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MIG: monokine induced by gamma interferon
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NST: nonstimulated tear

PAH: pulmonary arterial hypertension
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TGF-: transforming growth factor-beta
TNF-a: tumor necrosis factor-alpha
TRIM: tripartite motif

VDBP: vitamin D binding protein

VEGF: vascular endothelial growth factor
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1 INTRODUCTION

1.1 Systemic sclerosis

1.1.1 Etiology and epidemiology

Systemic sclerosis (SSc) is a chronic autoimmune connective tissue disorder which affects the
skin and multiple organs, including the heart, lung, kidney, and gastrointestinal tract. Although
the exact etiology is unknown, some predisposing factors, like environmental and infectious
agents, tissue injury, and hypoxia or oxidative stress based on a susceptible genetic background
may play arole in the development of the disease (1, 2). In a recent study Korman et al. reviewed
the genetic and genomic aberrations that may be important in the development of SSc. Although
the overall genetic burden is exiguous and only 2.6 % of patients’ siblings develop SSc, the
genetic predisposition is obvious from epidemiologic, familial and twin studies. SSc is
associated with HLA loci, and a recent genome-wide association study identified 25 non-HLA
loci associated with the disease (3). Prevalence and incidence of SSc vary widely around the
world. Lower estimates of prevalence (<150 per million) and incidence (<10 per million per
year) have been reported in northern Europe and Japan, while higher estimates of prevalence
(276443 per million) and incidence (14-21 per million per year) have been observed in
southern Europe, North America and Australia (4). Female predominance is remarkable along
with gender differences in disease activity and incidence. The overall female to male ratio
ranges from 1:1 to 14:1 (5).



1.1.2 Symptoms, diagnosis and clinical progression of SSc

1.1.2.1 Skin and internal organ involvement in SSc

On the basis of the extent of their skin involvement, patients with SSc are divided into two
subgroups: limited cutaneous systemic sclerosis (IcSSc) and diffuse cutaneous systemic
sclerosis (dcSSc). In 1cSSc, skin fibrosis is located in the fingers (so called sclerodactyly), distal
extremities and face, in contrast to dcSSc, in which the trunk and proximal extremities are also
affected. In patients with IcSSc, Raynaud phenomenon antedates skin and other organ
manifestations in most cases by months to years, while patients with dcSSc have a more rapid
disease progression with extensive skin changes and early development of visceral organ com-
plications (6).

In addition to the two basic variants, some transitional forms and systemic sclerosis without
skin lesions may occur (7). Approximately 90% of patients have lower esophageal stenosis as
an internal organ complication, therefore they suffer from problems with swallowing and reflux.
Pulmonary fibrosis occurs in over 40% of patients resulting in the development of circulatory
and respiratory problems, like pulmonary arterial hypertension (PAH); while bronchial lesions
may promote development of cancer (8).

Myocardial and pericardial fibrosis may result in severe heart failures. Myocardial fibrosis may
cause conduction and rhythm disorders, while pericardial fibrosis commonly leads to inefficient
cardiac performance. Lesions in renal vessels and parenchyma occur in approximately 10% of
patients and may lead to malignant hypertension and renal cirrhosis with scleroderma renal
crisis being the leading cause of patients’ death (7-9). SSc-related organ complications are

summarized in Figure 1. (10).
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Figure 1. SSc-related organ complications and their frequency in patients
PAH: pulmonary arterial hypertension. Figure adapted from Allanore et al., 2015

1.1.2.2 Ophthalmological manifestations of SSc

There are only a few reports available concerning ophthalmological complications in the course
of systemic sclerosis. These papers are mainly case reports; only few overall studies exist, and
even these involve a small number of patients, since SSc is a rare disease (11, 12). Changes in
the organ of vision are thought to be the consequences of systemic complications of scleroderma
or adverse effects of the immunosuppressive treatment applied. Ocular symptoms may occur at
any stage of the disease and may involve numerous ocular tissues. Their course can be clinically
latent or very intensive. The most prevalent clinical manifestations of soft tissue fibrosis and
inflammation in patients with SSc include increased tonus and telangiectasia of the eyelid skin.
The most commonly reported lesions are periorbital edema, palpebral ectropion and ciliary
madarosis (13). The most frequent ocular manifestation of SSc in our study was dry eye
syndrome (DES).

DES is a major healthcare problem because it affects the patient’s quality of life. DES in SSc
is believed to be caused by fibrosis-related impairment of lacrimal gland secretion, namely the
water portion of the tear film. Furthermore, lipid layer disorder is caused by chronic blepharitis
and Meibomian gland dysfunction (MGD), while increased evaporation of tears from the ocular

surface is the consequence of restricted eyelid mobility and the consecutive reduced blinking



(12). DES was recently redefined as a multifactorial disease of the tears and ocular surface that
results in symptoms of discomfort, visual disturbance, and tear film instability and last but not
least damage to the ocular surface (14). Increased osmolality of the tear film (15) and
inflammation of the ocular surface (16) are the two major characteristic points of this ocular
surface disease. The most important laboratory findings (16) are increased levels of several
inflammatory cytokines are. Accordingly, tear cytokine levels are regarded as potential markers
of inflammation in DES.

In order to better understand the ophthalmological manifestations of SSc, first I will summarize
the three pivotal sites in the pathomechanism of the disease, namely, widespread small vessel

vasculopathy, immune dysregulation with autoantibody production, and progressive fibrosis

(D).

1.1.3 Pathomechanism

1.1.3.1 Vasculopathy

Based on clinical and pathological evidence, the primary insult in the affected organs of SSc
patients is directed at the blood vessels, resulting in tissue ischemia, fibrosis, and finally major
organ malfunction. Vasculopathy in SSc is systemic and progressive, which suggests that the
obliteration of the microvasculature and associated structural disease is not normally repaired
by either compensatory angiogenesis or vasculogenesis. It has been confirmed that
angiogenesis, the growth of new vessels from existing ones, and vasculogenesis, de novo
formation of new vessels, are defective in SSc. One of the earliest clinical manifestations in the
pathophysiology of SSc is an alteration of the peripheral microvasculature, confirmed by
nailfold capillaroscopy results, which point to the fact that Raynaud’s phenomenon and
morphological changes may occur months or even years before the onset of fibrosis (17, 18).
Furthermore, the severity of capillary injury correlates with the severity of internal organ
involvement (19, 20). The loss of capillaries is evident along with the absence of visible new
normal vessel formation. The hypoxic-ischemic state in SSc should be a trigger of
neoangiogenesis, but instead of new cutaneous capillary formation, nailfold capillary
examinations have shown substantial avascular areas, which are indicative of the above

defective angiogenesis and abnormal vascular repair pathways (21).



1.1.3.2 Immune dysregulation

The abnormal immunological response in SSc is characterized by chronic mononuclear cell
infiltration by cluster of differentiation (CD) 4+ T-lymphocytes and macrophages, dysregulated
production of lymphokines and growth factors, and B-lymphocyte activation induced by
autoantibodies (22). These immunological abnormalities and the fibrosis observed in SSc could
be linked together by a mainly Th-2-driven immune response with production of interleukin
(IL)-4 (23). IL-4 induces the production of transforming growth factor-p (TGF-f) and also the
production of collagen by fibroblasts. It has been noted that T-cells in SSc skin lesions exhibit
oligoclonal expansion suggesting an antigen-driven T-cell response. Earlier it was hypothesized
that SSc is a graft versus host disease, and based on the theory of microchimerism, the antigens
against which T-cells react are major histocompatibility complex antigens of offspring or

maternal cells (24).

1.1.3.3 Fibrosis

Endothelial injury and dysfunction are initiated by direct or indirect stimuli, like free radicals
or chemical and microbial agents. This injury is also initiated by the induction of immune
activation and production of autoantibodies. The vascular injury activates platelet and
coagulation pathways, which may cause vascular microthrombosis. On the basis of intimal
hyperplasia in the small vessels vasculopathy occurs, and the consequential luminal narrowing
results in tissue hypoxia and chronic ischemia. Hypoxia and ischemia-dependent release of
vascular products activate resident fibroblasts, which perpetuate the vasculopathy by triggering
vascular wall fibrosis (21) by promotion of a pro-fibrotic micro environment rich in
extracellular matrix and growth factors, such as fibroblast growth factor and connective tissue
growth factor (25).

10
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Figure 2. Pathogenesis of SSc
Figure adapted from Matucci-Cerinic et al., 2013
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1.1.3.4 Molecular “players” in the pathomechanism of SSc

1.1.3.4.1 Vascular Endothelial Growth Factor, the major pro-angiogenic factor in SSc

While both pro- and antiangiogenic factors are overexpressed in SSc, there appears to be an
imbalance in the ratio of these mediators, advancing inhibition of angiogenesis and progressive
vascular lesions (21). The up-regulated pro- and antiangiogenic mediators in SSc are listed in
Table 1.

Angiogenic Angiostatic
VEGF Endostatin
Basic fibroblast growth factor IP-10/CXCL10
Platelet-derived growth factor Angiostatin
IL-8/CXCLS8 Angiopoietin 2
Stromal cell-derived factor 1/CXCL12 Pentraxin 3

IL-6 IL-4

CD44 Thrombospondin 1,2
Kallikrein Platelet factor 4
Urokinase plasminogen activator receptor MIG/CXCL9
MMP-9 and proMMP-1 Soluble endoglin

Table 1. The up-regulated pro- and antiangiogenic mediators in SSc
VEGF: vascular endothelial growth factor; IP-10: interferon gamma-induced protein; CXCL.:
chemokine (C-X-C motif) ligand; MMP: matrix metalloproteinase; CD: cluster of
differentiation, MIG: monokine induced by interferon-gamma; MMP: matrix metalloproteinase
Table reproduced from Matucci-Cerinic et al., 2013

12



Vascular endothelial growth factor (VEGF) is one of the most important pro-angiogenic factors
which plays a key role in the formation of new blood vessels (26). VEGF takes part in various
steps of angiogenesis, including initial vasodilation, endothelial cell permeability, perivascular
matrix remodelling, and induction of proliferation and migration of endothelial cells (27). The
influence of VEGF in ophthalmic diseases is profound. It has been associated with a large
number of retinal diseases and conditions like age related macular degeneration and diabetic
retinopathy, retinopathy of prematurity, sickle cell retinopathy and retinal vascular occlusion
(28). VEGF has secondary influence in neovascular glaucoma (29) and hereditary retinal
dystrophies (30). In developed countries these ocular conditions account for the majority of
irreversible vision loss.

Since its discovery in the 1980s (31) VEGF has raised interest because of its central role in
angiogenesis in a number of physiologic and pathologic processes, such as vascular
development, wound healing, the female reproductive cycle, cancers, myocardial ischemia,

rheumatoid arthritis and other autoimmune diseases (32, 33).

Although there is a lack of sufficient angiogenic response to chronic tissue ischemia in SSc that
culminates in the loss of capillary vessels, the VEGF expression has paradoxically been shown
to be upregulated in this disease. Distler et al. found that serum levels of VEGF are markedly
elevated in patients with SSc compared to healthy controls. Furthermore, they detected
significant differences in serum VEGF levels according to the disease subset and the presence
of anti-Scl-70 antibody (34). Later studies also confirmed that the expression of VEGF is
increased in different cell types in the epidermis and dermis of patients with SSc (35).

13
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Figure 3. Vascular pathomechanism of SSc
EPCs: endothelial progenitor cells; MMP: matrix metalloproteinase; TGF-B: transforming
growth factor-p; VEGF: vascular endothelial growth factor. Figure adapted from Trojanowska
etal.,, 2010

High levels of VEGF and other proangiogenic mediators derived from the activated immune
cells facilitate proliferation of endothelial cells and pericytes in an attempt to restore injured
vessels. For reasons that are still not clearly understood this process fails, leading to vessel
regression. In the presence of immune mediators endothelial cells could undergo endothelial—-
mesenchymal transition and enter the surrounding tissue, where they further differentiate into
collagen-producing cells (e.g. into fibroblasts or myofibroblasts). In SSc, endothelial cells and
pericytes are particularly prone to undergo these transitions. Activated resident fibroblasts and
fibrocytes recruited from circulation to the injured tissue are likely to represent an additional

source of collagen producing cells that contribute to fibrosis in SSc lesion (36).
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1.1.3.4.2 Inflammatory cytokines and chemokines in SSc

Patients with SSc have an increased number of circulating monocytes, macrophages and T cells
(37, 38). Production of soluble mediators, including cytokines, by these cells may promote
endothelial damage and fibrosis in SSc. Admittedly, many chemokines play a key role in the
regulation of the migration and recruitment of specific leukocytes to regions of inflammation.
In the course of SSc, dysfunctions of chemokines might explain the altered accumulation of
effector leukocyte subsets in affected tissues (39).

