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Abstract

Abstract

Antinuclear autoantibodies (ANA) are specific markers of many systemic autoimmune
rheumatic diseases (SARD), like systemic lupus erythematosus (SLE) or systemic
sclerosis (SSc). The gold-standard screening system for ANA is the indirect
immunofluorescence assay (IFA) with the human epithelial cell line HEp-2 as
substrate. In serological diagnostic laboratories, unexplained ANA reaction patterns,
which cannot be explained by any known autoantibody, occur regularly. The
importance of such findings is difficult to evaluate, as studies on the clinical
significance cannot be performed by the lack of appropriate monospecific tests.
Therefore, this study focused on the identification of novel autoantigens of ANAS,
establishment of suitable immunoassays for the candidate antigens and studying
their clinical association.

90 sera were applied in fractionated immunoprecipitations with HEp-2 cells to identify
unknown nuclear autoantigens (UNA). With the help of mass spectrometry ten
candidate antigens were identified as nuclear VCP-like protein (NVL), 5-3'
exoribonuclease 2 (XRN2), interaction partner proline-, glutamic acid- and leucine-
rich protein 1 and sentrin-specific protease 3 (PELP1l, SENP3), CD2 antigen
cytoplasmic tail-binding protein 2 (CD2BP2), transcription factor AP-2-alpha
(TFAP2A), matrin-3 (MATR3), TAR DNA-binding protein 43 (TDP43), RuvB-like 1
and RuvB-like 2 homologs (RuvBL1, RuvBL2), replication protein A subunits (RPA1,
RPA2, RPA3) and kinesin-like protein KIF11 (KIF11). These ten candidate antigens
and other five from a previous project were recombinantly expressed in E. coli and/or
HEK?293 cells, which were applied in the further development of immunoassays. Nine
of ten antigens were able to abolish the ANA reaction of the index serum in IFA and
all ten reacted with each individual index serum in Western blot whereas healthy
controls (N=15) were nonreactive. Additionally, the recombinant HEK293 cells-based
IFA was applicable for thirteen candidates. A lineblot based on eight purified
recombinant proteins and two recombinant HEK293 cells-based slides containing
eleven candidate antigens for IFA were established. The immunoassays were
applied to study the prevalence of ANAs against these antigens in a cohort of
patients with systemic autoimmune rheumatic diseases (N=488). Autoantibodies
against NVL, CD2BP2 and tight junction protein ZO-1 (TJP1) were found in 6/378,
8/378 and 15/378 sera of patients with SSc, respectively. Occasional positive cases
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of these ANAs were detected in sera of patients with myositis (2/15, anti-NVL and
anti-CD2BP2), mixed connective tissue disease (MCTD) (1/6, anti-CD2BP2) and
undifferentiated connective tissue disease (UCTD) (1/10, anti-TJP1).

In conclusion, among ten identified nuclear autoantigens, seven have not been
described before. The ten candidate antigens and five other candidate antigens from
a previous project were successfully verified with at least one method and the
corresponding immunoassays were established. ANAs against NVL, CD2BP2 and

TJP1 showed an association with SSc and might be potential SSc markers.
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Zusammenfassung

Antinukledre Autoantikérper (ANA) sind spezifische Marker fir viele systemische
rheumatische Autoimmunerkrankungen wie systemische Lupus erythematodes (SLE)
oder systemische Sklerose (SSc). Der Goldstandard des ANA Nachweis ist die
indirekte Immunfluoreszenztest (IFT) mit HEp-2-Zellen als Substrat. In serologischen
Diagnostiklaboren treten regelmaRig unaufgeklarte ANA-Reaktionsmuster auf, die
durch keinen bekannten Autoantikorper erklart werden konnen. Die klinische
Relevanz dieser Befunde ist schwer einzuschatzen, da Studien zur Bewertung der
klinischen Assoziation ohne monospezifische Tests nicht durchgeflihrt werden
konnen. Um diese Licke zu schlieBen ist die Aufklarung der Reaktionsmuster
deshalb von groRem Interesse. Ziel der vorliegenden Arbeit war es, diese neue
Autoantigene zu identifizieren, geeignete Immunassays zu etablieren und auf

klinischen Assoziationen zu charakterisieren.

Zur ldentifizierung unbekannter nuklearer Autoantigene (UNA) wurden 90 Seren in
fraktionierten Immunprazipitationen mit HEp-2-Zellen eingesetzt. Mit Hilfe
massenspektrometrischer Analysen wurden zehn Kandidatenantigene identifiziert:
nuclear VCP-like protein (NVL), 5'-3' exoribonuclease 2 (XRN2), Interaktionspartner
proline-, glutamic acid- and leucine-rich protein 1 und sentrin-specific protease 3
(PELP1, SENP3), CD2 antigen cytoplasmic tail-binding protein 2 (CD2BP2),
transcription factor AP-2-alpha (TFAP2A), matrin-3 (MATR3), TAR DNA-binding
protein 43 (TDP43), RuvB-like 1 und RuvB-like 2 Homologe (RuvBL1, RuvBL2),
Untereinheiten des replication protein A (RPA1, RPA2, RPA3) und kinesin-like
protein KIF11 (KIF11). Diese und weitere funf Kandidatenantigene aus einem
frheren Projekt wurden rekombinant in E. coli und / oder HEK293-Zellen exprimiert
und anschlieRend fur die Entwicklung von Immunassays verwendet. Neun von zehn
Antigenen konnten die ANA-Reaktion des Indexserums im IFT aufheben und mit
allen zehn reagierte das jeweilige Indexserum im Western Blot. Kontrollseren (N=15)
gesunder Blutspender waren hingegen nicht reaktiv. Zudem zeigte fur dreizehn
Kandidatenantigene das jeweilige Indexserum eine positive Reaktion im IFT mit
rekombinanten HEK293-Zellen (RC-IFT). Ein Linienblot basierend auf acht
aufgereinigten rekombinanten Proteinen sowie zwei Objekttrdgern mit rekombinanten
HEK293-Zellen fur elf Kandidatenantigene wurden hergestellt. Mit Hilfe dieser

Immunassays wurde die Pravalenz von ANA gegen die Kandidatenantigene in einer
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Kohorte von Patienten mit systemischen rheumatischen Autoimmunerkrankungen
(N=488) untersucht. Autoantikérper gegen NVL, CD2BP2 und tight junction protein
ZO-1 (TJP1) wurden in 6/378, 8/378 und 15/378 Seren von Patienten mit SSc
gefunden. Weitere positive Reaktionen zeigten Seren von Patienten mit Myositis
(2/15, anti-NVL und anti-CD2BP2), gemischten Bindegewebserkrankungen/MCTD
(1/6, anti-CD2BP2) und undifferenzierten Bindegewebserkrankung/UCTD (1/10, anti-
TJIP1).

Sieben der zehn identifizierten nuklearen Autoantigene wurden bisher nicht in der
Literatur beschrieben. Die zehn Kandidatenantigene und die funf weiteren
Kandidatenantigene aus einem friheren Projekt wurden mit mindestens einer
Methode erfolgreich verifiziert und die entsprechenden Immunassays wurden
etabliert. ANA gegen NVL, CD2BP2 und TJP1 zeigten eine Assoziation mit SSc und
stellen somit potenzielle SSc-Marker dar.
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chimeric autoantibody receptor
Cell based assay

CHT™ Ceramic Hydroxyapatite
Chemiluminescence immunoassay
Column volume

Dithiothreitol

dermatomyositis
Deoxyribonucleic acid
Double-strand DNA

Desmoglein 1

Desmoglein 3

Enzyme-linked immunosorbent assay
European league against rheumatism
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Frontotemporal lobar degeneration
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Immobilized metal ion affinity chromatography

Immunoprecipitation
Fetal bovine serum
Lupus erythematosus

Matrix Assisted Laser Desorption/lonization -

Time of Flight
Membrane associated guanylate kinase

Mixed connective tissue disease
Mass spectrometry

Nonidet™ P 40 substitute solution
Polyacrylamide gel electrophoresis
Primary biliary cholangitis

Positive control
Phenylmethanesulfonyl fluoride
Peptide mass fingerprinting
Penicillin-Streptomycin

Primary Sjogren syndrome
Rheumatoid arthritis

Recombinant HEK293 cells based indirect
immunofluorescence assay
Radio immunoprecipitation assay

Ribonucleic acid

Ribonucleoprotein

Room temperature

Systemic autoimmune rheumatic disease
Small-cell lung carcinoma

Single-chain variable fragment

Sodium dodecyl sulfate

Sjogren's syndrome

Systemic lupus erythematosus

Systemic sclerosis

Tripartite-motif protein
Thyroid-stimulating hormone receptor
Undifferentiated connective tissue disease
Unknown fluorescence object

Unknown nuclear autoantigen
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Introduction

1 Introduction

1.1 Autoimmunity and autoimmune diseases

The immune system is a complex network and has important functions in preventing
infection. Generally, the immune system is subclassified as innate immunity and
adaptive immunity, where the innate immune response reacts relatively fast, but is
less specific against the pathogens; the adaptive immune response is subsequently
activated and has a high specificity. The ability to distinguish self- and non-self-
components is of great importance for the immune system to implement its functions
[1]. When an antigen is exposed to the immune system, specific antibodies produced
by plasma cells can bind to the antigen and neutralize it, which aids in phagocytosis,
or complement-mediated lysis and ultimately results in destruction of the pathogen
[1]. Generally, the immune system shows low-level response against self-
components. These autoimmune responses are important in maintaining the
homeostasis and blocking potential dangers, like clearance of abnormal cells and
cancer cells [2, 3]. But with the loss of immunological tolerance, the number of
autoreactive B cells and T cells can massively increase [4]. Though low-level
autoimmunity is thought to be beneficial, breakdown of immunological tolerance and
high-level of autoimmunity lead to autoimmune diseases (AD). More than 80 different
autoimmune related chronic disorders are known so far [5, 6]. Approximately 5-8% of
the western population are suffering from ADs, of which more than two third are
women, and the incidence of ADs increased over the last devades [1, 3]. Depending
on the type and the target of autoimmune response, the severity of ADs varies from
mild to lethal. Though the exact causes of ADs remain unknown, it is generally
accepted that ADs are the result of a complex interaction between genetic and
environmental factors [2, 3]. Certain genotypes of human leukocyte antigens (HLA)
associate to higher risk of having ADs, for example HLA-DRB1 was reported to
represent the major determinant of genetic predisposition to rheumatoid arthritis [3, 7].
Environmental factors, like infections, ultraviolet radiation exposure, nutrition, drug
and environmental pollutants, play also important roles in the development of

autoimmunity [3].

The adaptive immune response is activated after (auto)antigens are presented to the

immune system. Different kinds of mature T cells, including cytotoxic T cells and T
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helper cells, are produced through cell-mediated immunity. On the other hand,
autoantibodies are produced by plasma cells representing the humoral immunity.
Unwanted inflammation appears as the cytotoxic T cells and autoantibodies bind to
self-antigens. The autoimmune diseases can be classified into organ-specific or
systemic ADs. For organ-specific ADs, the autoimmune response is limited to certain
organs. For example in type 1 diabetes, the autoimmune reaction is limited to the
pancreas, where pancreatic B cells are attacked and destroyed by cytotoxic T cells
[8]. In systemic ADs, like systemic lupus erythematosus (SLE), the autoantibodies
bind to released nuclear autoantigens after apoptosis and deposited

immunocomplexes cause strong inflammation [9].

1.2 Autoantibodies

Autoantibodies are observed not only in patients with ADs, but also in patients with
cancer and even in healthy individuals. Naturally occurring autoantibodies are tightly
regulated by regulatory T cells and play important roles in defending the body against
infections and removing the waste products, like apoptotic cells [4]. These
autoantibodies show low affinity and low specificity to a broad spectrum of antigens
including pathogens and autoantigens [10]. Additionally, depending on the class and
subclass of the autoantibodies and their post-translational modification, like
glycosylation and sialylation, it is been documented that they have a protective role in
autoimmune diseases and suppression of inflammation [10]. The generation of
autoantibodies can be stimulated by tumor cells that express autoantigens with
abnormal modifications. It has been reported that autoantibodies against nuclear
antigens are detected in patients with cancer, which is considered as a risk for
development of ADs [11]. Infection and acute tissue damage can also trigger the
production of autoantibodies. A study showed that liver damage under oxidative
stress can result in induction of antimitochondrial autoantibodies [12]. However,
because of the different immunological backgrounds, the patients with autoantibodies

are not necessarily to develop ADs.

Autoantibodies have an important role in autoimmune diseases. Approximately, 3-5%
of the population is affected by autoantibody-driven autoimmune diseases [10], which
takes up more than 50% of ADs. Autoantibodies against cell-surface proteins are
considered pathogenic as they can directly bind to their target antigens; on the other

hand, autoantibodies targeting intracellular proteins are considered non-pathogenic,
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but they are markers for T-cell mediated immune responses [13]. Though the
pathology of some autoantibodies remains unclear, different pathogenic mechanisms
of autoantibodies have been identified, including stimulation or blockage of receptors,
or induction of uncontrolled cell lysis and inflammation [10]. Some representative
examples are given in Table 1-1. As mentioned above, autoantibodies can also serve
as diagnostic marker, but are not contributing to pathogenesis. For example, type 1

diabetes is a T-cell mediated AD. The presence of autoantibodies against

intracellular GADG5 is the result of autoimmunity but not pathogenic [14].

Disease

Autoantibody targets

Consequence

Grave’s disease

thyroid-stimulating

hormone receptor (TSHR)

Stimulation of the TSHR causing hyperthyroidism

Myasthenia Acetylcholine receptor Blockage of the AchR resulting in degradation of
gravis (AchR) the receptors and complement-mediated cell lysis
Pemphigus Desmoglein 3 (Dsg3) and | Binding to Dsg3 causes destruction of

vulgaris in cases with skin desmosomes and consequently blistering of the

inflammation also

Desmoglein 1 (Dsgl)

skin

Autoimmune

hemolytic anemia

Red blood cells

Lysis and destruction of red blood cells by

complement and FcR phagocytes

Rheumatoid

arthritis

Cyclic citrullinated

proteins and IgG-Fc

Deposition of the immunocomplexes in the joints

causing inflammation and bone destruction

Table 1-1 Examples of autoantibody-driven autoimmune diseases [4, 10]

1.2.1 Antinuclear autoantibodies (ANA) and associated diseases

ANAs are a group of autoantibodies that targets the nuclear components of
mammalian cells. They are mainly associated with systemic autoimmune rheumatic
diseases (SARD) and some of the ANAs are biomarkers for certain SARDs. For
example, anti-double-strand DNA (dsDNA), anti-Sm and anti-ribosomal P are tightly
associated with systemic lupus erythematosus (SLE); while anti-Scl70, anti-
centromere and anti-RNA polymerase Il are biomarkers for systemic sclerosis (SSc)
[15]. Meanwhile, increasing evidence shows that elevated level of ANAs in cancer
patients is significant in confronting tumor cells [11, 15, 16]. For example, multiple
studies revealed that anti-dsDNA autoantibodies can induce the apoptosis of cancer
cells and inhibit the growth of tumors [11, 17, 18, 19]. Some well-established ANAs
for SARD are found to be associated with different cancers, for example anti-dsDNA,

3
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anti-Ro/SS-A  and anti-Scl70 are presented with gastrointestinal cancer,
hematological malignancies and lung cancer respectively [11, 15, 16]. Additionally,
ANAs could be detected in approximately 5.9-30.8% of healthy individuals, more
frequent in women than in men; and elder people show higher rate of being ANA
positive [15]. This increases the complexity of application of ANAs in diagnostic and
thus urges the identification of individual ANA and the assessment of their clinical

values.

1.3 ANA diagnostics

The immunoassay for the detection of ANA is dated back to 1948, Hargraves et al.
discovered and applied lupus erythematosus (LE) cells in order to aid the diagnose of
SLE patients, though it was found later that the LE cell test was neither sensitive nor
specific enough [20]. In the late 1950s, the indirect immunofluorescence assay (IFA)
based on animal tissue substrates, such as kidney from rats, was established. The
principle of the test is that the specific ANAs bound to the antigens coated on object
slides are detected by fluorescence labeled anti-human antibodies, which can be
visualized under a fluorescence microscope. For the better evaluation of the result,
the observed positive fluorescence signals are described as different patterns, like
homogenous and granular, which is useful in subclassification of the positive results
[21]. Another important parameter in the evaluation of the results is the highest serum
dilution, with which the patterns are still visible; this is defined as titer. Two decades
later, HelLa-derived human epithelial type 2 (HEp-2) cells, which show better
sensitivity and specificity, were applied in the IFA. When compared to cryosection of
animal tissues, HEp-2 cells have the advantage of a large nucleus and a better
visibility of other organelles, high division rate and an expression profile with more
than 100 autoantigens, which contributes to easier observation and interpretation of
the results. According to the guideline for ANA tests, a negative IFA result indicates a
non-SARD condition while a positive result should be further differentiated with

available monospecific tests.

Monospecific ANA tests were developed as the corresponding nuclear autoantigens
were identified since 1960s [21, 22]. Currently, different kinds of solid phase-based
assays, including enzyme-linked immunosorbent assay (ELISA), lineblot, Western
blot and chemiluminescence immunoassay (CLIA), are available with native or

recombinant antigens. These tests have a similar principle as IFA, where the
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secondary anti-human antibodies are labelled with enzymes or chemical compounds
that can generate color-change reactions or light emission reactions [10].

1.3.1 Indirect immunofluorescence assay (IFA)

IFA with HEp-2 cells remains the gold standard for ANA screening because of its
high sensitivity and specificity. This immunoassay cannot be replaced by others for
different reasons. Firstly, the autoantigens are presented in a natural environment;
secondly, it is possible to detect unidentified autoantigens and interpret the results by
staining patterns; thirdly, a negative outcome is very useful in ruling out the SARD
[10]. Due to the complexity of the staining patterns, the standardization of the
interpretation of the IFA result was initiated by the international consensus on ANA
patterns (ICAP) and is kept updated. So far, 29 different HEp-2 IFA patterns are
defined, of which fifteen are nuclear patterns, nine cytoplasmic patterns and five
mitotic patterns [23]. The recommended cutoff for IFA with HEp-2 is 1:80 according to
the European league against rheumatism (EULAR) and the American college of
rheumatology (ACR) [24]. Some representative nuclear patterns are shown in Figure
1-1.

Figure 1-1 Representative IFA ANA pattern on HEp-2 cells
A) Homogenous, B) dense fine speckled, C) granular, D) nucleolar and granular, E) centromere,
F) nuclear envelope.
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1.3.2 Solid phase-based immunoassays

ELISA, lineblot, Western blot and CLIA are the most applied semiquantitative solid
phase-based immunoassays in detection of ANAs, where ELISA is based on
microtiter plates, lineblot and Western blot are based on membrane and CLIA is
based on beads. These immunoassays require preparation of purified target
autoantigens from native or recombinant resources. Therefore, the prerequisite for
establishment of these immunoassays is that the autoantigens should be well-studied
and a clear clinical relationship between the relevant ANAs and SARDs is revealed.
Currently, tests with approximately 30 different nuclear autoantigens are
commercially available for the detection of corresponding ANAs [25, 26]. These
immunoassays are of great importance in the further differentiation of ANAs and a
positive result helps in clinical diagnostics of a certain disease. When compared to
IFA, the immunoassays based on purified antigens have the advantages of increased

specificity, easier standardization of the methods and simpler interpretation of results.

1.4 Application of ANA diagnostics in clinical practice

The occurrence of high titers of ANAs may be years before the development of
clinical syndromes. Arbuckle and colleagues have reported that ANAs could be
detected in 88% of SLE patients in a mean of 3.3 years before onset of the disease
[27]. This demonstrates the significance of ANAs in early diagnosis of the disease
and a possible specific treatment. However, the utility of ANA diagnostics differs from
one to another. Some of ANAs showed high disease specificity and are included in
the diagnostic criteria and/or reflecting disease activity, while some others show weak
association with SARD or even negative relations. Currently, the relationship
between HEp-2 IFA patterns, autoantibodies and clinical symptoms is partly
revealed. The five most often observed ANA patterns and their association with
ANAs and SARDs are shortly summarized below.

1.4.1 Homogeneous

This pattern (Figure 1-1, A) is found in patients with SLE, autoimmune hepatitis and
juvenile idiopathic arthritis. Anti-dsDNA, anti-nucleosome and anti-histone
autoantibodies are the most frequent reasons for the presence of a homogenous
pattern [23]. Other possible ANAs with less frequency for a homogenous pattern are
anti-Scl70 autoantibodies, which can cause granular to homogenous pattern [23, 25].

Anti-dsDNA autoantibodies are the diagnostic marker for SLE, which are present in

6
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43-92% of patients with SLE with a high specificity between 89-99% and sensitivity
from 8 to 54% depending on the immunoassays applied. Meanwhile, it was shown
that anti-dsDNA autoantibodies correlate with the disease activity and thus are

considered as prognostic markers [15, 25].

1.4.2 Dense fine speckled (DFS)

As shown in Figure 1-1, B, the character of this pattern is dense fine granules in
nucleus of interphase cells and chromosome area of mitotic cells. The distinction of
DFS and homogenous patterns relies on experienced experts. One identified
autoantibody that causes this pattern is the anti-DFS70 autoantibody, which targets
lens epithelial derived growth factor. However, if the serum of a patient is only anti-
DFS70 positive without additional positive reaction against other established ANAs,
the patient has a very low probability of having SARD [28]. In another words, anti-
DFS70 autoantibody is an exclusion marker for SARD. Anti-DFS70 positive
autoantibodies explain 5-11% of ANA reactions in healthy blood donors and are
observed in up to 30% of ANA positive sera [25].

1.4.3 Granular

The granular pattern (Figure 1-1, C) is also known as speckled pattern and has
different subtypes according to the size of granules observed. This pattern shows low
disease specificity and can be found in various SARDs, including SLE, SSc, SjS and
dermatomyositis (DM). As a large number of nuclear proteins are located diffuse in
the nucleoplasm, ANAs that lead to granular patterns are diverse. The representative

well-established ANAs with granular patterns are present in Table 1-2.
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ANA Target antigens SARD | Prevalence | Remark
Anti-RNP/Sm | snRNP core proteins SLE 15-55% Main targets: B/B’, D1 and D3;
B/B’, D1,D2,D3, E, F very high specificity (99%);
and G diagnostic and prognostic marker
Anti-Ro60 60 kDa SS-A/Ro SjS 33-77% Diagnostic and risk marker for
ribonucleoprotein SLE 36-64% SjS; association with organs
SSc 9% involvement in other SARDs
RA 5-15%
Anti-Ro52 TRIM21 SjS 17-63% Less specific than anti-Ro60;
SLE 23% associated with the risk of
SSc 20% interstitial lung disease and
PBC 28% pulmonary fibrosis in SARDs
AlH 17%
ASS 30%
Anti-La/SS-B | Lupus La protein SjS 23-47% Diagnostic marker for SjS
SLE 8-33%

Anti-Scl70 Topoisomerase | SSc 30-41% Very high specificity (>99%);
diagnostic, prognostic and risk
marker

Anti-Ku X-ray repair cross- SSc 1-4% Rarely detected; indicator for

complementing protein 5 overlap syndrome
and 6 SLE 2%

Anti-RNA Subunits of RNA SSc 3-19% Often cooccurrence with anti-

polymerase Il | polymerase llI RNAP | and II; very high
specificity (98-100%)

Anti-U1RNP U1l-snRNP 70 kDa, A SSc 10% MCTD diagnostic criterion: anti-

and C U1-RNP detection without
SLE 13-32%
presence of anti-Sm and anti-
MCTD | 100% dsDNA
Anti-Mi-2 Chromodomain- DM 18-35% Very high specificity (~99%);
helicase-DNA-binding diagnostic and prognostic marker
protein 3 and 4
Anti-TIF1 TRIM24, TRIM28 and DM 13-38% Main target: TRIM33; detected in
TRIM33 patients with SLE and PM; strong
association with cancer
occurrence

Table 1-2 Representative ANAs associated with granular IFA pattern on HEp-2 cells [15, 23, 25]

AlH: Autoimmune hepatitis; DM: Dermatomyositis; MCTD: Mixed connective tissue disease; PBC:
Primary biliary cholangitis; RNP: ribonucleoprotein; RA: Rheumatoid arthritis; SLE: Systemic lupus
erythematosus; SjS: Sjégren's syndrome; SSc: Systemic sclerosis; TRIM: Tripartite-motif protein

8
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1.4.4 Nucleolar

The nucleolar pattern (Figure 1-1, D) is most often associated with SSc. Until now,
four nucleolar associated ANAs are well-established: anti-U3RNP/Fibrillarin, anti-
NOR90/hUBF, anti-PM-Scl and anti-Th/To (Table 1-3).

ANA Target antigens SARD | Prevalence | Remark
anti- Fibrillarin SSc 4-10% Diagnostic and prognostic
U3RNP/Fibrillarin marker
anti- Human upstream SSc 4-6% Rarely detected; not particular
NOR90/hUBF binding factor associated with certain SARD
anti-PM-Scl Exosome component PM-Scl | 24-55% Diagnostic and prognostic

10 and RRP45 marker for myositis overlap

SSc 3-13%
syndrome and SSc

PM/DM | 8-12%

anti-Th/To Ribonucleases P/ SSc 2-5% Main targets: Rpp25 and
Ribonucleases MRP hPop1; marker for SSc

protein complex

Table 1-3 Four established nucleolar autoantibodies [15, 23, 25, 29]

PM-Scl: Polymyositis and scleroderma overlap syndrome; PM/DM: polymyositis/dermatomyositis;
SSc: Systemic sclerosis; hPopl: Ribonucleases P/MRP protein subunit POP1; Rpp25: Ribonucleases
P protein subunit p25

1.4.5 Centromere

The centromere pattern (Figure 1-1, E) is commonly found in patients with SSc and
primary biliary cholangitis (PBC) [23, 25]. It is strongly associated with anti-CENP-B
autoantibodies. The other related ANAs are anti-CENP-A and -C, which are often co-
presented with anti-CENP-B [25]. Anti-CENP-B and -A autoantibodies are diagnostic
marker for SSc with a prevalence of 20-40%, while approximately 10-30% patients
with PBC present with anti-centromere autoantibodies [25, 29]. About half of these
PBC patients have concomitant SSc or SSc related syndromes [25]. Anti-CENP-B
and -A autoantibodies are rarely detected in other SARDs [25].

1.5 Current issues in ANA diagnostics

ANAs are important diagnostic and prognostic markers. With the current strategy and
techniques, the patient samples are first analysed in IFA with HEp-2 cells and then
further differentiated with various available monospecific tests, which are helpful tools
in the diagnosis and classification of the patients [15, 25]. However, regardless of
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more than a half century of study and experience, there are still some gaps remaining
in ANA diagnostics that urge to be resolved.

