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ABSTRACT
Glaucoma is the leading cause of irreversible blindness, estimated to affect more than 79 million
people by the year 2020. It is a group of optic neuropathies that is found to be associated with
autoimmunity. One of its types is exfoliative glaucoma which is more prevalent in certain areas of the
world including Scandinavia. It is more aggressive and often resistant to conventional therapy. The
best treatment options for glaucoma lies at the early detection of the disease. The aim of the study
was to identify serum biomarkers in patients of exfoliative glaucoma in the Scandinavian population.
Serum samples of 30 patients of exfoliative glaucoma and 10 control subjects were profiled on epoxy
coated protein microarrays expressing immobilized His-tagged human antigens. 3072 antigens were
selected after a literature review which included the ones expressed in eye and retina. Proteinmicroarrays were incubated with sera, and occurring immunoreactivities were visualized with
fluorescence labelled secondary antibodies. To detect changes, spot intensities were digitized and
analysed with different statistical methods. Binary logistic regression was used to classify diseased
and controls. A significant increase of antibodies against IRAK4 antigen was detected among serum
samples of the controls (p = 0.002) as compared to the exfoliative glaucoma patients. Antibodies
against four other antigens were found to be more prevalent in serum samples of exfoliative
glaucoma patients although not significantly. These included FUT2, VAV2, and GPATCH8 and PFKFB1.
The logistic regression was able to classify diseased and controls with 100 percent accuracy
depending on 11 selected reactive antigens. Out of the 3072 antigens, IRAK4 was found to be the
only significant antigen with increased reactivity in controls as compared to exfoliative glaucoma
patients. IRAK4 has a role in innate immunity and signal transduction, antibodies against it may have
a neuroprotective effect in glaucoma. However, this is an initial exploratory study based on only 40
samples and further experiments with a larger sample size needs to be performed.
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POPULAR SCIENTIFIC SUMMARY
Blindness is a major cause of disability, which not only increases the financial burden on the
individual suffering but has a serious impact on the economy of a country. According to WHO more
than 11 million people worldwide will be blind by 2020. The most common cause of this irreversible
blindness is an eye disorder called glaucoma.
Glaucoma is a group of eye disorders that are characterized by optic nerve damage mainly due to
increased pressure in the eye. As the internal structures of the eye, like the lens, do not have blood
supply they rely on a special fluid secreted in the eye called aqueous humour. It is due to defective
drainage of this fluid which leads to building up of pressure in the eye and subsequent nerve
damage. It can be caused by several factors like injury to the eye, infection, structural defect at birth,
diabetes but the major risk factors include positive family history, increasing age and short
sightedness. By the time symptoms appear and the diagnosis is made, more than fifty percent of
nerve cell damage has occurred.
A decade ago researchers began to associate glaucoma to the defective immune response of the
body. The defence mechanism of the body produces antibodies against foreign invaders like bacteria
and other microorganisms. In normal conditions, the antibodies directed against the body’s own
proteins are neutralized or destroyed by very competent mechanisms in the body. However, in some
conditions, these autoantibodies fail to be destroyed and lead to severe damage and loss of function,
leading to various diseases like rheumatoid arthritis, hypothyroidism, diabetes and glaucoma to
name a few.
One of the types of glaucoma which is more prevalent in Scandinavian population is exfoliative
glaucoma. Exfoliative glaucoma is a manifestation of a systemic disorder called exfoliative syndrome,
which is often associated with problems in vascular and nervous systems. This type of glaucoma,
characterized by dandruff-like material in the eye, has a poor outcome, is rapidly progressive and
often resistant to conventional treatment. The purpose of this study was to find autoantibodies in
exfoliative glaucoma patients that can act as biomarkers for early detection of the disease and
therefore prompt management, to slow down the progression of the disease to prevent blindness.
The experiment included forty blood samples, including both exfoliative glaucoma patients and
normal people. The blood cells were separated and only the sera were tested against 3072 unique
proteins for the presence of autoantibodies, on a chip (called microarray) coated with these antigens.
The results identified several autoantibodies that were present mostly in exfoliative glaucoma
patients, which could be used as potential biomarkers for early detection. Furthermore, the selected
panel of these antibodies can also be used to separate diseased from normal patients.
The findings of this study can have a profounding effect on society. In the future, not only that, these
biomarkers could help in early detection and management of the disease but inhibitors against these
autoantibodies can also be used to neutralize their damaging effect hence acting as therapeutic
agents. However, in the future, large scale studies are needed in this direction to strengthen the role
of these biomarkers.
As previously mentioned, visual disability has a major impact on society. Finding the causative agent
before the damage has occurred is of utmost importance. The findings of our study are a step
forward in the direction of prevention of this irreversible eye damage.
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LIST OF ABBREVIATIONS
ACTL6B
AIC
BD
CCDC83
CDH5
CRISPLD2
CTLA-4
DD
DGCR2
EPM2A
FUT2
GFAP
GIDP
GPATCH8
HSP60
HSP70
IOP
IL-1R
LAMA 1
LAG-3
LOOCV
LOXL 1
MAD
MAP
MBP
MFI
MSANTD4
MyD88
NF-KB
NTG
PACG
PD-1
PFKFB1
POAG
PXFG
RMDN3
SCG2
TBC1D9B
TIGIT
TIM3
TIMM29
TLR
UBE2O
VAV2
VISTA
VKH
XFS
XFG

Actin Like 6B
Akaike information criterion
Bechet’s Disease
Coiled-Coil Domain Containing 83
Cadherin 5
Cysteine Rich Secretory Protein LCCL Domain Containing 2
Cytotoxic T-lymphocyte Associated Protein 4
Death domains
DiGeorge Syndrome Critical Region Gene 2
EPM2A Glucan Phosphatase, Laforin
Fucosyltransferase 2
Glial fibrillary acidic protein
Global immunodeficiency project
G-patch domain containing 8
Heat shock protein 60
Heat shock protein 70
Intra ocular pressure
Interleukin 1 receptor
Laminin Subunit Alpha 1
Lymphocyte activation gene 3
Leave one out cross validation
Lysyl oxidase like 1
Median absolute deviation
Mitogen activated protein
Myelin basic protein
Median fluorescent intensity
Myb/SANT-like DNA-binding domain containing 4 with coiled-coils
Myeloid differentiation primary response gene 88
Nuclear factor kappa-light-chain-enhancer of activated B cells
Normal-tension glaucoma
Primary angle-closure glaucoma
Programme Cell Death Protein 1
6-Phosphofructo-2-Kinase/Fructose-2,6-Biphosphatase 1
Primary open-angle glaucoma
Pseudoexfoliative glaucoma
Regulator Of Microtubule Dynamics 3
Secretogranin II
TBC1 domain family member 9B
T cell immunoreceptor with Ig and ITIM domains
T cell/transmembrane, immunoglobulin, and mucin 3
Translocase Of Inner Mitochondrial Membrane 29
Toll-like receptors
Ubiquitin Conjugating Enzyme E2 O
Vav guanine nucleotide exchange factor 2
V-domain Ig suppressor of T cell activation
Vogt-Koyanagi-Harada
Exfoliative syndrome
Exfoliative glaucoma