Among the various chemokines, monocyte chemoattractant protein (MCP)-1 plays the most
critical role in tissue fibrosis that occurs in SSc (40, 41). Cytokines produced by macrophages,
including IL-1, tumor necrosis factor (TNF)-a, interferon (IFN)-y, 1L-6, TGF-f and platelet
derived growth factor, can regulate inflammation and tissue fibrosis. T cells are also important
molecular players in the disease process through activation of macrophages and the direct
release of inflammatory and pro-fibrogenic cytokines. Thus, the secreted cytokines from
infiltrating leukocytes are likely to be involved in the development of tissue fibrosis in the

course of SSc, since they stimulate collagen synthesis by fibroblasts (42).

1.1.4 Treatment

SSc involves a wide panel of clinical features, which include vascular, immune and fibrotic
manifestations. Clinical trials are limited by the lack of adequate outcome measures and also
by the great variability of disease progression. There is no single standardized approach to the
treatment of patients with SSc as yet. General immuno-suppression and complication-specific
therapies are the current tools of SSc management. More sensitive and more specific biomarkers
could help in the assessment of optimal therapeutic approaches.

The ophthalmological manifestations in patients with SSc are often underestimated and often
not or not correctly treated. In order to better understand the ocular features and also to use this
body fluid as a potential tool for monitoring these important biomarkers, we have turned our

attention to tear investigations.
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1.2 Tear investigation

1.2.1 Tear biology: functions and pathological relations of the human tear

The tear film covering the ocular surface has several functions including the defense of the
external surface of the eyeball thus constituting a mechanical and antimicrobial barrier. It
lubricates the palpebral conjunctiva, i.e. the inner surface of the eyelids, and also the bulbar
conjunctiva and the cornea by providing a smooth and reflective surface. By transporting
oxygen and nutrients, the tear nourishes the avascular tissues of the cornea, and regulates its
electrolyte composition and pH. Furthermore, it provides white blood cells with access to the
cornea and conjunctiva and removes foreign substances from the ocular surface. Since tear film
is also an optical refractive medium, its stability is pivotal in achieving appropriate vision
(43-45).

The human tear is composed of three layers: the lipid, aqueous and mucin layers, but only two
phases (43). The lipid component, which originates from the Meibomian glands of the tarsus,
forms the superficial layer of the tear film. The aqueous component is primarily secreted by the
lacrimal gland. This is the thickest layer, which contains water, electrolytes and diverse
proteins, peptides and glycoproteins. Mucins, which are glycoproteins expressed by the
epithelial tissues of mucous surfaces, protect tissues since they are antioxidants, provide
lubrication, and inhibit bacterial adherence (46).

Under normal conditions, the precorneal tear film (PTF) flow in humans is around
0.5-2.2ul/min with a turnover rate of approximately 16% per minute (47). Its volume present
in the human eye is 7—10 pl (48).

Its composition must be maintained quantitatively and qualitatively within particularly narrow
limits to uphold a healthy homeostatic and functional visual system. Abnormalities of the tear
film, affecting the constituents or the volume, can rapidly cause serious dysfunctions of the
conjunctiva and eyelids and finally impairment of the cornea (46).

Irritating stimuli and diurnal patterns, environmental fluctuations and physiological status
indicate reflex tear secretion via activation of the corneal nerves (49, 50). Early studies revealed
differences between open and closed eye precorneal tears: tear protein levels increase during
sleeping, which is explained by the lack of reflex tearing in the closed eye (51). Fullard and
Synder demonstrated that nonstimulated (NST) and stimulated (ST) tears differ greatly in
secretory IgA (slgA) levels, which can be explained by the discrepancy of the secretion rate of

16



sIgA by the main lacrimal gland and the fluid secretion rate with increasing flow (52). This also
proved to be true for "constitutive" proteins: their rate of secretion is determined by their rate
of synthesis, and not by the rate of stimulation (53). In an experimental study on rats, Sullivan
et al. demonstrated that the secretory component is a constitutively secreted lacrimal gland
protein (54), which was found to be similar in humans (52).

Open and closed eye PTF differs in composition and origin. Open eye tear film is mostly the
result of basal tear secretion, originating mainly from the accessory lacrimal glands. Reflex tear,
which is derived from a neurologically inducible lacrimal or accessory gland secretion, is
composed of the following proteins: lysozyme, lactoferrin, tear specific prealbumin, and a
minor mixed alpha and beta globulin fraction. Reflex tearing is greatly reduced or ceases
altogether upon eye closure hence tear is constitutively secreted with a decreased flow rate
during sleep. In the closed eye environment slgA and albumin are the main components of tear
fluid with a markedly increased albumin level, which alludes to the subclinical inflammatory
status of the closed eye (51).

Changes in tear composition are associated with many ocular diseases, such as DES, Sjogren’s
syndrome, diabetic retinopathy, glaucoma, MGD, autoimmune thyroid eye disease, pterygium,
keratoconus, ocular rosacea, blepharitis, as well as various systemic diseases, such as
inflammatory diseases and infections, diabetes mellitus, allergies, Parkinson’s disease and
certain types of cancer (breast, lung, prostate) (55-58). Despite the fact that some biochemical
properties (e.g., pH, or osmolality) of tear and serum are similar, the protein composition, as
well as the relative and absolute amount of the components is different. For example Vitamin
A levels in tear are remarkably higher than in serum. Similarly, the fibronectin content of PTF
is one order of magnitude higher than that of serum (59). Therefore tears should be considered

a unique body fluid.

1.2.2 Major bioactive components of tears

Despite their small volume, tears are a remarkably complex biological fluid consisting of
peptides, electrolytes, lipids, carbohydrates, salts and small bioactive molecules such as amino
acids, nucleosides, vitamins, etc. (50, 60). Tear components are of different origin, they are
derived from cellular debris, the main lacrimal gland and accessory gland secretions, ocular

surface tissue products, serum exudates, and inflammatory and immune cells recruited into the
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local environment (61). The amount and ratio of the various components have a definitive role
in the physiological functioning of the surrounding tissues.

Normal tears have a total protein concentration of approximately 7 mg/ml (62, 63) and contain
hundreds of different proteins, but the method of tear collection greatly influences the relative
proportions of the proteins present in any individual tear sample - a fact that has been known
since the early 1980s (64, 65). Many of the tear proteins play an important role in corneal wound
healing, inflammatory processes, and corneal protection of various pathogens (66).

The most frequent proteins detected in tear samples include lactoferrin, lysozyme, sIgA,
lipocalin, superoxide dismutase, cystatins, and a1-protease inhibitor. These proteins account
for more than 90% of all tear proteins (67-69). In previous years, tear film protein profiles have
been characterized using gel electrophoresis and Edman degradation (28-30). Later, sensitive
immunoassay-based methods identified other proteins in mammals’ tears including growth
factors, neurotrophic factors, cytokines and cell adhesion molecules, matrix metalloproteinases,
immunoglobulins and insulin (70-77).

Proteins may also play a role in the stabilization and organization of the tear lipid layer, which
is located over the aqueous layer of the tear film. Part of this oily liquid is secreted from the
Meibomian glands, which produce a mixture of hydrocarbons, wax esters, triglycerides,
diesters, free sterols, sterol esters, free fatty acids, and polar lipids (46, 78). In addition, corneal
or conjunctival epithelial cells are also a plausible source of polar lipids. The lipid layer has two
main functions: to stabilize the tear film by reducing the overall surface free energy, and to
control water evaporation from the surface (63). Since the lipid layer is in contact with the
eyelid skin it acts as a barrier to the aqueous layer (62, 79) and also forms a watertight seal

when the eyelids are closed (68).

1.2.3 How are markers of inflammation released into the tear fluid

Several cytokines, adhesion molecules and growth factors play a key role in inflammatory
processes (80). Changes in the levels of these factors have already been assessed in serum (81).
In some diseases these changes are also identified in tear samples, by the help of a less invasive
sample collection method (82). Tears are secreted from the main and accessory lacrimal gland
and cover the ocular surface. Tears drain into the canaliculi through the puncta after gas
exchange between the air and the epithelium. They contain a wide spectrum of cytokines and
growth factors secreted by the lacrimal glands. Some cytokines are locally produced and diffuse
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into the tear film from the corneal and conjunctival epithelia. Furthermore, cytokines can also

leak into the tear film from the conjunctival blood vessels (83).

1.2.4 Tear analysis in systemic and ocular diseases

Tears play an essential role in maintaining homeostasis of the ocular surface, therefore changes
in the delicate equilibrium of their cytokine composition may lead to various pathophysiological
conditions.

Leonardi et al. investigated multiple mediators, such as cytokines, matrix metalloproteases,
angiogenic and growth factors in tears of patients with vernal keratoconjunctivitis. These
analyses identified in tears of patients previously unreported factors including matrix
metalloproteinase (MMP)-3 and MMP-10 and multiple proteases, growth factors and cytokines,
which may all be instrumental in the pathogenesis of conjunctival inflammation. Tear collection
is a noninvasive method for collecting human biofluid, however, it has a limitation regarding
the quantity of obtainable sample (84).

In 2012 Zakaria et al. identified different factors in human tears that are involved in the
development and maintenance of corneal neovascularization. Concentrations of the pro-
angiogenic factors like IL-6, IL-8, VEGF, MCP-1 and Fas Ligand were determined in blood
and tear samples simultaneously. These results indicate that the concentration of pro-angiogenic
cytokines in human tears are significantly higher compared to their concentrations in serum,

with highest levels found in basal tears (83).
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1.2.5 Tear sampling methods

Precorneal tears as a biological fluid are very easily accessible with non- or very low-invasive
methods at a relatively low cost. Tears not only lubricate the ocular surface carrying secreted
molecules from corneal epithelial cells and tissues producing tear components, but also
represent the whole physiological status of the body. Due to the very limited amount of samples
and the relative instability of the components sample collection is a critical step in tear research
and diagnostics.

Although tear analysis is of increasing interest in ophthalmology, no studies have investigated
tears of patients with SSc as yet, possibly because of the technical challenge posed by the

extremely small sample volumes available (85).

1.2.5.1 Tear collection methods and their application in practice

Quantitative determination of tear proteins is of increasing interest in ophthalmology, but a
technical problem still remains due to small tear sample volumes available on the one hand and
the complexity of their composition on the other (85). Tear sampling is definitely a major
challenge and has a most significant influence on the precision and reproducibility of the

analytical results. Basically it can be performed in two ways; directly and indirectly.

1.2.5.1.1 Direct sampling methods

In direct sampling methods microcapillary tubes (86) or micropipettes are used for sampling.
This requires previous stimulation or instillation of different volumes of saline
(100200 pl) into the cul-de-sac and collecting after appropriate mixing. This procedure causes
dilution and may not permit collection of samples from specific sites of the ocular surface (87).
Kalsow et al. investigated the tear cytokine response to multipurpose solutions in contact lens
(59) wearing. Prior to contact lens removal, NST tears were collected from each eye from the
inferior tear meniscus between the 6 o’clock and lateral canthus positions using a 10 pl flame-
polished glass micropipette. Following collection, a 5.5 pl tear volume was immediately
transferred to a sterile 0.2 ml tube containing 49.5 pl of storage solution to produce a 1:10 tear

dilution for immediate storage at -80°C (88).
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Guyette et al. compared low-abundance biomarker levels in capillary-collected NST tears and
washout (WO) tears of aqueous-deficient and normal patients. 10-microliter polished
micropipettes were used to collect tears from the inferior marginal strip, taking special care to
minimize ocular surface contact. Tear collection rate was continuously monitored. Individual
NST tear samples were collected in 10-minute aliquots, each being immediately transferred to
a sterile polymerase chain reaction (PCR) tube. An equal volume of assay buffer was added and
the sample was stored at -86 °C. A total of at least 6.5 pul NST tears was collected from each
study participant, and each 10-minute aliquot was stored without delay in a separate PCR tube.
Prior to WO tear sample collection 10 ul sterile physiologic saline solution was added to the
lower conjunctiva by a digital pipette. The patient was instructed to gently close the eyes and
avoid any eye movements for one minute. Tears were then collected using the same method as
for NST samples, but a shorter collection time of 5 minutes per aliquot was used to make up
the 6.5 pul minimum volume requirement. Tear collection volume and time were continuously
monitored to measure the tear collection rate (89).

There have been several research projects in dry eye syndrome and nowadays the emphasis in
dry eye research has shifted toward the role of inflammation in the anterior surface of the eye
(90). Since inflammatory mediators originating from various ocular surface sources and the
main lacrimal gland do not constitute a totally homogenous mix, the way the tears are collected
will influence the resulting biomarker profile. NST tear samples from the inferior marginal strip
cover a broader spectrum of the sources, whereas ST tear samples contain a higher proportion
of the lacrimal gland secretion (45). Explicit protein profile differences between NST and ST
tears demonstrate that these two sample types are not equivalent (52, 91). Although NST tears
represent specifically the inflammatory status of the ocular surface, the volume of NST tears is
limited, especially in agueous-deficient dry eye. Even though tear sampling frequently makes
use of capillaries as they are less irritating and the resulting sample is an exact representative
concentration of molecules, the main limitation of the method is the volume of sample (23 pl)
to be gained (47).