Nowadays, more physicians, rather than just rheumatologists, are ordering ANA tests
for preventive medicine and precision health, which leads to increasing numbers of
positive result of ANA tests, especially positive IFA with HEp-2 cells, with unclear
clinical value. However, it is not only important to report the ANA patterns and titers
on HEp-2 cells but also to further distinguish ANAs for the correct diagnosis. Some
ANAs, like anti-Scl70, are highly specific but with a limited prevalence in the patients
with SARD; on the other hand, certain ANAs like anti-DFS70 are negatively related
with SARD. Moreover, it is reported that many ANAs could not give consistent
patterns on HEp-2 cells and different ANAs could reveal similar or the same pattern
[26, 30]. Therefore, additional effort is required to identify the unknown ANAs and to
study the corresponding clinical association.

Another point is that in the last years several novel autoantigens was identified but
they were not further validated nor applied in the clinical practice. For example, more
than 180 different autoantibodies are reported in SLE patients, but only a few of them
are applied in diagnostic assays, which may be due to multiple reasons, like a
restriction of the technique in the past, limitations in access to proper patient groups
for further validation or very low prevalence of the autoantibodies [26, 31]. Thus, it is
crucial to establish applicable immunoassays for the identified autoantigens and

carefully evaluate their clinical utility.

1.6 Aim of this study

In the routine screening of the Clinical Immunological Laboratory of Prof. Dr. med
Winfried Stécker, some sera with certain ANA pattern on HEp-2 cells, like DFS and
granular, showed negative results in monospecific tests with the established nuclear
autoantigens. One can speculate that these sera contain autoantibodies against
unknown nuclear autoantigens. As it is mentioned above, the spectrum of
monospecific ANA diagnostics is limited. It is of our interest to improve current ANA
tests by expanding the spectrum of known ANAs and to build associations between
IFA patterns with specific nuclear antigens, thereby narrowing the gaps in ANA
diagnostics. With the developed strategy for identification of ANA target antigens in a
previous master thesis [32], this work continues with identification and verification of

ANA targets, as well as the optimization of the identification methods for individual

10
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candidate antigens. Moreover, the prevalence of ANAs against candidate antigens

will be studied with a SARD cohort to assess the clinical association.

The three goals are: a) to identify and verify unknown autoantibody targets, b) to
establish suitable immunoassays with verified candidate antigens and c) to analyse

the clinical associations of the novel autoantibodies.
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2 Materials and methods

2.1 Material list

2.1.1 Chemicals and reagents

Chemicals and reagents Supplier

Acetic acid Merck KGaA, Germany
Acetone Merck KGaA, Germany
Acetonitrile Merck KGaA, Germany

Advanced protein assay reagent Tebu-bio GmbH, Germany

Aluminum sulfate hydrate Sigma-Aldrich Corporation, USA
Albumin bovine serum Th. Geyer GmbH & Co. KG,
Germany

Ammonium hydrogen carbonate Merck KGaA, Germany

Ammonium phosphate monobasic  Sigma-Aldrich Corporation, USA

Benzonase® VWR International GmbH,
Germany

Bicinchoninic acid solution Sigma-Aldrich Corporation, USA

Bio-Scale Mini CHT-II, 40 pm Bio-Rad Laboratories, Inc., USA

Blot casein sample buffer EUROIMMUN AG, Germany

Blot wash buffer (10x) EUROIMMUN AG, Germany

Blot wash buffer Plus (10x) EUROIMMUN AG, Germany

Blot NBT/BCIP substrate solution EUROIMMUN AG, Germany
Bovine serum albumin Sigma-Aldrich Corporation, USA
Coomassie® Brilliant blue G 250 Merck KGaA, Germany

Copper (Il) sulfate pentahydrate Th. Geyer GmbH & Co. KG,
Germany
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8187552500
1000220500
100016100
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368458

A9647-100G

1011315000
A1645
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B9643-1L
732-4334
ZD1120-0010
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A9647
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a-Cyano-4-hydroxycinnamic acid Bruker Corporation, USA
(HCCA)

2-Deoxycytidine Sigma-Aldrich Corporation, USA

Dimethyl sulfoxide Sigma-Aldrich Corporation, USA

Dithiothreitol (DTT) Gerbu Biotechnik GmbH,
Germany

Dulbecco’s Modified Eagle Thermo Fisher Scientific Inc.,

Medium (DMEM), high glucose, USA
GlutaMAX™ Supplement,

pyruvate

Dynabeads® Protein G for Thermo Fisher Scientific Inc.,
Immunoprecipitation USA

Ethanol Merck KGaA, Germany
Ethylenediaminetetraacetic acid Gerbu Biotechnik GmbH,
(EDTA) Germany

Fetal Bovine Serum Thermo Fisher Scientific Inc.,

USA

Glycerol/PBS (embedding medium EUROIMMUN AG, Germany
for IFA)

Glycerol 99,5% Gerbu Biotechnik GmbH,
Germany

Guanidine Hydrochlorid Standard  Gerbu Biotechnik GmbH,

Grade Germany

Imidazole Sigma-Aldrich Corporation, USA

lodoacetamide (IAA) Bio-Rad Laboratories, Inc., USA

Isopropanol SERVA Electrophoresis GmbH,
Germany

Methanol Merck KGaA, Germany

Magnesium chloride hexahydrate  Sigma-Aldrich Corporation, USA
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2-(N-morpholino)ethanesulfonic
acid (MES)

NICKEL RAPID RUN™

Nitro blue tetrazolium chloride/ 5-
Bromo-4-chloro-3-indolyl
phosphate (NBT/BCIP):
Chromogen/Substrate

Nonidet™ P 40 Substitute solution

NuPAGE® LDS sample buffer (4x)

NuPAGE® MES SDS Running
Buffer (20X)

NUPAGE® MOPS SDS Running
Buffer (20X)

NUuPAGE® Transfer Buffer (20X)

n-Octyl-B-D-glucopyranoside

ortho-Phosphoric acid

Penicillin-Streptomycin (10,000
U/mL)

Peptide Calibration Standard Il
Phenol red

Phenylmethanesulfonyl fluoride
(PMSF)

Phosphate buffered saline (PBS)
Ponceau S
Potassium chloride

Protease Inhibitor Cocktail

Gerbu Biotechnik GmbH,
Germany

Agarose Bead Technologies,
USA

EUROIMMUN AG, Germany

Sigma-Aldrich Corporation, USA

Thermo Fisher Scientific Inc.,
USA

Thermo Fisher Scientific Inc.,
USA

Thermo Fisher Scientific Inc.,
USA

Thermo Fisher Scientific Inc.,
USA

Carl Roth GmbH & Co. KG,
Germany

Merck KGaA, Germany

Thermo Fisher Scientific Inc.,
USA

Bruker Corporation, USA
Sigma-Aldrich Corporation, USA

Sigma-Aldrich Corporation, USA

EUROIMMUN AG, Germany
Sigma-Aldrich Corporation, USA
Merck KGaA, Germany

Sigma-Aldrich Corporation, USA
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P3532

P7626-5G

ZF1100-1000

P3504

1049360250

P8340



Materials and methods

SDS Sediments

Sodium azide

Sodium chloride

0.9% Sodium chloride injection

solution

Sodium deoxycholate

monohydrate

Sodium hydroxide

SP-Sepharose Fast Flow

Spectra™ Multicolor Broad Range
Protein Ladder

Thymidine

TO-PROE®-3 lodide (642/661)

Trifluoroacetic acid (25% solution
in water) for protein sequenation

Tris(hydroxymethyl)aminomethane

(Tris)

Trypsin-EDTA (0.5%) (10x)

Trypsin (Sequencing Grade

Modified)

Tween 20

Triton™ X-100

Urea

Water for chromatography

Carl Roth GmbH & Co. KG,
Germany

Sigma-Aldrich Corporation, USA
Merck KGaA, Germany

Fresenius Kabi Deutschland
GmbH, Germany

Th. Geyer GmbH & Co. KG,
Germany

Gerbu Biotechnik GmbH,
Germany

GE-Healthcare Europe GmbH,

Thermo Fisher Scientific Inc.,
USA

Sigma-Aldrich Corporation, USA

Thermo Fisher Scientific Inc.,
USA

Merck KGaA, Germany

Gerbu Biotechnik GmbH,
Germany

Thermo Fisher Scientific Inc.,
USA

Promega GmbH, Germany

EUROIMMUN AG, Germany
Sigma-Aldrich Corporation, USA

Gerbu Biotechnik GmbH,
Germany

Merck KGaA, Germany
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S2002

1064045000
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AB125126

20200001
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1082180050
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15400054
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2.1.2 Antibodies
Antibody

Alexa Fluor® 488 AffiniPure Goat Anti-

Human IgG, Fcy fragment specific, anti-

human-lgG-alexa488

Cy™3 AffiniPure Goat Anti-Mouse IgG
(H+L), Anti-mouse-lgG-Cy3

Fluorescein isothiocyanate (FITC) -
labelled anti-human-IgG (goat), anti-
human-lgG-FITC

Alkaline phosphatase-labelled anti-
human IgG, anti-human-lgG-B/E-AP

Monoclonal Anti-polyHistidine—Alkaline
Phosphatase antibody produced in
mouse, anti-His-tag-AP

His*Tag® Monoclonal Antibody
produced in mouse, anti-His-tag

Alkaline Phosphatase AffiniPure Goat
Anti-Mouse IgG (H+L), anti-mouse-
lgG-AP

Z0O-1 Monoclonal Antibody (ZO1-1A12)
produced in mouse, anti-TJP1

Mouse monoclonal cyclin B1 Antibody
(GNS1), anti-Cyclin B1

Actin Monoclonal Antibody (MAbGEa)
produced in mouse, anti-actin

2.1.3 Buffers

AU
50 mM Acetic acid pH 4.5
8 M Urea

BSA standard stock
5 mg/ml BSA
0.9% (w/v) NaCl

Supplier

Jackson ImmunoResearch
Inc., USA

Jackson ImmunoResearch
Inc., USA

EUROIMMUN AG,
Germany

EUROIMMUN AG,
Germany

Sigma-Aldrich Corporation,
USA

Merck KGaA, Germany

Jackson immunoresearch
Inc., USA

Thermo Fisher Scientific
Inc., USA

Santa Cruz Biotechnology,
Inc., USA

Thermo Fisher Scientific
Inc., USA

AS50

Catalog No.

109545008

115165062

AF102-0160

AE142-1030

A5588

70796-3

115055062

33-9100

sc-245

MA1-744

50 mM Acetic acid pH 4.5

Benzonase reaction buffer

20 mM Tris HCIl pH 7.4
150 mM NacCl

2 mM MgCl,

1 mM PMSF
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Blue Silver- Destaining solution
10% (v/v) Ethanol
2% (v/v) ortho-Phosphoric acid

Blue Silver- Staining solution

0.02% (w/v) Coomassie® Brilliant blue G
250

5% (w/v) Aluminum sulfate hydrate

10% (v/v) Ethanol

2% (v/v) ortho-Phosphoric acid

HEK293 lysis buffer
20 mM Tris HCI pH 8
600 mM NacCl

20 mM MgCI2

20 mM Imidazol

1 mM PMSF

HEp-2 harvest buffer
20 mM Tris-HCl pH 7.4
2 mM MgCl,

1 mM PMSF

MALDI-Destaining solution 1

30% (v/v) Acetonitrile

25 mM Ammonium hydrogen carbonate
Water for chromatography

MALDI-Trypsin stock solution
10 pg/ml Trypsin
3 mM Tris-HCI pH 8.5

MALDI-Peptide calibration/Matrix

10% (v/v) Peptide calibration Il

1.26 mg/ml a-Cyano-4-hydroxycinnamic
acid

76.5% (v/v) Acetonitrile

0.1% (v/v) Trifluoroacetic acid

0.9 mM Ammonium dihydrogen phosphate

PBS-Tween

Ix PBS pH 7.2
0.2% (v/v) Tween 20
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Blue Silver- Fixing solution
50% (v/v) Methanol
10% (v/v) Acetic acid

Complete medium
1x DMEM

10% (v/v) FBS

1% (viv) PS

HEp-2 lysis buffer

20 mM Tris HCI pH 7.4
50 mM KCI

5 mM EDTA

1 mM PMSF

MALDI-Extraction solution

5 mM n-Octyl-B-D-glucopyranoside
50% (v/v) Acetonitrile

0.3% (v/v) Trifluoroacetic acid
Water for chromatography

MALDI-Destaining solution 2
50% (v/v) Acetonitrile

10 mM Ammonium hydrogen
carbonate

Water for chromatography

MALDI-Peptide calibration Il
Peptide calibration standard Il
1 % (v/v) Trifluoroacetic acid

MALDI-Matrix solution

1.4 mg/ml a-Cyano-4-hydroxycinnamic
acid

85% (v/v) Acetonitrile

0.1% (v/v) Trifluoroacetic acid

1 mM Ammonium dihydrogen
phosphate

PBS1000(U)
IXxPBSpH 7.4
1 M NacCl

8 M Urea
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Ponceau-S solution
0.2% (w/v) Ponceau S
7% (v/v) Acetic acid

RIPA-2U buffer
IXxPBSpH 7.4
2 M Urea

0.1% (v/v) Nonidet™ P 40 substitute

solution

1% (w/v) Deoxycholate

0.1% (w/v) SDS

1 mM Protease inhibitor cocktalil

Sucrose buffer

20 mM Tris-HCI pH 7.4
10% (w/v) Sucrose

5 mM EDTA

1 mM PMSF

0.1% Triton-X-100 lysis buffer
100 mM Tris pH 7,4

150 mM NaCl

1 mM EDTA

0,1% Triton-X-100

1 mM Protease inhibitor cocktail

TNETD buffer

100 mM Tris-HCI pH 7.4

150 mM NacCl

2.5mM EDTA

1 % Triton-X-100

0.5 % Deoxycholate

1 mM Protease inhibitor cocktail

TNTDI-20Pi250 buffer

20 mM Tris HCI pH 8

600 mM NaCl

0.015% (w/v) Triton-X-100
0.5 mMDTT

20 mM Imidazol

250 mM NaH,PO,

1 mM PMSF
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RIPA lysis buffer
1x PBS pH 7.4

0.1% (v/v) Nonidet™ P 40 substitute

solution

1% (w/v) Deoxycholate

0.1% (w/v) SDS

1 mM Protease inhibitor cocktail

RIPA-4U buffer
IXxPBSpH 7.4
4 M Urea

0.1% (v/v) Nonidet™ P 40 substitute

solution

1% (w/v) Deoxycholate

0.1% (w/v) SDS

1 mM Protease inhibitor cocktail

T1500- Eq buffer
10 mM Tris-HCI pH 8.0
500 mM Imidazole

TN buffer

50 mM Tris-HCI pH 8.0
300 mM NacCl

10 mg/L Phenol red

1 mM PMSF

25 mM DTT

TNTDI-20 buffer

20 mM Tris HCI pH 8

600 mM NacCl

0.015% (w/v) Triton-X-100
0.5mM DTT

20 mM Imidazol

1 mM PMSF

TNTDI-150 buffer

20 mM Tris HCI pH 8

600 mM NaCl

0.015% (w/v) Triton-X-100
0.5mMDTT

150 mM Imidazol

1 mM PMSF
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TNTMDI buffer TNUDI-20 buffer

20 mM Tris HCI pH 8 10 mM Tris-HCI pH 8.0
600 mM NaCl 300 mM NacCl

0.1% (w/v) Triton-X-100 8 M Urea

20 mM MgCI2 0.5mM DTT

0.5 mMDTT 20 mM Imidazole

20 mM Imidazol

1 mM PMSF

TNUDI-150 buffer

10 mM Tris-HCI pH 8.0
300 mM NacCl

8 M Urea

0.5 mMDTT

150 mM Imidazole

2.1.4 Serum samples

190 anonymized serum samples were collected from the Clinical Immunological
Laboratory of Prof. Dr. med. Winfried Stoécker. In accordance with the Helsinki
Declaration, all patients had written informed consent. The patient sera were sent to
the reference diagnostic laboratory to determine ANA. The serum samples showed
distinct ANA patterns in HEp-2 cell IFA but revealed negative results in the requested
antigen-specific tests which implied that there were unknown antinuclear

autoantibodies.

Additionally, ten anonymized serum samples with distinct HEp-2 cell patterns were
received from the Fleury Medicine and Health Laboratories in Brazil. They were
collected by L. E.C. Andrade’s group and aimed at identification of target antigens,
which  was under protocol approved by the Ethics Committee CAAE:
64912216.7.3001.5474.

A cohort of patients with systemic autoimmune rheumatic disease (SARD) was
recruited for an exploratory prevalence study. It was received from E. Siegert,
Rheumatology and Clinical Immunology, University Hospital Charité, Germany and
consisted of 529 serum samples from 488 patients, of which 378 patients had
systemic sclerosis (SSc) and 110 patients had other rheumatic diseases. The
repeated sera were taken from the same patients at different time points. The patients
provided informed consent for this study. The number of patients per indication is given
in Table 2-1.
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Serum samples from healthy blood donors used as controls for the study were received

from the EUROIMMUN internal serum collection.

Diagnosis Patient Number
Systemic sclerosis (SSc) 378
Anti-synthetase syndrome (ASS) 10
Inclusion body myositis (IBM) 4
Mixed connective tissue disease (MCTD) 6
Myositis 15
Primary Sjogren syndrome (pSS) 11
Rheumatoid arthritis (RA) 24
Systemic lupus erythematosis (SLE) 30
Undifferentiated connective tissue disease (UCTD) 10

Table 2-1 Clinical information of systemic autoimmune rheumatic disease (SARD) cohort

2.1.5 Instruments

Instruments

Analytical balance ACJ/ACS

Autoflex™ [l Smartbeam MALDI-

TOF/TOF 200

Centrifuge Hettich ROTANTA
460 R

Confocal laser scanning
microscope LSM700

CO2 Incubator BBD 6220

Dounce tissue grinder set, 1 ml,
15 ml and 60 m|

Eppendorf® Thermomixer
Compact

Fluorescence microscope
EUROStar |l

Supplier

KERN & SOHN GmbH, Germany

Bruker Corporation, USA

Hassa GmbH, Germany

Carl Zeiss Microscopy GmbH,
Germany

Thermo Fisher Scientific Inc.,
USA

Sartorius Stedim Biotech GmbH,
Germany

Eppendorf AG, Germany

EUROIMMUN AG, Germany
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Catalog No.
ACJ 120-4M

3079094
5660

Axio Imager
M2
51020241
8530718
8530912

5350 000.013

YG_0301
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Heraeus Fresco 21 Centrifuge,
Refrigerated

High Performance centrifuge
Avanti J-E

Inverted microscope Axio Vert.Al

Lab pH meter inoLab® pH 7110

Magnetic stirrer IDL ME-1

Mini LabRoller™ Dual Format
Rotator

PowerPac™ Basic Power Supply
Precision balance PES/PEJ

Rocking shaker BIOMETRA®
WT16

Sonicator Branson 250 Sonifer

Sterile station Heraeus®
HERAsafe® HS 15

TE22 Mighty Small Transfer Tank

TECAN Reader Sunrise
TECAN HydroFlex microplate
washer

Vortex mixer IKA® MS 3 basic

Water bath WB14

XCell SureLock® Mini-Cell

Thermo Fisher Scientific Inc.,
USA

Beckman Coulter GmbH,
Germany

Carl Zeiss Microscopy GmbH,
Germany

Xylem Analytics Germany Sales
GmbH & Co. KG, WTW,
Germany

IDL GmbH & Co KG, Germany

Axon Labortechnik GmbH,
Germany

Bio-Rad Laboratories, Inc., USA
KERN & SOHN GmbH, Germany

Biometra GmbH, Germany

Branson ultrasonics corporation,
USA

Kendro Laboratory Products,
Germany

Hoefer Inc., USA
Tecan Trading AG, Switzerland

Tecan Trading AG, Switzerland

IKA®-Werke GmbH & Co. KG,
Germany

Memmert GmbH + Co.KG,
Germany

Thermo Fisher Scientific Inc.,
USA
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27787

1645050

PES 2200-2M

042-500

100132868

51012198

80-6204-26

16039400

30022011
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EI0001



Materials and methods

2.2 Characterization of serum samples

The collected serum samples were initially characterized with Euroline ANA profile 23
(IgG) (EUROIMMUN AG, Germany) and indirect immunofluorescence assay (IFA)
with HEp-2 cells and monkey liver (EUROIMMUN AG, Germany). Both experiments

were carried out following the manufacturer’s instruction:

2.2.1 Euroline

Using Euroline ANA profile (IgG) 23, the 23 most common ANAs can be determined
(Figure 2-1). The highly purified antigens were coated on the strip. Each strip
contains 23 different antigens, which means that the known ANAs can be identified in

one single incubation with a small sample volume.

The experiments were performed as described in the standard procedure [33]. All
reagents were brought to room temperature before use. Strips were incubated in
incubation trays on a rocking shaker with 1 ml casein sample buffer for 5 minutes and
then in 1:101 diluted serum sample for 30 minutes. Afterwards, each strip was
washed three times with 1.5 ml washing buffer for 5 minutes each time prior to
incubation with 1 ml diluted enzyme conjugate (alkaline phosphatase-labelled anti-

human IgG) for 30 minutes.
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Figure 2-1 Schematic assembly of Euroline ANA profile (IgG) 23 (adapted from EUROIMMUN
égy[—?rﬂ%unoglobulin serves as incubation control on the left. The 23 purified ANA target antigens are
coated on the strip. The black bands on the individual membrane indicate positive reaction.

Strips were washed again as described above and incubated with NBT/BCIP
substrate solution for 10 minutes. Then, the substrate solution was discarded and the
reaction was stopped by washing three times with 1 ml distilled water. The strips
were placed on the evaluation protocol and analyzed using the software

EUROLIineScan (EUROIMMUN AG, Germany).
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2.2.2 Indirect immunofluorescence assay (IFA)

IFA with HEp-2 cells is the gold standard for ANA screening [34]. The BIOCHIP
slides were specially produced for research use by EUROIMMUN AG. Taken ANA
research slide as example (Figure 2-2, B), each BIOCHIP Mosaic® consisted of three
different substrates, HEp-2 cells (acetone fixed only), HEp-2 cells (standard product,
EUROIMMUN AG) and monkey liver, respectively. There were 10 BIOCHIP Mosaic®
(5 x 5 mm) on one slide. TITERPLANE™ Technique (Figure 2-2, A) developed by
EUROIMMUN was applied.

35 ul diluted sera were spotted on each reaction field of the reagent tray
(EUROIMMUN AG, Germany). 1:100, 1:1000 and 1:10000 dilutions were applied
according to condition. The slide was covered over the reagent tray with BIOCHIPs
facing down and each reaction field formed a “humidity chamber”. After 30 minutes
incubation, the BIOCHIP slide was rinsed with PBS-Tween and incubated in a PBS-
Tween filled cuvette for 5 minutes. FITC-labelled anti-human-lgG (goat) (ready-to-
use) was then applied undiluted. Alternatively, Alexa Fluor® 488 AffiniPure Goat Anti-
Human IgG was diluted 1:500 with PBS-Tween including 1:2000 diluted TO-PRO™-3
lodide. A clean reagent tray was applied with 30 pl diluted secondary antibody on the
reaction field. The slide was then incubated on the reagent tray for 30 minutes in
dark. After that it was rinsed and incubated in the same way as above. Glycerol/PBS
droplets were applied onto a cover glass. The slide was placed over the prepared
cover glass with BIOCHIPs facing downwards. After that the samples were analyzed
using fluorescence microscope EUROSstarll. Images were captured using
Europicture software (EUROIMMUN AG, Germany).
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BIOCHIP slide

]

BIOCHIPs

A dilut/ed ;an}ple/ antibody

reagent tray

HEp-2
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Figure 2-2 Schema of TITERPLANE™ technique (adapted from EUROIMMUN AG [34]) and ANA
research BIOCHIP slide

A) Schema of TITERPLANE™ technique. Diluted serum sample or antibody was applied on reagent
tray. BIOCHIP slide was covered over reagent tray with BIOCHIPs facing down and “humidity
chamber” was formed for incubation. B) ANA research BIOCHIP slide. Each slide contains ten
reaction fields and each field consists of three different biochips.

Alternatively, Confocal laser scanning microscope LSM700- Axio Imager M2 was
used to analyze samples and ZEN 2000 software (Carl Zeiss Microscopy GmbH,
Germany) was used to capture images.

2.2.3 Extractability test

In order to find a suitable extraction buffer for immune complexes, HEp-2 cells and
liver cryosections were treated with different reagents prior to conjugate incubation.
The method was similar to IFA described above. Additional steps were added before

conjugate incubation.

Four ANA research slides were incubated with diluted serum samples. After washing
with PBS-Tween, the slides were placed into compartments of a square tissue culture
dish (quadriPERM® dish, Sarstedt AG &Co., Germany). Each compartment contained
one slide with BIOCHIPs facing up. PBS buffer was applied as control buffer. The
other three slides were incubated with RIPA lysis buffer, RIPA-2U buffer or RIPA-4U
buffer for 30 minutes at RT on a lab shaker. The slides were then rinsed and
incubated with PBS-Tween for 5 minutes. Conjugate incubation and slide preparation
for microscopy were performed as described in section 2.2.2.
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2.3 HEp-2 cell culture

The human epithelial cell line HEp-2 was cultivated for immunoprecipitation
experiments. The HEp-2 cryo culture was obtained from cell culture department of
EUROIMMUN AG: HEp-2 cells were cultured in 175-cm?®flasks with 25 ml complete
medium in a BBD 6220 CO, incubator at 37°C, 5% CO, and 95% humidity, or
alternatively in HYPERFlask® M cell culture vessel surface area 1720 cm? (Corning

Life Sciences B.V., The Netherlands) with 560 ml complete medium.

50 ml fetal bovine serum and 5 ml penicillin-streptomycin (10000 U/ml) were added to
each 500 ml DMEM to make complete medium. Trypsin-EDTA (0.5%) stock solution
was diluted with 0.9% sodium chloride injection solution to make 0.05% Trypsin-
EDTA solution. All works were done under the sterile station Heraeus® HERAsafe®
HS15. Centrifuge ROTANTA 460 R was used for cell culture centrifugation. The cell
culture was checked every day under inverted microscope Axio Vert.Al to exclude

possible contamination with fungi and bacteria.

2.3.1 Cell seeding

Thawed HEp-2 cell suspension with 2 x 10° cells was gently mixed with 10 ml warm
complete medium. It was centrifuged at 221 x g at RT for 5 minutes. The HEp-2 cell
sediment was resuspended in 5 ml medium and pipetted into a 75-cm?-flask with 10
ml complete medium. After incubation overnight, it was observed that cells grow well
with less than 1% dead cell. On the following day, HEp-2 cells were splitted 1:4 in
175-cm?-flasks.