5

INTRODUCTION
According to WHO, 36 million people are legally declared blind worldwide. The measurement-based
definition of blindness according to WHO is visual acuity of less than 3/60, or a corresponding visual
field loss to less than 10°, in the better eye with the best possible correction (VISION 2020 the right to
sight). After cataract, glaucoma is the second most common cause of blindness, which unlike cataract
is irreversible.
Glaucoma is a group of optic neuropathies associated with characteristic structural changes at the
optic nerve head that may lead to visual field loss and ultimately blindness (Gupta and Chen, 2016).
By 2020, approximately 79.6 million persons worldwide will have glaucoma and more than 11 million
will be bilaterally blind from glaucoma (Quigley and Broman, 2006).

Pathophysiology of glaucoma
To understand the pathogenesis of glaucoma, it is vital to review the anatomy of eye. The anterior
segment of the eye includes the cornea, iris and the lens along with the anterior and posterior
chambers formed by the presence of iris which meets the cornea forming an iridocorneal angle. The
anterior segment of the eye as well as the cornea has no blood supply and therefore lies on aqueous
humor for nutritional needs. Aqueous humor is secreted by the ciliary body where the zonular fibers
of the lens are also attached, hence anchoring the lens in place. Flowing through the posterior and
anterior chambers, the aqueous humor finally drains out mainly through the canal of Schlemm and
trabecular meshwork as shown in Figure 1A. It is mainly due to defective drainage of aqueous humor
and not increased production which is responsible for leading to glaucomatous changes (Alward,
2003; Kwon, Fingert, et al., 2009; Kiel, 2010; Weinreb, Aung, et al., 2014; Jonas, Aung, et al., 2017).
Figure 1B shows the changes in glaucomatous eye as a result of defective drainage of aqueous humor
leading to pressure buildup in the virtuous body causing damage to retinal cells.
The normal intraocular pressure (IOP) lies between 10 -21 mm Hg (Jonas, Aung, et al., 2017) and it is
not uncommon to find it increased in patients of glaucoma. Further complicating is the fact that not
all people with raised IOP develop glaucoma and not all patients of glaucoma have increased IOP.
However, the mainstay of therapy remains lowering the IOP by topical drugs or if they fail to achieve
adequate IOP then reverting to laser or incisional surgery (Weinreb, Aung, et al., 2014).

Figure 1. Cross section of a normal and glaucomatous eye. Figure 1A shows the production of aqueous humor
and its flow through the anterior and posterior chambers, before draining into the Canal of Schlemm and
trabecular meshwork. Figure 1B shows the blockage of aqueous humor drainage, leading to increased pressure
and damage to retinal cells, indicated by blue arrows.

Although glaucoma frequently occurs without an elevation of intraocular pressure (Iwase, Suzuki, et
al., 2004) the disease is nonetheless classified according to anterior-segment variations that can
elevate intraocular pressure. Glaucoma is classified into primary and secondary types depending on
6

the aetiology and into open-angle and angle-closure types depending on the appearance of the
iridocorneal angle (Kwon, Fingert, et al., 2009). Primary open-angle glaucoma can occur with or
without elevated intraocular pressure; the latter is sometimes called normal-tension glaucoma (NTG)
(Kwon, Fingert, et al., 2009). Secondary glaucoma can result from trauma, certain medications such
as corticosteroids, inflammation, tumour, or conditions such as pigment dispersion or exfoliation
syndrome (Weinreb, Aung, et al., 2014). The two most common forms of glaucoma are primary
open-angle glaucoma (POAG) and primary angle-closure glaucoma (PACG), with the former
approximately seven times more common than the latter in the United States and Europe (Quigley
and Broman, 2006).
When POAG and PACG are left untreated, the typical disease course is chronic, progressive, and
irreversible visual field loss, which may progress to tunnel vision and, ultimately, loss of central
vision. Many patients with glaucoma remain asymptomatic, even as the disease advances, because
progressive visual field loss is peripheral and typically asymmetric, which allows for compensation
from the overlapping, less-affected visual field of the other eye (Gupta and Chen, 2016). As a result,
POAG is often found incidentally on ocular examination (Gupta and Chen, 2016). Although the
prevalence of glaucoma increases with age, most patients with undetected glaucoma are younger
than 60 years, which represents an opportunity to diagnose the disease earlier (Shaikh, Yu, et al.,
2014).

Risk factors
The main risk factors for glaucoma include increasing age (Rudnicka, Mt-Isa, et al., 2006; Heijl,
Bengtsson, et al., 2009; Kim, Kim, et al., 2012, 2016), an intraocular pressure too high in relation to
the pressure sensitivity of the optic nerve head (‘The Advanced Glaucoma Intervention Study (AGIS):
7. The relationship between control of intraocular pressure and visual field deterioration.The AGIS
Investigators.’, 2000; Kass, Heuer, et al., 2002; Leske, Heijl, et al., 2007; Musch, Gillespie, et al., 2009;
Garway-Heath, Crabb, et al., 2015), ethnic background (Rudnicka, Mt-Isa, et al., 2006; Leske, Wu, et
al., 2007), family history for glaucoma and high myopia (Xu, Wang, et al., 2007; Perera, Wong, et al.,
2010; Qiu, Wang, et al., 2013).

Diagnostic criteria
Diagnosis of glaucoma involves three main modalities. Ophthalmoscopy, to examine the optic nerve
head and retinal nerve fiber layer (Perera, Wong, et al., 2010; Chauhan, O’Leary, et al., 2013;
Loewen, Zhang, et al., 2015; Skaat, De Moraes, et al., 2016; Zhang, Loewen, et al., 2016). Parametric
visual field examination is the second most important technique not only for diagnosis but also for
follow up (‘The Advanced Glaucoma Intervention Study (AGIS): 7. The relationship between control
of intraocular pressure and visual field deterioration.The AGIS Investigators.’, 2000; Drance,
Anderson, et al., 2001; Musch, Gillespie, et al., 2009). Tonometry to measure IOP, although
performed as a diagnostic measure, is however, a weak diagnostic criterion as most patients may
have normal IOP (Jonas, Aung, et al., 2017).