One way to increase the available tear sample volume is to add fluid (e.g., sterile saline) to the
eye prior to sample collection, effectively ‘‘washing out’” ocular surface molecules (92, 93). In
an experimental dry eye study, Luo et al. collected tears from mice with tear fluid washing (94).
Tear fluid washings were collected by a previously reported method by Song XJ et al. (95).
Briefly, 1.5 ul of phosphate buffered saline (PBS) containing 0.1% bovine serum albumin
(BSA) was instilled into the conjunctival sac. The tear fluid and buffer were collected with a

10 pul volume glass capillary tube by capillary action from the tear meniscus in the lateral

21



canthus. The 2 ul sample of tear washings was pooled from both eyes of each mouse and was
stored at -80°C until zymography and enzyme linked immunosorbent assay (ELISA) were
performed.

Validity of the WO method depends on the extent to which it changes the NST tear biomarker
profile. By determining tear slgA, inducement of reflex tearing is easily detected because tear
sIgA levels decrease with reflex tear flow rate (91). Markoulli et al. found equal tear slgA—total
tear ratios in WO and NST tears, which suggests that WO tear samples do not significantly
induce reflex tearing (93). Guyette’s study evaluated WO tear collection as a replacement for
microcapillary NST tear collection and applied this to compare biomarker levels between
aqueous deficient dry eye (AD) and non-AD patients (52, 89, 96).

1.2.5.1.2 Indirect methods

An indirect method means that collection of PTF is carried out using absorbing supports such
as Schirmer test strips (STS), filter paper disks, cellulose sponges and polyester rods. STS
collection is the most commonly used method among them (97).

Acera et al. analyzed the inflammatory markers in the PTF of patients with ocular surface
disease. 10 pl of tear samples was collected by a Weck cell sponge (98). The concentrations of
IL-1B, IL-6 and pro-MMP-9 were measured by ELISA, and the MMP-9 activity was evaluated
by gelatin zymography.

Inic-Kanada et al. compared ophthalmic sponges and extraction buffers for quantifying
cytokine profiles in tears using Luminex technology. They found that Luminex detection of
cytokine/chemokine profiles of tears collected with Merocel sponges may be useful in clinical
studies, for instance to assess cytokine profiles evaluation in ocular surface diseases (99).
Samples obtained from the Schirmer test procedure have a higher mucus, lipid, and cellular
content than microcapillary (MC) samples (100). STS also suffers incomplete, non-uniform
elution of proteins from the filter matrix (97). Although micropipette and STS collection
provide different biomarker profiles for a given donor, the correctly applied micropipette
method is more consistent (101). STS is widely applied as the volume of sample collected with
this method is larger compared to other methods, but it can cause reflexive tearing due to
irritation, which increases the volume of the samples, therefore aggravates the detection of the

investigated tear component(s) e.g., drug levels (87).
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In comparative studies the tears of the same patient are collected using several collection
methods to determine the same biomarkers from the different tear samples.

Green-Church et al. collected tears using small volume (1-5 pl) Drummond glass MC tubes
with 1.6X slit-lamp magnification. Non-reflex tears were collected from the inferior tear prism
without contact with the lower lid until a total of 5 ul had been collected. During a separate
visit, tear collection was performed by placing an STS over the lower lid. The lid was canthus.
The subject was instructed to close his/her eyes for the 5-minute test duration; the wet length
was not recorded but was observed to be within normal ranges in all cases. The STS was then
placed in 1.6 ml amber Eppendorf tube at 4°C until analysis (101).

Leeet al. used two collection techniques for the comparative analysis of polymerase chain
reaction assay for herpes simplex virus 1 detection (102). Tear samples were collected from the
lower fornix using STS for five minutes, a method adopted in a previous study of Satpathy et
al. (103). The other collection method they used was micropipetting tears, after irrigating 100
ul saline in the lower fornix; a method that was described in a previous study of Markoulli et
al. (93), who validated the “flush” tear collection technique as a viable alternative to basal and

reflex tear collection.
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Tear collection

Author, date Objects of examination Biomarkers Reference
method(s)
NST
Kalsow et al. humans .
(2013) (contact lens wearers) cytokines (.10 ul .glass (88)
micropipette)
NST (capillary
Guyette et al. humans low-abundance collected) (89)
(2013) (AD and non-AD patients) biomarkers WO (10 pl polished
micropipette)
Luo et al. mice IL-1B, TNF-a,
(2004) (129SvEV/CD-1) MMP-9 WO (94)
Song XJ et al. mice
(2003) (NRTN** and NRTN') IL-1B, MMP-9 WO (95)
Markoulli et al. humans
(2011) (healthy subjects) SlgA NST and WO (93)
Acera et al humans inflammatory
(2008) ' (patients with ocular markers (IL-1p, Weck cell sponge (98)
surface disease) IL-6, MMP-9)
Inic-Kanada et humans ophthalmic sponges
al. (healthy subjects) cytokines (Merocel, Pro-ophta, (99)
(2012) y sub] Weck-Cel)
Green-Church humans
etal. . tear proteome glass MC (101)
(2008) (healthy subjects)
Leeetal. (2013) . humgns herpes simplex ST (Schirmer strips) (102)
Satpathy et al. (patients with herpes Virus 1 WO (micropipette) (103)
(2011) keratitis) PIp

Table 2. Tear collection methods of different authors

AD: aqueous deficient; MC: microcapillary; MMP: matris metalloproteinase; IL: interleukin;
NST: nonstimulated tear; slgA: secretory immunoglobulin A; ST: stimulated tear; TNF-a:
tumor necrosis factor-o; WO: washout
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2 AIMS

The aims of our studies were the following:

1. To select an appropriate sampling method to investigate VEGF and cytokines in tears
of SSc patients.

2. To detect VEGF in tears of SSc patients.

3. To compare VEGF levels in tears of patients with SSc to those in healthy controls.

4. To determine a wider panel of cytokines and chemokines that have a role in
immunopathogenesis and inflammatory processes in tears of patients with SSc.

5. To compare the levels of these mediators in tears of these patients and controls, and to
select the most significantly differing ones for further investigations.

6. To determine the selected mediators with the help of a more sensitive and specific

laboratory method in tears of both patients and controls.
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3 PATIENTS AND METHODS

3.1 Patients and healthy controls

In the first study 43 patients with SSc (40 female and 3 men) and 27 healthy controls were
included. In the second study we enrolled 9 patients and 12 controls. Mean (SD) age of the
patients was 61.85 (48-74) years. SSc was diagnosed based on the corresponding international
criteria (104, 105). Patients were enrolled from the outpatient clinic at the Department of
Rheumatology. They went through ophthalmological examination and basal tear sample
collection at the Department of Ophthalmology. None of the patients had secondary Sjogren’s
syndrome. The healthy control group was composed of age- and gender matched volunteers
with no history of any autoimmune or ocular disorder. Patients did not take immunosuppressive

medications at the time of the tear sampling.

Written informed consent was obtained from all patients and controls. Study protocol was
approved by the local bioethics committee and followed the Tenets of the declaration of
Helsinki.

3.2 Tear sample collection

Unstimulated, open eye tear samples were gently collected from the inferior temporal meniscus
of both eyes, using glass capillary tubes (Haematokritkapillare, 75 ul, L 75 mm, Hischmann
Laborgerate, Germany), minimizing irritation of the ocular surface or lid margin as much as

possible.

In the course of the first study samples were collected between 11 am and 16 pm by the same
physician. Tear-secretion velocity was counted by dividing the volume of collected sample with
time of secretion. Volume was calculated from the lengths of the fluid column in the capillary
tube, measured with a vernier caliper, and from the known diameter of the tube. Time of tear

collection was measured with a stopwatch.

In the course of the second study tear collection was performed between 9 and 11 o’clock.

26



Tear samples were transferred into low binding capacity Eppendorf tubes by the help of a sterile
syringe and a needle, carried on dry ice to the laboratory and stored at —80 °C until assessment.
The samples were obtained from both eyes of each individual, and were pooled due to the small

volume available.

3.3 Quantification of total protein and VEGF levels in tear samples of patients with SSc

First, as a point of reference for VEGF, total tear protein concentrations were
determined using the Microplate method of the bicinchonicid acid (BCA) Protein Assay Kit
(Pierce Biotechnology, Rockford, USA) adapted to a 384 well microplate due to the small
sample amounts. The kit is a two-component, high-precision, detergent-compatible assay. Total
protein concentration determination is based on color intensity measurement, proportional to
the peptide bond and the reagent set given product of the protein. The reaction absorbs visible
light (A562 nm).

The initial step in the determination of total tear protein was the preparation of diluted Bovine

Serum Albumin (BSA) standards using the suggested volumes of diluent.

After the preparation of BCA working reagent we pipetted 25 pL of each standard or unknown
replicate sample into the wells of an ELISA microplate (Greiner 384 Flat bottom Transparent
Polystyrol) then added 200 pL of the working reagent to each well and mixed plate thoroughly
on a plate shaker for 30 seconds. Covering the plate and incubating at 37°C for 30 minutes were
the next steps. After cooling the plate to room temperature we measured the absorbance at 562

nm on Infinite 200 M plate reader (Tecan, Austria).

Standard curve was prepared by plotting the average Blank-corrected 562 nm measurement for
each BSA standard versus its concentration in pg/mL. We used the standard curve to determine

the protein concentrations of each unknown sample.

For the quantitative determination of VEGF in tear fluid we used a human VEGF
immunoassay kit by Quantikine (R&D Systems, Minneapolis, MN USA). This assay employs
the quantitative sandwich enzyme immunoassay technique. First we prepared the VEGF
standard with 1.0 mL of calibrator diluent, which resulted in a stock solution of 2000 pg/mL
(2000 pg/vial of recombinant VEGF165 in a buffered protein base with preservatives,
lyophilized). VEGF standards were prepared using prolypropylene tubes. 100 pL of calibrator
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diluent was pipetted into each tube, then dilution series were produced using the stock solution.
Tubes were mixed thoroughly before the next transfer. The undiluted standard served as the
high standard (2000 pg/mL) and the calibrator diluent served as the zero standard (0 pg/mL).

100 pl of assay diluent was pipetted into each well of the VEGF Microplate (384 well
polystyrene microplate coated with a mouse monoclonal antibody against VEGF) adding 100
ul of the standards, the controls and the tear samples. Two different human serum samples were
used as controls. Due to the small amounts, 10 ul was taken from each tear sample and was
diluted with 90 ul of NaCl, reaching the final volume of 100 ul. The plate was covered with
adhesive strips, and was incubated for 2 hours at room temperature, while any present VEGF
was bound by the immobilized antibody. After any unbound substances were washed away, an
enzyme-linked polyclonal antibody specific for VEGF was added to the dry wells, and then the
covered plate was incubated for 2 hours at room temperature again. Following a 3-times-wash
with wash buffer to remove any unbound antibody-enzyme reagent, substrate solution was
added to the wells, then the covered plate was incubated for 25 minutes at room temperature.
Color developed in proportion to the amount of VEGF bound in the initial step. The color
development was stopped through pipetting 2 N sulfuric acid as stop dilution to each well. The
intensity of the color was measured within 30 minutes with Tecan absorbance reader at 450 nm
and also at 540 nm for wavelength correction. Finally a standard curve was prepared and

concentrations were calculated.

3.4 Membrane array and multiplex bead analysis of tear cytokines in SSc

In the course of our second study two types of measurements were taken.

First, a cytokine array was performed, which is a rapid, sensitive, and economic tool
that simultaneously detects cytokine differences between samples. Using this array the relative
levels of 102 human soluble proteins could be determined without performing numerous
immunoassays.

We brought all reagents to room temperature before use. The capture and control antibodies
were spotted in duplicate on nitrocellulose membranes.

To remove cells, cellular debris and contaminant particles tear samples were centrifuged
(10 minutes, 15.000 revolutions per minute, 4°C) prior to use. Samples were prepared by

diluting 50 pl of the tear samples to a final volume of 1.5 mL with an array buffer, followed by
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incubation overnight with the Proteome Profiler Human XL Cytokine Array (R&D Systems).
The membrane was washed with wash buffer to remove unbound material followed by
incubation with a cocktail of biotinylated detection antibodies. Streptavidin — horseradish
peroxidase and chemiluminescent detection reagents were applied, then membranes were
placed in an autoradiography film cassette. Membranes were exposed to X-ray film for 10
minutes multiple times. A signal was produced at each capture spot corresponding to the
amount of protein bound, accordingly the positive signals seen on developed film were
identified by placing the transparency overlay template on the array image and aligning it with
the pairs of reference spots in three corners of each array.

The pixel densities on developed X-ray films were analyzed using a transmission mode scanner
and ImageJ software.