2.3.2 Subculturing
When the degree of confluency of the HEp-2 cells reached about 90%, sub-culturing

was necessary to prevent cell death.

After medium was discarded, cell culture was washed with 0.9% sodium chloride
injection solution. Then it was trypsinized with 5 ml 0.05% Trypsin-EDTA for 5
minutes at 37°C. Detached cells were mixed with fresh complete medium to
deactivate trypsin. Cells were sedimented at 221 x g for 5 minutes at RT and then
resuspended in 10 ml warm complete medium. Cell suspension was split 1:5 or 1:10

as demanded in pre-labeled new 175-cm?-flasks.

For subculturing from 175-cm®flasks in HYPERFlask®, two to three confluent 175-

cm?>flasks with HEp-2 cells were necessary. The cells were detached as described
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above and then gently mixed together with 560 ml warm complete medium. After
that, the 560 ml cell suspension was transferred into a pre-labeled HYPERFlask®.

2.3.3 Cell harvesting

HEp-2 cells were harvested in sucrose buffer for further experiments.

2.3.3.1 Cell harvesting from 175-cm?-flasks

HEp-2 cell sediments were produced as mentioned in section 2.3.2. Cell sediments
were then resuspended in 20 ml 0.9% sodium chloride injection solution. The cell
number was determined on Assistent® counting chambers (Glaswarenfabrik Karl
Hecht GmbH & Co KG, Germany). Cell suspension was spun down at 221 x g, RT for
5 minutes prior to adding sucrose buffer to the sediment as demanded. The final cell
concentration was 25 x 10° cells/ml. The cell suspension was then aliquoted in 400 pl
and 800 pl and stored at -80°C.

2.3.3.2 Cell harvesting from HYPERFlask®

After medium was discarded, 510 ml 0.9% sodium chloride solution supplemented
with 50 ml 0.05% Trypsin-EDTA was added to the cell culture. It was then incubated
for 5 minutes at 37°C to detach the cells. The cell suspension in diluted Trypsin-
EDTA was filled in 500 ml centrifuge tubes. The cells were sedimented at 2500 x g
for 5 minutes at RT and then resuspended in 20 ml 0.9% sodium chloride injection
solution. The cell number was determined on Assistent® counting chambers. Cell
suspension was spun down at 221 x g, RT for 5 minutes prior to adding sucrose
buffer as demanded. The final cell concentration was 25 x 10° cells/ml. The cell
suspension was then aliquoted in 400 pl and 800 pl and stored at -80°C.

2.3.4 Synchronization of HEp-2 cells with double thymidine block

HEp-2 cells were first arrested in G1/S-phase using double thymidine block [35]. In
the second step the cells were released in complete medium supplemented with 24
MM deoxycytidine to generate G2-phase synchronized cells.

2.3.4.1 Time course experiment for analysis of cell synchronization

HEp-2 cells were prepared in ten 25 cm?-flasks as described in section 2.3.2. After
40% confluence was reached, medium was discarded. Complete medium
supplemented with 2 mM thymidine was added to HEp-2 cells. The cells were
cultivated for 19 h to arrest them in G1/S-phase. The thymidine containing complete
medium was then discarded and the cells were washed with 0.9% sodium chloride
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solution. After that, the complete medium supplemented with 24 uM deoxycytidine
was added in order to release the cells. After culturing for 9 h, the medium was
discarded and the cells were cultivated in complete medium containing 2 mM
thymidine for 16 to 19 hours. The cells were washed again with 0.9% sodium chloride
solution prior to cultivation in complete medium supplemented with 24 yM
deoxycytidine. After the cells were released from the second thymidine block, the
cells from one 25 cm?flask were harvested and lysed in 200 pl 1x NUPAGE® LDS
sample buffer at the following time points: 0.5, 1, 2, 3, 4, 4.5, 5, 6, 7 and 8 hours. The
lysates were analyzed by Western blot (see section 2.4.2.2) using anti-cyclin B1
(1:2000) and anti-actin (1:1000) antibodies.

2.3.4.2 Preparation of G2-synchronized biomaterial

The cells were prepared in HYPERFlask® as described in section 2.3.2. The
synchronization was implemented as mentioned above. The cells were harvested as
mentioned in section 2.3.3.2 after releasing the cells from double thymidine block for
6 h. The final cell concentration was 25 x 10° cells/ml. The cell suspension was then
aliquoted in 400 pl and 800 ul and stored at -80°C.

2.4 Antigen identification with immunoprecipitation (IP) and mass
spectrometry

The recharacterized serum samples and the prepared HEp-2 cells were applied in

order to identify the target antigens. An immunoprecipitation method with fractionated

HEp-2 cells was applied in this work. All steps were carried out on ice. DynaMag™

(Thermo Fisher Scientific Inc., USA) was applied to attract and separate Dynabeads®

Protein G.

2.4.1 Fractionated IP with cell homogenate

600 ul HEp-2 lysis buffer was added to each 400 pl frozen cell suspension in sucrose
buffer to produce 10 x 10° cells/ml cell homogenate. 5 pl serum was incubated with
500 pl cell homogenate in HEp-2 lysis buffer overnight at 4°C on a rotator. After
centrifugation 16000 x g for 10 minutes at 4°C, the supernatant was discarded. The
sediment was washed with 500 pl HEp-2 lysis buffer and centrifuged again as
described. Then, the sediment was resuspended in 500 pl RIPA lysis buffer and
rotated for 1 h at 4°C. The suspension was spun down at 16000 x g for 20 minutes at

4°C. The supernatant was incubated with 50 pl Dynabeads® Protein G for 3 h.
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Following this, the beads were washed three times with 1 ml RIPA lysis buffer. After
the last wash, the beads were transferred into a new Eppendorf tube. For elution, 40
ul 1x NuPAGE® LDS sample buffer was added to the beads and mixed gently
followed by incubation at 70°C, 900 rpm for 10 minutes. 25 mM DTT was included in
1x NUPAGE® LDS sample buffer to reduce the disulfide bonds. The eluate fraction
was then mixed with 4 ul 650 mM lodoacetamide (IAA) and incubated in the dark for
30 minutes. During this step, the thiol group of cysteine was bound covalently with
IAA so that the proteins could not form disulfide bonds. The alkylation was essential
for mass spectrometry. The samples were directly loaded on SDS-PAGE or stored at
-20°C.

2.4.2 Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and Western blot (WB)
Immunoprecipitates were analyzed with SDS-PAGE and Western blot. Proteins were
separated according to their size using NUPAGE™ Novex™ 4-12% Bis-Tris Protein
Gels (8 cm x 8 cm x 1 mm, Thermo Fisher Scientific Inc., USA). 1x NUPAGE® MES
SDS Running Buffer was filled in both lower and upper chamber of electrophoresis
tank (XCell SureLock® Mini-Cell). Gels were run at 200 V (PowerPac™ Basic Power
Supply) for about 45 minutes until the tracking dye reach the end of the gels. Then,
as demanded gels were stained with blue silver coomassie stain or transferred onto a

nitrocellulose membrane (0.22 um, Sartorius Stedim Biotech GmbH, Germany).

2.4.2.1 Blue silver coomassie staining

Gels were incubated in blue silver- fixing solution for 1 h prior to staining overnight
with blue silver- staining solution. On the second day, gels were destained with blue
silver- destaining solution for 30 minutes. Afterwards gels were scanned with Canon
9000F Mark Il Scanner and then stored at 4°C in distilled water.

2.4.2.2 Western blot

Nitrocellulose membrane, filter paper and foam sponges were presoaked with
1x NUPAGE® Transfer Buffer. Gels containing separated proteins were placed on
nitrocellulose membrane and placed between filter paper and foam sponges (3 mm

and 6 mm).

Proteins were electrotransferred using tank blotter (TE22 Mighty Small Transfer

Tank) at 400 mA for 1 h supplied by PowerPac™ Basic Power Supply. The
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membranes were stained with ponceau-S solution to confirm efficiency of transfer.
Wet membranes were cut into suitable size and destained with 50 mM Tris-HCI.
Membranes were blocked with 1x blot wash buffer plus for 15 minutes at RT before
serum incubation was performed overnight. The sera were diluted 1:200 in 1x blot
wash buffer plus. Next day, the membranes were washed three times for 5 minutes
with 1x blot wash buffer. Membranes were incubated in 1x blot wash buffer plus
containing 1:10 diluted anti-human-lgG-B/E-AP for 30 minutes at RT. After this
procedure, membranes were washed again three times with 1x blot wash buffer, and
NBT/BCIP was used to detect bound antibodies. The incubated membranes were
scanned with Canon 9000F Mark Il Scanner.

2.4.3 Matrix Assisted Laser Desorption/lonization - Time of Flight Mass
Spectrometry (MALDI-TOF-MS)

MALDI-TOF-MS was applied to identify the specific protein bands on blue silver gels.

The experiment was carried out and analyzed by MS specialists from EUROIMMUN

AG.

A small hole was stabbed with cannula at the bottom of each well of a 96-well, non-
skirted PCR plate (0.3 ml, Thermo Fisher Scientific Inc., USA) which was placed in a
96-well deep well microplate (MASTERBLOCK®, 2 ml, Greiner Bio One International
GmbH, Germany). Selected bands were cut out with a scalpel and transferred into
wells. Each well contained one band. The band in each well was destained with
100 pl MALDI-Destaining solution 1 two times for 20 minutes, one time with 100 pl
MALDI-Destaining solution 2 for 20 minutes and one time with 100 pl acetonitrile for
10 minutes. Solutions were discarded by centrifugation at 178 x g for 1 minute at RT
between each destaining. After that, protein samples were digested in gel with 15 pl
MALDI-trypsin stock solution for 3 h at 37°C in humid chamber. 10 pyl MALDI-
Extraction solution was then added to each well and extracted for 45 minutes at RT.
A new 96-well, non-skirted PCR plate was placed under the old one with hole and the
extracts which contained the digested peptides sample were collected by
centrifugation at 178 x g for 1 minute at RT. 0.8 pl peptide extract of each sample
was applied on a single spot of a MTP AnchorChip 384 Taget (Bruker Daltonik
GmbH, Germany). After droplets were dried, 0.5 pl MALDI-Matrix solution was added
to each sample on the target. 0.5 ul MALDI-Peptide calibration/Matrix was applied on

calibration spots on the target.
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The samples on the target were measured using Autoflex™ [II Smartbeam MALDI-
TOF/TOF200 (Bruker Daltonik GmbH, Germany) controlled by software flexControl™
3.4 (Bruker Daltonik GmbH, Germany). Positive ion reflector mode with 6000 shots
was applied. MS spectra were recorded in a mass range from 600 Da to 4000 Da.
The spectra were processed by software flexAnalysis™ 3.4 (Bruker Daltonik GmbH,
Germany) and analyzed by software BioTools™ 3.2 (Bruker Daltonik GmbH,
Germany). Identification of proteins was performed in software Mascot Server 2.3
(Matrix Science Ltd, UK) by searching against NCBI protein database or SwissProt
limited to Homo sapiens. Searching settings for peptide mass fingerprinting (PMF)
were: 80 ppm mass tolerance, one missed cleavage accepted, fixed modification of
carbamidomethylation of cysteine residues, variable modification of oxidation of

methionine residues and significance threshold p < 0.05.

WARP mechanism of BioTools™ was applied for tandem mass spectrometry
(MS/MS) measurements in order to confirm PMF measurements. Two peptides of
each identified protein were selected. 1000 shots of parent mass and 1000 shots of
fragment mass were recorded. Procession and analyzation of spectra were same as

above with a fragment mass tolerance of 0.7 Da.

2.5 Preparation of recombinant antigens

All antigens were designed with His-tag for purification and/or detection. The coding
region of recombinant antigens was amplified from cDNA clones (Source BioScience,
United Kingdom) by standard techniques (Sambrook et al., 1989). Plasmids applied
for E. coli expression system were derived from pET24d (Merck KGaA, Germany).
And plasmids employed for expression in Human Embryonic Kidney 293 (HEK293)
cells were derived from pTriEx™-1.1 vector (Merck KGaA, Germany). The
recombinant antigens were purified for the following experiments and the

recombinant cells were applied in cell-based assay as well.

2.5.1 Cloning, expression and purification of recombinant antigens in
E. coli

Small antigens (< 100 kDa) were subcloned for expression in E. coli. Cloning and

expression of recombinant antigens were performed by the recombinant synthesis

department of EUROIMMUN AG. Purified recombinant antigens were obtained from

the immunobiochemical research department of EUROIMMUN AG. Table 2-2 shows

a list of all recombinant antigens expressed in E. coli.
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) Uniprot accession ] Protein
Protein name His-tag ] Buffer
number concentration mg/ml
NVL 015381 c-terminal 0.32 PBS1000(U)
CD2BP2 095400 n-terminal 0.30 TN600
TFAP2A P05549 n-terminal 4.45 PBS1000(U)
TDP43 Q13148 n-terminal 1.61 PBS1000(U)
PSME3 P61289 n-terminal 0.76 PBS1000(U)
TJP1 .
231-575 n-terminal 0.81 PBS1000(U)
TIP1 fragments of . N
23561-1103 007157 c-terminal Not purified -
TJP1 : o
221089-1668 n-terminal Not purified -
POLR2A .
221475-1970 c-terminal 0.25 TNI-300
POLR2A . .
c-terminal Not purified -
aal-488 fragments of
POLR2A P24928 . i,
22489-951 c-terminal Not purified -
POLR2A . -
22952-1474 c-terminal Not purified -

Table 2-2 List of recombinant antigens expressed in E. coli
TN600: 20 mM Tris-HCI pH 8.5, 600 mM NaCl; TNI-300: 5 mM Tris-HCI pH 8.0, 300 mM NacCl, 300
mM Imidazol; PBS1000(U): 1x PBS pH 7.4, 1 M NaCl, 8 M Urea.

2.5.2 Cloning and expression of recombinant proteins in HEK293 cells

Molecular cloning and recombinant expression of candidate antigens in HEK293 cells
were implemented by the recombinant synthesis department of EUROIMMUN AG. All
recombinant proteins were designed with N-terminal His-tag. Transfected HEK293
cells were used as substrates for IFA or recombinant antigens were purified for
subsequent experiments. A list of all recombinant antigens expressed in HEK293

cells is shown in Table 2-3.
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Protein name Uniprot accession number Application in
PSME3 P61289 IFA
TFAP2A P05549 IFA
TDPA43 Q13148 IFA

DHX9 Q08211 IFA and purification
POLR2A P24928 IFA
RPA1 P27694 IFA
RPA2 P15927 IFA
RPA3 P35244 IFA
RuvBL1 Q9Y265 IFA
RuvBL2 Q9Y230 IFA
SMCHD1 A6NHR9 IFA and purification
PELP1 Q8IZL8 IFA
SENP3 Q9H4L4 IFA
NVL 015381 IFA
XRN2 Q9HOD6 IFA
MATR3 P43243 Purification
TJP1 Q07157 IFA
CD2BP2 095400 IFA
KIF11 P52732 IFA

Table 2-3 List of recombinant antigens expressed in HEK293 cells

All recombinant proteins were designed with N-terminal His-tag.

2.5.3 Purification of recombinant antigens from HEK293 cells

The purification strategy was adapted for each individual recombinant antigen. In
Figure 2-3, the workflow of the purification is shown. Under native condition,
recombinant antigens were purified though ammonium sulfate precipitation followed
by serial chromatography. Under denatured condition, recombinant antigens were
prepared direct using chromatography. The result of each purification step was
analyzed by Western blot (described in section 2.4.2.2) using anti-His-tag antibody
(1:8000 diluted anti-His-tag-AP or 1:2000 diluted anti-His-tag prior to 1:2000 diluted

anti-mouse-lgG-AP).
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Under native condition
ASprec. —> CHT = IMAC

Cell lysisand i

. alit
extraction of . Snl; Isiys
target protein Under denatured condition )

Denat. IMAC Cat.-IEX

Figure 2-3 Purification strategy for native and denatured condition.

AS prec.. ammonium sulfate precipitation; CHT: CHT™ ceramic hydroxyapatite chromatography;
IMAC: immobilized metal affinity chromatography; Denat.: denatured; Cat.-IEX: denatured cation
exchange chromatography.

2.5.3.1 Lysis of HEK293 cells and extraction of target protein

10 ml HEK293 cells sediment (~50 x 10° cells/ml) was resuspended in 90 ml HEK293
lysis buffer supplemented with 200 U Benzonase® to digest DNA and RNA. The cells
were then homogenized with Dounce tissue grinder, 10 strokes of large pestle prior
to 10 strokes of small pestle. Cell homogenate was supplemented with 1-2 mM DTT
to minimize the influence of disulfide bonds and incubated on ice for 30 minutes.
After that, it was sedimented with 21200 xg for 20 minutes at 4°C. The
supernatant (S1) was transferred into a clean bottle. The sediment (P1l) was
resuspended in 50 ml HEK293 lysis buffer supplemented 1% Triton-X-100 and
incubated for 1 h. The supernatant (S2) was collected as described above. The
sediment (P2) was successively washed with 10 ml isopropanol, 8 ml acetone and 10
ml isopropanol prior to be further solubilized in 20 ml TNUDI-20 buffer. The
supernatant (S3) was collected as described. The sediment (P3) was resuspended in
5 ml TNUDI-20 buffer. Equal volumes of each fraction were analyzed by Western

blot. The supernatant containing most of the target antigen was further processed.

2.5.3.2 Protein precipitation with ammonium sulfate

Serial ammonium sulfate (AS) precipitation was implemented. Therefore, 14.4 g AS
was added slowly under stirring to 100 ml 0% saturation supernatant (S1 or S2 from
section 2.5.3.1) to achieve 25% saturation. It was incubated at 4°C for at least 1 h
and then centrifuged at 37800 x g for 30 min at 4°C. The sediment (Paszs) was
resuspended in 20 ml TNTMDI buffer and the supernatant (Saszs) was applied for
next AS precipitation, where 6.5 g AS was added. The precipitation process was
repeated until the 100% saturation was reached. The amount of AS that was added
at each step is listed in Table 2-4.
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% Saturation AS in 100 ml supernatant 0 25 35 45 60 100

AS added after last step /g 0 14.4 6.5 6.8 11.3 | 27.2

Table 2-4 Amount of ammonium sulfate to reach 100% saturation

The sediment of each step (Pasz2s, Passs, Pasas, Passo, Pasi00) in TNTMDI buffer and
the final supernatant were analyzed by SDS-PAGE and Western blot. The fraction(s)
with the highest amount of target antigen was dialyzed in dialysis tube (Spectrum™
Spectra/Por™ 1 dialysis membrane, MWCO 6 - 8 kD, Spectrum Chemical Mfg.
Corp., USA) twice against 30x volume of TNTMDI buffer to remove the exceeded AS.
The dialysate was subjected to the following chromatography.

2.5.3.3 Chromatography under native condition
The dialysate was first loaded on the CHT™ Ceramic Hydroxyapatite, Type Il (CHT)
resin to reduce the lipid compartments, DNA and RNA. IMAC was the second

chromatography step, which enriched the target antigen via its His-tag.

CHT™ Ceramic Hydroxyapatite chromatography

Bio-scale Mini CHT-II, 40 um, 5 ml prepacked column was employed and combined
with  manual batch process. The following chromatographic process was
implemented and fractions of one column volume (CV) were collected in 8 ml tubes.
Elution steps were tested for the first purification to determine the suitable phosphate
concentration for washing and elution. The stepwise elution buffer was produced by
mixing TNTDI-20 and TNTDI-20Pi250.

Column preparation 3 CV destilled water

3 CV 1M NaOH
Column equilibration 3 CV destilled water

3 CV TNTDI-20Pi250

4 CV TNTMDI
Sample application flow through collected in one fraction
Column wash 4 CV TNTDI-20 fraction collected
Column elution 5 CV TNTDI-20Pi50 fraction collected

5 CV TNTDI-20Pi100 fraction collected

5 CV TNTDI-20Pi150 fraction collected

5 CV TNTDI-20Pi200 fraction collected

5 CV TNTDI-20Pi250 fraction collected
The second fraction of each elution step was examined by SDS-PAGE and Western
blot. The elution fractions that contained most of the target protein were pooled and

prepared for IMAC.
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Immobilized metal affinity chromatography (IMAC)

NICKEL RAPID RUN™ was packed on column with 0.45 pl filter (CHROMABOND®
polypropylene columns, MACHEREY-NAGEL GmbH & Co. KG, Germany) and
manual batch method was applied. The following program was applied for IMAC and

fractions of 1 CV were collected in 8 ml tubes.

Column preparation 2 CV destilled water

2 CV TI500-Eq
Column equilibration 2 CV destilled water

2 CV TNTDI-150

4 CV TNTDI-20
Sample application flow through collected in one fraction
Column wash 4 CV TNTDI-20 fraction collected
Column elution 5 CV TNTDI-150 fraction collected

The fractions were analyzed by SDS-PAGE and Western blot and the fractions with
the highest amount of the target protein were pooled. The pooled fractions were
concentrated with Vivaspin® 20 Centrifugal Concentrator (100 kDa cut-off, Sartorius
Stedim Biotech GmbH, Germany) according to manufacturer’s instruction. If buffer
exchange was necessary for the subsequent experiment, the pooled fractions were

exchanged five times in end buffer.

2.5.3.4 Chromatography under denatured condition

The soluble denatured recombinant antigens in supernatant (S3) from section 2.5.3.1
were directly subjected to chromatography. Two chromatography techniques were
applied in series, IMAC and cation exchange chromatography (cat.-IEX). The packing
materials were packed in column with a 0.45 pl filter.

Denatured IMAC

The procedure of denatured IMAC was the same as described above with different
buffer system. The column was equilibrated with TNUDI-150 followed by TNUDI-20.
After the sample application, the column was washed with TNUDI-20 and the target
antigen was eluted with TNUDI-150. After analysis with SDS-PAGE and Western
blot, the elution fractions that contained most of the target protein were pooled and

prepared for cat.-IEX.

Denatured cation exchange chromatography (cat.-IEX)
The pooled eluate from denatured IMAC was dialyzed in a dialysis tube against A50

buffer overnight and then the dialysate was supplemented with urea to reach the final
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concentration of 8 M prior to being applied on the column. SP-Sepharose Fast Flow
was packed in column with a 0.45 pl filter. The following steps were applied for

denatured Cat.-IEX and fractions of 1 CV were collected in 8 ml tubes manually.

Column preparation 2 CV destilled water

2 CV PBS1000(V)
Column equilibration 2 CV destilled water

4 CV AU
Sample application flow through collected in one fraction
Column wash 4 CV AU fraction collected
Column elution 5 CV PBS1000(U) fraction collected

The fractions were then treated as described in 2.5.3.3.

2.5.3.5 Quality analysis of purified antigens

The quality of the final preparations was analyzed with different methods.
Determination of protein concentration

The protein concentration of the preparation was determined by the advanced protein
assay. The measurement and result was controlled and documented by software
Magellan 7.1 SP1 at 570 nm with TECAN Reader Sunrise.

Advanced protein assay was carried out according to manufacturer’s instruction. In
short, the calibration curve was generated with the serial dilution of BSA from
750 pg/ml to 0 pg/ml in 0.9% sodium chloride injection solution. The diluted
preparation samples were prepared as above. 10 pl of calibrators or samples were
mixed with 300 pl 1:5 diluted advanced protein assay reagent in the well of
microplate. The mixture was then directly measured. Each calibrator or sample was

tested twice.
SDS-PAGE and MALDI-TOF-MS

The procedure was the same as described in section 2.4.2 and 2.4.3. 1 ug of
recombinant protein was loaded on NUPAGE™ Novex™ 4-12% Bis-Tris Protein Gel
under reduced and unreduced condition. The protein bands were visualized using
blue silver coomassie stain and the detectable bands were further analyzed with
MALDI-TOF-MS. Thus, the identity and the purity of the preparation could be

determined.

The satisfactory preparations were portioned in 0.1 to 2 ml Aliquots and stored
at -80°C for subsequent experiment.
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2.6 Verification of candidate antigens and development of

immunoassays
Candidate antigens were verified by different methods: (1) neutralization test with
purified recombinant antigens; (2) colocalization test with a commercial antibody;
(3) Western blot with purified recombinant antigens or unpurified recombinant E. coli
or HEK293 cell lysates; and (4) IFA with recombinant HEK293 cells. Based on the

verification, the development of an immunoassay was carried out subsequently.

2.6.1 Neutralization test

The purified antigens were applied in this experiment. Diluted serum samples (1:100
and 1:1000) were preincubated for 1 hour with diluted purified antigen to neutralize
the reactivity of the specific antinuclear autoantibody before they were incubated on
ANA research slides. As control, the respective buffer without antigen was used. The
subsequent steps were as described in section 2.2.2. The samples were visualized
using confocal laser scanning microscope LSM700- Axio Imager M2 and the images
could be captured by ZEN 2000 software. The neutralization effect was assessed by

comparing the fluorescence signal of neutralized samples and control.

2.6.2 Colocalization analysis of TIP1

A parallel staining of HEp-2 cells, transfected HEK293 cells with serum and anti-TJP1
antibody was used to compare the expression patterns. Therefore, 1:10 or 1:100
diluted UNA25 was mixed with 1:50 diluted anti-TJP1 in PBS-Tween. Incubation and
washing steps were as described in section 2.2.2. The detection of primary
antibodies was enabled by incubation with anti-human-lgG-alexa488 (1:500) and
anti-mouse-IgG-Cy3 (1:200). Confocal laser scanning microscope LSM700- Axio
Imager M2 was used to analyze samples and ZEN 2000 software was used to

capture images.

2.6.3 Western blot

10 pl unpurified E. coli or HEK293 cell lysates or 2 pg purified recombinant antigens
were applied in SDS-PAGE and Western blot as described in section 2.4.2. The cut
membranes were incubated with index sera and/or healthy control sera (n=15). A
two-step incubation for the detection of the His-tag was implemented as described in
2.5.3.
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2.6.3.1 Prototype lineblot profile
After the candidate antigens were tested in Western blot, dot blot was performed in
order to select the suitable antigen dilution. The blot incubation and evaluation

procedure were the same as described in section 2.2.1.
Dot blot

Precut (3 mm x 5 mm) empty Biodyne™ B membranes (Biodyne™ B Nylon
Membrane, 0.45 um, Thermo Fisher Scientific Inc., USA) were fixed on strips by the
blot department of EUROIMMUN AG. The antigen was serial diluted in the respective
buffer. On each field, 1 pl undiluted or diluted antigen solution (1:3.2, 1:10, 1:32,
1:100, 1:320, 1:1000 and 1:3200) was applied and dried for 20 minutes at RT. The
strips were then packed in aluminum foil bag and stored at 4°C. The incubation of the

antigen coated on dot blot strips was performed on the second day.