Exfoliative glaucoma
One type of glaucoma is called exfoliative glaucoma. It is part of a systemic disorder called exfoliative
syndrome (XFS), which is characterized by exfoliative (dandruff –like) material deposition in the eye.
It is associated with significant ocular manifestations, like glaucoma and cataract and may also be
associated with systemic pathologies like cerebrovascular or cardiovascular diseases. This disease
affects approximately 70 million people globally and is now recognized as the most common
identifiable cause of open-angle glaucoma (Nazarali, Damji, et al., 2018).
7

Exfoliative glaucoma (XFG) is typically an aggressive disease with a poorer prognosis compared with
POAG (Nazarali, Damji, et al., 2018). Patients with XFG may experience larger IOP fluctuations,
greater visual field loss and disc damage, reduced response to medications, more rapid progression
and require surgical management (Leske, Heijl, et al., 2007; Kanthan, Mitchell, et al., 2013).
Moreover, due to the deposition of exfoliative material on the lens and other intraocular structures
leading to weakening of membranes, results in failed surgical interventions for cataracts. The
prevalence of the condition shows huge variations among the different population with the
Scandinavian and the Mediterranean population being the most affected (Miglior and Bertuzzi,
2015).

Autoimmunity and Glaucoma
Glaucoma is thought to be associated with an autoimmune reaction, which involves an immune
response against cells and tissues in the eye. There are a number of ways in which the body keeps
the self-reacting immune T and B cells under control, however, no matter how stringent they might
be, they are prone to failure (Theofilopoulos, Kono, et al., 2017).
The first step by which the body is able to detect and eliminate pathogens yet avoids eliciting selfdestructive anti self-responses is the mechanism of tolerance which occurs centrally in the thymus
for T cells and fetal liver and bone marrow for B cells. During the development of the T and B cell,
precursor cells against the antigens are positively selected and those with low avidity for self are
released to periphery. T cells with high affinity for self-antigens are deleted or differentiated to Treg
cell (regulatory T cells) while the autoreactive B cells are deleted or receptor edited (Theofilopoulos,
Kono, et al., 2017). However, the mechanism of central tolerance, as previously assumed to have
eliminated the autoreactive immune cells with high fidelity, has in many studies shown to be prone
to leakage of autoimmune cells in the blood (Bouneaud, Kourilsky, et al., 2000).
To deal with the escaped autoreactive immune cells and to contain body from self-harm there are
several other mechanisms. Presence of inhibitory molecules, anergy and ignorance are all important
mechanisms for self-tolerance. Several inhibitory molecules (e.g. CTLA-4, PD-1, LAG-3, TIM3, VISTA,
TIGIT, FcγRIIb, and certain Siglecs) are expressed on the surface of T and B cells to prevent excessive
immune responses, both normal and anti-self. Deficiency of some of these molecules leads to
autoimmunity, providing strong evidence that autoreactive lymphocytes are present in the
peripheral repertoire but are normally under control (Paterson and Sharpe, 2010; Okazaki, Chikuma,
et al., 2013; Macauley, Crocker, et al., 2014; Pincetic, Bournazos, et al., 2014; Schmitt, Sell, et al.,
2016; Ceeraz, Sergent, et al., 2017).
Anergy, an acquired state of functional unresponsiveness, of the newly released immune cells is
another way of suppressing the autoimmunity (Fathman and Lineberry, 2007). The immune cells in
the state of anergy show impaired activation, proliferation and antibody secretion (Zikherman,
Parameswaran, et al., 2012; Friesen, Ji, et al., 2016). The newly released B and T cells are converted
to a state of anergy due to the presence of inhibitory molecules and low level interaction with
antigens. However, it is important to note that this state of anergy is not permanent and can be
reversed in the presence of inflammation (Theofilopoulos, Kono, et al., 2017).
A third mechanism which plays an important role in preventing autoimmunity against the eye is the
concept of immunological-privilege. Autoreactive immune cells may remain quiescent due to
ignorance of tissue-specific antigens sequestered behind anatomic borders. Such immunologicalprivilege sites include eye, brain and testis. However, like the other mechanism, this is also not
infallible and factors such as infective agents, injury or tissue damage can result in activation of
autoantibodies by releasing the antigens across borders (Theofilopoulos, Kono, et al., 2017).
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The first association of autoimmunity in glaucoma patients was seen by Wax et al in 1994 by the
detection of increased titres of antibodies against heat shock protein 60 (HSP60) (Wax, Barrett, et al.,
1994; Wax, Tezel, et al., 1998). Later, various studies demonstrated alteration in autoantibodies both
in serum and aqueous humour of glaucoma patients. Several autoantibodies, such as against, HSP70,
vimentin (Joachim, Bruns, et al., 2007), anti-phosphatidylserine (Kremmer, Kreuzfelder, et al., 2001),
g-enolase (Maruyama, Ohguro, et al., 2000), glycosaminoglycans (Tezel, Edward, et al., 1999),
neuron-specific enolase (Ikeda, Maruyama, et al., 2002), glutathione-S-transferase (Yang, Tezel, et
al., 2001), myelin basic protein (MBP) (Joachim, Reichelt, et al., 2008), glial fibrillary acidic protein
(GFAP), retinaldehyde binding protein or retinal S-antigen (Reichelt, Joachim, et al., 2008) were
identified indicating a role of autoimmunity in glaucoma.
Similar studies have been done in the past which show a link between different types of glaucoma
and autoimmunity. The purpose of this study is to identify possible autoantibodies in serum of
exfoliative glaucoma patients in the Scandinavian population. As the Scandinavian population is at a
higher risk of developing exfoliative glaucoma, therefore this study targeted this disease.

Aim of the study
The aim of this study is to perform autoimmune profiling of serum samples of patients diagnosed
with exfoliative glaucoma in the Scandinavian population in order to identify possible diagnostic
biomarkers. In addition, the associated genes will be identified to increase the understanding of the
onset of the disease. Identifying diagnostic biomarkers will have an important impact to identify
patients in the early stage of the disease, which may improve future interventions.