Alternatively, the absolute levels of MCP-1, complement factor D (CFD), IP-10 and
C-reactive protein (CRP) were determined from diluted tear samples (MCP-1, CFD and CRP:
1:10; IP-10: 1:40) by Human Luminex Performance Assays (R&D Systems).

After preparing all reagents, working standards, and samples according to the manufacturer’s
instructions, the filter-bottomed microplate was pre-wetted by filling each well with 100 puL of
wash buffer. Then, by the help of a vacuum manifold the liquid was removed through the filter
at the bottom of the plate.

Analyte-specific antibodies were pre-coated onto color-coded microparticles. Quantity of 50 ul
of the microparticles, standards and diluted tear samples were pipetted into wells and the
immobilized antibodies bound the analytes of interest. After washing away any unbound
substances, a biotinylated antibody cocktail specific to the analytes of interest was added to
each well. Following a wash to remove any unbound biotinylated antibody, streptavidin-
phycoerythrin conjugate, which binds to the biotinylated antibody, was added to each well. A
final wash was done to remove unbound streptavidin-phycoerythrin and the microparticles were
resuspended in buffer and read within 90 minutes by Bio-Plex 200 Systems (Bio-Rad)

workstation.
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3.5 Statistical analysis

Prism 5 statistical software (GraphPad Software Inc.) was used for the statistical analyses.
Comparison of values was carried out by two-tailed Mann-Whitney U test. All values are shown

as the mean + SD. P values less than 0.05 were considered statistically significant.

Cytokine array data are representative of 4 control and 4 SSc samples. Integrated density values
obtained from densitometry were corrected with background levels, then they were normalized
to positive control spots and total protein content of the samples.

In Luminex measurement, values represent the mean of 9 control and 12 SSc samples.
Concentration values calculated by Bio-Plex Manager software were normalized to total protein

content of the samples. The data are expressed as mean = SD.
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4 RESULTS

4.1 VEGF in tear samples of patients with SSc

The average tear secretion velocity in patients was 4.53 ul/min, median 3.8 ul/min (1.5-25.6).
Duration of tear sample collection from patients varied between 20 and 313 seconds, until the
minimally required 5 pl volume was reached.

The average collected tear fluid volume was 10.4 ul (1.6-31.2) in patients and 15.63 ul (3.68-
34.5) in controls.

In tear samples of patients with SSc the average total protein level was 6.9 pg/ul (1.8-12.3) and
the average concentration of VEGF was 4.9 pg/ul (3.5-8.1) in the case of basal tear secretion
(Figure. 4.).

Control tears contained an average of 4.132 pg/ul (0.1-14.1) protein and 6.15 pg/ul (3.84-12.3)
VEGF (Figure 5.).
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Figure 4. Total protein concentrations (mg/mL) in tears of healthy controls (left) and
patients with SSc (right)
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Figure 5. VEGF concentrations (ng/mL) in tears of healthy controls (left) and patients
with SSc (right). NS: non-significant

4.2 Membrane array and multiplex bead analysis of tear cytokines in SSc

4.2.1 Cytokine array results

Non-stimulated tear cytokine profiles of the control group and patients with SSc were analyzed
by cytokine array detecting 102 different cytokines (Figure 6. a, b). Array results revealed a
shift in cytokine profile characterized by predominance of inflammatory mediators. The
following 9 ou of the 102 analyzed molecules were significantly increased in tears of patients
with SSc: Complement factor D (CFD), Chitinase-3-like protein 1 (CHI3L1), C-reactive protein
(CRP), Epidermal growth factor (EGF), Interferon-y-inducible protein 10 (IP-10, also
calledCXCL-10), Monocyte Chemoattractant Protein-1 (MCP-1), Monokine induced by
gamma interferon (MIG), Matrix metallopeptidase 9 (MMP-9), Vitamin D-binding protein
(VDBP).

Integrated density values were normalized to positive control spots and total protein content of
the samples. Cytokine array data are representative of 4 control and 4 SSc samples
(Figure 6. ¢).
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Normalized density of CFD was 50.35 (23.17-53.76) in tears of patients with SSc and 22.33
(18.39-24.75) in tears of healthy controls (p=0.002072), normalized density of CHI3L1 was
94.41 (31.9-95.98) in tears of patients with SSc and 31.06 (20.37-45.85) in tears of healthy
controls (p=0.000000), normalized density of CRP was 25.98 (15.28-53.16) in tears of patients
with SSc and 4.55 (4.35-4.66) in tears of healthy controls (p=0.018250), normalized density of
EGF was 53.42 (34.86-70.23) in tears of patients with SSc and 34.04 (20.42-47.61) in tears of
healthy controls (p=0.032818), normalized density of IP-10 was 123.42 (93.81-152.35) in tears
of patients with SSc and 21.99 (12.12-29.01) in tears of healthy controls (p=0.000000),
normalized density of MCP-1 was 19.93 (5.38-42.44) in tears of patients with SSc and 1.72
(1.44-2.27) in tears of healthy controls (p=0.044726), normalized density of MIG was 22.85
(5.6-64.14) in tears of patients with SSc and 3.58 (3.29-3.88) in tears of healthy controls
(p=0.033787), normalized density of MMP-9 was 49.10 (4.24-129.04) in tears of patients with
SSc and 12.74 (10.29-17.56) in tears of healthy controls (p=0.000068), normalized density of
VDBP was 31.35 (11.87-64.68) in tears of patients with SSc and 10.18 (8.3-13.84) in tears of
healthy controls (p=0.019733), respectively. (Table 3.)

Name of the Normalized density - Normalized density - Significance of the
cytokines and patients with SSc healthy controls difference (p)
chemokines

CFD 50.35 (23.17-53.76) 22.33 (18.39-24.75) 0.002072
CHI3L1 94.41 (31.9-95.98) 31.06 (20.37-45.85) 0.000000
CRP 25.98 (15.28-53.16) 4.55 (4.35-4.66) 0.018250
EGF 53.42 (34.86-70.23) 34.04 (20.42-47.61) 0.032818
IP-10 123.42 (93.81-152.35) 21.99 (12.12-29.01) 0.000000
MCP-1 19.93 (5.38-42.44) 1.72 (1.44-2.27) 0.044726
MIG 22.85 (5.6-64.14) 3.58 (3.29-3.88) 0.033787
MMP-9 49.10 (4.24-129.04) 12.74 (10.29-17.56) 0.000068
VDBP 31.35 (11.87-64.68) 10.18 (8.3-13.84) 0.019733

Table 3. Normalized densities of cytokines and chemokines in patients with SSc and
healthy controls

Mean total protein values did not differ significantly in tears of patients and controls

(Figure 6. d). Mean total protein value was 40.9239 ug/ml in tears of patients with SSc and
42.536 ug/ml in tears of healthy controls (p=0.863604).
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4.2.2 Multiplex cytokine bead assay results

4 chosen molecules were determined in tears of 9 healthy controls and 12 patients with SSc
with the more sensitive and more specific Luminex bead assay.

Based on the Luminex bead results mean CRP levels were 103.44 (3.57-359.02) pg/mg protein
in tears of patients with SSc and 7.41 (0.87-18.03) ug/mg protein in tears of healthy controls.
Mean IP-10 levels were 564.78 (252.62-1107.2) ug/mg protein in tears of patients with SSc and
196.118 (101.66-514.37) ug/mg protein in tears of healthy controls.

Mean MCP-1 levels were 2626.83 (457.84-5619.4) ug/mg protein in tears of patients with SSc
and 661.27 (397.87-1171.4) pg/mg protein in tears of healthy controls.

Mean CFD levels were 15.27 (5.00-35.28) ug/mg protein in tears of patients with SSc and 23.31
(5.18-106.63) pg/mg protein in tears of healthy controls.

Except in the case of CFD (p=0.34224) all results were significant, p=0.0138773 for CRP,
p=0.00115 for IP-10 and p=0.1187 for MCP-1, respectively.

Values represent the mean (+ SD) of the 9 control and 12 patient samples, which are the fold
change of normalized cytokine levels (Figure 7. a, b).

The difference between total protein values of control and SSc tear samples was not significant
(p=0.37263). Mean total protein was 818.46 (779.94-1162.4) ug/mL in tears of patients and
872.46 (771.78-1359.5) pg/mL in tears of controls (Figure 7. c).
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Figure 6. Tear cytokine profile of the control group and patients with SSc
Non-stimulated tear samples of healthy controls and patients with SSc were analyzed by
cytokine array detecting 102 different cytokines (a, b), which revealed a shifted cytokine profile
characterized by predominance of inflammatory mediators (c). The results represent the fold
change of tear cytokine levels normalized to total protein contents (d).
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Non-stimulated tear samples of healthy controls and patients were tested for MCP-1, CRP,
IP-10 and CFD by bead-based Luminex assays (a, b). Total protein concentrations of patients

and controls (c). Cytokine levels normalized to total protein content represent the mean (= SD)
of control and SSc samples. ** P<0.01; *** P<0.001

CRP, C-reactive protein, IP-10, interferon gamma-induced protein-10, MCP-1, monocyte
chemoattractant protein-1, CFD, complement factor D

Based on both the cytokine array and the multiplex bead assay results, concentrations of IP-10
showed the most significant difference in tears of patients and controls.



Collaborations with the Department of Rheumatology and the laboratories of the Clinical
Research Center and of the Department of Biochemistry were organized by the supervisor.
Reviewing the literature and collection of tear samples were accomplished by the author.
Adjustment of the Microplate method for determination of total protein concentrations in tear
fluid was carried out by the author.

Experiments for the first study were performed by the author (=50%).

Experiments for the second study were performed by the author (=50%).

Experimental data were interpreted by the author (=50%).
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5 DISCUSSION

With a prevalence of approximately 1 in 2,000 of the general population, SSc is a rare, multi-
organ disease affecting the connective tissue of the skin and multiple visceral organs, such as
the lungs, gastrointestinal tract, heart and kidneys. Among the different immune-mediated
rheumatic diseases, SSc is one of the most incapacitating and life-threatening diseases. Apart
from the clinically prominent thickening of the skin and the development of digital ulcers, the
progressive deterioration of internal organs and polyarthritis result in high morbidity and
mortality rates varying between 34 and 73% over 5 years (106).

Although the exact pathogenesis of SSc is still unclear, ischemia—reperfusion usually antedates
the development of skin sclerosis. Thus, endothelial cell injury caused by ischemia—reperfusion
may trigger inflammatory cell infiltration and subsequent cytokine production that leads to
tissue fibrosis. In this process different chemokines may play an important role as they mediate
leukocyte chemotaxis and activate and induce an interaction between leukocytes and fibroblasts
(107).

The diagnosis of SSc is based on clinical signs, assessment of autoantibodies (specifically anti-
centromere, anti-topoisomerase 1 and anti-ribonucleotide acid (RNA) polymerase Il
antibodies) and results of skin biopsy.

Autoantibodies are present in more than 95% of patients, and are also associated with distinctive
clinical subsets, specific patterns of organ involvement, and different prognostic features.
Moreover, several other autoantibodies can be detected in patients with SSc, which include anti-
U3-ribonucleoprotein (RNP)/fibrillarin, anti-Th/To, and anti-RNA-polymerase | and Il and
anti-U11/U12 RNP (2). Autoantibodies that are reported in other autoimmune rheumatic
diseases, like anti-PM/Scl, anti-Ku, anti-U1-RNP, anti-SS-A/R060, and anti-NOR 90 can also
be present, but they are considered less specific for SSc (108). Table 4. represents the frequency
of autoantibodies in SSc (109).
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Autoantibody

% Frequency in SSc

Anti-centromere 20-38
Anti-topoisomerase | 15-42
Anti-RNA polymerase |11 5-31
Anti-U3RNP (fibrillarin) 4-10
Anti Th/To 1-13
Anti U11/U12 RNP 3.2
Anti-U1 RNP 2-14
Anti-PM/Scl 4-11
Anti-Ku 2-4
Anti-hUBF (NOR 90) <15
Anti-R052/TRIM21 15-20

Table 4. Frequency of autoantibodies in SSc
RNA, ribonucleic acid; RNP, ribonucleoproteine; TRIM, tripartite motif.
Table reproduced from Kayser and Fritzler, 2015