The optimum dilution, with which index serum samples showed a reaction and
healthy control sera (n=10) did not, was selected and used for the production of
research lineblots by the Blot department of EUROIMMUN AG.

Stability test

The research lineblots were stored at 4°C and 37°C, respectively. They were
incubated with anti-His-tag, index sera and ten healthy control sera on day 0, day 7

and day 14. The results were evaluated with the software EUROLineScan.
Research lineblot: UFO-ANA profile 1

The antigens that passed the stability test were further assembled on one strip to
produce the research lineblot, UFO-ANA profile 1 (Figure 2-4). Eight purified
recombinant antigens were combianed on this strip: SMCHD1, CD2BP2, NVL,
TFAP2A, fragment aal-575 of TJP1, fragment aal475-1970 of POLR2A and PSME3
It was incubated with anti-His-tag, index sera and healthy control sera (n=50)

followed by clinically characterized patient sera (SARD cohort).
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Figure 2-4 A schematic picture of the research lineblot, UFO-ANA profile 1
Each black line indicates the individual positive reaction. Eight antigens could be tested with this strip.

An experimental cut-off for the research lineblot was applied as follows: TJP1 aal-
575, TFAP2A, NVL and CD2BP2 with cut-off=20; PSME3, POLR2A aal475-1970,
TDP43 and SMCHD1 with cut-off=10.

2.6.4 IFA with transfected HEK293 cells

Recombinant HEK293 cells expressing different target antigens were cultured on
cover glasses for two days and fixed with acetone by the recombinant synthesis
department of EUROIMMUN AG. Cover glasses with fixed cells were then cut into
suitable pieces and applied for the production of BIOCHIP Mosaic® research slides
for verification. Transfected HEK293 cells expressing individual candidate antigens
were incubated with anti-His-tag antibody (1:200), index serum samples (1:100) and
50 healthy control sera (1:100). HEK293 cells transfected with empty plasmid and
HEp-2 cells were applied as controls in each Mosaic®. The incubation and evaluation
procedure were the same as described in section 2.2.2

2.6.4.1 Composition of two research slides for recombinant HEK293 cells
based IFA (RC-IFA)
Eleven antigens were selected for RC-IFA with HEK293 cells and arranged in two
research slides for studying the clinical association, namely UFO-ANA clinical
association 1 and 2 (Figure 2-5). Besides of HEK293 cells transfected with empty
plasmid and HEp-2 cells as controls on each slide, the first slide contained
transfected HEK293 cells expressing the seven candidate antigens, PSMES3,
TFAP2A, TDP43, DHX9, POLR2A, RPA, and RuvBL. The second slide incorporated
transfected HEK293 cells expressing the four antigens: SMCHD1, PELP1+SENP3,
NVL and XRN2. Three subunits of RPA (RPA1, RPA2 and RPA3), two homologs for
RuvBL (RuvBL1 and RuvBL2), and the two interaction partners (PELP1 and SENP3)

were co-expressed respectively.
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The research slides were employed for screening a SARD cohort with index sera as
positive controls and healthy control sera as negative controls. Incubation procedure
was the same as mentioned above with anti-human-lgG-FITC (ready-to-use)

secondary incubation.

Evaluation of the result was implemented using a level system. Level 0, 0.5 and 1 to
5 was defined as negative, borderline and the weak positive to the strongest positive

reaction, respectively.
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Figure 2-5 Schema of two research BIOCHIP slides for studying clinical association

A) UFO-ANA clinical association 1. This slide consisted of HEp-2 cells, HEK293 cells individually
transfected with plasmids coding for PSME3, TFAP2A, TDP43, DHX9, POLR2A, and empty vector,
HEK293 cells concurrent transfected with RPA1l, RPA2, RPA3 and HEK293 cells transfected
concurrent transfected with RuvBL1 and RuvBL2. B) UFO-ANA clinical association 2. This slide
consisted of HEp-2 cells, HEK293 cells individually transfected with plasmids coding for SMCHD1,
NVL, XRN2 and empty vector, HEK293 cells concurrent transfected with PELP1 and SENP3. All cells
were fixed with acetone.

2.7 Statistics

In this exploratory study, descriptive statistics were used for statistical analysis.
Microsoft® Office Excel 2010 was employed for processing raw data and generations

of diagrams.
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3 Results

This work intended to identify novel ANA autoantigens and study their clinical
relevance. Therefore, immunoassays with recombinant antigens were developed.
The results of this project include two parts: a) antigen identification with UNA
samples and b) antigen identification with clinically characterized serum samples with
novel patterns. The relevant results are presented in this chapter. The supplement

data can be found in the appendix.

Part a: Antigen identification with UNA samples

3.1 Characterization of serum samples

In total, 190 HEp-2 ANA positive serum samples, which showed negative results in
the requested monospecific analyses, were collected from the Clinical Immunological
Laboratory of Prof. Dr. med. Winfried Stocker. All the sera were re-characterized with
IFA using ANA research slides and the Euroline ANA profile 23 (IgG) (Figure 2-1).
The observed nuclear pattern and estimated titers were documented and compared
with the original results from the Clinical Immunological Laboratory. Serum samples
were not considered for antigen identification experiments, if at least one of the
following conditions was met: 1) convincing reaction against an established ANA
antigen was detected (51/190 samples), 2) volume less than 0.4 ml (59/190
samples). The remaining 80 samples defined the UNA cohort (Figure 3-1).

_________________________________________________________________________________________

established ANA (51) 80 UNA sera
or with small volume (59)

characterized sera

Part a 190 sera collected Partb
i Exclusion of sera containing \ N 10 clinically i

90 sera appliedin
immunoprecipitation

Figure 3-1 Serum samples for immunoprecipitation
ANA: antinuclear autoantibody; UNA: unknown nuclear antigen

Autoantibodies against established antigens were most frequently directed against
DFS70 (26 samples, Figure 3-2, A), followed by anti-SSA (6 samples), anti-Ro52 (4
samples), anti-Mi-2a/b (3 samples), anti-RNA polymerase Il (3 samples), anti-
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fibrillarin (2 samples), anti-NOR90 (2 samples), anti-dsDNA (1 sample), anti-RNP/Sm
(1 sample), anti-PM75/100 (1 samples), anti-centromere (1 sample) and anti-gp210

(1 sample). All'in all, 80 UNA samples were further processed.

ANA-23/61-26 B

Figure 3-2 Characterization of UNA sera with IFA and EUROLINE

Sera (1:100) were analyzed in IFA with HEp-2 cells (left) and monkey liver (right). Anti-Human-IgG-
Alexa488 (1:500) was applied as secondary antibody. Sera (1:101) were tested with Euroline ANA
profile 23 (bottom). Anti-human-lgG-B/E-AP (1:10) was employed in secondary incubation. A) “false”
UNA sera: UNA59 shows a dense fine speckled pattern. A positive reaction against DFS70 is
indicated with the red square. B) “true” UNA sera: UNA74 shows a nucleolar pattern. A borderline anti-
PM-Scl75 reactivity was detected. C) “true” UNA sera: UNA96 shows a pseudo-dense fine speckled
pattern. (IFA magnification 200x)

Two representative UNA samples are displayed in Figure 3-2, B and C. UNA74
showed nucleolar pattern and UNA96 showed granular pattern with positive
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chromosome stain in mitotic cells. Both samples were negative in Euroline ANA

profile 23.

In Table 3-1, these samples are gathered in different groups according to the ANA
patterns, namely nucleolar, granular, homogeneous, pseudo-dense fine speckled
(DES), few nuclear dots, pleomorphic/granular (partly stronger) and nuclear
envelope. Because the different patterns could overlap, one sample may be in

several groups. The sample number and example pictures of IFA with HEp-2 cells

are listed.
ANér%it;em Example picture of IFA with HEp-2 cells Tgftaslarm;:r)rl]gser Belzgg:g?egNA
with pattern (UNA No.)

Nucleolar 20 2,17, 26, 29, 74,

(UNA74) 75, 81, 87, 102,
125, 128, 129, 132,
134, 170, 176, 177,

178, 200, 202

Pseudo- 16 1, 16, 36, 49, 53,

dense fine 62, 96, 119, 162,
speckled 163, 168, 169, 172,

(DFS) 190, 209, 219
(UNA96)
Granular 38 2,3,6,17, 23, 26,
(UNA71) 32, 33, 34, 35, 38,
41, 43, 44, 54, 61,
63, 65, 70, 71, 86,
92, 102, 103, 108,
123, 125, 133, 134,
177, 179, 180, 189,
194, 202, 206, 211,
218
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Homo 10 25,72, 105, 127,
-geneous
(UNA105) 131, 132, 173, 174,
198, 216
Few nuclear 5 3,108, 112, 194,
dots 195
(UNA112)
Pleomor- 2 111, 220
phic/
granular
(partly
stronger)
(UNA111)
Nuclear 3 29, 105, 123,
envelope
(UNA123)

Table 3-1 Groups of UNA samples and example IFA pictures
IFA with HEp-2 cells with 1:100 dilution, magnification 200x
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3.2 Candidate antigens

In order to identify the target antigens, 80 UNA sera were subjected to fractionated IP
(FIP) with HEp-2 cell homogenate as described in 2.4. Immunoprecipated proteins
were resolved by SDS-PAGE and stained with blue silver coomassie stain.
Additionally, Western blots with autologous serum samples were performed to detect
immunoreactive proteins. A representative image of a coomassie stained gel and the
corresponding Western blot is shown in Figure 3-3. UNA74, UNA92 and UNA96
showed Western blot reactivity against immunoprecipitated antigens at approximately
100 kDa, 100 kDa and 50 kDa respectively; while UNA75 and UNA87 did not. The
selected bands (Figure 3-3, arrowhead) were sent to immunobiochemical research
department of EUROIMMUN AG for MALDI-TOF-MS analysis and to identify the
target antigens. All successful antigen identification experiments were repeated at

least once to confirm the results.

UNA UNA UNA UNA UNA UNA UNA UNA UNA UNA
kDa 74 75 87 92 96 74 75 87 92 96

235 —

120—

80— -
70—

50— 3

40—
30—

25—

15—

10—

Figure 3-3 Fractionated immunoprecipitation (FIP) with UNA sera.

UNA74 (granular and nucleolar), UNA75 (nucleolar), UNA87 (nucleolar), UNA92 (granular) and
UNA96 (pseudo-dense fine speckled) were analyzed using FIP. Immunoprecipitated proteins were
separated by SDS-PAGE. Gels were stained with coomassie (left) or analyzed by Western blot (right)
incubated with autologous serum samples (1:200) followed by anti-human-lgG-B/E-AP (1:10)
incubation. The arrowhead marked bands were selected according to the Western blot reaction. The
red lines indicate bands of IgG fragments.
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3.2.1 Four candidate antigens identified with sera of the nucleolar group
Four novel candidate antigens were identified with 5 of 20 nucleolar samples.
Nuclear valosin-containing protein-like (NVL) was identified as target antigen of
UNA74, UNA81 and UNA170. The result of IP-Western blot analysis with UNA74 is
shown as an example in Figure 3-4, A. After FIP, a band at approximately 100 kDa
was detected in the eluate in coomassie stained gel and in Western blot incubated
with autologous serum. The marked band 1 was analyzed by mass spectrometry and
identified as different isoforms of NVL. The results of MALDI-TOF-MS are shown in
Table 3-2.

In the IP eluate of UNA177 a strong band (band 2) at approximately 100 kDa was
found in the coomassie stained gel (Figure 3-4, B1). In a corresponding Western blot,
a band at the same size showed strong reactivity. 5'-3' exoribonuclease 2 (XRN2)
was identified as target antigen of UNA177 in PMF and MS/MS measurements
(Table 3-2). UNA177 showed a granular and nucleolar pattern on both HEp-2 cells
and monkey liver (Figure 3-4, B2 and B3).

In a Western blot with the UNA26 IP eluate and autologous serum, two bands with
high intensity were detected at around 120 kDa and 70 kDa. The corresponding
bands were marked as band 3 and band 4 in the coomassie gel (Figure 3-4, C1).
With MALDI-TOF-MS, proline-, glutamic acid- and leucine-rich protein 1 (PELP1)
(band 3) and sentrin-specific protease 3 (SENP3) (band 4) were identified (Table
3-2). The ANA pattern of UNA26 was very similar to the pattern of UNAL177. It

presented also a granular and nucleolar staining (Figure 3-4, C2 and C3).

In the remaining 15 UNA samples of the nucleolar group, the target antigen could not
be identified using FIP. No specific band was observed in coomassie stained gels,

neither a Western blot reaction was detected.
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Figure 3-4 Identification of candidate antigens with sera of the nucleolar group.

1) FIP of UNA sera with nucleolar pattern. Immunoprecipitates were analyzed with coomassie stained
gel (left) or Western blot with autologous sera (right). According to Western blot reaction (arrowhead),
protein bands were selected for MALDI-TOF-MS. 2) IFA with HEp-2 cells and 3) monkey liver with
UNA sera (1:1000) and anti-Human-lgG-Alexa488 (1:500) as secondary antibody. A) Nuclear valosin
containing protein-like (NVL) was identified as target antigen of UNA74, which showed nucleolar
pattern on both substrates. B) 5'-3' exoribonuclease 2 (XRN2) was identified as target antigen of
UNA177. ANA pattern of UNA177 was granular and nucleolar. C) Proline-, glutamic acid- and leucine-
rich protein 1 (PELP1) and sentrin-specific protease 3 (SENP3) were identified as target antigens of
UNA26. UNA26 showed granular and nucleolar ANA pattern, which was similar to the pattern of
UNA177. (magnification 200x)
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Band | Annotation Cut Score Seq. P_ep— Mass Database
off cov. |tides | /Da
Nuclear valosin-containing .
1 protein-like OS=Homo so | 160 | 33 | 20 | seorr | - Home:
sapiens GN=NVL PE=1 Sapiens
sv=1 —sap
Nuclear valosin-containing .
L SwissProt
protein-like OS=Homo
! sapiens GN=NVL PE=1 | 32 4 ! 1] 90w _omo.
SV=1 (Score under Cut Off) —Sap
5'-3' exoribonuclease 2 .
OS=Homo sapiens SwissProt
2 OX=9606 GN=XRN2 PE=1 59 270 50 47 109426 ngoirglcq)s
Sv=1 _sap
5'-3' exoribonuclease 2 SwissProt
OS=Homo sapiens Homo
Sv=1 B
e
3 _ . 56 161 32 26 120879 _Homo
OS=Homo sapiens sapiens
GN=PELP1 PE=1 SV=2 —sap
Proline-, glutamic acid- and SwissProt
3 IeucTe—nch protein 1 27 50 3 2 120879 _Homo
OS=Homo sapiens sapiens
GN=PELP1 PE=1 SV=2 B
Sentrin-specific protease 3 SwissProt
4 OS=Homo sapiens 56 103 32 16 65596 _Homo
GN=SENP3 PE=1 SV=2 _sapiens
SwissProt
4 Not identified _Homo
_sapiens

Table 3-2 Mass spectrometry analysis of three UNA samples with nucleolar pattern.
Peptide-mass-fingerprinting results are in black and tandem mass spectrometry results are in blue.

3.2.2 Two candidate antigens identified with sera of the pseudo-DFS

group
In the pseudo-DFS group, two candidate antigens were found. The results are shown

in Figure 3-5.

Using UNA219 in FIP and Western blot, a band slightly beneath 50 kDa was detected
with moderate intensity (Figure 3-5, Al). CD2 antigen cytoplasmic tail-binding protein
2 (CD2BP2) was identified with the help of MALDI-TOF-MS (Table 3-3). UNA219
showed pseudo-DFS pattern on both Hep-2 cells and monkey liver (Figure 3-5, A2
and A3).
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Figure 3-5 Identificaiton of candidate antigens with sera of the pseudo-DFS group.

1) FIP of UNA sera with nucleolar pattern. Immunoprecipitates were analyzed with coomassie stained
gel (left) or Western blot with autologous sera (right). According to Western blot reaction (arrowhead),
protein bands were selected for MALDI-TOF-MS. 2) IFA with HEp-2 cells and 3) monkey liver with
1:100 diluted UNA sera and anti-Human-1gG-Alexa488 (1:500) as secondary antibody. A) CD2 antigen
cytoplasmic tail-binding protein 2 (CD2BP2) was identified as target antigen of UNA219. IFA showed
pseudo-dense fine speckled pattern on HEp-2 cells and monkey liver. B) Transcription factor AP-2-
alpha (TFAP2A) was identified as target antigen of UNA96. In IFA, it showed a pseudo-DFS pattern on
HEp-2 cells while monkey liver remained negative. (magnification 200x)

Transcription factor AP-2-alpha (TFAP2A) was identified as candidate antigen of
UNA53 and UNA96. The IP-Western blot analysis of UNA96 is shown in
Figure 3-5, B as an example. A strong Western blot reaction of UNA96 with the
corresponding IP eluate (Figure 3-5, arrowhead) indicated that the target antigen is
approximately 50 kDa. The corresponding band detected in the coomassie stained
gel was marked as band 6 and identified as TFAP2A with MALDI-TOF-MS (Table
3-3). UNA96 showed a pseudo-dense fine specked pattern on HEp-2 cells, but

monkey liver remained negative.

No conspicuous bands were observed in IP eluates of the other 13/16 UNA samples
of the pseudo-DFS group.
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Band Annotation Cut Score Seq. P_ep— Mass Database
off cov. tides | /Da
e e
5 0S=Homo sapiens 59 100 36 10 37737 _sgoirgr?s
GN=CD2BP2 E=1 SV=1 —sap

SwissProt

5 Not identified _Homo
_sapiens
Transcription factor AP-2- SwissProt

6 alpha OS=Homo sapiens 59 126 38 15 48432 _Homo
GN=TFAP2A PE=1 SV=1 _sapiens
Transcription factor AP-2- SwissProt

6 alpha OS=Homo sapiens 30 37 4 1 48432 _Homo
GN=TFAP2A PE=1 SV=1 _sapiens

Table 3-3 Mass spectrometry analysis of two UNA samples with pseudo-DFS pattern.
Peptide-mass-fingerprinting results are in black and tandem mass spectrometry results are in blue.

3.2.3 Eight candidate antigens identified with sera of the granular group

Among 37 UNA samples with granular pattern, eight candidate antigens were
identified with 13/37 sera. Four of them were previously described in the master
thesis [32]. They are listed in the summary of candidate antigens in Table 3-6. Four

newly identified antigens are present below.

Matrin-3 (MATR3) was identified as the target antigen of UNA92. A specific band at
approximately 100 kDa was found in the coomassie stained gel of UNA92 IP eluate,
which showed Western blot reactivity with the autologous serum sample (Figure
3-6, Al). This band was marked as band 7 and according to PMF measurements
MATR3 was detected (Table 3-4). As it is shown in Figure 3-6, A2 and A3, the ANA
pattern of UNA92 was granular on both HEp-2 cells and monkey liver.

UNA3 was tested in FIP. The coomassie stained gel and the Western blot are shown
in Figure 3-6, B1. A band at about 50 kDa with specific Western blot reaction was
selected for MALDI-TOF-MS analysis. The PMF result and MS/MS result supported
that TAR DNA-binding protein 43 (TDP43) was the target antigen of UNA3 (Table
3-4). It was observed that UNA3 showed a mix pattern of granular and few nuclear

dots on HEp-2 cells and monkey liver in IFA (Figure 3-6, B2 and B3).
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Figure 3-6 Identificaiton of candidate antigens with sera of the granular group.

1) FIP of UNA sera with nucleolar pattern. Immunoprecipitates were analyzed with coomassie stained
gel (left) or Western blot with autologous sera (right). According to Western blot reaction (arrowhead),
protein bands were selected for MALDI-TOF-MS. 2) IFA with HEp-2 cells and 3) monkey liver with
UNA sera (UNA92 and UNA96 1:1000, UNA3 1:100) and anti-Human-lgG-Alexa488 (1:500) as
secondary antibody. A) Matrin-3 (MATR3) was identified as target antigen of UNA92. IFA showed
granular pattern on HEp-2 cells and monkey liver. B) TAR DNA-binding protein 43 (TDP43) was
identified as target antigen of UNA3. Besides of granular pattern, few nuclear dots pattern was
observed in IFA. C) RuvB-like 1 (RuvBL1) and RuvB-like 2 (RuvBL2) were identified as target antigens
of UNAG5. In addition to classic granular pattern, chromosome area in mitotic cells was stained
occasionally. (magnification 200x)
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Two homolog proteins, RuvB-like 1 (RuvBL1l) and RuvB-like 2 (RuvBL2), were
identified using UNAG5 in FIP. A specific band around 50 kDa was detected in the
coomassie stained gel and in Western blot as well (Figure 3-6, C1). Band 9 was
analyzed with MALDI-TOF-MS (Table 3-4). The ANA pattern of UNA65 was granular
on both HEp-2 cells and monkey liver (Figure 3-6, C2 and C3). In IFA with HEp-2
cells it was observed that in mitotic cells the condensed chromosome area was

stained occasionally.

The identification of the target antigens of UNA26 and UNA177 was already
described above in the nucleolar group (section 3.2.1). With the remaining 22/37
UNA samples with granular pattern, no candidate antigen was identified. Either no

specific band was observed (19/22) or results were not reproducible (3/22).

Cut Seq. Pep- Mass

Band | Annotation off Score cov. tides | /Da Database
. . SwissProt
Matrin-3 OS=Homo sapiens
7 GN=MATR3 PE=1 SV=2 59 189 28 19 95078 _Homo
_sapiens
SwissProt
7 Not identified _Homo
_sapiens
TAR DNA-binding protein 43 NCBInr_
8 [Homo sapiens] (Score 68 55 31 8 45053 sub_Homo
under Cutoff) _sapiens
- . NCBInr_
g | IARDNAbinding protein 43 | 57 | 44 4 1 | 45053 | sub Homo
[Homo sapiens] '
_sapiens
. . NCBInr
RuvB-like 2 isoform 1
9 [Homo sapiens] 68 114 33 14 51296 _sub__Homo
_sapiens
. . NCBInr_
o | PREDICTED:RuvB-ikel | g5 | 26 28 9 51812 | sub_Homo
isoform X1 [Homo sapiens] —.
_sapiens
PREDICTED: RuvB-like 1 NCBInr_
9 isoform X1 [Homo sapiens] 38 37 3 1 51812 sub_Homo
(Score unter Cutoff) _sapiens

Table 3-4 Mass spectrometry analysis of three UNA samples with granular pattern.
Peptide-mass-fingerprinting results are in black and tandem mass spectrometry results are in blue.

3.2.4 Candidate antigens identified with one sera of the pleomorphic

group
Two UNA samples were oriented in the pleomorphic group. One of them, UNA 111,
was able to pull down replication protein A (RPA) using FIP. The IP eluate showed
three specific bands at around 70 kDa, 35 kDa and 13 kDa in the coomassie stained
gel (Figure 3-7, A, band 10, 11 and 12). The corresponding bands of band 10 and
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band 12 in Western blot with UNA111 showed moderate to weak reactions, while the
corresponding Western blot of band 11 showed a strong positive reaction. These
three bands were analyzed with MALDI-TOF-MS and RPA 70 kDa subunit (RPA1),
RPA 32 kDa subunit (RPA2) and RPA 14 kDa subunit (RPA3) were identified in band
10, band 11 and band 12 respectively (Table 3-5). UNA111 showed a pleomorphic
pattern in HEp-2 cells and monkey liver (Figure 3-7, B and C).

kDa
235—

120 —

80—
70—

50 —

40 —
30

UNA111

25—

15—

10—

Figure 3-7 Identification of candidate antigen with sera of the pleomorphic group.

A) UNA111 was subjected to fractionated immunoprecipitation. The coomassie stained gel and the
Western blot with the IP eluate and UNA11ll are presented. Arrowheads indicate three specific
reactions. With the help of MALDI-TOF-MS, RPA was identified and the marked bands represent three
subunits of RPA. Band 10 was 70 kDa subunit (RPA1), band 11 was 32 kDa subunit (RPA2) and band
12 was 14 kDa subunit (RPA3). B) IFA with HEp-2 cells and C) monkey liver with 1:100 diluted
UNA111 and anti-Human-IgG-Alexa488 (1:500) as secondary antibody. It showed pleomorphic ANA
pattern with granular nuclear and granular cytoplasmic stain with different intensity on HEp-2 cells. A
granular pattern was observed on monkey liver. (magnification 200x)
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Band | Annotation Cut Score Seq. P_ep— Mass Database
off cov. |tides | /Da
Replication protein A 70 kDa NCBInr_

10 DNA-binding subunit [Homo 68 227 39 22 68723 sub_Homo_s
sapiens] apiens
Replication protein A 70 kDa NCBInr_

10 DNA-binding subunit [Homo 38 64 2 1 68723 sub_Homo_s
sapiens] apiens
B o ez

11 . 68 50 25 4 38342 sub_Homo_s
sapiens] (Score under apiens =
Cutoff) p
e s

11 . 38 33 13 1 38342 sub_Homo_s
sapiens] (Score under apiens =
Cutoff) P
Replication protein A 14 kDa NCBInr_

12 subunit [Homo sapiens] 68 62 71 5 13674 | sub_Homo_s
(Score unter Cutoff) apiens

S . NCBInr
Replication protein A 14 kDa -
12 subunit [Homo sapiens] 37 47 29 1 13674 Zg?&gomo_s

Table 3-5 Mass spectrometry analysis of a UNA samples with pleomorphic pattern.

Peptide-mass-fingerprinting results are in black and tandem mass spectrometry results are in blue.