METHODS
This study is based on miniaturized 2D arrays called protein microarrays (Chandra, Reddy, et al.,
2011). The reason for using this technique is that it allows performing simultaneously high
throughput studies of thousands of proteins (Hultschig, Kreutzberger, et al., 2006; Chandra and
Srivastava, 2010; Gonzalez-Gonzalez, Jara-Acevedo, et al., 2012) and their analysis in a single
experiment. In this study, large scale data of more than 3000 unique protein molecules was analyzed.
Microarray analysis usually includes four main steps: design (surfaces, content, detection method),
data preprocessing, inference, classification and validation (Díez, Dasilva, et al., 2012). The first two
steps had already been completed at the SciLifeLab. The methods used are conventional, except for
designing the microarray with specific antigens.

Sample information and preparation
Serum samples from 30 patients of known exfoliative glaucoma were recruited at Skaraborg Hospital
by the clinical specialist Dr. Marcelo Ayala. The study was approved by the ethical research
committee of the Karolinska Institute (2016/1000-31/4). The samples were stored at -80oC until
further usage. The tubes were further centrifuged at 27000xg, at 4oC, for 30 minutes to remove any
cells left in the samples. The supernatant was measured and 50 µl of it was carefully transferred to a
96 well plate in randomized order. The remaining supernatant was transferred in new tubes and
labelled accordingly. Since no matching control samples were available, ten serum samples from
anonymous blood donors were taken from the Global Immunodeficiency Project (GIDP/IMD) at
SciLifeLab and used as controls.
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Protein microarray
384 human protein fragments (antigens) were immobilized on epoxy coated slides (produced within
The Human Protein Atlas Project, SciLifeLab) in 21 identical blocks so that 21 different samples can be
tested on one slide. One print batch refers to one set of array block containing 384 antigens. Each
sample was tested on eight blocks forming eight print batches. These eight print batches represent
3072 (8 x 384) antigen-antibody reactions. The selection of immobilized antibodies included LOXL1
and other genes expressed in the eye and retina.

Autoimmune profiling assay
The samples were diluted in the ratio of 1:250 with the assay buffer containing His6ABP tag as one of
the components. The samples were incubated in assay buffer for 30 minutes before transferring to
slides containing antigen arrays. Figure 2 shows the distribution of antigens on arrays along with the
attachment of fluorescent labelled secondary antibodies to the antigens. The samples were
incubated on the arrays for one hour on a shaker (240 rpm) before being washed by 0.01% PBSTween and then incubated with hen anti-His6ABP (produced within The Human Atlas Project) for one
hour on the shaker. Two secondary antibodies conjugated with fluorescent molecules were used.
Goat anti-chicken IgY antibody conjugated with Alexa 555 (Invitrogen Cat # A-21437) that attached to
the hen-antiHis6ABP present in the samples. The second secondary antibody used was anti-human
IgG, Fcy specific, conjugated with Alexa 647 (Jackson immunoresearch Cat. # 109-606-008) that
attached with IgG antibodies present in the samples. The incubation with secondary antibodies was
also done for one hour before being washed by PBS Tween. The slides were then scanned using a
LuxScanTM HT24 Microarray scanner (CapitalBio Corporation) at a resolution of 10 um. The images
were analyzed using GenePix Pro 5.1 image analysis program. Statistical analysis was done in R
program (R Core Team, R Foundation for Statistical Computing, Vienna, 2018).

Figure 2. An illustration of the microarray technique. Fluorescent labelled secondary antibodies were used to
detect the IgG human antigens. Each array contained 21 similar blocks coated with 384 unique antigens.
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Data pre-processing and normalization
The result from the image analysis was filtered and spots having less than 30 pixels in size or those
flagged were labeled as NA. This was standard value used in the lab for previous such microarray
analysis. Samples having 25% of features as NA were excluded from the analysis.
The calculation was based on MAD (median absolute deviation) which is a non- parametric version of
standard deviation and is more robust against the outliers. MADs score for each antigen was
calculated by the formula MADs= (MFI – median)/MAD) where MFI is the median fluorescent
intensity of the raw data.

Statistical analysis, classification and validation
The analysis was done in R version 3.5.1. From the total number of antigens (3072) for each of the 30
glaucoma patients and ten controls, filtration was done based on the MAD score. Filtration was done
by removing antigens that did not show reactivity (low MAD score) in any of the 40 individuals.
Reactivity was determined as a MAD score greater than a certain cut-off value. A cut-off value
greater than 70 MADs was set above the background noise. Different cut-off values were evaluated
during the project. Antigens that showed a MAD score greater than the cut-off value for at least four
individuals survived the filtering process and were included for further analysis. A bar chart for each
of the survived antigens was generated where the x-axis represents the 40 individuals in the study
and the y-axis shows the MAD score. The intensity values were then converted to digital signals (ones
and zeros) depending on whether the values were above or below the cut-off. Next, the frequencies
of the ones and zeros of the two groups (glaucoma patients and healthy controls) were calculated. To
determine whether an antigen is significantly reactive in the glaucoma patients versus the healthy
controls, Fisher's exact test was used on the frequencies on the two groups for each antigen. The
choice of Fisher's exact test over the Chi-square test was mainly due to that the expected frequencies
were low(du Prel, Rohrig, et al., 2010). Since this study is an exploratory study, with the aim to
identify potential biomarkers, no adjustment for multiple comparisons was made. Antigens that
show a significant reactivity between the two groups were further analysed by literature studies to
see if they could be associated with any proteins in the eye tissue. It was also tested if the filtered
antigens could be combined in order to classify the healthy controls from the glaucoma patients.
Classification was evaluated on the digital signals. Binary logistic regression was used to identify any
combination of antigens that could be used to classify the two groups. This classification method was
selected since it can deal with data on different scales and was simple to interpret in the clinical
setting. To determine the performance of the model, leave one out cross validation was used. A
backward elimination procedure was used to reduce the model based on the Akaike information
criterion (AIC).

RESULTS
Differential antigen reactivity between controls and exfoliative glaucoma
patients
The experiment started with forty serum samples, out of which ten were controls. The samples were
numbered from 1-30 belonging to the diseased group and from 31-40 belonging to the control group.
Two additional samples marked as empty_1 and empty_2 were also included as being negative
controls. All the samples were subjected to microarray analysis. After scanning and analysing, the
images by GenePix Pro 5.1, images were flagged and excluded if having less than 30 pixels. Any
variable (antigen), having 25 percent of flagged data was not included in the final analysis.
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Furthermore, samples which showed more than five percent reactivity in at least three print batches
were also excluded from analyses. The percentage of reactivity for labelling any sample as over
reactive was standard value used earlier for similar analysis. As seen in Figure 3, sample 23 shows
more than five percent reactivity in three print batches. The x-axis represents the eight print patches
while the y-axis shows the median fluorescent intensity (MFI) which was used to calculate the MAD
score. As seen in Figure 3, print batch 186, 188 and 161 shows that most of the antigens in the
sample show reactivity. Other samples excluded from further analysis on this criterion included
sample number 11, 17, 18, 23, 30, 35 and 39.