For the diagnosis of SSc in the patients of our study group the international ’Criteria for the
classification of early systemic sclerosis’ by Leroy and Medsger were applied (104). This
classification system includes Raynaud's phenomenon, autoantibodies, nailfold capillaroscopy
and skin fibrosis. Earlier, in the 1980’s, the American Rheumatology Association (ARA)
criteria ’Preliminary criteria for the classification of systemic sclerosis (scleroderma)’ had four
main items: scleroderma proximal to the metacarpophalangeal joints, sclerodactyly, digital
pitting scars and bilateral basilar pulmonary fibrosis (110). The main limitation of the 1980
ARA classification was its development in longstanding SSc. In 2013 the American College of
Rheumatology (ACR) and the European League Against Rheumatism (EULAR) established a
committee to provide a joint proposal for new classification criteria for SSc. Van den Hoogen
et al. created new classification criteria for SSc, which was principally meant to include SSc
patients in studies, not for SSc diagnosis. The purpose of classification criteria is to involve

patients with similar clinical characteristics for research.
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The ACR-EULAR classification criteria for SSc performed better than the 1980 ARA criteria
for SSc, due to its higher sensitivity and specificity, therefore it should allow for more patients
to be classified correctly as having SSc. The newly developed classification system includes
disease manifestations of the three hallmarks of SSc, namely fibrosis of the skin and/or internal
organs, production of autoantibodies, and vasculopathy. The four items of the 1980 ARA are
also included, as well as the items of the 2001 proposal for classification of SSc by Leroy and
Medsger. The ACR-EULAR criteria include only one sufficient criterion: skin thickening of
the fingers extending proximal to the metacarpophalangeal joints, which is also a part of the
1980 criteria. If the sufficient criterion is not fulfilled, then the point system is applied. Patients
with 9 points or more are also classified as having SSc, extending the classification borders
(111). The ACR-EULAR point system is summarized in Table 5.
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Item Sub-item Weight or
score
Skin thickening of the fingers of both hands 9
extending proximal to the metacarpophalangeal
joints
Skin thickening of the fingers Puffy fingers 2
(only count the highest score) Sclerodactyly of the 4
fingers (distal to the
metacarpophalangeal
joints but proximal to
the interphalangeal
joints)
Fingertip lesions Digital tip ulcers 2
(only count the highest score) Fingertip pitting scars | 3
Telangiectasia 2
Abnormal nailfold capillaries 2
Lung involvement PAH and/or interstitial | 2
lung disease
Raynaud phenomenon 3
Scleroderma-related autoantibodies Any of centromere-, 3
topoisomerase |- and
RNA polymerase I11-
specific antibodies

Table 5. ACR-EULAR criteria for classification of SSc
ACR, American College of Rheumatology; EULAR, European League Against Rheumatism;
PAH, pulmonary arterial hypertension. Table reproduced from Van den Hoogen et al., 2013

Classification criteria are not synonymous with diagnostic criteria; rather they reflect the list of
criteria that are used for diagnosis (112) as well. However, classification criteria are generally
more standardized and less inclusive than clinical diagnosis. Determination of serum cytokines
is becoming increasingly prevalent as an alternative diagnostic and progression monitoring
method. A few studies have revealed a correlation between increased serum MCP-1, IL-6, IP-
10 and TNF-a level and clinical manifestation/severity of SSc (106, 113).

Many ocular manifestations of SSc have been described, including conjunctival

telangiectasia, DES and filamentous keratitis (113).

Although ocular manifestations in systemic autoimmune diseases have significant debilitating
effects, tear analysis has been lacking from the investigations repertoire. Since tear represent

the local homeostasis of the ocular surface better than serum, this makes tears ideal for assessing
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ocular pathology in the disease. There are two possible ways for cytokines to appear in the
precorneal tear film. Some of them are locally produced and diffuse into the tear film from the
corneal and conjunctival epithelia, other cytokines leak into the tear film from the conjunctival
blood vessels (83). Tear investigation is a challenging research field due to the fact that while
sample collection is noninvasive, it has an insurmountable limitation, namely, the quantity of
the sample obtainable (84).

Previously tear investigation studies have been performed in different ocular and systemic
disorders (83, 114, 115). Leonardi et al. assessed multiple mediators, such as cytokines, matrix
metalloproteases, angiogenic and growth factors in tears of patients with vernal
keratoconjunctivitis. These analyses identified previously unreported factors in tears of
patients, including MMP-3 and MMP-10 and multiple proteases, growth factors and cytokines,
which may all be instrumental in the pathogenesis of conjunctival inflammation. Different
molecules were identified in human tear samples that were involved in the development and
maintenance of corneal neovascularization. Concentrations of the pro-angiogenic cytokines
such as IL-6, IL-8, VEGF, MCP-1 and Fas Ligand were determined in blood and tear samples
using flow cytometry-based multiplex assay. Their results show that the concentration of pro-
angiogenic cytokines in human tears are significantly higher compared to their concentrations
in serum, with highest levels found in basal tears (83). These findings lend further support to
the importance of our current studies.

After reviewing the literature on direct and indirect tear sampling methods in various ocular
and systemic disorders, we have chosen the microcapillary method for tear sampling in patients
with SSc, since it is safely applicable for the collection of non-stimulated tears. In order to
transfer the tear fluid from the microcapillary tube to the collection tube we applied a sterile
syringe and a needle. This tear sampling method proved to be suitable for our experiments on

tear cytokines.

5.1 VEGF in tear samples of patients with SSc

VEGEF is a component of normal tear fluid. Vesaluoma et al. determined VEGF concentrations
in healthy tears. The median VEGF concentration was 5 pg/ul (4-11) corresponding with our

results, as control tears contained an average of 6.15 pg/ul (3.84-12.3) VEGF.

They calculated the average tear fluid secretion in healthy controls, which was 8.1 pl/min

(0.7-20.8), using the same tear collecting method as we did in our study. Results show that
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patients with SSc have significantly decreased tear secretion that could be explained by DES,

which is a probable sequel of the disease or of the side effects of the therapeutic drugs (116).

Tear secretion velocity was lower by 67% in patients with SSc than in healthy controls. The
difference was significant (p < 0.01). The reason for this sign could be explained by the

pathophysiology of the disease, namely fibrotic processes of the lacrimal gland.

Total protein values in patients with SSc were higher by 42% than in healthy controls. This may
indicate that total protein production — or simply protein concentration, since patients with SSc
have a decreased tear secretion velocity — is only increased because of the smaller tear volume.
VEGF in the tears of patients with SSc decreased by 20%, which can be explained also by the

decreased tear secretion of patients.

The question why contrary to our expectations VEGF levels are not higherin patients with SSc

than in the healthy group needs further investigation.

5.2 Membrane array and multiplex bead analysis of tear cytokines in SSc

Based on our cytokine array results, nine cytokines and chemokines had significantly higher
levels in tears of patients with SSc. This screening method was performed for the assortment of
102 cyokines, selecting the most relevant ones in the pathogenesis of SSc for further
experiments. All molecules which appeared to be significantly higher in tears of patients are
molecular players of the immune responses and inflammatory processes, which confirms the

presence of ocular surface inflammation in patients with SSc possibly as a consequence of DES.

CHI3L1, a protein which takes part in the processes of inflammation and tissue remodeling, has
not been previously described in relation to the pathomechanism of SSc. We have found
elevated levels of CHI3L1 in patients with SSc. This result correlates well with the fact that
inflammation and tissue injury caused by hypoxia and oxidative stress are always present in the
course of SSc.

In fact, different pathways may lead to vascular dysfunction processes in SSc, such as direct
vascular damage or pro-inflammatory responses. Studies in different diseases have shown
functional links between activated complement molecules and these pathways. CFD, a serine
protease, also known as adipsin, plays a key role in these processes (117, 118). CFD is the rate
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limiting enzyme in the activation cascade of the alternative pathway and its level in blood is
quite low. Our cytokine array results showed increased CFD levels, which confirms the role of
the complement system in the ocular pathology of SSc.

Levels of EGF were also elevated in tear samples of patients with SSc. EGF is a growth factor
that stimulates cell growth, proliferation, and differentiation (119). Elevation of EGF may be
explained by the above processes of vasculopathy. The next molecule, which appeared to be
higher in patients’ tears is matrix metallopeptidase-9 (MMP-9). As a protease of the MMP
family, it is involved in the breakdown of extracellular matrix in normal physiological
processes, such as embryonic development, reproduction, angiogenesis, bone development,
wound healing, cell migration, as well as in pathological processes, such as intracerebral
hemorrhage, arthritis and metastasis (120-122). In a study of Kim et al. serum MMP-9
concentrations were found to be elevated in patients with SSc correlating well with skin scores
(123). Their results suggest that increased MMP-9 concentrations may be due to their
overproduction by dermal fibroblasts and also that the enhanced production of MMP-9 may
contribute to fibrogenic remodelling during the progression of skin sclerosis in SSc. Our results
of tear cytokin array are parallel with the finding that MMP-9 is increased in the course of SSc.
In a previous study expression of antiangiogenic chemokines and their receptors were
determined in the sera and skin of patients with SSc (124). Based on their results MIG and its
receptor are elevated in serum and highly expressed in the skin of patients with SSc. We have
also found increased levels of MIG in tear samples of patients, which confirms the fact that
dysregulated angiogenesis is an important feature in the pathomechanism of SSc. The next
protein that appeared to be higher is VDBP, which belongs to the aloumin gene family. VDBP
is a multifunctional protein found in plasma, ascitic fluid, and cerebrospinal fluid and on the
surface of many cell types. It binds to vitamin D and its plasma metabolites and transports them
to target tissues (125). Others have measured significant quantities of VDBP-actin complexes
in the plasma following injury (126). The presence of tissue injury is likely to be the explanation
of our results, namely the elevated levels of VDBP in the tears of patients with SSc.

Based on our results of multiplex bead assay the three molecules that showed significant
differences in tears of patients and controls were IP-10, MCP-1 and CRP. Previous studies have
already demonstrated elevated levels of these markers in the sera of patients with SSc.
General markers of inflammation, such as CRP, are expected to be higher in a disease like SSc.
In earlier trials CRP appeared to be elevated in the sera of patients with SSc, and was associated
with poor survival. Therefore, it may be a useful indicator of disease activity and severity in
SSc (127, 128).
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Another inflammatory chemokine, IP-10, also called CXCL-10, has often been investigated in
SSc studies (107, 124, 129). IP-10 has an angiostatic function as it suppresses
neovascularization, furthermore, it is involved in immune regulation (130).

Recent reports have shown that the serum and/or the tissue expressions of IP-10 are increased
in various bacterial, viral, fungal and protozoal infections (131) and also in autoimmune
diseases like rheumatoid arthritis, systemic lupus erythematosus, multiple sclerosis,
autoimmune thyroid diseases, type 1 diabetes mellitus, Addison's disease, and SSc (107, 132-
134). CXCL10 is secreted by CD4+, CD8+, natural killer and natural killer T cells, and is
dependent on interferon-y. CXCL10 can also be secreted by several other cell types, including
endothelial cells, fibroblasts, keratinocytes, thyrocytes, preadipocytes, etc. Detecting a high
level of CXCL10 in peripheral fluids is therefore a marker of host immune response (128),
which correlates well with our results of cytokine bead assay measurements.

Finally, MCP-1, which is a key participant of the fibrotic processes in SSc, also appeared to be
higher in patients’ tears. MCP-1, which recruits monocytes, memory T cells, and dendritic cells
to the sites of inflammation, is produced by either tissue injury or infection (135). It is known
as one of the most pathogenic chemokines during the development of inflammation and fibrosis
in SSc (40). MCP-1 is not only a chemoattractant molecule for monocytes and T cells, it also
induces Th2 cell polarization and stimulates collagen production by fibroblasts (136).
Hasegawa et al. have previously shown that serum MCP-1 levels are elevated when skin and
lung are affected in patients with SSc (137). It has also been reported that cultured dermal
fibroblasts from patients with SSc show augmented expressions of MCP-1 mRNA and protein
(138).

Of the last three molecules IP-10 and MCP-1 are the two whose molecular characteristics make
them potential candidates for therapies against the pathological consequences of diseases such
as SSc. Monitoring these factors in the tears of patients with SSc can be a non-invasive
alternative instead of serum investigation. Furthermore, in patients with ocular manifestations,
such as DES, tear analysis is far more informative, provides information of the ocular surface,
hence it could help us choose the appropriate treatment, in particular artificial tears or anti-
inflammatory eye drops. Further studies are needed to understand the signaling pathways
regulating IP-10 and MCP-1, with the aim of developing new interventions against autoimmune
diseases mediated by these chemokines (107, 131) as well as inventing novel therapeutic
possibilities for the ocular manifestations of SSc.
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6 NOVEL FINDINGS

1. After reviewing the literature of tear sampling techniques we labored the adequate tear
sampling methods and collected tears with capillary system from SSc patients in order
to investigate VEGF molecule and cytokines.

2. We were the first to demonstrate the presence and concentration of VEGF, an element
that plays an important vascular role in the pathogenesis of SSc, with the help of a
method that is based on a quantitative sandwich immunoassay technique.

3. By the help of our survey, which is based on a quantitative sandwich immunoassay
technique, we verified a level of VEGF reduced by 20% concentration in tears of SSc
patients compared to healthy controls.

4. We were the first to perform a wide cytokine profile in tears of SSc patients using an
array that monitors of 102 cytokines simultaneously.