3.2.5 Brief summary of candidate antigens

The identified candidate antigens are briefly summarized in Table 3-6. Besides of the

nine candidate antigens/antigen complexes identified in this work, five antigens

reported in the previous master project [32] are included as they were subsequently

processed in this work. This includes to verify these antigens (section 3.4), to develop

corresponding immunoassays (section 3.5) and to study their clinical relevance

(section 3.6). All in all, the identification approach led to candidate antigens with

23/80 UNA samples. In FIP eluates of 54/80 UNA sera, no specific protein bands

were observed. The results were not reproducible with 3/80 UNA samples.
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. . Mass UNA Estimated
Candidate antigen kDa ANA pattern No. titer
. - - 74 1:3200
Nuclear valosin-containing protein-like 86 Nucleolar 81 1:1000
(NVL) 170 1:10000
5'-3' exoribonuclease 2 (XRN2) 109 N”;L‘:\%’&;’;‘”d 177 1:10000
Proline-, glutamic acid- and leucine-rich
protein 1 (PELP1) and sentrin-specific 12%5a nd Nuclrz(r)]IEI;?nd 26 1:3200
protease 3 (SENP3) 9
CD2 antigen cytoplasmic tail-binding Pseudo-dense )
protein 2 (CD2BP2) 37 fine speckled 219 1:320
Transcription factor AP-2 alpha (TFAP2A) 48 I?isniugs(;gﬁ{; s(,je gg 1%88
Matrin-3 (MATR3) 95 Granular 92 1:3200
TAR DNA-binding protein 43 (TDP43) 45 Granular 3 1:1000
RuvB-like 1 and RuvB-like 2 (RuvBL1, 50 and 51 Granular 65 1:3200
RuvBL2)
Structural maintenance of chromosomes 43 1:1000
flexible hinge domain-containing protein 1 226 Granular
(SMCHD1) 70 1:3200
41 1:3200
ATP-dependent RNA helicase A (DHX9) 140 Granular 180 1:3200
189 1:3200
_ . 6 1:320
DNA-directed RNA polymerase Il subunit -
RPB1 (POLR2A) 217 Granular 61 1:3200
63 1:3200
Proteasome activator complex subunit 3 30 Granular 38 1:10000
(PSME3) 71 1:1000
Replication protein A subunits (RPA1, 68, 29 . .
RPA2, RPA3) and 14 Pleomorphic 111 1:1000
Tight junction protein ZO-1 (TJP1) 195 Homogeneous 25 1:10000

Table 3-6 List of candidate antigens

In total, 14 antigens/ antigen complexes were identified using FIP with HEp-2 cells and MALDI-TOF-
MS. The five antigens already reported in the previous master project [32] are in grey.

3.3 Purification of recombinant proteins from HEK293 cells
Purification of three recombinant antigens was implemented in this work in order to
use the purified antigens for the development of lineblot immunoassays. The strategy
was adjusted individually to purify the recombinant target antigen from the HEK293
expression system. Biomaterials were delivered by the recombinant synthesis
department of EUROIMMUN AG.

3.3.1 Recombinant SMCHD1-His
Recombinant SMCHD1-His was prepared sufficiently by applying the following
procedure: cell lysis followed by ammonium sulfate (AS) precipitation and

chromatography under native conditions as mentioned in section 2.5.3. Western blot

55



Results

analysis of fractions of the different purification steps are presented in Figure
3-8, A-C and recombinant SMCHD1-His was detected at around 235 kDa. After cells
lysis with HEK293 lysis buffer, the majority (>~70%) of the recombinant protein was
found in the supernatant (S1). With AS precipitation of S1, recombinant SMCHD1-His
was further enriched in the sediment fraction Passs. Resolubilized Pas3s was applied
in CHT chromatography. A complex protein mixture with approximately 40% of
recombinant SMCHD1-His was eluted with TNTDI-20Pi50 (Esp) and the rest of ~60%
recombinant SMCHD1-His was eluted with TNTDI-20Pi100 (E1p0) with clearly less
impurities. Ejoo fractions were selected for further purification by IMAC. With 4 ml
NICKEL RAPID RUN™ material, His-tag containing SMCHD1 was enriched. After
removal of irrelevant proteins, the target protein was eluted with TNTDI-150. Eluted
fractions 2 to 4 were pooled and concentrated to a volume of 2 ml. This concentrate
was applied as final preparation and the concentration of 0.05 mg/ml was determined
by advanced protein assay, resulting in a final yield of 0.1 mg. The coomassie
stained gel in Figure 3-8, D a thick band is observed near 235 kDa under reducing
condition, which shows that the final preparation of recombinant SMCHD1-His was
clean and it was confirmed by MALDI-TOF-MS analysis. In an SDS-PAGE under
non-reducing conditions SMCHD1-His migrated with a higher molecular wight
indicating that most of SMCHDL1 in the preparation formed homooligomers (Figure
3-8, D).
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Lysis | AS prec. | Lysis AS prec. CHT CHT
T P1.S1 P2s Sss Pss| T P1 S1[P2s Sss Pss L FT W Eso E100 E2s L FT W Eso E100 Ez2s0
kDa kDa
235 gy - o 235 = -
120 120
80 _| 80 _|
70 < 70 —
50 50
40 _| 40
30 - 30
25 | 25 |
- 15
A" B
IMAC IMAC
L FT W E:1 E2 Es E« Esf{ L FT W E1 E2 Es Es Es R. UR.
kDa kDa o
235 ] B ol e il 235 s -
120 120
80 _| 80
70 - 70 -
50 | 50
40 40
30 30
25 _| 25 ]
c 15 - D 15

Figure 3-8 Purification of recombinant SMCHD1-His from HEK293 cells

A)-C) Western blot of the different fractions from the purification of SMCHD1-His from HEK293 cells.
Left side of each picture: ponceau protein staining; right side of each picture: detection of the
recombinant protein with anti-His-tag antibody (1:2000). Fractions in red color were selected for the
next step. Red boxes indicate recombinant SMCHD1-His. A) Cell lysis and ammonium sulfate
precipitation (AS prec.). T: total lysate in HEK293 lysis buffer, P1 and S1: sediment and supernatant of
T, Pos: Sediment from 25% AS precipitation, Sss: supernatant from 35% AS precipitation, P3s: sediment
from 35% AS precipitation. B) CHT™ Ceramic Hydroxyapatite chromatography. L: load, FT: flow
through, W: wash, Esq: elution with 50 mM phosphate (Pi), E1qo: elution with 100 mM Pi, E,so: elution
with 250 mM Pi. C) Immobilized metal affinity chromatography. L: load, FT: flow through, W: wash, E;-
Es: eluted fractions. D) Coomassie stained gel of the final preparation. 1 pg recombinant SMCHD1
was loaded under reducing (R) or non-reducing (UR.) conditions. Visible bands were analyzed by
mass spectrometry and identified as recombinant SMCHD1. Black arrow points at band of
recombinant SMCHD1.
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3.3.2 Recombinant DHX9-His

The strategy for the purification of recombinant DHX9-His was similar as for the
purification of recombinant SMCHD1-His. The detailed parameters were adapted in
each step. The purification process is shown in Figure 3-9, A and recombinant DHX9-
His was detected at around 120 kDa. Approximately 90% of recombinant DHX9-His
was found in the supernatant (S1) after cell lysis with HEK293 lysis buffer. AS
precipitation result revealed that a large portion of recombinant DHX9-His was
precipitated in Paszs. Additionally, Passs contained most of the remaining DHX9-His.
Therefore, Paszs and Passs were selected for CHT chromatography. Here, the main
portion of recombinant DHX9-His was detected after elution with TNTDI-20Pi50 (Eso).
The TNTDI-20Pi50 fractions were applied for 4 ml IMAC.

Lysis AS prec. CHT IMAC
kDa | T 51| Py Pss Pas Sas| L FT W Eso Eso Ezsd L FT W Ei E2 Es Es Es
235 = TR s
120 D
a
R. UR.

80 _| 235 _| -
70 — 1

120
50— 80 _

70 —|
40 _|
30 50 _|
25 _| 40 —
15_ 30
o 25 _

8 | T S1|Pas Pss Pas Sas| L FT W Eso Eoo Easo| L FT W E4 E» Es Es Es
235 T el
o 15
A 120_ gy — — [N — g —— B

Figure 3-9 Purification of recombinant DHX9-His from HEK293 cells

A) Western blot of the different fractions from the purification of DHX9-His from recombinant HEK293
cells. Upper panel shows ponceau protein staining; lower panel shows detection of the recombinant
protein with anti-His-tag antibody (1:2000). Red box indicates the bands of recombinant DHX9-His and
fractions in red were applied for next step. T: total lysate in HEK293 lysis buffer, S1: supernatant of T,
Pos-P4s: sediments from 25%, 35% and 45% ammonium sulfate precipitation (AS prec.), Sgs:
supernatant of 45% AS prec., CHT: ceramic hydroxyapatite chromatography, IMAC: immobilized metal
affinity chromatography, L: load, FT: flow through, W: wash, Esg, E1q0, E2s0: €luted fractions of CHT in
50 mM phosphate (Pi), 100 mM Pi and 250 mM Pi, E;-Es: eluted fractions of IMAC in 150 mM
imidazole. B) Coomassie stained gel of the final preparation. 1 pg recombinant DHX9 was loaded
under reducing (R) or non-reducing (UR.) conditions. Visible bands were analyzed by mass
spectrometry and identified as recombinant DHX9-His (arrowhead).
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As Figure 3-9, A shows, irrelevant proteins were effectively removed by IMAC and
the target antigen was enriched in fraction E1 to E4. These fractions were pooled and
concentrated prior to be analyzed by advanced protein assay. The final preparation
contained 0.11 mg/ml protein in 4 ml TNTDI-150 and the yield was 0.44 mg. The
coomassie stained gel in Figure 3-9, B shows a thick band around 120 kDa under
reducing condition, which proofed that the preparation was pure and mass
spectrometry confirmed that the visible band was recombinant DHX9-His. Analyzing
the preparation under non-reducing conditions revealed a band near 120 kDa and a
band near 235 kDa, which implied that approximately half of recombinant DHX9
formed homodimers in the preparation.

3.3.3 Recombinant MATR3-His

Recombinant MATR3-His was prepared under denaturing conditions. As it is shown
in Figure 3-10, A, recombinant MATR3-his was detected at approximately 120 kDa
and most of recombinant MATR3-His was not soluble in buffer with or without
detergent. After treatment with 8 M urea-containing buffer TNUDI-20, recombinant
MATR3-His was denatured and solubilized in supernatant (S3), which was applied in
4 ml denatured IMAC and 2.5 ml cation exchange chromatography (cat.-IEX) in
series. Fractions from serial chromatography were analyzed by SDS-PAGE and
coomassie staining as shown in Figure 3-10, B. After the first sample application to
denatured IMAC, about half of target antigen was found in flow through (FT1). FT;
was loaded again on the column after first sample application and approximately one
fourth was found in the second flow through (FT,). This implied that recombinant
MATRS3 required longer retention time to bind sufficiently on the Ni-NTA column. In
the subsequent washing step, impurities were removed efficiently and eluted
fractions E; to E3 were pooled and subjected to cat.-IEX. After elution, fractions Es
and Eg contained most of the recombinant MATR3-His with high purity. Therefore,
the finial preparation was the pool of Es and Eg with a concentration of 0.09 mg/ml in
5 ml PBS1000(U) and the yield was 0.45 mg. Visible bands near 120 kDa and
100 kDa in the coomassie stained gel (Figure 3-10, C) were analyzed by mass
spectrometry and identified as full-length recombinant MATR3-His (arrowhead) and
its fragments. The denatured recombinant MATR3 remained monomeric in

preparation.
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Figure 3-10 Purification of recombinant MATR3 from HEK239 cells

A) Western blot of the different fractions from the extraction of MATR3-His from HEK293 cells. Left
side shows ponceau protein staining; and right side shows detection of the recombinant protein with
anti-His-tag-AP antibody (1:8000). Red box indicates the bands of recombinant MATR3-His and
fraction in red were applied for next step. T: total lysate in HEK293 lysis buffer, S1; supernatant of T,
P1: sediment of T, S2: supernatant of lysed P1 in HEK293 lysis buffer supplemented 1% Triton-X-100,
P2: sediment of lysed P1, S3: supernatant of lysed P2 in TNUDI-20, P3: sediment of lysed P2. B)
Coomassie stained gel with fractions from denatured (denat) IMAC and cation exchange
chromoatography (cat.-IEX). L: load of IMAC, FT;: and FT,: serial flow through of IMAC, W: wash, E;-
Es: eluted fractions of IMAC, Ligx: load of cat.-IEX, FT3: flow through of cat.-IEX, E,;-E-: eluted fractions
of cat.-IEX. C) Coomassie stained gel of final preparation. 1 pg recombinant MATR3 was loaded
under reducing (R) or unreducing (UR.) conditions. Visible bands were analyzed by mass
spectrometry and identified as recombinant MATR3-His (arrowhead) or its fragments.
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3.4 Verification of candidate antigens

The 14 identified antigens were verified by Western blot with recombinant proteins,
IFA with transfected HEK293 cells, IFA based neutralization test and IFA
colocalization analysis. Based on the observed results, a prototype lineblot and two

recombinant IFA research slides were developed.

3.4.1 Western blot using unpurified lysates of recombinant cells
(HEK293 cells and E. coli)
Two candidate antigens (around 200 kDa), TJP1 and POLR2A, were selected to
analyze the epitopes and to apply fragments instead of full-length proteins in
subsequent test, because the preparation of the full-length proteins were more
complicated than fragments. Different fragments of the two candidate antigens were
recombinantly expressed in E. coli and the full-length antigens in HEK293 cells in
addition. Unpurified lysate was obtained from the recombinant synthesis department
of EUROIMMUN AG. Western blot with fragments and full-length antigens was

performed to verify the antigen-antibody reaction.

As it is shown in Figure 3-11, UNA25 (anti-TJP1 index serum), PC6 (anti-DFS70
positive serum) and anti-His-tag antibody (positive control) were tested against TIP1
fragments of aal-575 (#1), aa561-1130 (#2), aal089-1668 (#3) and full-length TIP1
(#4). The anti-His-tag incubation indicated that expression of TJP1 aal-575 and
TJP1 aa561-1130 was abundant while expression of the full-length protein was
lower. In addition, the expression of TIJP1 aal089-1668 was not detected. UNA25
showed a strong reaction with full-length TIP1 and TJP1 aal-575, but no reaction
with TIP1 aa561-1130. PC6 was applied as negative control and showed no reaction
against TJP1 or its fragments. Therefore, it was verified that TIP1 is the target
antigen of UNA25 and TJP1 aal-575 showed a similar reactivity as the full-length

protein.
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kDa #1#2 #3 #4 #1#2 #3 #4 #1#2 #3 #4

235 & . <
TJIP1
120+ #1: aa1-575
80 _| — - #2: aa561-1130
20| -— - . - #3: aa1089-1668
- — - - #4: full-length
UNA25 PC6 anti-His-tag

Figure 3-11 Verification of TIP1 using recombinant TIP1 and its fragments

Full-length TIP1 (lysate from transfected HEK293 cells) and its fragments (lysates from recombinant
E. coli) were analyzed by Western blot with UNA25 (index, 1:200), PC6 (anti-DFS70 positive, 1:200)
and anti-His-tag antibody (1:2000). Arrowheads indicate positive reactions of specific bands.

Four fragments of POLR2A, aal-488, aa489-951, aa951-1474 and aal475-1970,
and the full-length protein were tested with UNA61 (anti-POLR2A index serum). The
same control serum and positive control were applied as for TJP1. Figure 3-12
showed the Western blot results. With anti-His-tag incubation, it was detected that
the full-length protein (#1), POLR2A aa489-951 (#3), POLR2A aa952-1474(#4) and
POLR2A aal475-1970 (#5) were sufficiently expressed while POLR2A aal-488 (#2)
was not. No reaction against any POLR2A variant was detected after incubation with
PC6. UNA61 showed a very strong reaction against the full-length POLR2A and
POLR2A aal475-1970 as well. At the same time, aa489-951 and aa952-1474 were
not reactive in Western blot. This confirmed that UNA61 targeted at POLR2A and
aal475-1970 displayed a similar reactivity as the full-length protein.

Thus, the N-terminal fragment of TJP1, aal-575, and the C-terminal fragment of
POLR2A, aal475-1970, were selected to be purified and applied for following

experiments.
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Figure 3-12 Verification of POLR2A with recombinant POLR2A and its fragments

Full-length POLR2A (lysate from transfected HEK293 cells) and its fragments (lysates from
recombinant E. coli) were tested with UNA61 (index, 1:200), PC6 (anti-DFS70 positive, 1:200) and
anti-His-tag (1:2000). Arrowheads indicate positive reactions of specific bands.

3.4.2 Western blot using purified antigens

Totally, ten recombinant antigens were purified in cooperation with the team from
recombinant synthesis department as listed in 2.5.1 or prepared as described in 3.3.
Four candidate antigens/ complexes, XRN2, PELP1/SENP3, RuvBL1/2 and
RPA1/2/3, were not purified, thus not included in this section. In order to verify the
candidate antigens, the purified recombinant antigens were applied in Western blot
and tested with an anti-His-tag antibody, the individual index serum sample and
healthy control sera (n=15). As it is shown in Figure 3-13, the anti-His-tag antibody
(blue arrow) and index samples (red arrow) showed positive reactions. Meanwhile,
fifteen healthy control sera showed no or very weak reactions when compared to the
index sera. Taken Figure 3-13, D as example, one healthy control serum showed a
very weak band while the index serum, UNA92 revealed a much stronger reaction.
Occasional weak reactions were observed for DHX9 and TJP1 aal-575. In summary,
the specific antigen-antibody reaction was confirmed for NVL (UNA74), CD2BP2
(UNA219), TFAP2A (UNA96), MATR3 (UNA92), TDP43 (UNA3), SMCHD1 (UNA70),
DHX9 (UNA41), POLR2A aal475-1970 (UNA61), TJP1 aal-575 (UNA25) and
PSME3 (UNA38). In other words, all ten antigens were successfully verified using

Western blot.
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Figure 3-13 Verification of ten candidate antigens using purified recombinant antigens in
Western blot.

A-J) Purified recombinant antigens were applied in SDS-PAGE with a 2D-gel (2 pg/ gel) and
transferred on a nitrocellulose membrane. The membrane was then cut into suitable pieces and
incubated with anti-His-tag (1:2000), individual index sample (1:200) and healthy control sera (1:200).
Anti-mouse-1gG-AP (1:2000) and anti-human-lgG-B/E-AP (1:10) were used in secondary incubation.
A) NVL and UNA74, B) CD2BP2 and UNA219, C) TFAP2A and UNA96, D) MATR3 and UNA92, E)
TDP43 and UNAS3, F) SMCHD1 and UNA70, G) DHX9 and UNA41, H) POLR2A aal475-1970 and
UNAG61, 1) TIP1 aal-575 and UNA25, J) PSME3 and UNASS.

3.4.3 Neutralization test

Besides of Western blot, the ten purified antigens were further applied in
neutralization test to examine their ability to abolish the ANA pattern of the respective
index sera in IFA. The experiment was implemented with the same index sera as
mention in section 3.4.2. Index sera were incubated with the individual antigens prior
to standard IFA on HEp-2 cells (Figure 3-14, A-J, left side). In parallel, an incubation
of the index sera with the respective control buffer was performed (Figure 3-14, A-J,
right side). The result in Figure 3-14 indicated that a preincubation with NVL (A),
TFAP2A (C), MATR3 (D), SMCHD1 (F), DHX9 (G), POLR2A aal475-1970 (H) and
PSME3 (J) was able to completely abolish the specific ANA pattern of the respective
index serum. Additionally, it was observed that the preincubation of the index sera
with CD2BP2 (Figure 3-14, B) and TDP43 (Figure 3-14, E) led to a partial reduction
of the IFA signal on HEp-2 cells.
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Figure 3-14 Application of ten purified recombinant antigens in IFA based neutralization test
Individual diluted index serum was incubated with diluted purified recombinant antigens and control
buffer prior to be applied in IFA with HEp-2 cells. Anti-Human-lgG-Alexa488 (1:500) was applied as
secondary antibody. A) NVL and UNA74, B) CD2BP2 and UNA219, C) TFAP2A and UNA96,
D) MATR3 and UNA92, E) TDP43 and UNA3, F) SMCHD1 and UNA70, G) DHX9 and UNA41,
H) POLR2A aal475-1970 and UNAG61, 1) TJP1 aal-575 and UNA25, J) PSME3 and UNA3S8.
(magnification 200x)
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These results confirmed that the respective ANA pattern of UNA74, UNA2109,
UNA96, UNA92, UNA3, UNA70, UNA41, UNA61, UNA25 and UNA38 in IFA with
HEp-2 cells were indeed caused by an autoantibody targeting the identified antigens.
On the other hand, after incubation of UNA25 with purified TIJP1 aal-575 the same

fluorescence signal was observed compared to the control incubation (Figure 3-14, 1).

3.4.4 IFA with transfected HEK293 cells
To further verify the antigen-antibody reaction, IFA was performed with transfected
HEK293 cells expressing the individual recombinant antigens (Figure 3-15) or

antigen complexes (Figure 3-16).

Figure 3-15 shows IFA with transfected HEK293 cells individually expressing either of
eleven candidate antigens. Each index serum was incubated with the corresponding
antigen and empty plasmid transfected HEK293 cells. Taken NVL as an example
(Figure 3-15, A): it was observed that after incubated with 1:100 diluted UNA74,
HEK-NVL substrate showed a specific staining pattern, which was not detected with
HEK-control cells. Transfected HEK293 cells overexpressing recombinant NVL are
marked by red arrows. The same effect was observed using HEK-TFAP2A and
UNA96 (C), HEK-TDP43 and UNAS3 (E), HEK-SMCHD1 and UNA70 (F), HEK-DHX9
and UNA41 (G), HEK-POLR2A and UNA61 (H), HEK-PSME3 and UNA38 (J) and
HEK-XRN2 and UNA177 (K).

However, UNA219 (1:100) showed no positive reaction with HEK-CD2BP2 cells,
indicating that recombinant IFA was not feasible for anti-CD2BP2 autoantibody
detection (Figure 3-15, B). In Figure 3-15, D the reaction of UNA92 (1:100) with the
HEK-MATRS substrate was difficult to distinguish from the spherical stain of the HEK-
control substrate. Therefore, IFA with HEK-MATR3 was also not suitable for the
detection of anti-MATR3 autoantibodies. Interestingly, in Figure 3-15, |, HEK-TJP1
cells showed a specific staining pattern (red arrow) only with the 1:10 diluted but not
with a 1:100 or higher diluted UNA25 serum.
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Figure 3-15 IFA with transfected HEK293 cells expressing eleven candidate antigens
individually.

Each index serum was incubated with HEK293 cells and control HEK293 cells transfected with the
corresponding antigen or an empty control plasmid. All serum samples were 1:100 diluted, only
UNA25 was diluted 1:10. Anti-human-lgG-Alexa488 (1:500) was applied as secondary antibody. Red
arrows indicate the specific fluorescence signal. A) NVL and UNA74, B) CD2BP2 and UNA219, C)
TFAP2A and UNA96, D) MATR3 and UNA92, E) TDP43 and UNA3, F) SMCHD1 and UNA70, G)
DHX9 and UNA41, H) POLR2A and UNA61, I) TIP1 and UNA25, J) PSMES3 and UNA38, K) XRN2
and UNA177. (magnification 200x)

Secondly, to verify the antigen complexes that were identified using one serum
sample, the co-expression of corresponding recombinant antigens in HEK293 cells
was examined with IFA as well. Three kinds of co-expression HEK293 cells were
prepared: RPA subunits (RPA1, RPA2, RPA3), RuvBL homologs (RuvBL1, RuvBL2)
and the interaction partner PELP1 and SENP3.

Figure 3-16 shows an IFA with recombinant HEK-substrates with the single
candidates or the co-expressions. Figure 3-16, A shows HEK-PELP1, HEK-SENP3,
HEK-PELP1+SENP3 and HEK-control after incubated with 1:100 diluted UNA26 in
IFA. UNA26 showed an enhanced staining of the nucleus of PELP1 expressing
HEK293 cells (red arrow) compared to control cells, while HEK293 cells expressing
SENP3 showed a slightly increased fluorescence intensity in a few nucleoli (Figure
3-16, A). When comparing HEK-PELP1+SENP3 to the individual antigen expressing
substrates, it was obvious that the specific fluorescence signal was much stronger.

This meant that antibodies in UNA26 recognized a complex of PELP1.

As it is displayed in Figure 3-16, B, when the homologs of RuvBL were separately
expressed in HEK293 cells, the incubation with UNAG5 revealed unsatisfying results.
HEK-RuvBL1 cells showed a specific immunoreaction, but the morphology of the
cells was altered and made it difficult for evaluation. In contrast, the morphology of
HEK-RuvBL2 cells was normal but no specific reaction was observed. However, a
co-expression of RuvBL1 and RuvBL2 revealed clearly positive cells with a normal

cell morphology.

UNA111 (1:100) showed a positive immunoreaction with HEK-RPA1 and HEK-RPA2
but not with HEK-RPA3 or HEK-control cells (Figure 3-16, C). Meanwhile, HEK-

RPA1+2+3 showed slightly reduced intensity of specific fluorescence signal.

All the recombinant HEK-substrates and the HEK-control cells were also analyzed
with 50 healthy control sera under the same conditions. The specific reaction

described above with index sera was not observed with the healthy control sera.
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Figure 3-16 IFA with transfected HEK293 cells expressing individual candidate antigens or
antigen complexes

Each index serum sample (1:100) was incubated with HEK293 cells transfected with the
corresponding antigen, antigen complexes or empty control plasmid. Anti-human-lgG-Alexa488
(1:500) was applied as secondary antibody. Red arrow indicates the specific fluorescence signal. A)
PELP1, SENP3 and UNA26, B) RuvBL1, RuvBL2 and UNA65, C) RPA1, RPA2, RPA3 and UNA111
(magnification 200x)

Shortly summarized, except CD2BP2 and MATRS3, all of the other twelve candidate
antigens were verified using IFA with transfected HEK293 cells.

3.4.4.1 Development of recombinant cells-based assay

Thirteen recombinant HEK-substrates showed a positive reaction with index sera
(section 3.4.4). However, HEK-MATR3 and HEK-TJP1 were not included in the
recombinant HEK293 cell-based IFA (RC-IFA) because the specific pattern observed
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using HEK-MATR3 was difficult to distinguish from the control cells; and for the HEK-
TJP1 RC-IFA a different serum dilution compared to the other substrates was
required. Therefore, eleven HEK-substrates were applied for RC-IFA. For this
purpose, two slides were assembled as shown in section 2.6.4.1, UFO-ANA clinical
association 1 and 2. Both slides were first examined with the corresponding index
sera and 50 healthy control sera. The cut-off of standard IFA for ANA using HEp-2
was applied as serum dilution (1:100). Evaluation of the result was implemented
using a level system. Level 0 was defined as negative, 0.5 as borderline and 1 to 5

as weak positive to very strong positive reaction, respectively.