Figure 3. An example of an over-reactive sample. Sample 23 showed more than five percent reactivity in three
print batches. The x-axis shows reactivity of the eight different print batches. The y-axis shows the median
fluorescent intensity of the antigens.

By applying the above two criteria for exclusion, in total seven samples were excluded from data
analysis including five from the diseased group. Out of total 3072 antigens analyzed for each sample,
116 were excluded as having more than 25 percent flagged images. This left 33 samples tested for
2956 antigens for the final data analysis.
The next step in the data analyses was to identify any antigen that showed reactivity. For this
purpose, the cutoff point of > 70 MADs was selected. This cutoff was chosen as it was the standard
value used at SciLifeLab based on previous such analysis. Graphical representation of all antigens in
each sample and the distribution of each antigen in all samples was done by the bar plots. Figures 4A
and 4B show two such bar plots. In Figure 4A the y-axis is represented by the MADs of antigen
TIMM29 (fragment HPRR3280067_PB136) and x-axis shows its distribution in all samples. The red
line marks the cutoff point for reactivity. It can be seen that this particular antigen is found to be
reactive in two samples: sample 33 which is a control and sample 7 which belongs to the diseased
group. In both these samples, the level of reactivity is much higher than the minimum threshold of
70, reaching more than 800 MADs in the control sample. The level of reactivity in the negative
controls empty_1 and empty_2 is almost zero as expected which shows that reactivity is not due to
any reagent in the test solution.
Figure 4B gives another perceptive of distribution of antigens. Here it shows the reactivity of all
antigens tested, in sample 32. The x-axis represents the 2956 antigens and the y-axis shows the MAD
scores. It can be seen that in this sample, belonging to the control group, less than 20 antigens out of
12

2956 are reactive, which means that this individual has antibodies that bind about 0.7 percent of the
antigens.
A

Figure 4. Representative results from the microarrays. Figure 4A shows the reactivity of antigen TIMM29 in all
samples. The red horizontal line shows the cutoff of 70 MADs. The antigen is reactive in sample 33 and sample
7. Figure 4B shows the distribution of all 2956 antigens in sample 32.

In order to perform any significant statistical analyses, the data was then filtered for presence of
antigens above cutoff >70 MADs, in at least four samples. This resulted in shortlisting antigens from
2956 to 36. Similar bar plots as in Figure 4 were generated, after filtration, shown here in Figure 5A
and 5B. Figure 5A shows the distribution of antigen EPM2A (HPRR3890072_PB186) across all
samples. It can be seen that this antigen is reactive in ten samples (14, 15, 16, 2, 22, 26, 3, 33, 36 and
40) as indicated by the bars crossing the red cutoff line. Seven of the reactive samples are from the
diseased group as compared to three from controls. The sample showing the strongest reactivity is
sample 33 which belongs to the control group. This antigen is also the one that is reactive in most of
the samples. Empty_1 and Empty_2 show zero reactivity, which is a good sign showing that reactivity
is only due to antibodies and not due to any reagent in the test solution. Barplots of the rest of the
samples showing the reactivity against different antigens are attached as Appendix A.
Figure 5B shows the distribution of all the reactive antigens in sample 3 which belongs to the
diseased group. It shows that 15 antigens are reactive out of 36 shortlisted antigens. Most of the
antigens reactivity is well over 200 MADs with three antigens being very strongly reactive. Barplots of
the rest of the 36 antigens in all samples are attached as Appendix B.
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A

Figure 5. Representative results from the microarrays after filtration of data. Figure 5A shows that 10 samples
are reactive against the antigen EPM2A. This is also the most prevalent antigen. Figure 5B shows the
distribution of all antigens in a diseased sample number three. 15 antigens show strong reactivity in this
sample. This sample is also the one which shows the highest number of reactive antigens.

Table 1 shows the list of all the 36 shortlisted antigens along with their gene IDs and the total
number of reactive samples for each of the antigen. The reactive samples include both the diseased
and the control samples. The most reactive antigens include EPM2A, SCG2, VAV2, FUT2, UBE2O and
ACTL6B which are reactive in seven samples and more.
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Table 1. List of Gene IDs of all the 36 shortlisted antigens along with the number of samples in which they show
reactivity. The samples include both diseased and control groups. EPM2A is the antigen that is found to be
reactive in the highest number of samples, which includes seven from diseased and three from the control
group.

Gene ID

Reactive samples

Gene ID

Reactive samples

EPM2A

10

SCOC

4

SCG2

9

TBC1D9B

4

VAV2

9

SHTN1

4

FUT2

8

CHIT1

4

UBE2O

8

RMDN3

4

PFKFB1

7

SCG5

4

ACTL6B

7

CDH5

4

6

IRAK4

4

GPATCH8

6

TET3

4

DGCR2

6

CCNI2

4

CCDC83

5

ME1

4

GRK7

5

GL13

4

OGFOD3

5

MSANTD4

4

CRISPLD2

5

DBNDD1

4

CLTCL1

5

CCDC134

4

CAPZA2

5

CCDC47

4

FAM84B

4

SOS1

4

LAMA1

4

PALM2

4

MYC,
factor

bHLH

transcription

After filtering the data and shortlisting 36 reactive antigens the next task was to identify whether
they were significantly different in diseased or control groups. For this purpose, two-sided Fisher’s
exact test was applied on the digital intensities of MADs. All values that were below the detection
limit were set to zero. For conversion to digital intensities, the MAD scores were converted to “1”s
and “0”s. All scores above 70 were set as “1” meaning reactive and the scores less than or equal to
70 were set as “0” meaning unreactive. Fisher’s exact test (unadjusted for multiple comparisons) was
done to find the significant difference between diseased and control group. The value of alpha was
set to 0.05 and p-values less than 0.05 were considered significant.
The results of Fisher’s test are shown in Table 2. The only reactive antigen that was found to be
significantly different was HPRR280120. This antigen is the product of gene IRAK 4 (interleukin 1
receptor-associated kinase 4). As seen in Table 2 it is reactive in half of the controls but none of the
diseased sample. Other reactive antigens of interest belonged to the product of genes FUT2, PFKFB1,
VAV2 and GPATCH8, as they are mostly expressed only in the diseased samples and none of the
controls.
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Table 2. List of potential biomarkers. Five genes of interest, along with their function, against which antibodies
were found to be reactive. D= diseased samples. C= control samples.

