ¢
undy
i eevt

|
|
|
|
2 3

650 - e e
550
-650 -

Jowny snosenbe + © S8ljiAloRal WNISS +
WwnJas pue Jowny snoanbe jo saduasayip jeyuadlad uesw



WO 2011/127616 6/17 PCT/CH2011/000077

Figure 8:

Ml =increased
cell motility/localization of cell N = fdecrejased

. protein binding

enzyme inhibitor activity |
T cell receptor signaling pathway ;
v o aﬁti—apop_to};is. ‘
‘'DNA mbdiﬁmtion]doublestfahd rél;iai[- )

acute inflammatory respons_ce[woundiﬁg 7
vesicle trafficking  mm
blood coagulation ' mm

structural molecule activity
cytoskeleton/cytoskeleton associated 5

cellular component organization

response to stress




WO 2011/127616 7/17 PCT/CH2011/000077

Figure 9:

A)

o ®

B)

1.0

0.8

0.6

0.4

Sensitivity (true positives)

0.0 /

0.0 0.2 0.4 0.6 0.8 1.0

1 - Specifity ifalse positives)




8/17 PCT/CH2011/000077

WO 2011/127616

m— 159
m— 2UI||2ISALID-T-233(

Figure 10

m————  U![N(O0|F0I0RW-7-013q
—— N

: B AN

mm— . ¢ 35edse)

~mmm - SUI[|RISALD-g-eyd(e

m— Ul1I3)5URI

uiwnge

10103231 21813UaIpe-7-015G

unasAyisuesy

i U13[2NUAS-RLIWICS

dvio

w . uldijorpsed

aseanwsIp pixosadns

a - UINSUl

unoe
A UIxauue

| Un2suouqLy

Jongiyul H aseury uiaload
LT dSH

CUNUSUHA

ddN
aulfieisAia-y-eyd|e
unoadg

04 dSH

SN
autj|eisAr-ewwes

493A
auuasoydsoyd-¢

09 dsH

Lk 1O
m— (] dSH

L 3U1||21SAID-S-01DQ
e U1|14dO(2AD




WO 2011/127616 PCT/CH2011/000077

9/17
Figure 11:
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Figure 12a:

PCT/CH2011/000077

14
—~Healthy +pressure
2 Healthy
- POAG+pressure
10 ¢ —POAG
8 L
(
) ! -
A )
e @ N
4943 5605 6429 8195 9800 11875 15346 21934
5214 6078 7027 9146 10946 13581 17230
Dalton
Figure 12 b:
r
® | Heatthy I
l_'i r | J /‘ 4 ! !
s WA
‘ 5000 10000 Dalicn 15000 20000
,’: ’[ POAG ¢+ elevated pressure
L Vo]
o M ) ‘v")\JJ\NJJW k\f!\"'\wa "‘-ﬁ‘!\"wh
’ 5000 10000 Dakton 15000 20000

Heafthy » elevated pressure

? .
I\,

| ‘
bl lx . (.
) E v V\[-‘V "UJ V\) U-M//‘UU‘\“\..« M \\_.._J
5000 10000

}
v
N
Dalton 15000 20000

0
POAG

{
¢

Ts
L 5
25
0

' ! 1 ’] V) A \l A
M w\—l“\'\‘ "’V\J\J R JW v "\.f*w e e ey
5000 10000 Dalron 15000

20040




WO 2011/127616
11/17
Figure 13:
Biomarker at 9192 Dalton
Variability Plot
30
[~
25
A
a
20
25 R
‘é v .
g8 o N
£ 10 :
&
s K
L
g L N
0 .
-5
Healthy+pressur POAG+pressurd
Healthy POAG

Intensity

Intensity

4.5
(o
4,0
35
A

3.0 4

2,5

2.0

1.5

1,0

0.5

0.0

Healthy+pressur POAGH+ Pressurg
Healthy POAG
Experimentat group
Biomarker at 12314 Dalton
Variability Plot
4.0
& Raw Data
35 — Connect Medians
= Group Medians

00

Experimental groups

Biomarker at 12390 Dalton
Variability Plot

Overall tedian

Healthy+pressur

P

Healthy

POAG+pressurd

POAG

Experimental group

PCT/CH2011/000077



WO 2011/127616 12/17

Figure 14 a, b:
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Figure 15a, b:

Relative Variance Components (in Percent)
Method: ANOVA Method
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Figure 16a, b:
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Figurel7:

ROC
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Figure 19:
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