The intensity levels of the index sera measured in the RC-IFA are listed in Table 3-7
and Table 3-8. Each index serum showed a positive reaction against the
corresponding substrate. After both slides were verified with index sera, they were
analyzed with 50 healthy control sera in order to confirm the specificity of the HEK-
substrates. All healthy controls showed negative results with both slides.
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UNA38 4 0 0 0 0 0 0 0
UNA96 0 3 0 0 0 0 0 0
UNA3 0 0 3 0 0 0 0 0
UNA41 0 0 0 3 0 0 0 0
UNAG61 0 0 0 0 3 0 0 0
UNA111 0 0 0 0 0 3 0 0
UNAGS 0 0 0 0 0 0 3 0

Table 3-7 Intensities of index sera in IFA with UFO-ANA clinical association 1

The serum samples were diluted 1:100 and anti-human-lgG-FITC (ready-to-use) was applied as
secondary antibody. The intensity levels indicate negative (0), borderline (0.5) and weak to very strong
positive reaction (1-5).
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UNA70 3 0 0 0 0
UNA26 0 3 0 0 0
UNA74 0 0 3 0 0
UNA177 0 0 0 2 0

Table 3-8 Intensities of index sera in IFA with UFO-ANA clinical association 2

The serum samples were diluted 1:100 and anti-human-IgG-FITC (ready-to-use) was applied as
secondary antibody. The intensity levels indicate negative (0), borderline (0.5) and weak to very strong
positive reaction (1-5).

3.4.5 Colocalization analysis with anti-TJP1 antibody

A colocalization analysis with a commercial anti-TJP1 antibody and UNA25 was
implemented to further confirm that anti-TJP1 autoantibodies were present in UNA25
but not lead to a defined ANA pattern. UNA25 and a commercial anti-TJP1 antibody
were incubated with HEp-2 cells, recombinant HEK-TJP1 cells and HEK-control cells.
As Figure 3-17, A illustrates the commercial anti-TJP1 antibody showed a diffused
cytoplasmic stain in HEp-2 cells, which was also observed in IFA with UNA25. The
homogenous ANA pattern observed in IFA with UNA25 was therefore probably not

caused by anti-TJP1 autoantibodies.

In Figure 3-17, B, the commercial anti-TJP1 antibody showed the same specific
immunoreaction against transfected HEK293 cells expressing TJP1 as UNA25. The
merged picture supported that UNA25 was targeting recombinant TJP1. Furthermore,
this particular pattern was not observed in HEK-control cells (Figure 3-17, C).
Interestingly, the commercial anti-TJP1 showed a specific reaction at junctions
between HEK-control cells. The magnification of the selected area (grey square)
shows that antibodies from UNA25 also localized in the area of intercellular contacts

indicating that UNA25 recognizes endogenous TJP1 at cell junctions.
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Figure 3-17 Colocalization analysis with anti-TJP1 antibody in HEp-2, HEK-TJP1 and HEK-
control cells

A mixture of UNA25 (1:10) and anti-TJP1 (1:50) was applied in IFA. Anti-human-lgG-alexa488 (1:500,
green) and anti-mouse-lgG-Cy3 (1:200, red) were employed as secondary antibodies. Individual
signals from UNA25 (left) and anti-TJP1 (middle) are presented and merged pictures are shown on the
right. A) HEp-2 cells. B) transfected HEK293 cells overexpressing TJP1. Red arrows indicate two
example cells that showed specific immunoreaction. C) control HEK293 cells transfected with empty
vector. (magnification 200x) D) control HEK293 cells transfected with empty vector. Red arrows point
at two example junctions. (magnification 3200x)

3.4.6 Brief summary of verification

All fourteen candidate antigens were verified with at least one method (Table 3-9).
10/14 candidate antigens were analyzed in Western blot experiments and IFA
neutralization test. With a neutralization test, 9/10 candidate antigens were confirmed
to cause the observed ANA pattern. All candidate antigens were analyzed using IFA
with transfected HEK293 cells. Autoantibodies targeting 12/14 candidate antigens

showed specific fluorescence pattern with the corresponding transfected HEK293
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cells. Additionally, colocalization analysis of TJP1 using commercial anti-TJP1
antibody and UNA25 confirmed the results of the TJP1 Western blot and
neutralization test, which proofed that anti-TJP1 autoantibodies were present in
UNA25. The homogenous ANA pattern observed using UNA25 was not caused by
anti-TJP1 autoantibodies.

Verified with
Candidate antigen Western blot Neutralization test | IFA with transfected
HEK293 cells

NVL Yes Yes Yes
XRN2 Not tested Not tested Yes
PELP1 and SENP3 Not tested Not tested Yes
CD2BP2 Yes Yes No
TFAP2A Yes Yes Yes
MATR3 Yes Yes No
TDP43 Yes Yes Yes
RuvBL1 and RuvBL2 Not tested Not tested Yes
SMCHD1 Yes Yes Yes
DHX9 Yes Yes Yes
POLR2A Yes Yes Yes
PSMES3 Yes Yes Yes
RPA1, RPA2 and RPA3 Not tested Not tested Yes
TJP1 Yes No Yes

Table 3-9 Summary of candidate antigen verification results

3.5 Development of lineblot

Based on the results shown in section 3.4.2, the antigens were used in a lineblot was
developed and validated with index sera and healthy control sera (n=50). The results

of NVL are presented in this section as an example of the development.

3.5.1 Determination of antigen dilution

Firstly, dot blot was performed to select the optimum antigen dilution. NVL is shown
as an example in Figure 3-18. Undiluted, 1:3.2, 1:10, 1:32, 1:100, 1:320, and 1:1000
diluted antigen was spotted on the membrane and was incubated with the respective
index serum UNA74. The anti-His-tag-AP antibody confirmed the presence of
recombinant antigens. Ten healthy control sera (HC1-10) were tested as negative
controls. The index serum showed a strong reaction against purified recombinant
NVL. With a high concentration of the antigen, healthy control sera showed

occasionally weak reactions as well. As the optimal antigen amount, the antigen
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dilution was selected, which still showed a weak reaction with some of the healthy
controls. The optimum dilution was around 1:10.

Anti-Histagit M | | | |&] §eof J | | | |8
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Figure 3-18 NVL dot blot with anti-His-tag index serum and healthy control sera

Purified recombinant NVL was serial diluted and applied on empty dot blot strips. Poly-lg was the
incubation control. Anti-His-tag-AP (1:8000) was used as positive control. UNA74 was anti-NVL
positive. Ten healthy control sera (HC1-10) were applied as negative controls. Serum samples were
diluted 1:101. Anti-Human-IgG-B/E-AP (1:10) was the secondary antibody.

3.5.2 Stability test

Three dilutions, 1:6, 1:11 and 1:21, were selected for NVL. The test strips with diluted
NVL were produced in cooperation with the Blot department of EUROIMMUN AG.
They were subsequently stored at 4°C or 37°C for 0, 7 or 14 days and analyzed in a
stability test with anti-His-tag-AP, UNA74 and ten healthy control sera. An example
blot result of day 0 is shown in Fiugre 3-19. It was observed that with different antigen
dilutions, the index sample showed a strong intensity and all healthy controls
remained negative. Representative results of the measured intensities after
incubation with anti-His-tag-AP and UNA74 are presented in Table 3-10. The
intensities on day 0, day 7 and day 14 were relative consistent regardless of different
storage conditions. It was concluded that the NVL lineblot was stable under different
storage conditions. As a second result, it was observed that the 1:6 diluted antigen
showed the strongest reaction. Therefore, this dilution was selected for the NVL

prototype lineblot.
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Label | Poly-Ig 1:21 1:1 16
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Figure 3-19 NVL stability test on day 0.

Diluted NVL was coated on a lineblot for stability test. Poly-Ig was the incubation control. Each dilution
was coated twice on the strip. Anti-His-tag-AP (1:8000) was applied for His-tag detection. UNA74 was
the index serum and positive control. HC1-10 were healthy control sera. Serum samples were diluted
1:101. Anti-Human-1gG-B/E-AP (1:10) was the secondary antibody.

Storage Antigen dilution
Poly-Ig
Temp Sample 1:21 111 1:6
o Days control i i i i i i
I°C Line2 | Linel | Line2 | Linel | Line2 Line 1
- 0 0 2 2 7 8 23 21
4 7 anti-His- 0 3 2 9 7 22 23
14 tag-AP 0 1 1 9 8 25 24
37 7 (1:8000) 1 2 1 6 6 16 14
14 0 2 3 6 7 19 14
- 0 94 62 64 84 86 102 99
7 84 64 67 90 87 104 103
4 UNA74
14 88 68 68 92 89 104 107
(1:101)
37 7 92 74 74 94 93 106 107
14 88 70 75 95 92 104 104

Table 3-10 NVL stability test: list of intensities
The other nine purified recombinant antigens were proceeded in dot blot and stability
test as mentioned for NVL as well. Seven out of nine antigens were suitable for a
storable lineblot and the optimum dilution was listed in Table 3-11. MATR3 and DHX9
were not further applied in lineblot because the antigen concentration was not
sufficient for a dot blot, and thus stability tests were not performed.
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Selected dilution 1:2 1.6 16 | 1111 | 1:11 | 16 | 1142 | 1:33
Final antigen 25 50 53 | 146 | 405 | 135 | 60 23
concentration ug/ml

Table 3-11 List of selected dilution for prototype lineblot

3.5.3 Lineblot validation

With the selected dilutions, a lineblot with eight antigens, UFO-ANA profile 1, was
produced in cooperation with the Blot department of EUROIMMUN AG. The lineblot
was first validated with anti-His-tag-AP, eight index sera and three healthy control
sera. Figure 3-20 displays that all index samples showed positive reactions against
the corresponding antigens, whereas three healthy control sera did not. Due to the
very low concentration of POLR2A aal475-1970, no band was detected for POLR2A
aal4d75-1970 after anti-His-tag incubation. In Table 3-12, the intensity of each band
is given. UFO-ANA profile 1 was further analysed with 47 healthy control sera to
adjust the experimental cut-off. For SMCHD1, TDP43, POLR2A and PSMES, the
band intensity was under 10 for all healthy controls, while for CD2BP2, NVL, TFAP2A
and TJP1 aal-575, the intensity was not exceeding 20 for all healthy controls
(Appendix 2). According to this, the experimental cut-off for each antigen was
selected (Table 3-12).
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Figure 3-20 Prototype lineblot (UFO-ANA profile 1) with anti-His-tag, index sera and healthy
control sera

Poly-lg was the incubation control. Anti-His-tag-AP (1:8000) was applied for His-tag detection.
Individual index serum was positive control. HC1-3 were healthy control sera. Serum samples were
diluted 1:101. Anti-Human-1gG-B/E-AP (1:10) was the secondary antibody.
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UNA6L | 81 |0 | 60 | O 5 1 1 3 3 o | 115 | o
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UNA3 83 0| 58 | 0 0 2 3 89 2 12 2 1
UNA74 | 86 | 0| 59 | 0 1 2 | 107 | o 2 3 1 0
UNA219 | 85 | 0| 57 | 0 2 86 1 1 2 1 1 1
UNA70 | 79 |o| 57 | o | 43 | 10 | 14 1 2 2 8 1
BS1 82 o] 58 | 0 1 4 4 2 6 1 9 1
BS2 83 0| 59 | 0 1 2 0 1 4 9 3 0
BS3 84 |o| 59 | o 2 2 1 3 3 0 1 1
Cut-off A - | 10 | 20| 20 | 10 | 20 | 20 | 10 | 10

Table 3-12 UFO-ANA profile 1: intensity of bands of Figure 3-20 and experimental cut-off of
each antigen

3.6 Assessment of clinical association

529 sera from 488 patients in systemic rheumatic disease cohort (SARD) cohort were
screened for autoantibodies against the thirteen candidate antigens with the
developed immunoassays: RC-IFA (UFO-ANA clinical association 1 and 2) and
lineblot (UNA-ANA profile 1). MATR3 was not analyzed as no suitable immunoassay
was available. All positive cases are listed in Appendix 3 and are briefly summarized
inTable 3-13. Six candidate antigens, NVL, TFAP2A, TDP43, SMCHD1, POLR2A
and PSME3, were able to be tested with both RC-IFA and lineblot, while the other six,
XRN2, PELP1/SENP3, CD2BP2, RuvBL1/2, RPA1/2/3 and TJP1, were analysed with
RC-IFA or lineblot only due to limitations of the individual test systems as described
before. Among the first group, NVL and PSME3 showed that both test assays agreed
to high extent with each other. Meanwhile, for the other antigens discrepancy
between lineblot and RC-IFA were observed. A complete discrepancy between both
test methods was observed for TDP43, SMCHD1 and POLR2A.

78



Results

Number of positive sera
Candidate antigen
RC-IFA Lineblot Discrepancy

NVL 8 6 2

XRN2 0 n.a. -

PELP1 and SENP3 1 n.a. -
CD2BP2 n.a. 11 -
TFAP2A 2 35 33
TDP43 0 6 6
RuvBL1 and RuvBL2 2 n.a. -
SMCHD1 1 1 2
DHX9 4 n.a. -
POLR2A 6 4 10
PSME3 7 8 3

RPA1, RPA2 and RPA3 3 n.a. -
TIP1 n.a. 16 -

Table 3-13 Analysis of the systemic autoimmune rheumatic disease (SARD) cohort with the
developed immunoassays

Sera were diluted 1:100 and anti-human-lgG-FITC (ready-to-use) was applied as secondary antibody
for RC-IFA. The positive RC-IFA results were confirmed with a second analysis. 1:101 diluted sera
were applied for lineblots and anti-human-IgG-B/E-AP (1:10) was used as secondary antibody. n.a.=
not analysed

In order to evaluate the results, four candidate antigens, NVL, CD2BP2, PSME3 and
TJP1, were selected, which showed a relatively high number of positive cases (n>5)
and a relative low discrepancy. Positive sera against these four candidate antigens
were then further analysed with Western blot using purified antigen (Figure 3-21).

3.6.1 NVL

Eight sera from six patients were anti-NVL positive according to the RC-IFA result.
Meanwhile, the lineblot showed that the intensities of six sera out of eight were over
the experimental cut-off. The two exceptions were SARD230 and SARD309. The
Western blot with purified NVL confirmed that all eight sera were anti-NVL positive,
including SARD230 and SARD309, which showed weak reactions (Figure 3-21, A).

Five of six positive patients were diagnosed with SSc and one suffered on myositis.
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Figure 3-21 Western blot analysis of selected positive sera from the systemic rheumatic
disease (SARD) cohort with purified candidate antigens

Purified recombinant antigens were applied on 2D-gels (2 ug/ gel) and transferred on a nitrocellulose
membrane. It was cut into suitable pieces and incubated with anti-His-tag-AP (1:8000), individual
index sample (1:200), positive sera from the SARD cohort (1:200) and healthy control sera (1:200).
Anti-human-1gG-B/E-AP (1:10) was used in secondary incubation. A) Eight anti-NVL positive sera in
NVL Western blot. B) Ten anti-CD2BP2 positive sera in CD2BP2 Western blot. C) Nine anti-PSME3
positive sera in PSME3 Western blot. D) Sixteen anti-TJP1 positive sera in TIJP1 aal-575 Western
blot.

3.6.2 CD2BP2

Eleven sera from ten patients reacted positive against CD2BP2 in lineblot. Western
blot with purified CD2BP2 confirmed that sera from these ten patients were all
positive (Figure 3-21, B). Eight patients had SSc, one had MCTD and one had

myositis.

3.6.3 PSME3

Totally, nine sera from nine patients were anti-PSME3 positive in at least one test
assay. Seven sera were anti-PSME3 positive using RC-IFA and eight sera were
lineblot positive. SARD319 and SARD515 were lineblot negative and SARD239 was
RC-IFA negative. Nine sera were further analysed in Western blot with purified
antigen. However, only SARD293 showed a positive reaction (Figure 3-21, C). The
nine positive samples consisted of five patients with SSc, three with SLE and one

with myositis.
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3.6.4 TJP1

Sixteen sera from sixteen patients were positive using lineblot. All positive reactions
were confirmed by Western blot with the purified antigen (Figure 3-21, D). Fifteen
patients were diagnosed with SSc and one had UCTD.
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Part b: Antigen identification with clinically characterized serum

samples with two novel patterns
In this part, the established strategy was applied to identify the candidate antigen of
clinically characterized sera. The received serum samples were added to UNA cohort
(Figure 3-1). The methods were optimized and slightly differed from part a, as these

sera showed different characters.

3.7 Characterization of serum samples

Ten serum samples (UNA336-UNA345) were received from the group of L.E.C
Andrade, the Fleury Medicine and Health Laboratories in Brazil. These sera showed
two novel immunofluorescence patterns on HEp-2 cells, which were a cell-circle
dependent nucleolar pattern (Figure 3-22, A, UNA336-340) and a peculiar pattern
with positive mitotic spindles and a cell-circle dependent cytoplasmic fine speckled
staining (Figure 3-22, B, UNA341-345). The titers of UNA336-345 are listed in

Appendix 1. Monkey liver showed no specific reaction.

Figure 3-22 Characterization of G2-phase specific serum samples in IFA.

Sera (1:100) were analyzed in IFA with HEp-2 cells (left) and monkey lifer (right). Anti-Human-lgG-
Alexa488 (1:500) was applied as secondary antibody. A) UNA340 showed a G2-phase specific
nucleolar pattern on HEp-2 cells and monkey liver was negative. B) UNA345 showed a G2-phase
specific fine speckled cytoplasm pattern with a positive reacted spindle apparatus in mitotic cells.
Monkey liver showed no specific reaction. (magnification 200x)
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The preliminary results from L.E.C Andrade’s group indicated that these serum
samples showed no consistent Western blot reaction and that the antigen targets of
the sera were expressed only in the G2-Phase of the cell cycle. UNA336 was not
further analyzed as it contained in addition to the cell-circle dependent nucleolar

pattern a granular pattern.

3.7.1 Extractability test

The extractability test (see section 2.2.3) was performed to determine the suitable
buffer for immunoprecipitation experiments with the serum samples. In Figure 3-23,
UNA340 (A-D) and UNA345 (E-H) are presented as examples. A G2-phase specific
nucleolar pattern of UNA340 was not detectable, when the immunocomplexes were
extracted with RIPA buffer. However, UNA345 showed rigidity to RIPA buffer and 2 M
urea containing RIPA-2U buffer. The G2-phase specific cytoplasmic pattern
(UNA345) was only extractable using 4 M urea containing RIPA-4U buffer. Therefore,
RIPA buffer was selected for immunoprecipitation experiments with serum samples
with clear G2-phase specific nucleolar patterns. RIPA-4U buffer was applied for
UNA341 to UNA345 with G2-phase specific cytoplasmic pattern.

PBS RIPA RIPA-2U RIPA-4U

..

Figure 3-23 Extractability test with G2-phase specific serum samples

A)-D) UNA340, E)-H) UNA345. Following the principle of indirect immunofluorescence assay, after
serum incubation, the slides were incubated with different extraction buffers, PBS (A, E), RIPA (B, F),
RIPA-2U (C, G) or RIPA-4U (D, H), prior to anti-human-lgG-Alexa488 (1:500) antibody incubation
(serum dilution 1:100, magnification 200x)
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3.8 Synchronization of HEp-2 cells

In order to enrich the target antigens of G2-phase specific serum samples, HEp-2
cells were arrested in G1/S-boundary of the cell cycle by a double thymidine block as
described in 2.3.4. By removal of thymidine the cells were released and samples of
different time points after the release were analyzed in Western blot (Figure 3-24)
and IFA (Figure 3-25).

Figure 3-24, A shows a Western blot of lysates from different time points incubated
with anti-cyclin B1 and anti-actin prior to anti-mouse-lgG-AP incubation. The intensity
of the bands was quantified with Image J and the relative intensity of the cyclin B1
bands was normalized by dividing through the intensity of actin bands (Figure 3-24,
B). It was found that the concentration of cyclin B1 started to increase 4 hours after
removal of thymidine and reached the maximum around 7 hours; while the

expression of actin did not change.
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Figure 3-24 Western blot analysis of synchronized HEp-2 cells.

A) HEp2 cells were synchronized in G1/S phase using double thymidine block. The cells were
released and further cultivated for eight hours and ten samples were collected from different time
point: 0.5, 1, 2, 3, 4, 4.5, 5 h, 6, 7 and 8 hours. The samples were analyzed in Western blot with anti-
cyclin B1 (1:1000) and anti-actin (1:1000) as primary antibodies and anti-mouse-IgG-AP (1:2000) as
secondary antibody. B) The intensities of the bands in Western blot were analyzed with Image J. The
relative area was calculated by dividing the area of cyclin B1 by the area of actin multiplied with 10000.
The curve simulates the level of cyclin B1 in synchronized cells from G1/S phase to G2/M phase.
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Cyclin B1 increases at the beginning of G2-phase and reaches a maximum in
prometaphase [36]. Therefore, it was determined that starting from the G1/S block
the cells were 4 hours after the release at the S/G2 boundary and reached the G2/M
boundary 6 hours after the release. G1/S, S/G2 and G2/M cells were tested as
substrate in IFA with G2-specific serum samples. IFA pictures of UNA340 and
UNA345 are shown in Figure 3-25 as examples. G1/S cells showed no specific
fluorescence signal (Figure 3-25, A and D); while in S/G2 cells, the fluorescence
signal was slightly enhanced (Figure 3-25, B and E). The specific nucleolar pattern
(UNA340) and cytoplasmic stain in interphase cells with spindle apparatus in mitotic
cells (UNA345), were clearly observed in G2/M cells (Figure 3-25, C and F). These
results show that the target antigens were enriched in G2/M cells. Thus, the G2/M
cells were applied in following experiment to identify the target of G2-phase specific

serum samples.

G1/S S/G2 G2/M

Figure 3-25 IFA with synchronized cells and G2-phase specific serum samples.

UNA340 (A-C) and UNA345 (D-F) were tested in IFA using synchronized HEp-2 cells as substrate.
Anti-human-lgG-Alexa488 (1:500) was applied as secondary antibody. A) and D) Cells at G1/S
boundary. B) and E) Cells at S/G2 boundary. C) and F) Cells at G2/M boundary. (serum dilution
1:100, magnification 200x)
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3.9 Identification of kinesin-like protein KIF11 (KIF11) with modified

fractionated IP
A fractionated IP with RIPA buffer and synchronized HEp-2 cells as substrate was
implemented. Figure 3-26, A shows a coomassie stained gel of the IP eluates of
UNA337 to UNA340 and a Western blot with the respective serum.
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Figure 3-26 FIP with synchronized HEp-2 cells and G2-phase specific serum samples

A) FIP with UNA337 to UNA340, which showed a G2-phase specific nucleolar pattern, and HC2 as
negative control with G2-synchronized HEp-2 cells and RIPA buffer. IP eluates were separated by
SDS-PAGE and gels were analyzed by coomassie staining (left) and Western blot incubated with
autologous serum samples (right). The bands corresponding to Western blot reaction in UNA337 and
UNA338 was analyzed in MALDI-TOF-MS, but no protein was identified. B) FIP with UNA337 to
UNA345 with RIPA-4U and G2-synchronized cells. HC2 was the negative control. In coomassie
stained gel, consistent specific bands (band 13 to band 17) were selected according to the Western
blot reaction.
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HC2 was used as negative control. No specific bands were observed in the
coomassie gel and only a mild reaction of UNA337 around 80 kDa and weak
reactions of UNA338 around 120 and 180 kDa were observed in Western blot.
However, no protein could be identified in the corresponding bands in MALDI-TOF-
MS.

Subsequently, FIP with RIPA-4U buffer and synchronized HEp-2 cells was performed
to identify the target antigen of UNA337 to UNA345. The result is shown in Figure
3-26, B. For UNA337 to UNA340, still no specific protein was identified. Modified FIP
was not able to identify the target antigen of UNA337 to UNA340, regardless of
Western blot reaction. On the other hand, a specific band at around 120 kDa was
detected in each IP eluate of UNA341 to UNA345 with strong to mild Western blot
reaction of the particular serum with the IP eluate. These bands (band 13 to 17) were
sent to MALDI-TOF-MS and KIF11 was detected in every sample (Table 3-14).

Band Annotation cut Score Seq. I_Dep- Mass Database
off cov. tides /Da
s o
13 OX=9606 GN=KIF11 PE=1 56 121 15 18 120111 E,';Ogr?s
SvV=2 _sap
Kinesin-like protein KIF11 .
: SwissProt
OS=Homo sapiens
14 OX=9606 GN=KIF11 PE=1 56 188 21 23 120111 _Sgoirgr?s
sv=2 -sap
ot
15 OX=9606 GN=KIF11 PE=1 56 230 24 27 120111 Egoir:r?s
sv=2 -sap
e o
16 OX=9606 GN=KIF11 PE=1 56 214 27 28 120111 EI;oirgr(])S
sv=2 —sap
s oot
17 OX=9606 GN=KIF11 PE=1 56 228 27 32 120111 EI;oirgr?s
sv=2 —sap
o
17| ox=9606 GN=KIF11 PE=1 | 27 | 8 2 2 | teoili 1 _Homo
SV=2 _sapiens

Table 3-14 Mass spectrometry analysis of UNA341 to UNA345.
Peptide-mass-fingerprinting results are in black and tandem mass spectrometry results are in blue.
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3.10Verification of KIF11 with transfected HEK293 cells in IFA
Recombinant HEK293 cell-based IFA was performed to verify the identification of
KIF11 with UNA341 to UNA345. All index sera showed strong specific
immunoreaction against HEK-KIF11 expressing cells, which was no observed in
HEK-control cells. RC-IFA pictures of UNA341 and UNA345 are presented as
examples in Figure 3-27, A and B, where red arrows indicates some specific
reactions. This confirmed that KIF11 was the target antigen of UNA341 to UNA345.

1:100 UNA341 1:100 UNA345

I\ HEK-KIF11 HEK-CTRL 2] HEK-KIF11 HEK-CTRL

Figure 3-27 IFA with transfected HEK293 cells expressing KIF11.
Sera were diluted 1:100 and tested with transfected HEK293 cells expressing KIF11 in IFA. Anti-
human-lgG-Alexa488 (1:500) was applied as secondary antibody. Red arrows indicate specific
fluorescence signal. A) UNA341 and B) UNA345 (magnification 200x)
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4 Discussion

The application of ANA test is increased in diagnostic laboratories. A negative HEp-2-
IFA indicates a probable absence of a SARD while a positive finding requires further
monospecific analysis for precise diagnose and personalized treatment. Currently,
the established ANAs could not fully explain the observed patterns on HEp-2 cells.
This urges the identification of novel ANA antigens and the development of new
immunoassays. In this work, unknown nuclear autoantigens were identified by

immunoprecipitation experiments and two types of immunoassays were developed.

4.1 Modification of immunoprecipitation and identification of KIF11
The strategy to identify the ANA target antigens was established in a previous master
project [32]. Using the same strategy, nine additional candidate antigens were
successfully identified and will be discussed in detail in section 4.2. However, the
immunocomplexes formed by autoantibodies and HEp-2 cells lysate were
occasionally not extractable using RIPA buffer. Part b of the result demonstrated a
modified immunoprecipitation method using synchronized cells and a harsher buffer
(RIPA-4U) containing different detergents and additional chaotropic salt. Surprisingly,
the insoluble immunocomplexes were stable in this buffer and could be extracted. In
combination with the standard downstream process, KIF11 was successfully
identified. Interestingly, in 1996, two groups had independently reported KIF11 as the
target antigen of anti-HsEg5 (anti-NuMAZ2) [37, 38]. The established method in this
work requires fewer steps compared to the previous methods and could be easily

applied for the identification of other antigen-antibody complexes.