Predicting diseased patients on the basis of reactive antigens
The second aim of the study was to create a model to predict the probability of having disease based
on antigens reactivity. As the data was not normally distributed and the variables had nonhomogenous covariance, the binary logistic regression was applied. In addition, logistic regression to
classify was based on the estimated probabilities rather than focusing on the estimated odds ratios.
The model gave perfect separation with 100 sensitivity and specificity based on the 36 variables. In
order to simplify the model and to remove the variables having less probability to predict, the
backward elimination was used. By using the backward elimination, the model with the lowest AIC
was selected. Note that the full model usually predicts the data best. Thus, the aim of the elimination
procedure is to remove irrelevant variables that do not, or only marginally, reduce the accuracy of
the model. This reduced the model to 11 antigens namely LAMA1, TBC1D9B, CCDC83, EPM2A,
RMDN3, UBE2O, CDH5, CRISPLD2, MSANTD4, DGCR2 and VAV2 predicting the diseased or control
with 100 percent accuracy. These set of biomarkers can potentially be used to identify exfoliative
glaucoma patients. The model was further cross-validated by using LOOCV (leave one out crossvalidation). The accuracy of the classifier based on LOOCV is 73 percent, with 63 percent sensitivity
and 76 percent specificity. The logistic equation for the reduced model is shown below:
Logit[p(x)] = (109.97) + (53.99) x LAMA1 + (-134.33) x TBC1D9B + (185.15) x CCDC83 + (-88.26) x
EPM2A + (171.45) x RMDN3 + (-135) x UBE2O + (87.9) x CDH5 + (-43.71) x CRISPLD2 + (136.81) x
MSANTD4 + (-135.31) x DGCR2 + (-44.71) x VAV2
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DISCUSSION
The association between glaucoma and autoimmunity has long been established. Since 1994 ,with
the detection of increased levels of autoantibody against HSP60 (Wax, Barrett, et al., 1994),
numerous studies have detected alteration in a number of autoantibodies both in the aqueous
humor and the serum of glaucoma patients (Tezel, Edward, et al., 1999; Maruyama, Ohguro, et al.,
2000; Kremmer, Kreuzfelder, et al., 2001; Yang, Tezel, et al., 2001; Ikeda, Maruyama, et al., 2002;
Joachim, Bruns, et al., 2007; Joachim, Reichelt, et al., 2008; Reichelt, Joachim, et al., 2008). Most of
the studies are centered on POAG or NTG, types which are most prevalent and affecting millions of
people throughout the world.
However even after two decades later, not much work has been done in the autoimmune profiling of
exfoliative glaucoma. Although the reason is probably due to the low prevalence of this disease
worldwide, its significance in terms of being more aggressive and unresponsive to conventional
treatment makes it equally important to unravel the pathogenesis. In this view, as with other types
of glaucoma, often the results of similar studies are quite different depending on different
populations. The exfoliative glaucoma having clinical presentation, progression, outcome and often
endemic areas quiet dissimilar to the other types of glaucoma, the results of previous studies might
not prove comparable. Based on this assumption, and also the scarcity of such research in this area,
the current study provides a significant contribution to the area.
In most of the previous studies, autoimmune profiling was done with methods like western blotting
or mass spectrometry. Both of these methods are biased towards the detection of autoantibodies
directed against highly expressed proteins (Dervan, Chen, et al., 2010). In this study, we employed a
microarray method which is a high throughput technology. The method is cost and time effective as
multiple samples can be profiled simultaneously and, unlike previous techniques, can detect
antibodies regardless of the level of expression of antigens (Dervan, Chen, et al., 2010).
In this study, we were able to identify five antibodies that may be promising biomarkers for early
detection of exfoliative glaucoma (Table 2). The most significant antibody was found to be directed
against IRAK4 antigen. IRAK4 belongs to the family of protein kinases that are functionally diverse
and undergo frequent mutations in the human genome. There are almost 518 genes that code for
different protein kinases, which function in essential cellular pathways such as cell signaling,
apoptosis, signal transduction, and propagation of immune responses (Manning, Whyte, et al., 2002).
Interleukin (IL)-1 receptor-associated kinase 4 (IRAK4) is a serine/threonine kinase that performs an
important function of scaffolding and phosphorylation in toll-like receptor (TLR) and IL-1 receptor (IL1R) signaling pathways (Li, Strelow, et al., 2002). TLR and IL-1R are two large families of pattern
recognition and cytokine receptors, respectively, involved in inflammatory and immune signaling for
the protection of host organism (Kawai and Akira, 2010; Netea, Wijmenga, et al., 2012). Detection of
pathogenic patterns results in dimerization-driven signal transduction. TLR and IL-1R share a
common toll/IL-1R (TIR) domain, which is crucial for recruiting the downstream adaptor molecule,
myeloid differentiation primary response gene 88 (MyD88) (Ferrao, Li, et al., 2012). Subsequently,
MyD88 recruits interleukin-1 receptor-associated kinase (IRAK) family members through a complex
assembly of death domains (DD) called ‘myddosome’ (Lin, Lo, et al., 2010). Four subtypes of IRAKs
are known: IRAK1, IRAK2, IRAK3 (or IRAKM), and IRAK4. IRAK4 is the most upstream kinase of the
IRAK subtypes, which recruits further members of IRAK family by trans-autophosphorylation of serine
and threonine residues, propagating signal transduction which finally culminates to the activation of
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) and mitogen-activated protein
(MAP) kinases (Chalfie, 1995; Li, Strelow, et al., 2002; Cheng, Addona, et al., 2007; Patra and Choi,
2016). IRAK4 has a role in innate immunity and is found mostly in macrophages and monocytes
(Kobayashi, Hernandez, et al., 2002).
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It has been observed that knock out mice for IRAK4 gene are susceptible to bacterial and viral
infections (Suzuki, Suzuki, et al., 2002) while in humans, mutations in IRAK4 increases susceptibility
to gram-positive infection (Picard, Puel, et al., 2003). The association of malfunctioning of IRAK4 has
been studied in numerous studies which found its overexpression in autoimmune diseases like
systemic lupus erythematosus, rheumatoid arthritis, psoriasis, gout and even some kinds of cancers
(Li, 2008; Chen, Lin, et al., 2013; van de Veerdonk and Netea, 2013).
In association with the disorders of the eye, the role of IRAK4 has been linked to two autoimmune
diseases, Vogt-Koyanagi-Harada (VKH) and Bechet’s disease. VKH is a multisystem autoimmune
disorder directed against melanocyte antigens that mainly affects the pigmented tissues in the eye,
the auditory, integumentary and central nervous system. It results in bilateral panuveitis leading to
decreased vision or even blindness (Bykhovskaya, Thorne, et al., 2005; Yang, Zhang, et al., 2005; Rao,
Gupta, et al., 2010). A study done in China found significantly increased expression of IRAK4 in
patients of active VKH as compared to normal or patients having inactive VKH disease. They also
tested IRAK4 inhibitor which led to a decrease in expression of IRAK4 and decrease inflammatory
damage (Sun, Yang, et al., 2014).
Apart from VKH, another disease which is a common cause of uveitis is Bechet’s disease (BD). BD is a
chronic systemic relapsing inflammatory disease often manifesting as recurrent uveitis, genital ulcers
and skin lesions (Yang, Fang, et al., 2008). Although various etiologies have been presumed, BD is
believed to be an autoimmune disease in origin (Yamamoto, Minami, et al., 1993; de Smet and
Dayan, 2000; Hamzaoui, Hamzaoui, et al., 2002). Studies show that high levels of IRAK4 are found to
be correlated to the development of active Bechet’s disease suggesting its role in the pathogenesis of
the disease. Moreover, the use of IRAK4 inhibitors may be a promising therapeutic agent for this
blinding disease (Sun, Yang, et al., 2018).
The above pieces of evidence clearly indicate the role of IRAK4 as a proinflammatory molecule. In our
study, the presence of autoantibodies against IRAK4 in controls suggests neutralization of IRAK4
leading to decrease signal transduction and suppression of inflammatory response. The absence of
autoantibodies in the disease samples suggests an unhindered and possibly overexpressed role of
IRAK4 in response to any infective or injurious element in the eye, resulting in the manifestation of
glaucomatous changes. This hypothesis should further be studied by investigating the use of IRAK4
inhibitors which may be a promising therapeutic agent for this blinding disease.
Apart from IRAK4, we suggest four other promising biomarkers which are FUT2, VAV2, PFKFB1 and
GPATCH8. Although the results are not significantly proven, however the fact that antibodies against
these antigens are found almost exclusively in the diseased samples (Table 2), renders their
investigation imminent.
Regarding the role of VAV2, a study done in Japan suggested that deficiency of VAV2 in mice leads to
early onset of iridocorneal angle changes and elevated IOP with subsequent selective loss of retinal
ganglionic cell and optic nerve head cupping, which are the hallmarks of glaucoma. The expression of
VAV2 was demonstrated in the iridocorneal angle and retina of both mice and in humans’ eyes. In
addition, a genome-wide association study screening glaucoma susceptibility loci using single
nucleotide polymorphism analysis identified VAV2 as a candidate, for associated genes in Japanese
open-angle glaucoma patients (Fujikawa, Iwata, et al., 2010). This strengths our hypothesis that
antibodies directed against VAV2, as found in the diseased samples in our study, may be a promising
biomarker for exfoliative glaucoma. However various other studies done in Indian, and Japanese
populations found no association of VAV2 to glaucoma (Rao, Kaur, et al., 2010; Shi, Takano, et al.,
2013). Another study proved the claim that no effect on phagocytosis by trabecular meshwork cells
was observed in the presence of knockdown VAV2 (Peotter, Phillips, et al., 2016). The contradictory
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results in these studies provide a strong reason to further study the effect of VAV2 antibodies in
future.
The role of antibodies against FUT2, PFKFB1 and GPATCH8 have not been very well established.
Various studies do suggest that polymorphism in FUT2 gene is found in autoimmune diseases like
Bechet’s disease, inflammatory bowel disease and Crohn’s disease (Takeuchi, Kastner, et al., 2015)
hinting at its anti-inflammatory role. However, no studies suggestive of PKKFB1 and GPATCH8 in
association with eye diseases could be found.
The limitations of our study are that there is a major difference in the number of controls and
diseased samples. Secondly, there was no information about age, gender or any other comorbid in
the controls that could lead to bias. Thirdly, the microarray used for profiling was standard and not
custom made and although it included many of the antigens expressed in eye and retina but still
some of the antigens were not tested in the study. In addition, since this was an exploratory study,
no adjustment for multiple Fisher’s tests was done, which may increase for possible risk for type 1
errors (identification of false positive reactivity between the control group and the patients).
A similar study to ours was done in Ireland where they performed autoimmune profiling of
pseudoexfoliative glaucoma patients and normal controls by protein macroarray method (Dervan,
Chen, et al., 2010). They performed profiling of 10,000 proteins on the sera of diseased and sex and
age-matched controls. The results of the study showed that seven antigens were found to be
significantly reactive in the diseased group. Some of the significant ones like STMN4 and TMEM9B
also had a role in signal transduction like IRAK4, while CLPTM1 had a role in T cell differentiation. In
the study, the authors used a similar number of matched controls and PXFG patients, in comparison
to our study. However, as they used a different panel of antigens on arrays, the results cannot be
directly compared to our study as these antigens were not tested in our experiment.
A second aim of our study was to be able to classify the diseased and normal groups. For this purpose
we employed binary logistic regression as a method of classification. By using the backward
elimination approach we selected 11 reactive antigens, including LAMA1, TBC1D9B, CCDC83, EPM2A,
RMDN3, UBE2O, CDH5, CRISPLD2, MSANTD4, DGCR4 and VAV2. All of these antigens are found to be
reactive in more diseased samples than controls. The accuracy of this model, by LOOCV, came to be
73 percent with 63 percent sensitivity and 76 percent specificity. The current methods of screening
glaucoma which includes the tonometry, retinoscopy and visual field assessment, has an accuracy of
85 percent (Burr, Mowatt, et al., 2007). The accuracy of our model is still not comparable to that.
Therefore further experiments are needed to detect a panel of antigens that improve the accuracy of
this model.
Finally, another important finding in our study is related with the absence of reactive antibodies
against LOXL1 antigens. LOXL1 is a member of the lysyl oxidase family of enzymes that catalyze the
covalent cross-linking of collagen and elastin in connective tissues through oxidative deamination of
lysine or hydroxylysine side chains (Schlötzer-Schrehardt, Pasutto, et al., 2008). LOXL1 seems to be
specifically required for tropoelastin cross-linking and has been shown to be involved in elastic fibre
formation, maintenance, and remodelling (Liu, Zhao, et al., 2004). Thus, it is conceivable that
antibodies against the LOXL1 antigen may contribute to the formation and accumulation of the
aberrant fibrillar aggregates in tissues of exfoliative glaucoma. Some other studies have identified
dysregulation in LOXL 1 expression in patients of exfoliative glaucoma (Whigham and Allingham,
2011). However not finding any evidence of LOXL1 involvement in our study strengthens the
significance of differences among the different population and the concept of personalized medicine.
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In conclusion, the antibodies against IRAK4 show a significant difference between control and
exfoliative glaucoma patients. Not only can it be used as a diagnostic biomarker but inhibitors against
IRAK4 should also be evaluated for their therapeutic effect. Furthermore, we have also identified a
number of other potential biomarkers which can prove beneficial after further validation.