5. Based on our cytokine array results, we revealed that 9 out of the 102 cytokines and
chemokines had significantly higher levels in tears of patients with SSc. All of them are
molecular players of the immune responses and the inflammatory processes. These
findings legitimate the existence of ocular surface inflammations which are quite
frequent in patients with SSc. In addition, they are in accordance with former study
results regarding the pathomechanism of SSc.

6. We were the first to demonstrate in tear samples, using a highly sensitive and specific
multiplex bead assay, the increased levels of IP-10, MCP-1 and CRP in tear samples of
patients with SSc. Previous studies have already demonstrated the elevated levels of
these biomarkers in sera of these patients, therefore tear analysis is to be raised as a
possible choice in relation to the diagnostic, prognostic, and maybe therapeutic aspects
of SSc.
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/7 SUMMARY

Systemic sclerosis is a chronic autoimmune disorder, characterized by widespread small vessel
vasculopathy, immune dysregulation with production of autoantibodies, and progressive
fibrosis. There are only few reports available concerning ophthalmological complications in the
course of SSc, although ocular manifestations, e.g. DES occurs frequently and decreases the
quality of life of these patients.

VEGF, the major pro-angiogenic factor plays a key role in the pathomechanism of SSc.
Although elevated levels of VEGF in sera have already been demonstrated, VEGF analysis in
tears of patients with SSc has not been performed in previous studies. Beside the determination
of VEGF, our aim was to measure a wide panel of cytokines and chemokines with a
semiquantitative method in tears of patients with SSc compared to healthy controls and to assess
the most significant molecules with a more sensitive and specific quantitative method.

Tear collection method has a critical impact on the effectiveness of assay and on the quality of
the results. Accordingly, after reviewing the literature on methodology, we have chosen the
microcapillary method for the collection of nonstimulated tear samples.

VEGF in the tears of patients with SSc was decreased by 20%, compared to healthy controls.
The reason why the VEGF levels are not elevated in the tears of patients with SSc needs further
investigations, as does the simultaneous analysis of the sera of the same patients.

The cytokine array results revealed a shift in the cytokine profile characterized by
predominance of inflammatory mediators. Our current data depict a group of cytokines and
chemokines, which play a significant role in ocular pathology of SSc; furthermore, they might
function as excellent candidates for future therapeutic targets in SSc with ocular manifestations.
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8 OSSZEFOGLALAS

Az SSc egy kronikus autoimmun betegség, kiterjedt kisér-vaszkulopatiaval, immun
diszregulacidval, autoantitest termelddéssel €s progressziv fibrozissal.

Kevés tanulmany foglalkozik az SSc szemészeti manifesztacidival, habar ezek a betegek
gyakran szenvednek az ¢életmindségiiket kedvezdtleniil befolyasold szemészeti tiinetektdl, pl.
szaraz szem szindromaban.

A VEGF, mint a {6 pro-angiogén faktor, kulcsfontossdgi szerepet jatszik az SSc
pathomechanizmusaban. Bar a VEGF emelkedett szintjét szérumban mar kimutattak, SSc-S
betegek esetében korabban konnyvizsgalatot még nem végeztek ennek tanulmanyozasara. A
VEGF mennyiségi kimutatasan kiviil szerettiik volna meghatarozni ezeknek a betegeknek a
kénnymintaiban citokinek és kemokinek széles skalajat egy szemikvantitativ modszerrel, majd
az egészséges kontroll személyek konnymintaihoz képest szignifikdns kiilonbséget mutatod
molekuldkat egy nagyobb szenzitivitasi és specificitasi kvantitativ moddszerrel tovabb
vizsgalni.

A konnymintavétel modja meghatarozo lehet a vizsgalat hatékonysdganak és az eredmények
mindségének szempontjabol, ezért az irodalmi adatok attekintése utdn a kapillarissal torténd
konnymintavételi modszert valasztottuk a stimulédlas nélkiili konnyminta gylijtéséhez.

Az SSc-ben szenvedd betegek konnymintaiban mintegy 20%-kal alacsonyabb VEGF szintet
mértiink az egészséges kontrollokhoz viszonyitva. Annak magyardzata, hogy miért nem
emelkedett a VEGF mennyisége SSc-s betegek konnymintaiban tovabbi vizsgélatokat igényel,
példaul egyidejli sz€rum analizist ugyanazon betegek esetén, akiktdl konnymintat gyiijtottiink.
Citokin array eredményeink a gyulladasos folyamatok iranyaba eltolt citokin profilt mutattak
SSc-ben szenvedd betegek konnyében. Vizsgalataink alapjan a citokineknek és a
kemokineknek egy olyan csoportjat irtuk le, amelyek fontos szerepet jatszanak az SSc
szemészeti folyamatainak pathogenezisében, tovabba kivald célpontok lehetnek a jovében a

szemészeti manifesztaciokkal bird SSc kezelésében.

48



9 REFERENCES

1. Gabrielli A, Avvedimento EV, Krieg T. Scleroderma. N Engl J Med.
2009;360(19):1989-2003.

2. Geyer M, Muller-Ladner U. The pathogenesis of systemic sclerosis revisited. Clin Rev
Allergy Immunol. 2011;40(2):92-103.
3. Korman BD, Criswell LA. Recent advances in the genetics of systemic sclerosis: toward

biological and clinical significance. Curr Rheumatol Rep. 2015;17(3):21.

4. Barnes J, Mayes MD. Epidemiology of systemic sclerosis: incidence, prevalence,
survival, risk factors, malignancy, and environmental triggers. Curr Opin Rheumatol.
2012;24(2):165-70.

5. Chifflot H, Fautrel B, Sordet C, Chatelus E, Sibilia J. Incidence and prevalence of
systemic sclerosis: a systematic literature review. Semin Arthritis Rheum. 2008;37(4):223-35.
6. LeRoy EC, Black C, Fleischmajer R, Jablonska S, Krieg T, Medsger TA, Jr., et al.
Scleroderma (systemic sclerosis): classification, subsets and pathogenesis. J Rheumatol.
1988;15(2):202-5.

7. Nadashkevich O, Davis P, Fritzler MJ. A proposal of criteria for the classification of
systemic sclerosis. Med Sci Monit. 2004;10(11):CR615-21.

8. Clements PJ, Roth MD, Elashoff R, Tashkin DP, Goldin J, Silver RM, et al. Scleroderma
lung study (SLS): differences in the presentation and course of patients with limited versus
diffuse systemic sclerosis. Ann Rheum Dis. 2007;66(12):1641-7.

9. Steen VD, Medsger TA. Changes in causes of death in systemic sclerosis, 1972-2002.
Ann Rheum Dis. 2007;66(7):940-4.

10.  Allanore Y, Distler O. Systemic sclerosis in 2014: Advances in cohort enrichment shape
future of trial design. Nat Rev Rheumatol. 2015;11(2):72-4.

11.  Gomes Bde A, Santhiago MR, Magalhaes P, Kara-Junior N, Azevedo MN, Moraes HV,
Jr. Ocular findings in patients with systemic sclerosis. Clinics (Sao Paulo). 2011;66(3):379-85.
12.  Waszczykowska A, Gos R, Waszczykowska E, Dziankowska-Bartkowiak B, Jurowski
P. Prevalence of ocular manifestations in systemic sclerosis patients. Arch Med Sci.
2013;9(6):1107-13.

13.  Albert D, Jakobiec, FA. Principles and practice of

ophthalmology. edition 5 ed. Philadelphia: W.B.Saunders Company,; 2000.

49



14.  Plastiras S. The definition and classification of dry eye disease: report of the Definition
and Classification Subcommittee of the International Dry Eye WorkShop (2007). Ocul Surf.
2007;5(2):75-92.

15.  Farris RL, Stuchell RN, Mandel ID. Tear osmolarity variation in the dry eye. Trans Am
Ophthalmol Soc. 1986;84:250-68.

16.  Pflugfelder SC, Jones D, Ji Z, Afonso A, Monroy D. Altered cytokine balance in the
tear fluid and conjunctiva of patients with Sjogren’s syndrome keratoconjunctivitis sicca. Curr
Eye Res. 1999;19(3):201-11.

17.  Kahaleh B. Vascular disease in scleroderma: mechanisms of vascular injury. Rheum Dis
Clin North Am. 2008;34(1):57-71; vi.

18.  LeRoy EC. Systemic sclerosis. A vascular perspective. Rheum Dis Clin North Am.
1996;22(4):675-94.

19.  Chen ZY, Silver RM, Ainsworth SK, Dobson RL, Rust P, Maricq HR. Association
between fluorescent antinuclear antibodies, capillary patterns, and clinical features in
scleroderma spectrum disorders. Am J Med. 1984;77(5):812-22.

20.  Koenig M, Joyal F, Fritzler MJ, Roussin A, Abrahamowicz M, Boire G, et al.
Autoantibodies and microvascular damage are independent predictive factors for the
progression of Raynaud's phenomenon to systemic sclerosis: a twenty-year prospective study
of 586 patients, with validation of proposed criteria for early systemic sclerosis. Arthritis
Rheum. 2008;58(12):3902-12.

21.  Matucci-Cerinic M, Kahaleh B, Wigley FM. Review: evidence that systemic sclerosis
is a vascular disease. Arthritis Rheum. 2013;65(8):1953-62.

22.  Jimenez SA, Derk CT. Following the molecular pathways toward an understanding of
the pathogenesis of systemic sclerosis. Ann Intern Med. 2004;140(1):37-50.

23.  Hasegawa M, Fujimoto M, Kikuchi K, Takehara K. Elevated serum levels of interleukin
4 (1L-4), IL-10, and IL-13 in patients with systemic sclerosis. J Rheumatol. 1997;24(2):328-32.
24.  Artlett CM, Smith JB, Jimenez SA. Identification of fetal DNA and cells in skin lesions
from women with systemic sclerosis. N Engl J Med. 1998;338(17):1186-91.

25.  Gilbane AJ, Denton CP, Holmes AM. Scleroderma pathogenesis: a pivotal role for
fibroblasts as effector cells. Arthritis Res Ther. 2013;15(3):215.

26. Bao P, Kodra A, Tomic-Canic M, Golinko MS, Ehrlich HP, Brem H. The role of
vascular endothelial growth factor in wound healing. J Surg Res. 2009;153(2):347-58.

27. Byrne AM, Bouchier-Hayes DJ, Harmey JH. Angiogenic and cell survival functions of
vascular endothelial growth factor (VEGF). J Cell Mol Med. 2005;9(4):777-94.

50



28.  Aiello LP, Avery RL, Arrigg PG, Keyt BA, Jampel HD, Shah ST, et al. Vascular
endothelial growth factor in ocular fluid of patients with diabetic retinopathy and other retinal
disorders. N Engl J Med. 1994;331(22):1480-7.

29. Bock F, Konig Y, Dietrich T, Zimmermann P, Baier M, Cursiefen C. [Inhibition of
angiogenesis in the anterior chamber of the eye]. Ophthalmologe. 2007;104(4):336-44.

30.  Penn JS, Li S, Naash MI. Ambient hypoxia reverses retinal vascular attenuation in a
transgenic mouse model of autosomal dominant retinitis pigmentosa. Invest Ophthalmol Vis
Sci. 2000;41(12):4007-13.

31.  Ferrara N, Henzel WJ. Pituitary follicular cells secrete a novel heparin-binding growth
factor specific for vascular endothelial cells. Biochem Biophys Res Commun.
1989;161(2):851-8.

32.  Ferrara N. The role of VEGF in the regulation of physiological and pathological
angiogenesis. EXS. 2005(94):209-31.

33.  Folkman J. Angiogenesis in cancer, vascular, rheumatoid and other disease. Nat Med.
1995;1(1):27-31.

34.  Distler O, Del Rosso A, Giacomelli R, Cipriani P, Conforti ML, Guiducci S, et al.
Angiogenic and angiostatic factors in systemic sclerosis: increased levels of vascular
endothelial growth factor are a feature of the earliest disease stages and are associated with the
absence of fingertip ulcers. Arthritis Res. 2002;4(6):R11.

35.  loannou M, Pyrpasopoulou A, Simos G, Paraskeva E, Nikolaidou C, Venizelos I, et al.
Upregulation of VEGF expression is associated with accumulation of HIF-1alpha in the skin of
naive scleroderma patients. Mod Rheumatol. 2013;23(6):1245-8.

36.  Trojanowska M. Cellular and molecular aspects of vascular dysfunction in systemic
sclerosis. Nat Rev Rheumatol. 2010;6(8):453-60.

37.  Roumm AD, Whiteside TL, Medsger TA, Jr., Rodnan GP. Lymphocytes in the skin of
patients with progressive systemic sclerosis. Quantification, subtyping, and clinical
correlations. Arthritis Rheum. 1984;27(6):645-53.