KIF11 is a motor protein that belongs to the kinesin-like protein family. It is widely
expressed in many tissues and especially in cells that actively proliferate [39]. KIF11
localizes to spindle microtubules with an enrichment at the centrosomes during
mitosis and shows a cell cycle dependent cytoplasmic distribution [39]. It contains an
N-terminal motor domain, a tail domain at the C-terminus and a stalk domain in
between [39, 40, 41]. KIF11 plays an essential role in mitotic spindle dynamics of
eukaryotic cells and is functional as homotetramer, which has a bipolar structure with
two motor domains on each end, and stalk domain and tail domain in the middle as
central stalk [39, 40]. Two antiparallel microtubules can be crosslinked by KIF11

homotetramers and be slide apart from plus-end to minus-end [39, 40, 41, 42]. In this
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way, the separation of spindle-pole is driven by KIF11. Posttranslational modifications,
like phosphorylation, are of importance for its activity and interaction with
microtubules [39, 43, 44]. Additionally, it was found that KIF11 may also play a role in
non-dividing cells, like neurons [39]. Overexpression of KIF11 was reported in various
cancers, like oral cancer, glioblastoma and carcinoma [45, 46, 47]. It is a prognostic

biomarker for these cancers and a potential therapeutic target.

These autoantibodies were first detected in patients with SLE and then also in
patients with other systemic autoimmune rheumatic diseases [37, 38, 48, 49]. The
detection of anti-HSEg5 was concluded as very uncommon and the potential of
application of anti-HsSEg5 seemed limited [49]. However, it should be mentioned that
the analysis of anti-HsEg5 autoantibodies with large cohorts relied only on the
detection of a specific ANA pattern on HEp-2 cells, which was “strong staining of
spindle poles and spindle fibers with no dateable nuclear stain”. Without an
established monospecific immunoassay, the importance of anti-HsEg5 may be
significantly underestimated. In this work, a recombinant cell-based assay showed
the potential to fill this gap (see section 3.10) and an additional lineblot development

is also of interest.

4.2 Candidate antigens and established immunoassays

Fourteen candidate antigens were identified using fractionated immunoprecipitation
(FIP) with HEp-2 cells and MALDI-TOF-MS. Nine of the candidate antigens, NVL,
TFAP2A, TDP43, SMCHD1, XRN2, PELP1/SENP3, CD2BP2, MATR3 and TJP1,
were novel antigens with unknown clinical association. In contrast, the association of
the other five candidate antigens, PSME3, POLR2A, DHX9, RuvBL1/2 and
RPA1/2/3, with autoimmune diseases was reported earlier by other researchers [50,
51, 52, 53, 54].

Two research slides for RC-IFA, UFO-ANA clinical association 1 and 2, were
developed for eleven candidate antigens. Additionally, a lineblot, UFO-ANA profile 1,
was assembled for eight candidate antigens. The available assays for the candidate
antigens are summarized in Table 4-1. Six candidate antigens could be tested with
both immunoassays, while only one assay is currently available for the other seven
candidate antigens. Both immunoassays were analyzed with healthy controls and
index sera. All the index sera showed strong positive reactions while no positive

result was detected in the healthy control group (section 3.5.3). These results proof
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that the positive reactions observed were specific. The further analysis of the
immunoassays with 529 sera from 488 patients of the SARD cohort showed that 34
samples from 32 patients were positive in RC-IFA and 87 samples from 79 patients
were positive in lineblot. Positive sera against selected four candidate antigens, NVL,
PSME3, CD2BP2 and TJP1, were further examined in Western blot with purified
recombinant antigen. In the following paragraphs, the candidate antigens are

evaluated from different aspects.

Immunoassay type Immunoassay name Candidate antigens
RC-IFA UFO-ANA clinical PSME3, TFAP2A, TDP43, DHX9, POLR2A,
association 1 RPA1+2+3, RuvBL1+2

UFO-ANA clinical

o SMCHD1, PELP1+SENP3, NVL, XRN2
association 2

Lineblot PSMES, POLR2A aal475-1970, [TJP1 aal-575|
UFO-ANA profile 1
TFAP2A, TDP43, NVL, |ICD2BP2, SMCHD1

Table 4-1 Developed immunoassays for candidate antigens
Candidate antigens marked with underline are only available in RC-IFA, while the ones with square
are only available in lineblot. The others could be tested with both immunoassays.

4.2.1 Candidate antigens analyzed with two immunoassays
SMCHD1, PSME3 and POLR2A, were described in a previous master project and

thus only the new findings will be discussed.

4.2.1.1 Nuclear valosin-containing protein-like (NVL)

As the name of NVL indicates, it shows a high level of amino acid similarity to
valosin-containing protein and locates exclusively in nucleus. NVL belongs to
ATPase associated with various cellular activities or the AAA protein family. The
major isoform of NVL contains two tandem AAA domains, a nuclear localization
signal and a nucleolar localization signal [55]. It is ubiquitously expressed and mainly
localized in the nucleolus and involved in biogenesis of the 60 S ribosomal subunit
[55]. Additionally, it has also essential functions in telomerase biogenesis and pre-
MRNA processing [56, 57]. It was reported that mutations in NVL may play a role in

mental illness like major depressive disorder and schizophrenia [58, 59].

The sera from five SSc patients and one myositis patients revealed positive reactions

against NVL in immunoassays. The sera from four patients were positive in both RC-

IFA and lineblot, while the other two were positive in only RC-IFA. According to the

analysis with Western blot, all the positive reactions observed in RC-IFA were
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confirmed. The two lineblot negative sera showed weak Western blot reactivity, which
was not observed in negative control sera. The weaker reaction detected in lineblot
and Western blot may be due to the lower antibody titer in serum or recognition of a
different epitope. At this point one can conclude that, RC-IFA showed the same
specificity but higher sensitivity than the lineblot for anti-NVL autoantibodies.
Clinically, the anti-NVL autoantibodies were detected in 1.3% (5/378) of SSc and
6.6% (1/15) of myositis patients. However, due to the small number of myositis
patients, it should be carefully analyzed with a larger myositis cohort. In five of the six
patient sera, other relevant ANAs were detected additionally (anti-centromere, anti-
Scl70, anti-PM75, anti-PM100 and anti-NOR90). As it is mentioned in section 1.4,
some ANAs are biomarkers for the clinical disease subset classification and
prediction of prognosis. Therefore, the association of anti-NVL autoantibodies with
SSc can further contribute to the precision diagnosis of patients and personalized

treatment.

4.2.1.2 Transcription factor AP-2-alpha (TFAP2A)

TFAP2A has an ubiquitous expression and locates predominantly in the nucleus [60].
It can bind to GC-rich DNA sequences and thereby regulates the transcription of
selected target genes, which play a regulatory role in apoptosis, cell cycle and gene
expression [61]. TFAP2A is crucial during embryogenesis, as the activity of TFAP2A
controls the formation of the neural crest [62, 63]. It is reported that the TFAP2A
mutation is one of the causes for branchio-oculo-facial syndrome, which is a rare
autosomal-dominant cleft palate-craniofacial disorder [64]. There are evidences that
deregulation of TFAP2A is implicated in various cancer, like melanoma, breast

tumours, gliomas and ovarian carcinomas [60].

Totally, 35 sera were anti-TFAP2A positive in lineblot while only two of them showed
positive reaction in RC-IFA. The lineblot-positive sera illustrated many different ANA
patterns on HEp-2 cells and the patients were with various diagnoses. No conclusion
could be drawn with these results. A possible explanation might be an insufficient
quality of recombinant TFAP2A or cross-reaction of other ANAs present in the
samples. Additional experiments are needed in order to understand the importance

of these results.
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4.2.1.3 TAR DNA-binding protein 43 (TDP43)

TDP43 is a highly conserved and ubiquitously expressed nuclear protein [65]. Similar
to MATRS3, it contains two RNA-binding domains, a nuclear localization signal, a
nuclear export signal and additionally a glycine-rich region at the C-terminus [65, 66,
67]. Normally, TDP43 is localized in the nucleus with a small amount in the cytoplasm
[65, 67]. It has multiple functions in nucleus and cytoplasm in transcription, pre-
MRNA splicing, mRNA processing including transport, translation, stabilization and
degradation [65, 67, 68, 69, 70]. The association of TDP43 with neurodegenerative
diseases has been studied intensively for decades. Abnormal aggregation of TDP43
in inclusion bodies in the cytoplasm is a hallmark of affected cells in amyotrophic
lateral sclerosis (ALS), frontotemporal lobar degeneration-ubiquitin type (FTLD-U)
and inclusion body myositis (IBM) [68, 71, 72, 73]. Additionally, TDP43 proteinopathy
has been reported in other neurodegenerative diseases including Alzheimer’s
disease, hippocampal sclerosis, Picks disease and Parkinson’s disease [65, 74, 75].
It was reported that mutations of TDP43 is one of the reasons that triggers abnormal
accumulation of TDP43 aggregates in cytoplasm [76]. The level of TDP43 is elevated
in blood or CSF of ALS patients [72]. However, an autoimmune reaction against
TDP43 is so far not been reported.

Six positive samples against TDP43 were found in the lineblot while no positive case
was detected using RC-IFA. The observed discrepancy could be due to differences in
the conformation or accessibility of the recombinant antigens, which will be discussed
in more detail in section 4.4.

4.2.1.4 Structural maintenance of chromosomes flexible hinge domain-
containing protein 1 (SMCHD1)

Two sera were anti-SMCHD1 positive, one only in RC-IFA and one only in lineblot.

Further analysis is necessary to evaluate the result. It is possible that anti-SMCHD1

antibodies in the two sera target conformational and linear epitope, respectively.

Thus, no consistent positive reaction was observed.

4.2.1.5 Proteasome activator complex subunit 3 (PSME3)

All together anti-PSME3 positive samples from nine patients were identified (five
SSc, three SLE, one myositis). The results of anti-PSME3 detection illustrated a
higher discrepancy between the immunoassays compared to NVL. Sera from six
patients were positive in RC-IFA and lineblot, while sera from three patients were
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only positive in one immunoassay. The Western blot analysis was able to confirm the
positive reactions of one double-positive serum (SARD297, SLE patient) but the
other eight sera were negative. Seven sera (including SARD297) showed a
homogeneous pattern on HEp-2 cells, which is differed from a granular pattern
detected in the index serum [32]. This might be due to the other ANAs detected in the
sera, like anti-Scl70 autoantibodies. It was previously reported that PSME3 is
unspecifically related with connective tissue diseases [32], which was confirmed in
this study. The discrepancy between different immunoassays needs to be further
analyzed. One possible explanation is that the antigen amount applied on Western
blot was not enough. SARD297 showed the highest ANA titer and the highest
intensity among the nine positive patients. It is believed that the anti-PSME3
autoantibodies are present in six patients, which showed positive reaction in both
immunoassays. Further Western blot experiments with different amounts of purified

antigen should be implemented to select an optimum antigen amount.

4.2.1.6 DNA-directed RNA polymerase Il subunit RPB1 (POLR2A)

For POLR2A, samples from six patients were positive in RC-IFA and four were
positive in lineblot. However, the two immune assays showed no agreement. On the
one hand, due to high density of HEK-POLR2A cells, the interpretation of RC-IFA
was difficult, especially for samples with strong homogeneous or centromere pattern.
Therefore, RC-IFA is not suitable for screening POLR2A before the substrate is
optimized. Experiments with different seeding densities of the recombinant HEK293
cells and expression time may worth being done. Moreover, it is reported that the
phosphorylated form of RNA polymerase Il is prone to be the target of ANA [77].
Therefore, co-expression of phosphatase with POLR2A may increase the specificity
of this assay. On the other hand, the lineblot applied aal475-1970 of POLR2A, which
may not represent all possible epitopes. More experiments with full-length POLR2A
and its fragments need to be done, for example, to apply prepared full-length and
fragment in lineblot or ELISA with these ten sera and compare the reactivity.

4.2.2 Candidate antigens analyzed exclusively with RC-IFA

As it is shown in section 3.4.4, Figure 3-16, some candidate antigens required co-
expression of interaction partners (PEL1 and SENP3), homologs (RuvBL1 and
RuvBL2) or subunits (RPA1, RPA2 and RPA3) to ensure the optimum detection of
autoantibodies. Meanwhile, due to the time limit, the preparation of purified DHX9
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and XRN2 was not achieved. Therefore, the mentioned candidate antigens were only
analyzed with RC-IFA. The positive results should be further confirmed with a second
method. DHX9 was described in a previous master project and thus only the new

findings will be discussed.

4.2.2.1 5'-3" exoribonuclease 2 (XRN2)

In human, XRN2 functions predominantly in the nucleus and is located mainly in the
nucleolus [78, 79]. It interacts with NKRF/NFkB factor and DEAH-box helicase
DHX15 to form a nucleolar subcomplex, which is important for maintaining nucleolar
homeostasis [79, 80]. XRN2 plays a key role in termination of RNA polymerase I
transcription [81, 82]. It is also essential in regulation of nuclear RNAs, including
degradation of structured RNAs and processing of rRNA [83]. Additionally, XRN2
responses to DNA damage under stress and relocates into the nucleus. It prevents
transcription-related DNA damage, like double strand breaks by resolving RNA:DNA
hybrids [84].

Interestingly, no sample was found anti-XRN2 positive. It could be that anti-XRN2
autoantibodies are very rare or that it is associated to other diseases.

4.2.2.2 ATP-dependent RNA helicase A (DHX9)

Four patients were anti-DHX9 positive. They all showed a granular pattern on HEp-2
cells but had distinct diagnoses. It was reported that anti-DHX9 autoantibodies are
potential biomarker for SLE [52]. However, two SSc patients were observed anti-
DHX9 positive in this study. It is possible that anti-DHX9 autoantibodies are closely
associated with the ANA pattern but are not specific for a certain disease. As it is
shown in Table 1-2, anti-Ro52 autoantibodies are related with SARD and clinical
symptoms but less specifically associated with certain disease. A more
comprehensive study with a SLE cohort might be implemented.

4.2.2.3 Proline-, glutamic acid- and leucine-rich protein 1 (PELP1) and sentrin-
specific protease 3 (SENP3)

PELP1 is expressed in most tissues and has critical functions in the nucleus [85, 86].

It provides multiple binding sides for nuclear receptors and transcription factors, and

thus controls the progression of cell cycle, by regulating apoptosis, proliferation and

metastasis [87]. It is reported that over-expression of PELP1 can support tumor

progression [86]. It serves as a prognostic biomarker for breast cancer survival and is

a potential therapy target [85].
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Small ubiquitin-like modifier (SUMO) proteases are involved in various biochemical
processes in cells by deconjugating SUMO modifications from proteins [88]. SENP3
is one of these proteases. It is widely expressed in tissues and localizes in the
nucleolus [88]. SENP3 has a critical function in ribosome maturation by interacting
with the NPM1 and PELP1-TEX10-WDR18 complex [88, 89]. There is evidence that
the distribution of PELP1 in the nucleolus and nucleoplasm is regulated by SENP3
[89, 90]. Figure 3-16, A demonstrates that co-expression of PELP1 and SENP3
results in elevated fluorescence signal. This might be the indirect evidence that
SENP3 is important for the stabilization and localization of PELP1. It is also possible
that the autoantibodies recognize the PELP1-SENP3 complex. But as the index
serum (UNA26) showed Western blot reaction against both candidate antigens

(Figure 3-4, C1), it is less likely that these autoantibodies are targeting the complex.

The serum of one patient with ASS (1/10) was positive against PELP1+SENP3. It is
worth to examine these interaction partners with a larger cohort of patients with ASS.

4.2.2.4 RuvB-like 1 (RuvBL1) and RuvB-like 2 (RuvBL?2)

RuvBL1 and RuvBL2 are two homologs that belong to the AAA protein family [91].
They share 43% sequence identity and 65% sequence similarity [92]. They are
ubiquitously expressed and mainly located in the nucleus [91]. RuvBL1 and RuvBL2
can form homo-and hetero-hexamers, even dodecamers [91, 92, 93]. In this study,
with the help of a recombinant cell-based assay, it was observed that the co-
presence of RuvBL1 and RuvBL2 is important for the stabilization of each other
(Figure 3-16, B). They have diverse functions in cellular processes, including
chromatin remodeling, regulation of transcription, assembly and maturation of
snRNP, DNA damage signaling and repair, regulation of cell cycle and mitosis, etc.
[91, 92, 93, 94]. With all these functions, RuvBL1 and RuvBL2 show central roles in
regulatory networks for cell survival and proliferation. It is not surprising that
overexpression of both proteins was found in various cancers, for example breast,
lung, gastric, esophageal, pancreatic, kidney, bladder as well as lymphatic, and
leukemic cancers [91]. This made them to important biomarkers for the diagnosis and
prognosis of various cancers and to potential therapeutic targets. On the other hand,
RuvBL1 and RuvBL2 were identified as target antigens of ANA previously and
showed a potential in the diagnosis of systemic autoimmune rheumatic diseases.
Firstly, anti-RuvBL1 autoantibodies were detected in sera of patients with SLE,

polymyositis/dermatomyositis, rheumatoid arthritis and autoimmune hepatitis [95].
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Later, more studies show evidences that anti-RuvBL1/2 autoantibodies are potential
SSc biomarkers with a prevalence of approximately 2% by using immunoblot and
ELISA with recombinant RuvBL1 and RuvBL2 [53, 96, 97]. However, till now the
autoantibodies against RuvBL1/2 are not well-established and no commercial test kit

is available.

The sera of two SSc patients (2/378, 0.5%) were positive against RuvBL1+2. One of
the patients showed no additional ANA while the other showed a weak positive
reaction against NOR90. These results confirmed that anti-RuvBL1/2 is associated

with SSc but with very low prevalence.

4.2.2.5 Replication protein A (RPA)

RPA is a heterotrimeric protein complex, which consists of RPA1 (70 kDa subunit),
RPA2 (32 kDa subunit) and RPA3 (14 kDa subunit). It provides six
oligosaccharide/oligonucleotide-binding domains, where four are in RPAL1 and each
of RPA2 and RPA3 contains one [98, 99]. RPA can bind to single-stranded DNA and
has essential functions in DNA metabolism, including DNA replication, DNA repair,
DNA recombination and cell cycle and DNA damage checkpoints [98, 99].
Autoantibodies against subunits of RPA were detected in sera from patients with
systemic autoimmune rheumatic diseases. The prevalence of anti-RPA
autoantibodies is around 1.4% to 2% of SLE patients [54, 100, 101]. It was reported
that the autoantibodies were most reactive against RPA2 and sometimes also RPA1

in Western blot; and until now, no reactivity against RPA3 was reported [54, 100].

Three anti-RPA positive samples were detected in RC-IFA with the SARD cohort. All
positive patients had SSc but not SLE. Other SSc-markers were presented in the
sera as well. Anti-RPA autoantibodies could have been associated with both SLE

and SSc with a low prevalence.

4.2.3 Candidate antigens analyzed exclusively with lineblot

Two candidate antigens were analyzed with lineblot only. As it is shown in Figure
3-15, RC-IFA was not functional for the detection of anti-CD2BP2 because no
specific reaction was observed with the index serum; and the detection of anti-TJP1
required a 1:10 dilution, which is not the same as the designed screening dilution.
The positive reactions observed in lineblot were confirmed in Western blot. An

additional verification with RC-IFA is worth being done for anti-TJP1 positive sera.
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4.2.3.1 CD2 antigen cytoplasmic tail-binding protein 2 (CD2BP2)

CD2BP2 is ubiquitously expressed in cells and dependent on the cell type, it has
important functions in the nucleus and the cytoplasm [102]. In CD2 receptor
expressing cells, like T cells, thymocytes and natural Killer cells, the GYF-domain in
CD2BP2 can interact with CD2 through the proline-rich motifs in cytoplasmic tail of
CD2, which signals production of interleukin-2 [102, 103]. Besides the function in
immune response, CD2BP2 plays a role in pre-mRNA processing. CD2BP2 is also
known as U5 snRNP 52K protein (U5-52K), because it is a component of U5 small
nuclear ribonucleoprotein (SnRNP), which together with other snRNPs forms the
spliceosome [102]. It was also reported that CD2BP2 is crucial for embryogenesis
[104].

To our knowledge, there is no report about CD2BP2/U5-52K associated with
autoimmune disease. However, detection of autoantibodies against sSnRNPs is not
unusual for patients with connective tissue diseases [105]. For example, anti-Smith
autoantibodies are targeting seven proteins (B/B’, D1, D2, D3, E, F, G) that construct
the core of Ul, U2, U4 and U5 snRNP particles with a prevalence between 5 and
30% in SLE patients [106, 107]. The frequency of anti-RNP autoantibodies, which are
directed against proteins (70 kDa, A, C) that are associated with U1 RNA forming Ul
SnNRNP, is around 25-47% in SLE patients [106, 107].

Eleven sera from ten patients were anti-CD2BP2 positive, of which eight had SSc,
one MCTD and one myositis. With exception of one SSc patient, all others have
additional ANAs. Anti-CD2BP2 showed an association with SSc with prevalence of
2.1%. It is likely that these autoantibodies are syndrome related and reflect disease
activity. A more comprehensive study to identify the clinical character of the anti-

CD2BP2 positive patients may reveal the importance of this ANA.

4.2.3.2 Tight junction protein ZO-1 (TJP1)

TJP1 aal-575 was applied in lineblot. Anti-TJP1 autoantibodies were detected in 16
sera. Most of the patients had SSc except one with UCTD. Additional ANAs were
detected in 14 Sera (13 SSc, 1 UCTD). Anti-TJP1 showed an association with SSc
with a prevalence of 4.0%. These autoantibodies could be useful in further
subclassification of the patients. The potential pathogenesis of anti-TJP1

autoantibodies is discussed in section 4.3.
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4.2.4 Candidate antigen with no established immunoassay

Matrin-3 (MATR3) is a major component of the nuclear matrix, which is called also
nuclear scaffold or skeleton [108]. It connects the nuclear membrane to intranuclear
compartments and supports the structure of the nucleus. MATR3 has two DNA-
binding domains and two RNA-binding domains along with a nuclear localization
signal and a nuclear export signal [108]. It is localized in the nucleoplasm but not the
nucleolus. Because of the interaction of MATR3 with multiple nuclear proteins, it has
important functions in the regulation of transcription, pre-mRNA splicing, stabilization
of mMRNA, DNA damage repair insulation of genomic domains and facilitating DNA
replication [108, 109, 110]. Interestingly, the interaction partner of MATR3 include
newly identified candidate antigens, like TDP43, DHX9 and POLR2A; and well-
established ANA targets, like Ku70 and Ku80 [108, 111]. It is possible that certain
autoantibodies target the complexes of MATR3 with one or more of these proteins.
Under condition of HIV infection, MATR3 is recruited and serves as Rev protein co-
regulator, where Rev is essential in HIV-1 biogenesis. Inherited mutations of MATR3
are associated with the neurodegenerative disease amyotrophic lateral sclerosis
(ALS). In this disease, aggregation of MATR3 is often observed, as well as distal
myopathy [108, 111, 112, 113]. As it is shown in Figure 3-15, D, RC-IFA is not
suitable for detection of anti-MATR3 autoantibodies. The solid phase-based

immunoassays, like lineblot, should be further developed as described in section 3.5.

4.2.5 An overview of the candidate antigens

The fifteen candidate antigens discussed above in section 4.1 and 4.2 are shortly
summarized in this section. All the candidate antigens have important roles in various
cellular processes and many show multiple functions. An overview of all identified
candidate antigens in this work and previous master project is given in Table 4-2.
Most of the candidate antigens are associated with DNA replication (RPA), DNA
repair (XRN2, DHX9, RuvBL and RPA), DNA transcription (TFAP2A, TDPA43,
POLR2A, XRN2, PELP1, RuvBL and MATRS3), RNA processing (NVL, TDP43,
XRN2, DHX9, PELP1, RuvBL and CD2BP2) and RNA translation (NVL and TDP43).
The current functional picture of the well-established ANA target antigens is most
related to DNA metabolism (dsDNA, histone, Scl-70, Ku and Mi-2); and RNA
metabolism (DFS70, RNP/Sm, Ro, La, RNA polymerase, TIF1, fibrillarin, NOR90,
PM-Scl and Th/To) [25]. Structurally, two candidate antigens, NVL and RuvBL
homologs, are belonging to AAA protein family and contain AAA domains, which
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hydrolyze ATPs. In this work, the characterization of NVL, CD2BP2 and TJP1
revealed that these three candidate antigens were potential SSc marker and could be
helpful in subclassification of patients or in monitoring the disease activity. However,
a screening analysis with a cohort containing more diversity and more numbers of
SARD patients should be further implemented. Besides of that, it is described in
section 1.2.1 that many ANAs are associated with cancers. It is possible that the
identified candidate antigens are biomarker for only cancer or for SARD patients with

cancer but not for SARD alone. Thus, it is worth to implement an analysis with a large

cancer cohort.

Candidate

Established

) ANA pattern Function Remark
antigens assays
Mitotic spmgjles . - Known to be associated
and a cell-circle Motor protein, splicing . o
: with SLE; antigen
KIF11 dependent none antiparallel . .
o : overexpressed in various
cytoplasmic fine microtubules cancer
speckled
AAA protein family, N
NVL Nucleolar RC. IFA and ribosome biogenesis, Novel_ anuge_n, may
lineblot . associated with SSc
MRNA processing
Pseudo-dense RC-IFA and Transcription Novel antigen; unknown
TFAP2A ; . ) - L
fine speckled lineblot regulation clinical association
TDP43 Granular RC.'IFA and MRNA processing Novgl _ant|gen; u_nk_nown
lineblot clinical association
Chromatin . .
SMCHD1 Granular RC.'IFA and organization and Novc_al .ant|gen, u_nk_nown
lineblot X : . clinical association
epigenetic regulation
PSME3 Granular ! : ' with SARD; low disease
lineblot regulation of gy
specificity
proteasome
Subunit of RNA .
RC-IFA and Known to be associated
POLR2A Granular lineblot polym_erase I, mRNA with SLE and SSc
biosynthesis
Transcription . .
XRN2 Nucleolar and RC-IFA termination and Novc_al _anugen, u_nk_nown
granular . - clinical association
alternative splicing
. Known to be associated
DHX9 Granular RC-IFA DNA metaboll_sm, RNA with SLE; suspected low
processing : g
disease specificity
- Novel antigen; unknown
Nucleolar and Transcrlptlon clinical association;
PELP1 RC-IFA coregulator, ribosomal ; :
granular bi ) antigen as prognostic
iogenesis
marker for breast cancer
SUMO-specific
SENP3 Nucleolar and RC-IFA proteases, Novc_el antigen; u_nk_nown
granular deconjugation of clinical association
SUMO2 and SUMO3
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AAA protein family, Known to be associated
RuvBL1 Granular RC-IFA regulation in cell ywth SLE and SSc; '
and 2 growth and antigen overexpressed in
proliferation various cancer
Subunits of replication Known to be associated
RPA1/2/3 Pleomorphic RC-IFA protein A, DNA :
. with SLE
metabolism
Nucleus: Component
of U5 snRNP complex,
- spliceosome assembl igen:
CD2BP?2 I?seudo dilnse Lineblot p ! y Novel anﬂgephmay
ine speckled Cytoplasm: regulation associated with SSc
of CD2-triggered T
lymphocyte activation
Regulation of tight Novel antigen: ma:
TJP1 none Lineblot junctions and anchor - antigen, may
S ) associated with SSc
of the tight junctions
Major component of
nuclear skeleton, Novel antigen; unknown
MATR3 Granular None reg_ulatlon of clinical association
transcription, mRNA
processing

Table 4-2 Accumulative table for candidate antigens

The five antigens already reported in the previous master project [32] are in grey.