ETHICS AND IMPACT ON SOCIETY
The study was approved by the ethical research committee of the Karolinska Institute (2016/100031/4). The patients included in the study had a complete ophthalmic examination at the
Ophthalmology Department, Skaraborgs hospital, Sweden. The investigation was conducted in
accordance with the tenets of the Declaration of Helsinki (Decleration of Helsinki, 2001). Informed
consent was obtained from the patients after explanation of the nature and outcome of the study.
The risk of harm such as bruising or infection to patients and health workers was kept at a minimum
by following the WHO guidelines for phlebotomy and taking all sterile measures (WHO guidelines on
drawing blood, no date). The identity of the patients was blinded for researchers that were involved
in the analysis part of the study. To minimize the bias the patients’ personal information, like age or
gender was unknown while performing the analyses. Keeping in view the burden of disease leading
to blindness and the grave effect of it not just on the person suffering but also on the economy of the
country, it is of utmost importance to delay or stop the progression. As mentioned earlier, the
disease is often diagnosed years later after its onset, while a great number of neurons have already
been damaged. Therefore it is of utmost importance that all means should be taken for screening
and early detection of exfoliative glaucoma so that targeted therapy could be given to delay its
progression. The effect of this study by detecting serum biomarkers that could be helpful in early
diagnosis of the disease cannot be undermined. Moreover presence of these biomarkers is also an
important step towards designing targeted therapeutic agents. However, this is only a pilot
exploratory study with a small number of subjects without matched controls. For validation of the
biomarkers identified in this study, further large scale analyses are needed, double-blinded, with age
and gender-matched controls to minimize bias.