38.  Gruschwitz M, Sepp N, Kofler H, Wick G. Expression of class 11-MHC antigens in the
dermis of patients with progressive systemic sclerosis. Immunobiology. 1991;182(3-4):234-55.
39. Hasegawa M, Sato S. The roles of chemokines in leukocyte recruitment and fibrosis in
systemic sclerosis. Front Biosci. 2008;13:3637-47.

40.  Distler JH, Akhmetshina A, Schett G, Distler O. Monocyte chemoattractant proteins in
the pathogenesis of systemic sclerosis. Rheumatology (Oxford). 2009;48(2):98-103.

51



41.  Yamamoto T. Pathogenic role of CCL2/MCP-1 in scleroderma. Front Biosci.
2008;13:2686-95.

42.  VargaJ. Systemic sclerosis: an update. Bull NYU Hosp Jt Dis. 2008;66(3):198-202.
43.  Lamberts DW. Punctal occlusion. International ophthalmology clinics. 1994;34(1):145-
50.

44.  Stern M.E. BRW, Pflugfelder S.C. , editor. The Normal Tear Film and Ocular Surface.
New York: Marcel Dekker; 2004.

45.  Tiffany JM. The normal tear film. Dev Ophthalmol. 2008;41:1-20.

46.  Ohashi Y, Dogru M, Tsubota K. Laboratory findings in tear fluid analysis. Clin Chim
Acta. 2006;369(1):17-28.

47.  Mishima S, Gasset A, Klyce SD, Jr., Baum JL. Determination of tear volume and tear
flow. Invest Ophthalmol. 1966;5(3):264-76.

48.  Carney LG, Hill RM. Human tear pH. Diurnal variations. Arch Ophthalmol.
1976;94(5):821-4.

49.  Walker PM, Lane KJ, Ousler GW, 3rd, Abelson MB. Diurnal variation of visual
function and the signs and symptoms of dry eye. Cornea. 2010;29(6):607-12.

50.  Zhou L, Beuerman RW. Tear analysis in ocular surface diseases. Prog Retin Eye Res.
2012;31(6):527-50.

51.  Sack RA, Tan KO, Tan A. Diurnal tear cycle: evidence for a nocturnal inflammatory
constitutive tear fluid. Invest Ophthalmol Vis Sci. 1992;33(3):626-40.

52.  Fullard RJ, Snyder C. Protein levels in nonstimulated and stimulated tears of normal
human subjects. Invest Ophthalmol Vis Sci. 1990;31(6):1119-26.

53.  Dartt DA. Signal transduction and control of lacrimal gland protein secretion: a review.
Curr Eye Res. 1989;8(6):619-36.

54.  Sullivan DA, Bloch KJ, Allansmith MR. Hormonal influence on the secretory immune
system of the eye: androgen control of secretory component production by the rat exorbital
gland. Immunology. 1984;52(2):239-46.

55.  Zhou L, Beuerman RW, Ang LP, Chan CM, Li SF, Chew FT, et al. Elevation of human
alpha-defensins and S100 calcium-binding proteins A8 and A9 in tear fluid of patients with
pterygium. Invest Ophthalmol Vis Sci. 2009;50(5):2077-86.

56. Wong TT, Zhou L, Li J, Tong L, Zhao SZ, Li XR, et al. Proteomic profiling of
inflammatory signaling molecules in the tears of patients on chronic glaucoma medication.
Invest Ophthalmol Vis Sci. 2011;52(10):7385-91.

52



57.  Kim HJ, Kim PK, Yoo HS, Kim CW. Comparison of tear proteins between healthy and
early diabetic retinopathy patients. Clin Biochem. 2012;45(1-2):60-7.

58. Bohm D, Keller K, Pieter J, Boehm N, Wolters D, Siggelkow W, et al. Comparison of
tear protein levels in breast cancer patients and healthy controls using a de novo proteomic
approach. Oncol Rep. 2012;28(2):429-38.

59.  Geerling G, Maclennan S, Hartwig D. Autologous serum eye drops for ocular surface
disorders. Br J Ophthalmol. 2004;88(11):1467-74.

60. Lam SM, Tong L, Duan X, Petznick A, Wenk MR, Shui G. Extensive characterization
of human tear fluid collected using different techniques unravels the presence of novel lipid
amphiphiles. J Lipid Res. 2014;55(2):289-98.

61. Sack RA, Conradi L, Krumholz D, Beaton A, Sathe S, Morris C. Membrane array
characterization of 80 chemokines, cytokines, and growth factors in open- and closed-eye tears:
angiogenin and other defense system constituents. Invest Ophthalmol Vis Sci.
2005;46(4):1228-38.

62.  Whikehart DR, editor. Biochemistry of the eye. second ed. ed. Boston: Butterworth-
Heinemann; 2004.

63.  Harding JJ, editor. Biochemistry of the eye. London: Chapman & Hall; 1997.

64.  Copeland JR, Lamberts DW, Holly FJ. Investigation of the accuracy of tear lysozyme
determination by the Quantiplate method. Invest Ophthalmol Vis Sci. 1982;22(1):103-10.

65.  Tuft SJ, Dart JK. The measurement of IgE in tear fluid: a comparison of collection by
sponge or capillary. Acta Ophthalmol (Copenh). 1989;67(3):301-5.

66. de Souza GA, Godoy LM, Mann M. Identification of 491 proteins in the tear fluid
proteome reveals a large number of proteases and protease inhibitors. Genome Biol.
2006;7(8):R72.

67. Stern ME BR, Pflugfelder SC. The Normal Tear Film and Ocular Surface. In:
Pflugfelder SC BR, Stern ME, editor. Dry Eye and Ocular Surface Disorders. New York:
Marcel Dekker; 2004. p. 44-9.

68.  Rantamaki AH, Seppanen-Laakso T, Oresic M, Jauhiainen M, Holopainen JM. Human
tear fluid lipidome: from composition to function. PLoS One. 2011;6(5):e19553.

69.  Azzarolo AM, Brew K, Kota S, Ponomareva O, Schwartz J, Zylberberg C. Presence of
tear lipocalin and other major proteins in lacrimal fluid of rabbits. Comp Biochem Physiol B
Biochem Mol Biol. 2004;138(2):111-7.

53



70. Rocha EM, Cunha DA, Carneiro EM, Boschero AC, Saad MJ, Velloso LA.
Identification of insulin in the tear film and insulin receptor and IGF-1 receptor on the human
ocular surface. Invest Ophthalmol Vis Sci. 2002;43(4):963-7.

71.  Ollivier FJ, Brooks DE, Schultz GS, Blalock TD, Andrew SE, Komaromy AM, et al.
Connective tissue growth factor in tear film of the horse: detection, identification and origin.
Graefes Arch Clin Exp Ophthalmol. 2004;242(2):165-71.

72.  Ohashi Y, Ishida R, Kojima T, Goto E, Matsumoto Y, Watanabe K, et al. Abnormal
protein profiles in tears with dry eye syndrome. Am J Ophthalmol. 2003;136(2):291-9.

73.  Kimata H. Passive smoking elevates neurotrophin levels in tears. Hum Exp Toxicol.
2004;23(5):215-7.

74.  Holopainen JM, Moilanen JA, Sorsa T, Kivela-Rajamaki M, Tervahartiala T,
Vesaluoma MH, et al. Activation of matrix metalloproteinase-8 by membrane type 1-MMP and
their expression in human tears after photorefractive keratectomy. Invest Ophthalmol Vis Sci.
2003;44(6):2550-6.

75.  Dartt DA. Interaction of EGF family growth factors and neurotransmitters in regulating
lacrimal gland secretion. Exp Eye Res. 2004;78(3):337-45.

76.  Bours J, Reitz C, Strobel J, Breipohl W. Detection of secretory IgM in tears during
rhino-conjunctivitis. Graefes Arch Clin Exp Ophthalmol. 2005;243(5):456-63.

77.  Barton K, Nava A, Monroy DC, Pflugfelder SC. Cytokines and tear function in ocular
surface disease. Adv Exp Med Biol. 1998;438:461-9.

78.  Butovich IA. Tear film lipids. Exp Eye Res. 2013;117:4-27.

79.  Khanal S, Millar TJ. Nanoscale phase dynamics of the normal tear film. Nanomedicine.
2010;6(6):707-13.

80.  Liakouli V, Cipriani P, Marrelli A, Alvaro S, Ruscitti P, Giacomelli R. Angiogenic
cytokines and growth factors in systemic sclerosis. Autoimmun Rev. 2011;10(10):590-4.

81.  Solanilla A, Villeneuve J, Auguste P, Hugues M, Alioum A, Lepreux S, et al. The
transport of high amounts of vascular endothelial growth factor by blood platelets underlines
their potential contribution in systemic sclerosis angiogenesis. Rheumatology (Oxford).
2009;48(9):1036-44.

82.  Wei Y, Gadaria-Rathod N, Epstein S, Asbell P. Tear cytokine profile as a noninvasive
biomarker of inflammation for ocular surface diseases: standard operating procedures. Invest
Ophthalmol Vis Sci. 2013;54(13):8327-36.

83.  Zakaria N, Van Grasdorff S, Wouters K, Rozema J, Koppen C, Lion E, et al. Human

tears reveal insights into corneal neovascularization. PLoS One. 2012;7(5):e36451.

54



84. Leonardi A, Sathe S, Bortolotti M, Beaton A, Sack R. Cytokines, matrix
metalloproteases, angiogenic and growth factors in tears of normal subjects and vernal
keratoconjunctivitis patients. Allergy. 2009;64(5):710-7.

85. Li K, Chen Z, Duan F, Liang J, Wu K. Quantification of tear proteins by SDS-PAGE
with an internal standard protein: a new method with special reference to small volume tears.
Graefes Arch Clin Exp Ophthalmol. 2010;248(6):853-62.

86.  Pistillo MP, Ferrara GB, Reed E, Brensilver J, McCabe R, Benvensity A, et al. Detection
of anti-idiotypic antibodies to HLA (anti-anti-HLA antibodies) by use of human monoclonal
antibodies. Transplant Proc. 1989;21(1 Pt 1):760-1.

87. Small D, Hevy J, Tang-Liu D. Comparison of tear sampling techniques for
pharmacokinetics analysis: ofloxacin concentrations in rabbit tears after sampling with
schirmer tear strips, capillary tubes, or surgical sponges. J Ocul Pharmacol Ther.
2000;16(5):439-46.

88. Kalsow CM, Reindel WT, Merchea MM, Bateman KM, Barr JT. Tear cytokine response
to multipurpose solutions for contact lenses. Clin Ophthalmol. 2013;7:1291-302.

89.  Guyette N, Williams L, Tran MT, Than T, Bradley J, Kehinde L, et al. Comparison of
low-abundance biomarker levels in capillary-collected nonstimulated tears and washout tears
of aqueous-deficient and normal patients. Invest Ophthalmol Vis Sci. 2013;54(5):3729-37.

90.  Research in dry eye: report of the Research Subcommittee of the International Dry Eye
WorkShop (2007). Ocul Surf. 2007;5(2):179-93.

91.  Fullard RJ, Tucker D. Tear protein composition and the effects of stimulus. Adv Exp
Med Biol. 1994;350:309-14.

92.  Bjerrum KB, Prause JU. Collection and concentration of tear proteins studied by SDS
gel electrophoresis. Presentation of a new method with special reference to dry eye patients.
Graefes Arch Clin Exp Ophthalmol. 1994;232(7):402-5.

93.  Markoulli M, Papas E, Petznick A, Holden B. Validation of the flush method as an
alternative to basal or reflex tear collection. Curr Eye Res. 2011;36(3):198-207.

94, Luo L, Li DQ, Doshi A, Farley W, Corrales RM, Pflugfelder SC. Experimental dry eye
stimulates production of inflammatory cytokines and MMP-9 and activates MAPK signaling
pathways on the ocular surface. Invest Ophthalmol Vis Sci. 2004;45(12):4293-301.

95.  Song XJ, Li DQ, Farley W, Luo LH, Heuckeroth RO, Milbrandt J, et al. Neurturin-
deficient mice develop dry eye and keratoconjunctivitis sicca. Invest Ophthalmol Vis Sci.
2003;44(10):4223-9.

55



96.  Senchyna M, Wax MB. Quantitative assessment of tear production: A review of
methods and utility in dry eye drug discovery. J Ocul Biol Dis Infor. 2008;1(1):1-6.

97.  VanDerMeid KR, Su SP, Krenzer KL, Ward KW, Zhang JZ. A method to extract
cytokines and matrix metalloproteinases from Schirmer strips and analyze using Luminex. Mol
Vis. 2011;17:1056-63.

98.  Acera A, Rocha G, Vecino E, Lema I, Duran JA. Inflammatory markers in the tears of
patients with ocular surface disease. Ophthalmic Res. 2008;40(6):315-21.

99. Inic-Kanada A, Nussbaumer A, Montanaro J, Belij S, Schlacher S, Stein E, et al.
Comparison of ophthalmic sponges and extraction buffers for quantifying cytokine profiles in
tears using Luminex technology. Mol Vis. 2012;18:2717-25.