AAA: ATPase associated with various cellular activities; SUMO: Small ubiquitin-like modifier; SLE:
Systemic lupus erythematosus; SSc: Systemic sclerosis; SARD: systemic autoimmune rheumatic
disease

4.3 Potential pathogenesis of anti-TJP1 autoantibodies

The identification of TIP1 as a candidate antigen was previously reported in a master
project [32]. In this work, further experiments were conducted and verified that TIP1
was the target antigen of the index serum (UNA25) (Figure 3-13 and 3-15, ).
However, it showed some distinct character compared to the other candidate
antigens. Firstly, though with a high titer of ANA reaction (1:3200), UNA25 showed
only a moderate reaction in RC-IFA with recombinant HEK-TJP1 cells with a 1:10
dilution, which was absent with 1:100 diluted UNA25 (Figure3-15, 1). Secondly, the
neutralization test failed (Figure 3-14, 1), which implied that the ANA pattern might be
caused by another undetected autoantibody but not by anti-TJP1 autoantibodies in
UNA25. Thus, a colocalization experiment with an anti-TJP1 antibody (see section
3.4.5) was performed to examine the hypothesis. The result revealed that anti-TJP1
autoantibodies target endogenous TJP1 with a diffuse staining of the cytoplasm but
not staining of the nucleus of HEp-2 cells was observed. Additionally, a colocalization
experiment with HEK293 cells was performed. Here the commercial anti-TJP1
antibody stained regions at cell-cell contacts of adjacent HEK293 cells. Remarkably,
besides of the nuclear signal UNA25 showed, a similar pattern at intercellular
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contacts, colocalizing with the anti-TJP1 antibody signal (Figure 3-17). It was
reported that the tight junction molecules could be up- or down-regulated in cancer
cells, which results in the dysregulation of tight junction [114]. The observation, that
tight junctions are visible in HEK293 but not in HEp-2 cells, might be due to the
different origins of the two cells lines. HEp-2 cells are a HeLa derived cancer cell line,
while HEK293 cells origin from embryonic kidney cells.

TJP1 is specifically enriched at the tight junctions of epithelial and endothelial cells. It
belongs to the membrane associated guanylate kinase (MAGUK) protein family and
shuffles between the nucleus and tight junctions [115]. A schematic picture is present
in Figure 4-1. TJP1 is a sub-membranous protein and functions as tight junction
plaque that anchors transmembrane molecules, including claudin, occludin and
junctional adhesion molecules to the cytoskeleton [115, 116, 117]. Manetti et al.
showed that the abnormal expression of junctional adhesion molecules, like JAM-A
and JAM-C, was related to microvascular endothelial cell activation and inflammatory
process, which contribute to onset of SSc [118]. On the other hand, the
autoantibodies targeting desmosomes, which belong to junctional complexes, are
well studied and a pathologic effect of anti-desmoglein autoantibodies was reported
in patients with autoimmune bullous dermatoses [119, 120]. In short, the presence of
anti-desmoglein autoantibodies results in blisters in the skin by deconstruction of
desmosome. However, it is currently unclear how are the autoantibodies get in touch
with sub-membranous TJP1. It was reported that some autoantibodies can be
internalized by cells by different mechanisms: Fc receptors at cell surface are able to
initiate the internalization of antibodies, which are afterwards degraded or released
but not bind to intracellular component [121]. A Fc receptor independent mechanism
requires vehicle molecules, for example penetration peptides or molecules, like
nucleoside, or Fab-binding cell surface protein, like myosin 1, which allow the bound
antibody to be transported across the membrane [121, 122]. It was reported that anti-
dsDNA, anti-Sm and anti-ribosomal P autoantibodies penetrated the cell membrane
in vivo and attacked the nuclear components, which resulted in cellular damage and
apoptosis [121, 122, 123]. It is possible that anti-TJP1 autoantibodies penetrate the
membrane by a Fc independent mechanism, or sub-membranous TJP1s could be

presented on the cell surface under certain situations, like cellular damage or stress.
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Figure 4-1 Schematic structure of different tight junctions (modified from Schneeberger et al
[124])

TJP1 interacts with different transmembrane molecules and anchors them to the cell skeleton. Anti-
TJP1 autoantibodies might target sub-membranous TJP1 and cause disassembly of tight junction.
JAM: junctional adhesion molecule; TJP1: tight junction protein 1

Autoantibodies against TIP1 might affect the assembly of tight junction. In this study,
15/378 (4%) SSc patients and 1/10 (10%) UCTD patients were anti-TJP1 positive
(section 3.6.4). SSc includes symptoms, like fibrosis, vascular wall damage, skin
sclerosis and renal crisis [125]. All the involved organs have adequate tight junctions
and it can be suspected that anti-TJP1 autoantibodies play a role in the disease
progress. The pathogenesis of anti-TJP1 autoantibodies should be further studied in
more detail. In vitro experiments using tight junction building cells are necessary to

evaluate the influence of anti-TJP1 antibodies on cells and pathogenic mechanism.
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4.4 Potential application of candidate antigens in diagnosis of

ANA-associated autoimmune diseases

4.4.1 Application of lineblot

As it is mentioned in section 1.3, in complement to standard IFA with HEp-2 cells, the
application of lineblot or immunoblot is essential for monospecific differentiation of
ANA. It has the advantages of uncomplicated handling and interpretation of results.
Currently, there are different profiles containing various combinations of disease-
specific antigens. For example, one of the most used SSc immunoblot contains SSc-
specific target antigens (Scl-70, centromere, RNA polymerase lll, fibrillarin, Th/To,
NOR90, PDGFR) and the indicators (PM-Scl, Ku and Ro52) for overlap syndromes
[126]. However, the identity of ANAs in approximately 5-15% of SSc patients are is
still unknown. As it is summarized in section 4.2.5, the novel candidate antigens
presented in this work, like NVL, CD2BP2 and TJP1, are closely related to SSc and
could narrow the gap. These three candidate antigens could be added to the SSc
immunoblot and thus increase the specificity of the overall finding. Autoantibodies
against these three candidate antigens added up to 7.4% (28/379) of SSc patients.
10.7% (3/28) of them showed no reaction against other established ANAs, while
17.9% (5/28) showed additional positive reactions against Ro52. Ro52, which is also
known as tripartite motif containing-21 (TRIM21), shows low specificity to SSc and
could be frequently detected also in SLE and SjS [127]. The other positive sera
belong to patients with myositis (2), MCTD (1) and UCTD (1), which display shared
clinical characters. On the other hand, these autoantigens could enlarge the
spectrum of monospecific ANA analysis. This is crucial, when the patients show
atypical syndrome but indeed should be treated because of the elevated autoimmune
condition. A broader test spectrum and specific clinical associations of autoantibodies
aid the physicians to make subclassifications of the patients and to take measures in
time. In conclusion, it is suggested to include the newly identified candidates,
especially NVL, CD2BP2 and TJP1 in the current monospecific ANA tests and to
further study the association of disease activity and clinical syndromes with these

novel candidate antigens.

4.4.2 Application of cell-based assay
The RC-IFA is based on recombinant HEK293 cells overexpressing candidate
antigens. It is successfully applied in the detection of autoantibodies, like anti-
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neuronal autoantibodies and anti-desmoglein autoantibodies, for a decade [128,
129]. In practice, RC-IFA supports the diagnosis of neurological autoimmune
diseases or autoimmune bullous diseases. In this work, RC-IFA was combined with
ANA diagnostics for the first time and showed surprising results. Unlike the tissue
specific neuronal antigens or desmogleins, ANA antigens are mostly ubiquitously
expressed and thus, are also endogenously expressed in HEK293 cells. It was
suspected that the interference of the endogenous antigens with recombinant
antigens might lead to strong background reaction. Unexpectedly, the index sera
showed a clear positive reaction in RC-IFA in most cases. This is probably the case,
because recombinantly overexpressed antigens do not seem to locate exclusively in
the nucleus but also in the cytoplasm of the transfected cells. Therefore, RC-IFA
showed very good compatibility with ANA detection (section 3.4.4). When compared
to the conventional monospecific ANA tests, like lineblot and ELISA, RC-IFA has the
advantage of presenting the target antigens in a less manipulated condition. In RC-
IFA, it is more likely that the proteins hold their conformational structure and provide
binding-sites for the autoantibodies targeting both linear and conformational epitopes.
The development of this cell-based assay gives the opportunity for fast conversion of
identified novel candidate antigens into test immunoassays, which enables early
evaluation of candidate antigens by skipping the time- and resource-costing
preparation of recombinant or native antigens. However, it has to be mentioned that
the interpretation and standardization of RC-IFA is more complicated compared to
lineblot or ELISA.

In this work, HEK-RuvBL1+2 was a perfect example for the detection of
conformational epitopes recognizing autoantibodies. The autoantibodies against
RuvBL1 and 2 were reported as potential SSc biomarker (see section 4.2.2.4).
However, due to the lack of suitable screening tools, the value of autoantibodies
targeting RuvBL proteins was possibly underestimated. It is proofed in this work that
the co-presence of the homologs is crucial for the autoimmune reaction (Figure 3-16,
B). One possible explanation is that the co-expression of RuvBL homologs stabilizes
the correctly folded structure of both proteins, thereby providing a high-affinity

epitope.

Last but not least, the application of recombinant HEK cells in parallel to HEp-2 cells
and monkey liver in IFA could be a new trend in the near future for ANA diagnostics.

By design and customization of a BIOCHIP Mosaic, it is possible to have a specific
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profile that can be used to test the related autoantibodies in one incubation. Though,
it is not yet clear, whether all the well-established ANAs are compatible with RC-IFA,
it is considered that after optimization some of them may have high potential in ANA
RC-IFA analysis.

4.4.3 Application of candidate antigens in combination with automation
and artificial intelligence

Due to the increasing number of autoantigens it is questionable how the high number

of possible autoantibody tests should be handled by diagnostic laboratories in the

future. The assistance of automated test systems and artificial intelligence might be

indispensable in this context, so that the newly established immunoassays can bring

additional benefits in subclassification of patients and personalized medical care.

Many clinical laboratories have experiences with automated ANA test systems for
various immunoassays, including IFA, ELISA, lineblot and CLIA, which dramatically
increase the analysis efficiency with high specificity and sensitivity [130, 131]. On the
other hand, the application of artificial intelligence in the diagnosis of different
diseases is currently intensively studied and rapidly developed [132, 133, 134, 135].
With the combination of automation, big data analysis and artificial intelligence, more
capacity for the analysis of multiple parameters might be available.

4.5 Possible therapy based on the candidate antigens

To achieve precision medicine, further developments of diagnostic and treatment
opportunities are both required. The application of B cell eliminator/suppressor, like
rituximab, in the treatment of systemic autoimmune rheumatic diseases, like RA,
SLE, SSc and more, is proofed to be effective and is increasingly used in the practice
[125, 136, 137]. However, in several patients, relapses were observed. Because of
the unspecific elimination of B cells and the side effects, the demand for a specific B

cell elimination technology is increased.

Revolutionary chimeric antigen receptor (CAR) technology is being applied in cancer
therapy for a few years. It showed inspiring success in treating leukemias by
engineering the T cells, which express CARs with an extracellular single-chain
variable fragment (scFv) targeting CD19 [138]. The engineered cytotoxic T cells
eliminate specifically CD19" B cells. Adapting the term in the autoimmune field,

chimeric autoantibody receptor (CAAR) was brought up. Ellebrecht and colleagues
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have applied this principle in creating a treatment for the anti-desmoglein 3 (Dsg3)
antibody-mediated autoimmune disease pemphigus vulgaris [139, 140]. The idea
was to design cytotoxic T cells that can eliminate the autoreactive B cells by
recognizing their B cell receptor. CAAR T cell technology requires the identification of
the autoantibodies, in order to design the corresponding T cells according to the
individual autoreactive B cell repertoire. Therefore, the identification of novel
candidate antigens is not only important for a precise diagnostic, but also to realize

the personalized treatment regarding elimination of specific autoreactive B cells.
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5 Conclusions and future perspectives

In conclusion, besides of the five candidate antigens previously described in a master
project, ten additional candidate antigens were identified, seven of which are novel
ANA antigens. All of the candidate antigens were verified with one or more methods.
Two kinds of immunoassays, RC-IFA and lineblot were established for eleven and
eight candidate antigens, respectively. Application of the established immunoassay in
screening a SARD cohort revealed that autoantibodies against NVL, CD2BP2 and

TJP1 are potential biomarkers for SSc.

This study includes a cohort of 488 patients with systemic autoimmune rheumatic
diseases, where the majority are SSc patients. A more comprehensive study with
larger cohorts of patients with other systemic autoimmune rheumatic diseases, like
SLE and SjS, may reveal the additional value of the identified candidate antigens. On
the other hand, because of the close association of ANAs with various cancers, it is
interesting to analyze these candidate antigens with different cancer cohorts in order
to evaluate the utility of the candidate antigens in cancers.

Moreover, TDP43 and MATR3 showed associations with neurodegenerative
diseases in the literature. Though the connection between autoimmunity and
neurodegenerative diseases is not yet clear, a pioneer study with an amyotrophic
lateral sclerosis (ALS) and/or a frontotemporal lobar degeneration (FTD) cohort is
worth being done. The application of the immunoassay in analyzing
neurodegenerative diseases may be different from ANA test for systemic
autoimmune rheumatic diseases. A different start dilution (1:10 or less) or recruitment
of cerebrospinal fluid needs to be considered.

Additionally, TJP1 as a potential pathogenic target urges further investigation. As it is
the first protein discovered at tight junctions, the character and functions of TJP1 in
tight junctions are well-established. An in vitro study using living cells that form tight
junctions could be the first step to enlighten the question if autoantibodies can
directly bind to this sub-membranous protein and if yes, what is the mechanism of
that.

Last but not least, it is important to continue the identification of novel autoantibodies

in serological negative patients with autoimmune disorders. The novel antigens with
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aid of big data analysis and innovative therapies will contribute to better

understanding of autoimmune diseases and improve precision medicine.
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Appendix 1 List of UNA samples

Appendix 1 List of UNA sera

UNA | Volume | estimate | ANA Pattern

No. | /ml titer

1 >0.4 1:1000 Granular (mitosis positive)
2 >0.4 1:3200 Granular and nucleolar

3 >0.4 1:1000 Granular and few nuclear dots
4 <0.4 1:320 Granular

5 <0.4 1:1000 Granular (partly stronger)
6 >0.4 1:320 Granular

7 <0.4 1:320 Granular (partly stronger)
8 <0.4 1:1000 Granular

14 <0.4 1:320 Nucleolar

15 <0.4 1:320 Nucleolar

16 >0.4 1:320 Dense fine speckled

17 >0.4 1:1000 Granular and nucleolar
23 >0.4 1:3200 Granular

25 >0.4 1:3200 Homogeneous

26 >0.4 1:3200 Granular and nucleolar
27 <0.4 1:1000 Dense fine speckled

29 >0.4 1:100 Nuclear envelope and nucleolar
30 <0.4 1:1000 Nucleolar

31 <0.4 1:3200 Nucleolar and granular

32 >0.4 1:3200 Granular

33 >0.4 1:1000 Granular

34 >0.4 1:320 Granular

35 >0.4 1:1000 Granular

36 >0.4 1:320 Granular (mitosis positive)
38 >0.4 1:3200 Granular

41 >0.4 1:3200 Granular

43 >0.4 1:1000 Granular

44 >0.4 1:320 Granular and nuclear dots
45 <0.4 1:1000 Dense fine speckled

49 >0.4 1:320 Granular (mitosis positive)
50 <0.4 1:320 Granular (mitosis positive)
51 <0.4 1:1000 Dense fine speckled

52 <0.4 1:10000 Nucleolar and granular (mitosis positive)
53 >0.4 1:3200 Granular (mitosis positive)
54 >0.4 1:320 Granular

56 <0.4 1:320 Dense fine speckled

57 <0.4 1:1000 Granular

61 >0.4 1:3200 Granular

62 >0.4 1:3200 Dense fine speckled

63 >0.4 1:3200 Granular

64 <0.4 1:1000 Nucleolar

65 >0.4 1:3200 Granular

66 <0.4 1:1000 Granular

67 <0.4 1:3200 Granular

68 <0.4 1:1000 Granular

70 >0.4 1:3200 Granular and nuclear dots
71 >0.4 1:1000 Granular

72 >0.4 1:3200 Homogeneous and granular
73 <0.4 1:1000 Granular (partly stronger)
74 >0.4 1:3200 Granular and nucleolar

75 >0.4 1:320 Nucleolar

79 <0.4 1:3200 Nucleolar and granular
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81 >0.4 1:1000 Nucleolar

85 <0.4 1:1000 Granular and few nuclear dots
86 >0.4 1:320 Granular

87 >0.4 1:1000 Nucleolar

88 <0.4 1:1000 Granular and nucleolar
92 >0.4 1:3200 Granular

93 <0.4 1:1000 Granular (partly stronger)
94 <0.4 1:1000 Homogeneous

96 >0.4 1:1000 Granular (mitosis positive)
98 <0.4 1:320 Homogeneous

102 >0.4 1:1000 Granular and nucleolar
103 >0.4 1:320 Granular

104 <0.4 1:3200 Nucleolar

105 >0.4 1:1000 Homogeneous and nuclear envelope
106 <0.4 1:320 Granular and nucleolar
108 >0.4 1:1000 Granular and few nuclear dots
110 <0.4 1:1000 Nucleolar

111 >0.4 1:1000 Granular (partly stronger)
112 >0.4 1:1000 Few nuclear dots

116 <0.4 1:1000 Nucleolar

118 <0.4 1:1000 Granular (mitosis positive)
119 >0.4 1:320 Granular (mitosis positive)
121 <0.4 1:1000 Granular (mitosis positive)
123 >0.4 1:1000 Nuclear envelope and granular
124 <0.4 1:100 Nucleolar

125 >0.4 1:1000 Granular and nucleolar
126 <0.4 1:3200 Granular and nucleolar
127 >0.4 1:3200 Homogeneous

128 >0.4 1:320 Nucleolar

129 >0.4 1:3200 Nucleolar

131 >0.4 1:1000 Homogeneous

132 >0.4 1:1000 Homogeneous and nucleolar
133 >0.4 1:1000 Granular

134 >0.4 1:1000 Granular and nucleolar
140 <0.4 1:100 Granular

144 <0.4 1:3200 Dense fine speckled

147 <0.4 1:3200 Granular

148 <0.4 1:3200 Granular

149 <0.4 1:10000 Granular

150 <0.4 1:3200 Granular

151 <0.4 1:3200 Granular

152 <0.4 1:10000 Granular

155 <0.4 1:3200 Granular

157 <0.4 1:1000 Granular

160 <0.4 1:3200 Nucleolar

161 <0.4 1:1000 Homogeneous

162 >0.4 1:10000 Dense fine speckled

163 >0.4 1:100 Granular (mitosis positive)
166 <0.4 1:32000 Nucleolar

167 <0.4 1:1000 Dense fine speckled

168 >0.4 1:1000 Granular (mitosis positive)
169 >0.4 1:1000 Dense fine speckled

170 >0.4 1:10000 Granular and nucleolar
171 <0.4 1:100 Nuclear dots

172 >0.4 1:1000 Dense fine speckled

173 >0.4 1:1000 Homogeneous

174 >0.4 1:1000 Homogeneous
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176 >0.4 1:1000 Nucleolar

177 >0.4 1:10000 Granular and nucleolar

178 >0.4 1:1000 Nucleolar

179 >0.4 1:1000 Granular

180 >0.4 1:3200 Granular

183 <0.4 1:1000 Nucleolar

187 <0.4 1:3200 Nuclear envelope and nucleolar

189 >0.4 1:3200 Granular

190 >0.4 1:320 Granular (mitosis positive)

191 <0.4 1:3200 Granular

193 <0.4 1:1000 Nucleolar

194 >0.4 1:3200 Few nuclear dots and Granular

195 >0.4 1:1000 Few nuclear dots

196 <0.4 1:320 Granular (partly stronger)

197 <0.4 1:1000 Granular and nuclear envelope

198 >0.4 1:3200 Homogeneous

199 <0.4 1:320 Homogeneous

200 >0.4 1:3200 Nucleolar

202 >0.4 1:3200 Granular and nucleolar

204 <0.4 1:1000 Nucleolar and homogeneous

205 <0.4 1:1000 Granular and few nuclear dots

206 >0.4 1:1000 Granular and nuclear dot

208 <0.4 1:1000 Granular and homogeneous

209 >0.4 1:320 Granular (mitosis positive)

211 >0.4 1:3200 Granular

214 >0.4 1:320 Centromere

216 >0.4 1:3200 Homogeneous

218 >0.4 1:320 Granular

219 >0.4 1:320 Granular (mitosis positive)

220 >0.4 1:3200 Granular (partly stronger) and centromere

336 >0.4 1:1000 G2-specific nucleolar and granular

337 >0.4 1:320 G2-specific nucleolar

338 >0.4 1:320 G2-specific nucleolar

339 >0.4 1:320 G2-specific nucleolar

340 >0.4 1:1000 G2-specific nucleolar

341 >0.4 1:1000 Spindle apparatus associated granular cytoplasm in G2-
cells

342 >0.4 1:1000 Spindle apparatus associated granular cytoplasm in G2-
cells

343 >0.4 1:1000 Spindle apparatus associated granular cytoplasm in G2-
cells

344 >0.4 1:320 Spindle apparatus associated granular cytoplasm in G2-
cells

345 >0.4 1:1000 Spindle apparatus associated granular cytoplasm in G2-
cells
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Appendix 2 Intensity of healthy control sera in
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HC3 | 8 | 0 [42]| O 2 1 1 3 4 1 1 1

HC4 | 8 | 0 |43| O 2 2 2 1 7 5 1 0

HC5 | 85 | 0 (44| 0 1 3 0 1 3 5 0 1

HC6 | 87 | 0 |46]| O 1 0 1 1 1 1 1 1

HC7 | 89 | 0 |46]| O 0 2 0 1 1 0 3 1

HC8 | 88 | 0 |46 | O 1 3 5 0 2 1 2 1

HC9 | 8 | 0 45| O 0 2 2 0 3 1 5 0

HC10 | 88 | 0 (46| O 0 0 0 1 1 0 2 0

HC11 | 87 | 0 |46 | O 2 2 0 1 2 0 1 1

HC12 | 88 | 0 (45| O 2 2 1 1 12 3 2 1

HC13 | 88 | 0 (45| O 0 2 0 1 8 2 1 1

HC14 | 86 | 0 |45| O 1 9 6 1 4 2 3 1

HC15 | 87 | 0 [46| O 1 1 1 0 6 3 2 0

HC16 | 86 | O (44| O 1 0 0 1 1 2 1 0

HC17 | 86 | O {44 | O 4 2 3 1 3 20 4 1

HC18 | 83 | 0 (44| O 3 3 1 0 2 0 2 0

HC19 | 87 | O (44| O 1 1 1 1 4 0 1 1

HC20 | 87 | 0 |42| O 1 3 1 1 6 1 5 2

HC21 | 83 | 0 (42| O 0 1 1 1 2 0 1 1
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HC22 | 81 | 0 |42 | O 0 1 0 1 0 0 2 0

HC23 | 84 | 1 42| 0 0 2 2 1 1 1 1 1

HC24 | 80 | 0 43| O 3 5 4 1 7 2 4 1

HC25 | 83 | 0 |43 | 0 0 1 0 1 0 0 1 1

HC26 | 81 | 0 |42 | O 0 1 0 1 11 2 1 1

HC27 | 84 | 0 43| O 1 1 0 1 4 2 1 1

HC28 | 82 | 0 |43 | O 1 1 0 0 6 0 1 0

HC29 | 81 | 1 43| 0 1 1 2 0 2 0 2 0

HC30 | 80 | 0 43| O 3 1 1 0 4 1 2 1

HC31 | 86 | 0 |45| O 0 2 2 1 7 1 1 0

HC32 | 84 | 0 |45| O 1 2 1 1 5 2 1 0

HC33 | 87 | 0 46| O 0 1 0 1 3 1 1 1

HC34 | 85 | 0 |45]| O 2 1 0 1 2 0 0 0

HC35 | 82 | 0 |45| O 1 4 4 1 16 1 2 1

HC36 | 84 | 0 44| O 1 1 0 1 1 1 1 0

HC37 | 78 | 0 |43 | O 1 1 4 0 1 0 1 0

HC38 | 79 | 0 |46 | O 0 1 2 1 2 3 2 1

HC39 | 82 | 0 46| O 1 0 1 0 2 0 1 0

HC40 | 83 | 0 |47 | O 2 2 2 1 0 0 3 0

HC41 | 89 | 0 |51 | O 1 2 3 1 20 1 1 1

HC42 | 90 | 0 49| O 1 2 0 0 5 0 1 0

HC43 | 89 | 0 |[52| O 0 2 1 1 7 1 1 0

HC44 | 91 | 0 |50 | O 0 2 3 1 5 0 1 1

HC45 | 87 | 0 |47 | O 0 2 1 0 5 2 7 2

HC46 | 85 | 0 49| O 0 0 0 1 3 0 5 2

HC47 | 88 | 0 |49 | O 1 2 1 0 6 1 1 1
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HC48 | 88 | 0 (48| O 1 1 0 0 5 3

HC49 | 87 | 0 [50| O 2 1 3 1 2 0

HC50 | 84 | 0 49| O 4 3 2 1 7 2
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Appendix 3 List of positive cases in systemic rheumatic disease (SARD) cohort
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