FUTURE PERSPECTIVE
On the basis of all the evidences provided in the studies regarding a very strong association of IRAK4,
in VKH and Bechet’s disease and confirming its pro-inflammatory role (de Smet and Dayan, 2000;
Sun, Yang, et al., 2014; Patra and Choi, 2016), we propose a similar study in future with a larger
sample size. To reduce the chances of bias, a similar number of diseased and matched controls
should be recruited. Furthermore, the future study should be performed on a customized microarray
including at least 100 antigens, the ones identified as potential candidates in our study and from the
study done in Ireland (Dervan, Chen, et al., 2010). For this purpose, the sample collection has already
been started at Skaraborgs Sjukhus under the supervision of Dr. Marcelo Ayala. The list of 100
antigens to be tested has also been completed for custom designing of the microarray chip. The
antigens have been selected from our current study and after literature review. It is recommended to
have a double-blinded study to minimize bias. The project is expected to start by the end of 2019.
Apart from the above mentioned proposed study, another aspect of autoimmune profiling should be
tested in the future. As indicated by some of the studies, the role of inhibitors e.g. against IRAK4 and
others, have shown as promising therapeutic agents. Future studies should be done to identify and
validate such target proteins whose analogues can prove beneficial in treatment. The absence of
certain well-established antibodies against glaucoma, like LOXL1, in our study clearly strengthens the
concept of personalized medicine. In future, such difference in expression of proteins should be
20

studied more extensively in the Scandinavian population in order to improve target-oriented
therapy.
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Figure 6. Barplots representing the level of reactive antigens per sample. Sample 1 (6A), sample 10 (6B), sample
12 (6C), sample 13 (6D), sample 14 (6E) and sample 15 (6F).
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Figure 7. Barplots representing the level of reactive antigens per sample. Sample 16 (7A), sample 19 (7B),
sample 2 (7C), sample 20 (7D), sample 21 (7E) and sample 22 (7F).
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Figure 8. Barplots representing the level of reactive antigens per sample. Sample 24 (8A), sample 25 (8B),
sample 26 (8C), sample 27 (8D), sample 28 (8E) and sample 29 (8F).
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Figure 9. Barplots representing the level of reactive antigens per sample. Sample 3 (9A), sample 31 (9B), sample
32 (9C), sample 33 (9D), sample 34 (9E) and sample 36 (9F).
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Figure 10. Barplots representing the level of reactive antigens per sample. Sample 37 (10A), sample 38 (10B),
sample 4 (10C), sample 40 (10D), sample 5 (10E) and sample 6 (10F).
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Figure 11. Barplots representing the level of reactive antigens per sample. Sample 7 (11A), sample 8 (11B),
sample empty_1 (11C), sample empty_2 (11D) and sample 9 (11E).
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Figure 12. Barplots representing levels of reactive antigen across all samples. FAM84B (12A), LAMA1 (12B),
SCOC (12C), NO GENE (12D), TBC1D9B (12E) and SHTN1 (12F).
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Figure 13. Barplots representing levels of reactive antigen across all samples. CCDC83 (13A), GRK7 (13B),
EPM2A (13C), CHIT1 (13D), RMDN3 (13E) and SCG5 (13F).
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Figure 14. Barplots representing levels of reactive antigen across all samples. SCG2 (14A), FUT2 (14B), UBE2O
(14C), OGFOD3 (14D), CDH5 (14E) and IRAK4 (14F).
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Figure 15. Barplots representing levels of reactive antigen across all samples. GPATCH8 (15A), TET3 (15B),
CCNI2 (15C), ME1 (15D), CRISPLD2 (15E) and GLI3 (15F).
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Figure 16. Barplots representing levels of reactive antigen across all samples. MSANTD4 (16A), CLTCL1 (16B),
DBNDD1 (16C), DGCR2 (16D), CCDC134 (16E) and CCDC47 (16F).
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Figure 17. Barplots representing levels of reactive antigen across all samples. PFKFB1 (17A), SOS1 (17B), VAV2
(17C), PALM2 (17D), ACTL6B (17E) and CAPZA2 (17F).
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