100. Choy CK, Cho P, Chung WY, Benzie IF. Water-soluble antioxidants in human tears:
effect of the collection method. Invest Ophthalmol Vis Sci. 2001;42(13):3130-4.

101. Green-Church KB, Nichols KK, Kleinholz NM, Zhang L, Nichols JJ. Investigation of
the human tear film proteome using multiple proteomic approaches. Mol Vis. 2008;14:456-70.
102. Lee SY, Kim MJ, Kim MK, Wee WR. Comparative analysis of polymerase chain
reaction assay for herpes simplex virus 1 detection in tear. Korean J Ophthalmol.
2013;27(5):316-21.

103. Satpathy G, Mishra AK, Tandon R, Sharma MK, Sharma A, Nayak N, et al. Evaluation
of tear samples for Herpes Simplex Virus 1 (HSV) detection in suspected cases of viral keratitis
using PCR assay and conventional laboratory diagnostic tools. Br J Ophthalmol.
2011;95(3):415-8.

104. LeRoy EC, Medsger TA, Jr. Criteria for the classification of early systemic sclerosis. J
Rheumatol. 2001;28(7):1573-6.

105. Masi A. Preliminary criteria for the classification of systemic sclerosis (scleroderma).
Subcommittee for scleroderma criteria of the American Rheumatism Association Diagnostic
and Therapeutic Criteria Committee. Arthritis Rheum. 1980;23(5):581-90.

106. ScalaE, Pallotta S, Frezzolini A, Abeni D, Barbieri C, Sampogna F, et al. Cytokine and
chemokine levels in systemic sclerosis: relationship with cutaneous and internal organ
involvement. Clin Exp Immunol. 2004;138(3):540-6.

107. Lee EY, Lee ZH, Song YW. CXCL10 and autoimmune diseases. Autoimmun Rev.
2009;8(5):379-83.

108. Mehra S, Walker J, Patterson K, Fritzler MJ. Autoantibodies in systemic sclerosis.
Autoimmun Rev. 2013;12(3):340-54.

56



109. Kayser C, Fritzler MJ. Autoantibodies in systemic sclerosis: unanswered questions.
Front Immunol. 2015;6:167.

110. Subcommittee for scleroderma criteria of the American Rheumatism Association
Diagnostic and Therapeutic Criteria Committee. Preliminary criteria for the classification of
systemic sclerosis (scleroderma). Arthritis Rheum. 1980;23(5):581-90.

111. van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M, Tyndall A, et al. 2013
classification criteria for systemic sclerosis: an American College of Rheumatology/European
League against Rheumatism collaborative initiative. Arthritis Rheum. 2013;65(11):2737-47.
112. Singh JA, Solomon DH, Dougados M, Felson D, Hawker G, Katz P, et al. Development
of classification and response criteria for rheumatic diseases. Arthritis Rheum. 2006;55(3):348-
52.

113. Tailor R, Gupta A, Herrick A, Kwartz J. Ocular manifestations of scleroderma. Surv
Ophthalmol. 2009;54(2):292-304.

114. Leonardi A, Tavolato M, Curnow SJ, Fregona IA, Violato D, Alio JL. Cytokine and
chemokine levels in tears and in corneal fibroblast cultures before and after excimer laser
treatment. J Cataract Refract Surg. 2009;35(2):240-7.

115. LiuJ, Shi B, He S, Yao X, Willcox MD, Zhao Z. Changes to tear cytokines of type 2
diabetic patients with or without retinopathy. Mol Vis. 2010;16:2931-8.

116. Vesaluoma M, Teppo AM, Gronhagen-Riska C, Tervo T. Release of TGF-beta 1 and
VEGF in tears following photorefractive keratectomy. Curr Eye Res. 1997;16(1):19-25.

117. Ricklin D, Hajishengallis G, Yang K, Lambris JD. Complement: a key system for
immune surveillance and homeostasis. Nat Immunol. 2010;11(9):785-97.

118. Zipfel PF, Skerka C. Complement regulators and inhibitory proteins. Nat Rev Immunol.
2009;9(10):729-40.

119. Hackel PO, Zwick E, Prenzel N, Ullrich A. Epidermal growth factor receptors: critical
mediators of multiple receptor pathways. Curr Opin Cell Biol. 1999;11(2):184-9.

120. John A, Tuszynski G. The role of matrix metalloproteinases in tumor angiogenesis and
tumor metastasis. Pathol Oncol Res. 2001;7(1):14-23.

121. Johnson C, Sung HJ, Lessner SM, Fini ME, Galis ZS. Matrix metalloproteinase-9 is
required for adequate angiogenic revascularization of ischemic tissues: potential role in
capillary branching. Circ Res. 2004;94(2):262-8.

122. Kotani T, Takeuchi T, Takai S, Yoshida S, Hata K, Nagai K, et al. Serum levels of

matrix metalloproteinase (MMP) 9, a risk factor for acute coronary syndrome, are reduced

57



independently of serum MMP-3 by anti-TNF-alpha antibody (infliximab) therapy in patients
with rheumatoid arthritis. J Pharmacol Sci. 2012;120(1):50-3.

123.  Kim WU, Min SY, Cho ML, Hong KH, Shin YJ, Park SH, et al. Elevated matrix
metalloproteinase-9 in patients with systemic sclerosis. Arthritis Res Ther. 2005;7(1):R71-9.
124. Rabquer BJ, Tsou PS, Hou Y, Thirunavukkarasu E, Haines GK, 3rd, Impens AJ, et al.
Dysregulated expression of MIG/CXCL9, IP-10/CXCL10 and CXCL16 and their receptors in
systemic sclerosis. Arthritis Res Ther. 2011;13(1):R18.

125.  Chun RF. New perspectives on the vitamin D binding protein. Cell Biochem Funct.
2012;30(6):445-56.

126. Ge L, Trujillo G, Miller EJ, Kew RR. Circulating complexes of the vitamin D binding
protein with G-actin induce lung inflammation by targeting endothelial cells. Immunobiology.
2014;219(3):198-207.

127. Muangchan C, Harding S, Khimdas S, Bonner A, Baron M, Pope J. Association of C-
reactive protein with high disease activity in systemic sclerosis: results from the Canadian
Scleroderma Research Group. Arthritis Care Res (Hoboken). 2012;64(9):1405-14.

128. Liu X, Mayes MD, Pedroza C, Draeger HT, Gonzalez EB, Harper BE, et al. Does C-
reactive protein predict the long-term progression of interstitial lung disease and survival in
patients with early systemic sclerosis? Arthritis Care Res (Hoboken). 2013;65(8):1375-80.
129. Hasegawa M, Fujimoto M, Matsushita T, Hamaguchi Y, Takehara K, Sato S. Serum
chemokine and cytokine levels as indicators of disease activity in patients with systemic
sclerosis. Clin Rheumatol. 2011;30(2):231-7.

130. Neville LF, Mathiak G, Bagasra O. The immunobiology of interferon-gamma inducible
protein 10 kKD (IP-10): a novel, pleiotropic member of the C-X-C chemokine superfamily.
Cytokine Growth Factor Rev. 1997;8(3):207-19.

131. Liu M, Guo S, Hibbert JM, Jain V, Singh N, Wilson NO, et al. CXCL10/IP-10 in
infectious diseases pathogenesis and potential therapeutic implications. Cytokine Growth
Factor Rev. 2011;22(3):121-30.

132.  Narumi S, Takeuchi T, Kobayashi Y, Konishi K. Serum levels of ifn-inducible
PROTEIN-10 relating to the activity of systemic lupus erythematosus. Cytokine.
2000;12(10):1561-5.

133. Hanaoka R, Kasama T, Muramatsu M, Yajima N, Shiozawa F, Miwa Y, et al. A novel
mechanism for the regulation of IFN-gamma inducible protein-10 expression in rheumatoid
arthritis. Arthritis Res Ther. 2003;5(2):R74-81.

58



134. Fujii H, Shimada Y, Hasegawa M, Takehara K, Sato S. Serum levels of a Thl
chemoattractant IP-10 and Th2 chemoattractants, TARC and MDC, are elevated in patients
with systemic sclerosis. J Dermatol Sci. 2004;35(1):43-51.

135.  Yoshimura T, Yuhki N, Moore SK, Appella E, Lerman MI, Leonard EJ. Human
monocyte chemoattractant protein-1 (MCP-1). Full-length cDNA cloning, expression in
mitogen-stimulated blood mononuclear leukocytes, and sequence similarity to mouse
competence gene JE. FEBS Lett. 1989;244(2):487-93.

136. Gu L, Tseng S, Horner RM, Tam C, Loda M, Rollins BJ. Control of TH2 polarization
by the chemokine monocyte chemoattractant protein-1. Nature. 2000;404(6776):407-11.

137. Hasegawa M, Sato S, Takehara K. Augmented production of chemokines (monocyte
chemotactic protein-1 (MCP-1), macrophage inflammatory protein-lalpha (MIP-1alpha) and
MIP-1beta) in patients with systemic sclerosis: MCP-1 and MIP-1alpha may be involved in the
development of pulmonary fibrosis. Clin Exp Immunol. 1999;117(1):159-65.

138. Matsunaga K, Klein TW, Newton C, Friedman H, Yamamoto Y. Legionella
pneumophila suppresses interleukin-12 production by macrophages. Infect Immun.
2001;69(3):1929-33.

59



10 APPENDIX

13
g

(/ UNIVERSITY OF DEBRECEN [I ' '
D UNIVERSITY AND NATIONAL LIBRARY DD“
/
Registry number: DEENK/42/2016.PL
Subject: Ph.D. List of Publications

Candidate: Aniké Rentka
Neptun ID: KEMUBK
Doctoral School: Doctoral School of Clinical Medicine

List of publications related to the dissertation

1. Rentka, A., Harsfalvi, J., Sz(ics, G., Szekanecz, Z., Szodoray, P., Kéroskényi, K., Kemény-Beke,
A.: Membrane array and multiplex bead analysis of tear cytokines in systemic sclerosis.
Immunol. Res. Epub ahead of print (2015)

DOI: http://dx.doi.org/10.1007/s12026-015-8763-9
IF:3.098 (2014)

2. Rentka, A., Harsfalvi, J., Berta, A., Kéroskényi, K., Szekanecz, Z., Sz(ics, G., Szodoray, P.,
Kemény-Beke, A.: Vascular Endothelial Growth Factor in Tear Samples of Patients with
Systemic Sclerosis.

Mediat. Inflamm. 2015 (Article |D 573681), 2015.
DOI: http://dx.doi.org/10.1155/2015/573681
IF:3.236 (2014)

Total IF of journals (all publications): 6,334
Total IF of journals (publications related to the dissertation): 6,334

The Candidate's publication data submitted to the iDEa Tudéstér have been validated by DEENK on
the basis of Web of Science, Scopus and Journal Citation Report (Impact Factor) databases.

19 February, 2016

Address: 1 Egyetem tér, Debrecen 4032, Hungary Postal address: Pf. 39. Debrecen 4010, Hungary
Tel.: +36 52 410 443 Fax: +36 52 512 900/63847 E-mail: publikaciok(@lib.unideb.hu, & Web: www.lib.unideb.hu

60



11 KEYWORDS

Systemic sclerosis, dry eye syndrome, tear, vascular endothelial growth factor, cytokine, tear
sampling, total protein, enzyme-linked immunosorbent assay, cytokine array, multiplex bead

assay

KULCSSZAVAK

Szisztémas sclerosis, szdraz szem szindroma, konny, vaszkularis endothelidlis novekedési
faktor, citokin, konnymintavétel, osszfehérje, enzyme-linked immunosorbent assay, citokin

array, multiplex bead assay

61



12 ACKNOWLEDGEMENTS

First of all, | thank my tutor, Dr. Adam Kemény-Beke for his continuous guidance,
encouragement and immense help regarding my research and the writing processes of the

articles and my thesis.

I would also like to express my sincere gratitude to Professor Andras Berta, Head of the
Department of Ophthalmology, Faculty of Medicine, University of Debrecen for providing me

an opportunity to join his department and do my PhD work there.

I am very grateful for Dr. Jolan Harsfalvi for her laboratory tutorials while I could join
her workgroup, and for her helpful guidance and suggestions regarding my thesis. | also thank
her colleagues and her students for helping me in the execution of the measurements.

I would like to thank Dr. Krisztina Koroskényi for all the indispensable help she had
given me during the mutual work in the Department of Biochemistry and afterwards.

I am very thankful to Professor Zoltan Szekanecz, head of the Department of
Rheumatology, to Professor Gabriella Sziics and to everyone else in the Department of

Rheumatology who helped my research in the past years.

I thank all the Patients with systemic sclerosis and all the healthy Controls who have

given me their tears to make this PhD work possible.

At last, but not at least, | thank my Family and my Friends for supporting me with their
loving patience throughout the years of research and the writing process.

62



